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ABSTRACT 
 

Research suggests that novel word learning tasks engage both verbal short-term 

memory (STM) and lexical processing, and may serve as a potential treatment for word 

processing and functional language in aphasia (e.g., Gupta, Martin, Abbs, Schwartz, 

Lipinski, 2006; Tuomiranta, Grönroos, Martin, & Laine, 2014). The purpose of this study 

was to gain support for the hypotheses that novel word learning engages verbal STM and 

lexical access processes and can be used to promote improvements in these abilities in 

treatment of aphasia. We used a novel word learning task as a treatment with three 

participants: KT, UP, and CN, presenting with different types and severities of aphasia 

and predicted that treatment would result in (1) acquisition of trained novel words (2) 

improved verbal STM capacity and (3) improved access to and retrieval of real words. 

Twenty novel words were trained for 1 hour x 2 days/week x 4 weeks. Language and 

learning measures were administered pre- and post-treatment.  All three participants 

showed receptive learning and some improvement on span tasks, while UP and CN 

demonstrated some expressive learning.  KT also improved in performance on the 

Peabody Picture Vocabulary Test and the Philadelphia Naming Test.  UP showed 

significant improvement on proportion Correct Information Units (CIUs) in discourse.  

CN showed some minimal improvement in narrative production for proportion CIUs and 

proportion of closed class words. These findings support that novel word learning 

treatment, which engages verbal STM processes and lexical retrieval pathways, can 

improve input lexical processing.  Theoretically, this study provides further evidence for 

models that propose common mechanisms supporting novel word learning, short-term 

memory, and lexical processing.   
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CHAPTER 1 

INTRODUCTION 

Word retrieval deficits are common components of impaired language ability 

present in aphasia (Dell, Schwartz, Saffran, & Gagnon, 1997; Laine & Martin, 2006; 

Tuomiranta et al., 2013).  A number of error types may be produced depending on where 

the disruption occurs within the naming process (Basso, Marangolo, Piras, Galluzzi, 

2001).  This deficit is not thought to be a loss of knowledge, but a lack of ability to access 

the desired information (McNeill & Pratt, 2001; Mirman & Britt, 2014).  Given this 

account, it is pertinent to view treatment as an attempt to re-access language 

representations.  An alternate approach, suggests establishing new representations of 

these word forms by creating new neuronal pathways based on new learning (Kelly & 

Armstrong, 2009; Tuomiranta, Grönholm-Nyman, Kohen, Rautakoski, Laine, & Martin, 

2011a).  The mechanism by which word learning occurs must therefore be understood 

before it can be applied to the aphasia population.   

Research in children has shown associations among digit span, nonword 

repetition, and vocabulary knowledge (Gathercole & Baddeley, 1989), which suggests 

that these abilities involve a common mechanism.  In experimental tasks children with 

greater repetition skills have been shown to learn novel words more quickly (Gathercole 

& Baddeley, 1990).  Gathercole and Baddeley (1989) also reported that a child’s ability 

to repeat nonwords at a young age (4 years old) was predictive of their vocabulary a year 

later.  Nonword repetition has also been shown to be a predictor of successful learning of 

English as a second language (Service, 1992).  The correlation between nonword 

repetition and word learning is proposed to be supported by verbal short-term memory or 
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phonological memory (Gathercole & Baddeley, 1989; Gathercole & Baddeley, 1990; 

Gupta, 2003).  This relationship has also been supported in studies of children with 

delayed language development, as well as in adults with deficits in short-term 

phonological memory.  Children who were delayed were found to be impaired in 

measures of phonological memory skills specifically (Gathercole & Baddeley, 1990).  A 

report of an adult, patient PV, by Vallar and Baddeley (1984) confirmed that short-term 

phonological memory is important for long-term learning of unfamiliar words, as PV was 

unable to learn associations between word and nonword pairs, but was able to do so with 

familiar material.  Considering the body of evidence, phonological (or verbal) short-term 

memory is necessary for word learning in children and neuropsychologically impaired 

adults, but does not automatically mean this mechanism is as important for word learning 

in neuro-typical adults.   

Models of Word Learning and Word Processing 

Two models relevant to this study will be presented, one by Gupta (2003) and 

second by Dell et al. (1997).   

Gupta (2003) presents a computational model that demonstrates the relationship 

between serial recall, nonword repetition, and word learning (See Figure 1).  According 

to his model, the relationship among these components observed in children persists into 

adulthood.  This model demonstrates a level of lexical (phonological word form 

representations) and sublexical (phonological representations) processing along with a 

sequence memory component.  The sequence memory acts as a serial ordering device.  

When there is speech input, the sequence memory processes or captures the activation of 

linguistic representations sequentially at the lexical level (Gupta, 2003).  The connection 
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between the sequence memory and the lexical level allows the information to be recalled 

in sequence.  The revised version of Gupta’s model (2003) also includes a direct, short-

term connection, from the sequence memory to the sublexical level.  This connection 

supports the short-term maintenance of the sequence of components of any learned 

nonwords (Gupta, 2003).  This model provides a mechanism for phonological short-term 

memory to support the establishment of new word representations at the lexical level.  

Gupta (2003) notes that the sequence memory is not directly involved in learning a novel 

word.  Rather, this mechanism facilitates immediate repetition through temporary 

learning related to the sublexical level.  In turn, this allows for accurate learning (as the 

parts of the word are recalled in order) in the long-term connection between the lexical 

and sublexical levels (Gupta, 2003).  Another key component of this model is the 

bidirectional relationship between the phonological and semantic representations (Gupta, 

2003), which allows for activation to spread between the semantic, lexical, and sublexical 

representations, and for recall to influence learning.   

 
Figure 1. Gupta’s (2003) computational model 
 
Dell et al. (1997) propose a two-step interactive activation model of lexical 

processing and retrieval and its application to aphasia (See Figure 2).  Research using 
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various types of speech errors provides support for this two-step interactive activation 

model of word processing (Martin, Dell, Saffran, & Schwartz, 1994).  The two-step 

component involves lemma access and then phonological access.  The lemma is a non-

phonological word representation that holds semantic and syntactic information.  The 

phonological access level maps from the lemma to the phonological word form 

(phonemes).  The lemma serves as an intermediate layer between meaning and 

phonological output, to mediate the connection from one form to the next.  Dell et al. 

(1997) describe a three-layer model of lexical information, including semantic, word or 

lemma, and phoneme layers.  The semantic layer involves the object concept and 

contains 10 units per object.  These units then connect via bidirectional excitatory 

connections to the word node, and then to the phoneme node.  Learning and experience 

determine the strength of each connection (Dell et al., 1997).  All connections in this 

model feed forward and feed back, leading to the interactive activation component.  

When a visual item is presented, the 10 semantic nodes relating to the concept are 

activated and activation spreads forward throughout the network, activating the target 

word (e.g., cat) and semantically related word representations.  The interactive nature of 

the model leads to positive feedback as the phonological units can now provide feedback 

to the phonologically related word units (e.g., mat).  The final step in lemma access 

involves selection of the most highly activated word node for the required syntactic 

category (as the lemma does contain syntactic information).  After the word node has 

been chosen, phonological access begins.  The large jolt of activation to the word node is 

triggered by the required syntactic position, and allows it to act as the type of hidden 

layer in the access process, and is what therefore allows the complete mapping to occur 
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(Dell et al., 1997).  Activation spreads further during phonological access to determine 

the necessary phonemes to be selected into the phonological frame.  The selected 

phonemes are given a jolt of activation and translated into articulatory codes for 

production.  

 
Figure 2. Dell et al.’s (1997) interactive activation two-step model of lexical access. All 

connections are bidirectional and excitatory. 

Accounting for Errors in the Dell Interactive Activation Model 

In aphasia, word access and retrieval can be interrupted at the semantic, 

phonological, or lexical level, meaning errors can occur at any of these stages.  The Dell 

model accounts for of the following five speech error types: semantically related word 

errors, formally related word errors, mixed semantic and formal errors, unrelated word 

errors, and nonwords or neologisms (Dell et al., 1997).  These various errors result from 

impairments in activation during lemma or phonological access, such as through weak or 

rapidly decaying activation.  Positive feedback allows nodes with shared phonemes to be 

activated, meaning if there is added noise or interference during activation, a similarly 

activated neighbor could be selected instead of the desired target.  Errors can occur 

during lemma or phonological access, and so, may or may not maintain the syntactic 
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information of the target.  Dell et al. (1997) acknowledge that mixed errors are the most 

common as they demonstrate the interactive nature of the model and indicate semantic 

and phonological information are not processed independently. The authors also 

hypothesize a theory of naming deficits.  They suggest that after brain damage (as with a 

stroke) there is a reduced activation between the levels of the lexical network, which then 

can then change which node is selected (Dell et al., 1997).  If activation between levels is 

impaired, the jolt of activation at one level will not be transmitted effectively to where it 

is meant to go.  This faulty transmission can be due to changes in rate of decay of the 

activation, the amount of noise in the network, or the amount (i.e., strength) of activation 

given to the item intended for selection (Dell et al., 1997).     

Connecting Dell’s Model and Gupta’s Model of Phonological STM to Word Learning 

As demonstrated by Gupta’s (2003) model, phonological short-term memory is 

correlated with both lexical processing and word learning.  For phonological short-term 

memory to have an effect on learning as well as serial recall, the connection weights from 

the lexical to sublexical level must be strong enough to resist decay.  Dell et al. (1997) 

mention that the decay of these strong connection weights may be a contributor to speech 

errors.  Long-term connection weights must also be created between the lexical level and 

the semantic level (Martin & Gupta, 2004).  The relationship between verbal short-term 

memory and lexical access of known words suggests that increasing verbal short-term 

memory capacity provides a greater “window” in which lexical access can occur.  Verbal 

short-term memory has been shown to be active when both learning and accessing new 

words (Gupta, 2003).  As Gupta (2003) explains, when new words are being learned 

verbal short-term memory is engaged to allow them to be recalled before long term 
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connections are created.  If this window can be effectively increased, lexical access 

should improve.  This “window” may be increased by the process of learning a series of 

novel words.  Nonword repetition ability has been shown to predict vocabulary 

acquisition in young children a year later, possibly because it increases the engagement of 

verbal short-term memory (Baddeley, Gathercole, & Papagno, 1998).  In adults, when 

verbal short-term memory has been suppressed, such as when incorporating articulatory 

suppression, word learning diminishes (Papagno, Valentine, & Baddeley, 1991).  This 

suggests, that by engaging a mechanism that increases verbal short-term memory (e.g., 

nonword learning), word learning improves.  Given the known relationships among new 

word learning, verbal short-term memory, and lexical access, a treatment that promotes 

learning of new words should increase the capacity of short-term memory and improve 

lexical access to known words. 

Cognitive and Neural Models of Word Learning 

The Complementary Learning System Model (CLS) details a neurocognitive 

network of word learning that outlines the brain structures necessary for word learning 

(O’Reilly & Norman, 2002).  In the CLS model, associations between names and 

referents are created as episodic memory traces in the hippocampus in the beginning 

stage of learning.  These episodic traces then need to be consolidated along with other 

memory contents into declarative memory in the neocortex (O’Reilly & Norman, 2002).  

Tuomiranta et al. (2013) explain how novel word learning differs from re-learning 

familiar words that have become inaccessible, as in those with aphasia.  On their account, 

regaining access to lost words in aphasia may engage processes involved in the learning 

of novel words and re-activation of representations through priming, a technique 
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commonly used in treatment.  The role of novel word learning in treatment will be 

addressed further in the discussion.  

Although aphasia results from a lesion impairing the language system, the same 

lesion may also affect connections to the hippocampus.  The lesion site that most often 

leads to aphasia after a stroke occurs in the middle cerebral artery (MCA) (Nicholas, 

2005 cited in Meinzer et al., 2010).  Branches of the MCA often provide a blood supply 

to parts of the hippocampus (Hunter et al., 2008 cited in Meinzer et al., 2010).  

Breitenstein et al. (2005) demonstrate that, in healthy participants, initial learning of 

lexical, semantic, and syntactic information is mediated by the hippocampus.  Further 

research by Hamerger et al. (2010) found that removal of the language-dominant side of 

the hippocampus during surgery resulted in visual naming deficits.  While this does not 

demonstrate damage to a classically defined language area, it does suggest that 

connections to a key component of the learning mechanism have been lost or damaged 

(Menke et al., 2009).  Therefore, difficulty with naming of known words could be 

associated with damage to the learning system.  In a study of people with stroke-induced 

aphasia, Meinzer et al. (2010) found white matter damage near the left hippocampus 

using Diffusion Tensor Imaging (DTI).  The results indicated impairments in the integrity 

of the afferent fiber structures leading to the hippocampus.  Evidence from pre- and post-

training evaluation has shown instances of increased hippocampal activity after anomia 

treatment (Meinzer & Breitenstein, 2008; Menke et al., 2009).  Treatment that targets a 

learning process may therefore activate hippocampal functioning and in turn activate the 

overall initial learning system.   
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The hippocampus, however, is thought to be integral for the initial encoding of 

novel words, not the integration of these words into the lexicon (Laine & Salmelin, 

2010).  Following the CLS model, structures of the neocortex are required to fully 

consolidate the memory traces (O’Reilly & Norman, 2002).  López-Barroso, Catani, 

Ripollés, Dell’Acqua, Rodríguez-Fornells, and De Diego Balaguer (2013) showed that 

the connection between the auditory cortical area, including the superior temporal gyrus, 

and the motor regions mediated by the left arcuate fasciculus, is necessary for learning 

novel word forms.  In a subsequent experiment, López-Barroso et al. (2015) 

demonstrated an increase in activation of both dorsal and ventral language networks 

when participants were exposed to a novel language.  The dorsal and ventral language 

networks emerge from a model developed by Hickok and Poeppel (2004) to integrate 

neuroimaging with neuropsychological information to map language functions onto areas 

of the brain.  The dorsal network is suggested to support sensory and motor functioning, 

while the ventral network is related to the conceptual representation (Hickok & Poeppel 

2004).  The emergence of the dorsal network supports the involvement of working 

memory or the phonological store and attention in word learning via the sensory-motor 

loop and its involvement with the rehearsal component of auditory comprehension 

(Baddeley, 1992; López-Barroso et al., 2015).  The ventral network has been associated 

with conceptual-semantic analysis, suggesting further learning of the novel items, at this 

area of semantic analysis is further activated (Binder, Desai, Graves, & Conant, 2009).    

Other researchers have associated word learning with areas of the neocortex that 

are part of the dorsal and ventral networks, such as the left temporal lobe and left interior 

parietal lobe (Breitenstein et al., 2005; Davis & Gaskell 2009; Raboyeau et al., 2004).  
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Laine and Salmelin (2010) provide a review of studies that use new word learning to 

identify the neural underpinnings of novel word learning.  Using MEG, Cornelissen et al. 

(2004) found increased activation in the left interior parietal lobe when naming trained 

items after implementing a new word learning treatment using the Ancient Farming 

Equipment Paradigm in normal adults.  Similarly, Cornelissen et al. (2003) found 

activation of the left inferior partial lobe in participants with aphasia.  The authors 

interpreted this as the locus of the treatment’s effect as the left inferior parietal lobe is 

associated with phonological output processing.  Laine and Salmelin (2010) attributed 

these findings to improved verbal short-term memory, which is believed to be involved in 

new word learning.  Tasks involving verbal short-term memory have been found to 

activate frontoparietal systems, including the premotor cortex, while the phonological 

store (sequence memory according to Gupta (2003) is thought to be related to activity in 

the left parietal lobe.  Another study by Grönholm et al. (2005) following a similar 

paradigm using normal elderly adults and using Positron Emission Technology (PET) 

scanning as a neuroimaging technique, found a strong response of the left inferior frontal 

and anterior temporal areas, as well as the cerebellum when the newly learned words 

were being retrieved.  They suggest this is related to a relationship with the 

phonological/semantic processes of retrieval.  Although various neuroimaging studies 

have found some differences in activation during newly learned word retrieval, these may 

be due to the specific task asked of participants in each study.  Despite these differences, 

there appears to be a clear connection of word learning to areas of the cortex responsible 

for semantic and phonological processing, as well as hippocampal activation for episodic 

memory.  
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A number of studies have used the Ancient Farming Equipment Paradigm to 

study new word learning in adults, both normal and neuropsychologically impaired 

(Cornelissen et al., 2003; Cornelissen et al., 2004; Grönholm et al., 2005; Gupta et al., 

2006; Kohen, Sola, Tuomiranta, Laine, & Martin, 2012; Martin, Schmitt, Kamen, Bunta, 

& Gruberg, 2012; Tuomiranta et al., 2013; 2014 ; Tuomiranta, Rautakoski, Rinne, 

Martin, & Laine, 2012; Tuomiranta et al., 2011a, Tuomiranta, Rautakoski, Martin, & 

Laine, 2011b).  Gupta et al. (2006) demonstrated receptive learning of the novel words, 

although expressive learning was not present.  Martin et al. (2012), however, reported 

that when receptive training preceded expressive training, the expressive learning 

measure appeared to improve, suggesting receptive exposure may have impacted 

learning.  Some studies that have previously been mentioned as measures of 

neuroimaging, also showed an effect of learning in both normal and aphasic participants 

(Cornelissen et al., 2003; Cornelissen et al., 2004; Grönholm et al., 2005).  Tuomiranta et 

al. (2011a; 2013) report a case study of a patient who maintained the novel words for 6 

months after training expressively.  It is suggested that using novel words and novel 

referents in a learning task provide a relatively “pure” measure of the word learning 

mechanism (Tuomiranta et al., 2014).  When neither the word or the referent has been 

previously exposed, the participant must form a representation of the word and referent, 

and a link between the two.  These representations need to then be acquired through 

episodic memory and integrated into long-term memory for future access (Laine & 

Salmelin, 2010).  Therefore, studies using this paradigm not only assess whether those 

with aphasia have residual abilities for new word learning, but also if they are able to 

then access the lexical information that has been integrated into the lexicon.         
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The Present Study: Novel Word Learning as a Method for Treatment 

The research from new word learning studies supports a model that stipulates 

connections among lexical processing, verbal short-term memory, and word learning.  

Based on this model, the present study aims to use the Ancient Farming Equipment 

(AFE) new word learning paradigm as a treatment for lexical access and verbal short-

term memory impairments in aphasia. Studies of word learning in aphasia indicate some 

capacity for learning of associations between novel objects and novel words.  The goal of 

the present study is to determine if a treatment that targets new word learning will also 

improve lexical access of known words and verbal short-term memory. The logic behind 

this comes from Dell et al. (1997) and Gupta’s (2003) models that postulate a functional 

network among word learning, verbal STM and lexical access.  Engaging in word 

learning processes should, in turn, engage lexical and verbal short-term memory 

processes, and this stimulation should improve lexical access and verbal STM capacity.     

Research in second language learners has shown that nonword repetition ability 

serves as a predictor of vocabulary acquisition, suggesting a novel word task requiring 

repeated exposure to the item may influence vocabulary (Service, 1992).  Research by 

Cornelissen et al. (2004) suggests that in the AFE paradigm, when semantic information 

is not provided, the phonological loop is activated, leading to the observed increase in 

activation in the left inferior parietal cortex.  Other studies of the neural basis for word 

learning in aphasia have also shown that after a period of novel learning the hippocampal 

region increases in activation, an area key to episodic memory formation before long 

term memory can be consolidated (Menke et al., 2009).  Kohen et al. (2012) and 

Tuomiranta et al. (2011) also propose that regaining access to language in patients with 
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aphasia may be mediated not just by re-access, but by engaging mechanisms of novel 

learning.  This may potentially be due to the involvement of verbal short-term memory in 

learning, as well as the diverse strategies associated with learning that may also assist 

with lexical retrieval for known items.  Finally, Basso et al. (2001) suggest that novel 

word learning in healthy adults can be compared to re-establishing access to once 

familiar words in those with aphasia.  Learning new words may bypass residual 

phonological and semantic representations and target the system directly.  Accessing the 

learning mechanism may therefore serve as a means to access existing information.      

Objective 

The above review addresses the observed relationship between these three 

processes and indicates that new word learning may play a role in recovery from stroke-

induced aphasia.  The present study, therefore, will address whether new word learning 

can serve as a viable treatment strategy to improve lexical access and learning by 

simulation activation the underlying mechanisms connecting these processes.  

Research Questions and Predictions  

The first research questions addressed in this study was the following: Will a 

person with aphasia learn trained novel items, either receptively or expressively?  It was 

predicted that all participants would learn items better receptively than expressively, 

although both types of learning were expected.  Previous studies using the selected AFE 

paradigm have shown both types of learning in a variety of participants with aphasia (e.g. 

Gupta et al., 2006; Martin et al., 2012; Tuomiranta et al., 2011a; 2011b; 2012; 2013; 

2014).  Expressive learning may be evaluated by proportion of phonemes correct to better 

assess expressive learning as targets are approximated (Martin et al., 2012).   
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The second research question stated: Will verbal STM span show improvement 

after treatment?  This research question was developed after close consideration of 

models of learning and lexical retrieval.  Considering Gupta’s (2003) model 

demonstrating a correlation between word learning and digit span, it was predicted that 

verbal STM would increase following treatment.  It was theorized that if verbal STM is a 

cognitive mechanism underlying word learning (e.g. Gupta, 2006; Kelly & Armstrong, 

2009), a word learning task may directly target verbal STM and provide simulation 

activation to this mechanism resulting in improvements in this measure. 

The third research question was the following: Will performance on measures of 

receptive and expressive word retrieval improve after treatment?  This prediction draws 

on computational models, neural underpinnings of new word learning, and previous work 

using the ancient farming equipment paradigm (Dell et al., 1997; Gathercole & Baddeley 

1989; 1990; Gupta, 2003; López-Barroso et al., 2015; Tuomiranta et al., 2011a; 2011b; 

2013; 2014).  Lexical access and retrieval are associated with verbal short-term memory 

capacity.  Therefore, it was predicted that if treatment successfully promotes the learning 

of new words, effects of this treatment should generalize to better access and retrieval of 

known words.   
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CHAPTER 2 

METHOD 

Participants 

Inclusion Criteria 

The participants in this study were three monolingual English-speaking males 

with chronic aphasia (KT, UP, and CN).  They presented with aphasia following an 

ischemic or hemorrhagic cerebrovascular accident (CVA) involving the middle or 

posterior cerebral artery leading to a single left hemisphere cortical lesion.  They were at 

least 6 months’ post-stroke before enrolling in this study.  No history of mental illness 

and/or alcohol or substance abuse was permitted to be included in the study.  All 

participants passed a pure tone audiometry hearing screening and were not observed to 

have evident hearing difficulty.  

Participant KT 

KT was a 67-year-old right-handed male with 12 years of formal education.  He 

presented with a left hemisphere MCA infarction.  The lesion affected most of the 

inferior parietal lobule and extended into the superior parietal lobule with white matter 

tract involvement.  The lesion also extended into the posterior, superior occipital 

lobe.  There was some involvement of the posterior, superior portion of the superior 

temporal gyrus, but the temporal lobe was otherwise intact.  There was some ischemic 

damage to the pre-central gyrus without complete infarction of the region.  He was 2 

years post-onset at the time of testing.  KT presented with a severity rating of 1 on the 

BDAE (see Table 1).  He demonstrated a language profile consistent with Wernicke’s 

aphasia.  He exhibited difficulty with complex grammatical forms, auditory 
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comprehension, and repetition.  His speech can be categorized as fluent with 

paragrammatic errors, neologisms, and empty utterances.  He showed reduced auditory 

comprehension on all subtests of the BDAE, as well as during conversation.   

Participant UP 

UP was a 53-year-old right-handed male with 14 years of formal education.  He 

presented with a left hemisphere MCA infarction.  He had an extensive left frontal lesion 

involving the cortex of the posterior 2/3s of the inferior frontal gyrus and subcortical 

white matter underlying the middle and superior frontal gyri. The anterior superior insula 

cortex was also infarcted. The temporal lobe was intact.  He was 8 years post-onset at the 

time of testing.  UP presented with a severity rating of 4 on the BDAE (see Table 1).  He 

demonstrated a language profile consistent with Anomic aphasia.  He displayed some 

difficulty with auditory comprehension during the complex ideational material subtest, 

but performed relatively well on the other components of auditory comprehension.  

Single word repetition was also intact, although sentence repetition appeared to be an 

area of greater difficulty.  His speech can be described as fluent with some phonological 

paraphasias, although these occurred with less frequency than 1-2 per minute.  

Participant CN 

CN was a 53-year-old right-handed male with 10 years of formal education.  He 

presented with a left hemisphere MCA infarction. The lesion affected the posterior 2/3s 

of the cortex of the inferior frontal gyrus as well as inferior portions of the middle frontal 

gyrus and extended posteriorly to the anterior margin of the angular gyrus. The inferior 

insula was infarcted but the temporal lobe was intact.  He was 4 years post-onset at the 

time of testing.  CN presented with a severity rating of 2 on the BDAE (see Table 1). He 
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presented with a language profile consistent with Broca’s aphasia, given his non-fluent 

speech and good comprehension.  At the single word-level CN produced relatively good 

repetition, but did produce some articulatory errors/phonological paraphasias.  He had 

significantly increased difficulty with sentence repetition.  His medical records indicate a 

post-stroke diagnosis of apraxia  In conversation, his speech can be categorized as 

agrammatic with occasional phonological paraphasias and articulatory errors.     

Table 1. Boston Diagnostic Aphasia Examination (BDAE) results  
Subtest KT UP CN 
Severity Rating  1 4 2 
Fluency    

Phrase Length 7/7 7/7 3/7 
Melodic Line 7/7 7/7 6/7 
Grammatical Form 4/7 6/7 4/7 

Conversation/Expository 
Speech    
     Simple Social         

Responses 6/7 6/7 7/7 
     Complexity Index 0.67 0.69 0.43 
Auditory Comprehension   

Basic Word 
Discrimination 22/37 34/37 36/37 
Commands 5/15 14/15 15/15 
Complex Ideational 
Material 2/12 10/12 9/12 

Repetition    
Words 5/10 9/10 10/10 
Sentences  0/10 5/10 3/10 

Notes. Numbers in bold represent a score falling below the 50th percentile. 

Background Testing 

Portions of the Boston Diagnostic Aphasia Examination- Third Edition (BDAE-3; 

Goodglass, Kaplan, & Barresi, 2000) were administered as a background test to assess 

aphasia severity and language profile.   
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Pre- and Post-Testing 

A battery of tests was administered to all participants before and after treatment to 

assess language outcomes.  The Philadelphia Naming Test (PNT; Roach, Schwartz, 

Martin, Grewal, & Brecher, 1996) was used as a measure of confrontation naming, 

providing a large sample of stimuli (Tuomiranta et al., 2011a).   The Peabody Picture 

Vocabulary Test (PPVT; Dunn & Dunn, 1981) was also administered as a measure of 

receptive language and lexical-semantic processing (Martin et al., 2012; Tuomiranta et 

al., 2011a). Verbal and pointing spans were administered as a measure of short-term 

verbal memory. Verbal short-term memory spans were selected from the Temple 

Assessment of Language and Short-term Memory in Aphasia (TALSA; Martin, Kohen, 

& Kalinyak-Fliszar, 2010), including the nonword repetition span and digit/word span 

(Tuomiranta et al., 2011a).  The pre- and post-tests also included a linguistic and non-

linguistic control.  The linguistic control was the Oral Reading of Regular and 

Exceptional Words subtest from the Psycholinguistic Assessments of Language 

Processing in Aphasia (PALPA; Kay, Lesser, & Coltheart, 2009).  The chosen non-

linguistic control was the 5-Point Test (Fernandez, Moroni, Carranza, Fabbro, & 

Lebowitz, 2009) to assess visuospatial learning, something that was not expected to 

improve with treatment.  During this task, the participant was given 3 minutes to create as 

many unique designs as possible by connecting 5 dots with 4 lines.  Designs that did not 

follow these instructions (e.g. used 3 or 5 lines) were not counted during analysis.   

The final pre- and post-test measure assessed the participants’ verbal learning 

abilities.  This task utilized the “aliens from other planets” paradigm outlined by Gupta 

(2003).  Using a computerized program designed by the researchers utilizing stimuli that 
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differed from the treatment stimuli, two sets of 5 aliens were trained receptively and then 

expressively, each followed by a practice test period. Before training all items were 

presented receptively and expressively to obtain a baseline understanding of any 

knowledge of these item or any proportion of change.  During the training, (or exposure) 

period, each alien was presented 4 times in a randomize manner in a field of four.  The 

field included 1 target and 3 foil items that were not trained.  A sample of the screen 

presented to participants is shown in Figure 3.  All foil items were randomized.  An 

auditory stimulus (the name) was presented along with the matching alien highlighted in 

red to indicate the targeted item (Gupta, 2003).  The participant was asked to repeat the 

name aloud (Gupta, 2003; Tuomiranta et al., 2014).  After each alien received 4 

randomized exposures, the practice phase began.  During this phase, the target item was 

displayed with another trained item and two foils.  As during the exposure phase, each 

item was presented 4 times in a randomized manner.  In receptive practice, the target 

name was presented verbally and the participant was instructed to point to the intended 

target in the field.  In expressive practice, the target was highlighted in red and the 

participant was asked to produce the name.   After this was completed for both receptive 

and expressive practice for Sets 1 and 2, a final test was administered, wherein all 10 

target items were presented once, first for receptive identification and then for expressive 

naming.  During the final test, the target was presented in the same manner as during the 

practice phase.  All participants received version 1 of this test pre-and post-treatment.  UP 

and CN also received a second version post-test only to eliminate any familiarity with the 

items obtained pre-treatment. This revision was made after KT completed treatment.  A 

list of all trained aliens used in this outcome measure is provided in Appendix A.   
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Figure 3. Example of alien training period. The target highlighted is Dunune. This name 

was be presented while this image appeared on the screen.   

  
Stimuli 

Twenty novel items were chosen for training from names developed by Gupta 

(2003).  All items were phonotactically balanced for English and 1 to 3 syllables in length. 

The 20 items were grouped into 2 modules with 10 items each, and further subdivided into 

two 5-item training sets: Module 1 = Set 1 and Set 2 and Module 2 = Set 3 and Set 4.  Items 

within a training set did not share initial phonemes, although items within a module did 

share an initial phoneme.  Pictures came from the Ancient Farming Equipment paradigm 

(e.g. Gupta et al., 2006; Tuomiranta et al., 2011; 2012).  A list of all training stimuli used 

is provided in Appendix B.     
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Schedule of Treatment 

Therapy was delivered for 1 hour a day 2 days a week for 4 weeks (Figure 4).  

There were 9 treatment sessions and 8 treatment probes beginning with session 2. 

                    
Pretesting Session Post-TX 48 hours 
  1 2 3 … 

Continue 
alternating 
probe and 
treatment  

9 Final Test (20 items) 
  

Baseline 
(20 items) 
Treatment 
Module 1 

Probe 
Module 1 
(10 items) 
Treatment 
Module 2 

Probe 
Module 2 
(10 items) 
Treatment 
Module 1 

Probe 
Module 
2 (10 
items) 

    
      
      

      
Figure 4. Treatment schedule of all sessions beginning with baseline test and ending with 

a 48-hour post-test.   

Design of Treatment 

The experimental design followed approaches used by others (Gupta et al., 2006; 

Martin et al., 2012; Tuomiranta et al., 2011a; 2014) who have employed the Ancient 

Farming Equipment paradigm, but with some modifications.  A single baseline design with 

various pre- and post-treatment measures and probes was used due to the novel nature of 

the stimuli.  The baseline assessment was given expressively and receptively for all items 

to ensure all participants were unfamiliar with the training materials.  Each session one 

module was trained, and probed the following session in an ABA pattern across sessions.  

Items from Module 1 were trained on day 1 and probed on day 2.  Items from Module 2 

were trained on day 2 and probed on day 3.  This alternating sequence continued until 

session 9. There was a five-minute break between receptive and expressive training.  This 

was followed by a final test including both module 1 and 2 (see Figure 4 for treatment 

schedule) during the final session.  An example of a typical treatment session is shown in 

Table 2.  
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Training Procedure 

Training followed a procedure similar to that described in the Alien’s Novel Word 

Learning Test. Treatment targeted both receptive and expressive learning and included two 

phases, exposure and practice.  Receptive training was always completed first.  

Again, the presentation followed a similar outline as that used for the Alien’s pretest.   

Exposure 

The exposure phase was the same for receptive and expressive training: the target 

was presented 4 times randomly, among 3 distractors.  The target auditory stimulus was 

played and the associated image was highlighted by a red box.  Of the 3 distractors, 2 

were foils and were not taught during training, while one was another learned item 

(Figure 5). The target appeared on the screen in a randomized position.  The participant 

was asked to repeat the name of the target as it was presented.   

Practice 

After the receptive (or expressive) training a practice test was completed.  

Participant had 4 opportunities to identify or name the target items.  The presentation was 

the same as during the exposure phase.  During receptive practice, the participant was 

asked to point to the stated item among four alternatives, without a visual highlighting 

cue.  For expressive practice, they were asked to name one of four pictures which was 

highlighted on the screen.  An example of the exposure and testing phase is presented 

below in Figure 5.   

Feedback 

 During the practice phase the correct response was provided regardless of the 

participant’s response. No feedback was provided during the probes or 48-hour final 
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post-test. For correct responses, the answer was confirmed (“Yes, it’s…”).  For incorrect 

responses, the correct response was given (“It’s…).  This feedback was given once and 

not repeated.  

   

 

Figure 5. Example of training period for learning task. The target highlighted is bahv.  
 
Table 2. Steps involved in a single treatment session (example provided for module 1). 

Treatment protocol 
Step 1 Set 1 Receptive Exposure 
Step 2 Set 1 Receptive Practice 
Step 3 Set 1 Expressive Exposure  
Step 4 Set 1 Expressive Practice  
Step 5 5-minute Break 
Step 6 Set 2 Receptive Exposure 
Step 7 Set 2 Receptive Practice 
Step 8 Set 2 Expressive Exposure 
Step 9 Set 2 Expressive Practice 

  
Treatment Probes 

The module was probed during the following session after training.  On the 

second day of training, Module 1 was probed before continuing on to train Module 2 

(Sets 3 and 4). During the probe, each target was only presented once.  The probe 
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included both a receptive and an expressive task.  The probe followed the same 

presentation as the exposure and practice phases, with the target appearing alongside 

another trained item and two foils.   

Data Analysis 

  Spoken responses were recorded and transcribed for accuracy.  The last and best 

responses were scored during phonological analysis (Martin et al., 2012).  Rules for 

phonological analysis are presented in Appendix C.  The receptive responses for each test 

were scored for proportion correct identification of items.  The expressive tests were 

scored according to the proportion of phonemes correct in serial order (Martin et al., 

2012), as well as for proportion of correct names produced.  The Fisher’s Exact Test was 

used to analyze learning outcomes before and after treatment to determine any significant 

changes between the pre- and post-treatment measures.  The Test of Difference Between 

Proportions was used to assess any changes in proportions of narrative measures and for 

proportions of phonemes correct.  Significance of these measures was established by an 

alpha of 0.05.  Any significant changes observed were taken to indicate an improvement 

in naming ability after treatment, and further suggest that lexical processing and learning 

are related.  For grammatical analysis, narratives used for CIU count were again analyzed 

for proportions closed class words, proportion of verbs, and proportion of sentences.  

Word and content repetitions, along with any incorrect information was excluded from 

the overall word count.       
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CHAPTER 3 

RESULTS 

Reliability 

Interrater reliability for phonological analysis for participants CN and UP was 

assessed using intraclass correlation coefficients (ICC). A second rater proficient in 

phonetic transcription and trained in phonological analysis transcribed and scored 100% 

of the baseline, probe, and follow-up nonword naming trials. The analysis yielded an ICC 

of .965 for CN, and .974 for UP, indicating excellent interrater reliability.  Given the 

nature of KT’s language presentation and difficulty with single word repetition, 

phonological analysis was not completed as he did not approximate targets.   

 Transcription reliability was completed for a random sample equaling 20% of 

transcripts for CN and UP.  Point by point word level reliability calculated by total 

agreements/total possible agreements was .897 for CN and .950 for UP.  Point by point 

coding reliability was completed for 20% of discourse transcripts.  Proportion agreement 

for CIU was determined by total agreed upon CIUs/total possible.  Reliability for CN was 

.870 and .880 for UP.  Point by point coding reliability was completed for 30% of 

discourse transcripts for CN for percent agreement for verbs, closed class words, and 

sentences as determined by total agreed upon/total possible.  Reliability was .941 for 

verbs, .873 for closed class words, and .935 for sentences.   

KT 

Novel Word Learning 

KT’s receptive and expressive learning from baseline to the 48-hour post-test is 

depicted in Figure 6 below.  Receptive learning increased from a proportion of 0.2 correct 
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at baseline to 0.70 at the 48-hour post-test (p=0.004; Figure 6), of a possible 20 items.  As 

previously mentioned, KT’s expressive learning was not examined using phonological 

analysis.  During treatment, he frequently produced neologisms and did not approximate 

any targets, suggesting further analysis for increased production accuracy would not be 

beneficial.  Although no items were learned expressively, KT consistently repeated an 

incorrect novel name across sessions for many of the items (/flapflap/ for “duniseb”).  

 

 
Figure 6. KT Proportion correct items learned receptively and expressively at baseline, 

probes 1-8 and, and 48-hour post-test during treatment.   

 
Language Outcome Measures 

 KT’s performance on all pre- and post-treatment measures is presented in Table 5 

below.  KT’s verbal word span improved significantly post-treatment (p=<0.001).  Some 

language measures improved, but were not found to be significant (Table 5).  KT’s raw 

score on the PPVT increased from 124 to 168, with an improved standard score of 68 to 

79.  This is a change from less than 2 standard deviations below average up to less than 1 

standard deviation below average.  Naming on the PNT improved using a lenient scoring 
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(name produced anywhere in the response), but was not significant (p=1.000).  KT’s 

word learning performance improved on the alien name learning task, although the 

change was not significant (p=0.170).  The Cookie Theft picture description was used as 

a discourse sample to measure the proportion of correct information units (CIUs) per total 

words produced.  No significant change in proportion of CIUs was found post-treatment 

(p=0.463).  No change was expected in the control tasks, and none was observed 

(PALPA-regular: p=0.195, exception: p=0.438, 5-Points: p=0.810).   

UP 

Novel Word Learning 

UP’s receptive and expressive learning from baseline to the 48-hour post-test is 

depicted in Figure 7 below.  Receptive learning increased from a proportion of 0.00 

correct at baseline to 1.00 correct after the first treatment session.  All items were 

maintained at the 48-hour post-test (p=<0.001).  Expressive learning appeared to be more 

difficult for UP, but he did make some gains in this area. During session 7, the sixth 

treatment session, he produced the name for a proportion of 0.50 items presented.  This 

declined slightly over the following two treatment sessions.  At the 48-hour post-test he 

accurately produced the name of 0.15 trained items (p=0.231).  Although relatively few 

items were expressively learned in their entirety, his responses appeared to increasingly 

approximate the phonological composition of the target words as therapy progressed.  

Thus, we analyzed UP’s expressive learning more carefully with a phonological analysis 

of UP’s responses to determine the average proportion of phonemes of target words 

correctly produced in serial order in each session.  This is presented in Figure 8 below.  

UP’s proportion of correctly produced phonemes increased steadily until session 7, with a 
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slight decline in session 8, and an increase again in the final treatment session. At the 48-

hour post-test UP produced 0.38 phonemes correctly.  This represents a significant 

increase in phoneme accuracy compared to baseline (p=<0.001).  He produced vowel 

distortions, and frequently provided an incorrect trained name for the presented item 

leading to the overall decrease in phoneme accuracy.   

When looking more closely at UP’s phonological analysis some names were 

learned very closely, but did not reach total accuracy (/keɪbimap/ for Kibamop 

/kaɪbeɪmɑp/).  To evaluate the phonemic accuracy for target attempts only, a closer 

analysis was completed. The number of items made in an attempt to approximate the 

target are presented below in Table 3.  Responses were defined as approximations or 

attempts at the target according to the following criteria: 1) included the initial phoneme 

+ vowel and maintained the target syllable structure, 2) included the stressed vowel and 

maintained the syllable structure, or 3) included 50% or more of the target phonemes.  

Responses that included real word visual descriptions, non-responses, or substitutions of 

other trained items that did not include the above-mentioned criteria were not included.  

Using these stricter criteria, UP approximated 10 out of 20 items (50%) and produced a 

proportion of 0.66 phonemes correct (Table 3 and Figure 9), compared to a proportion of 

0.38 when all responses (including no response) were assessed.  The progression across 

treatment for proportion of phoneme accuracy for approximations only is presented in 

Figure 9.  Further examination of the items approximated at the final test revealed UP 

learned, at least in part, a sample of items of each syllable length.  The target items 

produced across all sessions with their responses are provided in Appendix D.  
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Language Outcome Measures 

UP’s pre- and post-treatment performance on all language outcome measures is 

presented in Table 5.  His standard score on the receptive language measure, the PPVT, 

did not change significantly.  Nonword, word, and digit spans, used to measure short-

term verbal memory, showed significant changes post-treatment.  UP’s digit span, both in 

the repetition and pointing conditions, improved significantly (digit repetition ISO: 

p=<0.001; IAO: p=0.0495; digit pointing ISO: p=0.028).  His pre-treatment expressive 

language measure, the PNT, was close to ceiling, and therefore did not reflect any 

changes at post-treatment in either the strict or lenient scoring (strict and lenient 

p=1.000).  UP’s word learning performance did not significantly change for number of 

items learned receptively or expressively at post-treatment for either version 1 (given pre- 

and post-treatment) or version 2 (novel items only given post-treatment).  On version 1, 

however, the average proportion of correctly produced phonemes did significantly 

improve from 0.24 to 0.41 (p=0.045). Improvement was not seen for average proportion 

of phonemes correct when comparing version 1 pre-treatment, 0.24, with version 2, given 

post-treatment, 0.24 (p=1.00).  UP’s discourse production was assessed using all 10 of 

Nicolas and Brookshire’s (1993) narratives.  The proportion of CIUs per total words for 

each narrative is presented in Table 6 below.  The proportion of CIUs significantly 

improved post-treatment for 3 of the 10 narratives and was nearing significance for a 

fourth (“what you do on Sundays; p=0.052).  The average proportion of CIUs per total 

words for all of the narratives significantly improved post-treatment (p=<0.000).  His 

performance on the control tasks did not change, or became increasingly worse following 

treatment (PALPA-regular: p=0.069, exception: p=0.025, 5-Points: p=0.064).   
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Figure 7. UP proportion correct items learned receptively and expressively at baseline, 

probes 1-8 and, and 48-hour post-test during treatment.   

 

 
Figure 8. UP proportion correct phonemes from expressive production at baseline, probes 

1-8 and, and 48-hour post-test. 
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Table 3. UP’s number of targets approximated per session 

Session # Items 
Approximated 

Percent of 
Total Items 

1 0 0 
2 0 0 
3 3 30 
4 3 30 
5 5 50 
6 3 30 
7 8 80 
8 5 50 
9 6 60 
10 10 50 

 

 
      Figure 9. UP proportion of phonemes correct for target approximations only 
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baseline (p=<0.001).  Expressive learning was more difficult for CN, as evidenced by the 

plateau observed across treatment.  Throughout treatment he intermittently produced a 

proportion of 0.10 of the items correctly.  This level of accuracy was maintained at the 

48-hour post-test, but was not a significant improvement from baseline (p=1.000).  As 

with UP, a phonological analysis of CN’s responses was conducted to determine the 

average proportion of phonemes correct for each session.  These data are presented in 

Figure 11 below.  CN’s proportion of phonemes varied throughout treatment.  For 

example, by session 2 he reached 0.14 phonemes correct, but this declined the following 

session to 0.02.  He reached the highest level of phoneme accuracy during session 9, the 

final treatment session with an average of 0.31 phonemes correct per all items.  At the 48-

hour post-test CN produced an average proportion of 0.21 phonemes correct, a significant 

increase from the baseline proportion of average phonemes correct (p=0.001).  

CN frequently produced the incorrect novel name for the presented item or was 

unable to provide a response, leading to the overall decrease in phoneme accuracy.  

Therefore, the number of items made in an attempt that approximated the target are 

presented in Table 4 below.  Target approximations were defined according to the same 

criteria as discussed for UP.  By the final probe, CN approximated 3 out of 10 items.  

These were all maintained at the 48-hour post-test, although the one item named during 

session 8 was not maintained at this time.  When these approximations alone were 

analyzed for phonemic accuracy, the proportion of phonemes correct at the final test 

increased from 0.22 to 0.67.  CN’s proportion of phonemes correct across treatment for 

approximations only is presented in Figure 12. Across treatment he appeared to show 

increased production of targets with names 2 and 3-syllables in length, as these names 
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were produced in approximation more frequently than the 1-syllable length targets.  The 

target items produced across all sessions with their responses are provided in Appendix 

E.  

Language Outcome Measures 

CN’s pre- and post-treatment performance on all language outcome measures is 

presented below in Table 5.  His standard score on the receptive language measure, the 

PPVT, did not significantly improve.  Nonword and word repetition spans, used to 

measure verbal short-term memory, increased significantly post-treatment, although word 

repetition span only improved when items were scored correctly when produced in any 

order (nonword: p=0.009; word (IAO): p=0.025).  CN’s digit span did not improve in the 

repetition or pointing conditions.  The pre-treatment expressive language measure, the 

PNT, was close to ceiling, and therefore did not reflect much change at post-treatment in 

either the strict or lenient scoring (strict: p=0.799 lenient: p=0.685).  On the new word 

learning task, CN did learn 2 more items receptively post-treatment, but this was not a 

significant change (p=0.474).  He did not significantly improve for number of items 

produced or number of phonemes produced for either version (p=1.00, p=0.146).   

Similarly, to UP, CN’s discourse production was assessed using all 10 of Nicolas 

and Brookshire’s (1993) narratives.  The proportion of CIUs per total words for each 

narrative is presented in Table 6 below.  The proportion of CIUs significantly improved 

for 1 of the narratives (“Tell me about where you live”, p= <0.001).  The average 

proportion of CIUs per total words for all of the narratives also changed significantly 

post-treatment, but declined rather than increased CIU’s (p=<0.001).  Given CN’s 

agrammatic presentation, his narratives were also analyzed for any changes in the 
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proportions of closed class words per total words, proportion of verbs per total words, 

and proportion of sentence per total utterances, as these elements appeared to be difficult 

for him to produce pre-treatment.  These data are presented in Table 7.  The proportion of 

closed class words significantly improved for one narrative post-treatment (p=0.014), 

although the average proportion of closed class words did not significantly change across 

all narratives (p=0.274).  The average proportion of verbs and sentences did not 

significantly change post-treatment (p=0.646, p=0.949), and no significant changes were 

observed for these measures for any of the individual narratives.  CN’s performance on 

the control tasks did not change significantly (PALPA-regular: p=0.424, exception: 

p=1.00, 5-Points: 0.580).   

  
Figure 10. CN proportion correct items learned receptively and expressively at baseline, 

probes 1-8 and, and 48-hour post-test during treatment.   
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Figure 11. CN proportion correct phonemes from expressive production at baseline, 

probes 1-8 and, and 48-hour post-test. 

Table 4. CN’s number of targets approximated per session 

Session # Items 
Approximated  

Percent of Total 
Items  

1 0 0 
2 1 10 
3 2 20 
4 2 20 
5 2 20 
6 1 10 
7 1 10 
8 1 10 
9 3 30 

10 3 15 
 

 
Figure 12. CN proportion of phonemes correct for target approximations only. 
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Table 5. Pre- and post-language tests administered 
Test KT UP CN 

  Pre-
Tx 

Post-
Tx 

Pre-
Tx 

Post-
Tx 

Pre-
Tx 

Post-
Tx 

Peabody Picture Vocabulary Test1       
   

Raw Score 124 168 157 160 196 200 
Standard Score 68 79 74 75 89 91 

TALSA Subtests2           

Nonword repetition (n=10) 0 0 1.8 2 1.8 2.2* 

Word repetition span (ISO)  0.4 1.2* 3.8 3.8 4 4.2 
In any order (IAO) 0.4  1.2*  3.8 3.8 4 4.2* 

Digit repetition span (ISO) 1.6 1.4 3.8 4.2* 4.6 5 
(IAO) 1.6  1.6  4 4.8* 4.8 5 

Word pointing span (ISO) 1 1.2 3.6 3.4 4.2 4 
(IAO) 1.2  1.4  3.6 4 4.2 4.2 

Digit pointing span (ISO) 0.8 1.2 3.8 4.2* 4.6 4.4 
(IAO) 1.0 1.0  3.8 4.8 4.6 4.4 

Philadelphia Naming Test3            
Strict scoring (n=175) 72 72 169 169 166 168 

Lenient scoring (n=175) 88 99 172 173 171 173 
Discourse4 (Proportion CIUs) 0.21 0.18 0.58 0.69* 0.70 0.57 
New Word Learning Ver. 15                                      

Receptive (n=10) 2 6 10 10 8 10 
Expressive (n=10) 0 0 1 1 0 0 

New Word Learning Ver. 25 
Receptive (n=10) N/A N/A N/A 10 N/A 6 

Expressive5 (n=10) N/A N/A N/A 1 N/A 0 
PALPA6 Reading           

 Regular (n=30)                                  17 11 20 12 25 28 
                  Exception (n=30)                                 18 14 25 16* 25 26 
5-Points Test7 (Proportion correct) 0.40 0.33 0.60 0.10 0.54 0.44 

Notes. *Fisher’s Exact Test (2-tailed) was used to calculate significant changes, p<0.05. 
1Dunn, L. & Dunn, L. (1981). Peabody picture vocabulary test-Revised. Circle Pines, MN: American Guidance 
Service.  
2Martin, N., Kohen, F. P., & Kalinyak-Fliszar, M. (2010). A processing approach to the assessment of language 
and verbal short- term memory abilities in aphasia. In Clinical Aphasiology Conference, Charleston, SC, 2010.  
3Roach, A., Schwartz, M.F., Martin, N., Grewal, R.S., & Brecher, A. (1996). The Philadelphia Naming 
Test: Scoring and rationale. Clinical Aphasiology, 24, 121-133. 
4Nicholas, L. E., & Brookshire, R. H. (1993). A system for quantifying the informativeness and efficiency 
of the connected speech of adults with aphasia. Journal of Speech, Language, and Hearing 
Research, 36(2), 338-350. 
5Coran, M., Rosenberg, S.  Martin, N. (2016).  Laboratory Developed Test 
6Kay, J., Lesser, R., & Coltheart, M. (2009). PALPA: Psycholinguistic assessments of language processing 
in aphasia. Psychology Press. 
7Fernandez, A. L., Moroni, M. A., Carranza, J. M., Fabbro, N., & Lebowitz, B. K. (2009). Reliability of the 
five-point test.  The Clinical Neuropsychologist, 23(3), 501-509. 
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Table 6. Proportion of CIUs/Total Words in Nicolas and Brookshire (1993) Narratives. 
Narrative  UP CN 

 Pre-Tx Post-Tx Pre-Tx Post-Tx 
Cookies 0.32 0.73* 0.68 0.37 
Birthday  0.64 0.71 0.83 0.79 
Sundays 0.65 0.79** 0.8 0.62 
Home 0.6 0.7 0.29 0.63* 

Cat in Tree 0.7 0.74 0.76 0.68 
Farmer 0.6 0.64 0.75 0.58 
Dishes 0.67 0.58 0.63 0.2 
Fight 0.41 0.72* 0.78 0.5 
Letter 0.48 0.73* 0.95 0.78 
Picnic  0.62 0.7 0.87 0.76 

Average 0.58 0.69* 0.7 0.57^ 
 Notes. *p<0.05, **trending toward significance, p<0.07, ^ significant in the wrong direction calculated using 
Test of Difference Between Proportions.  
 
Table 7. CN’s proportions for complex grammatical forms. 

 
Proportion Closed 

Class Words 
Proportion 

Verbs 
Proportion 
Sentences 

Narrative Pre-Tx Post-Tx Pre-Tx Post-Tx Pre-Tx Post-Tx 
Cookies 0.06 0.38* 0.38 0.23 0.43 0.40 
Birthday  0.30 0.22 0.30 0.25 0.50 0.17 
Sundays 0.15 0.27 0.33 0.18 0.20 0.33 
Home 0.19 0.42 0.20 0.33 0.13 0.43 

Cat in Tree 0.24 0.32 0.38 0.45 0.67 0.20 
Farmer 0.28 0.22 0.43 0.23 0.43 0.33 
Dishes 0.21 0.13 0.17 0.25 0.00 0.40 
Fight 0.28 0.36 0.47 0.40 0.29 0.50 
Letter 0.26 0.24 0.27 0.33 0.22 0.25 
Picnic  0.27 0.11 0.25 0.27 0.10 0.00 

Average 0.22 0.27 0.32 0.29 0.30 0.30 
Notes. *p<0.05, calculated using Test of Difference Between Proportions.  
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CHAPTER 4 
 

DISCUSSION 
 

The purpose of this study was to examine the potential of using a new word 

learning paradigm as treatment for word processing and verbal short-term memory 

(STM) impairment in adults with aphasia following stroke.  This study was motivated by 

theoretical models that suggest cognitive processes such as STM subserve learning and 

language processing.  The current study, therefore, sought to actively assess these models 

and their application to clinical practice.  This study’s aims are relevant to both clinicians 

and researchers, to help better understand the nature of theoretical models and how they 

may inform treatment practice and overall understanding of lexical access impairments.   

Novel Word Learning 

The first research question in this study was to determine if adults with aphasia 

could learn trained novel items, either receptively or expressively.  Based on previous 

research (Kohen et al., 2012; Martin et al., 2012; Tuomiranta et al., 2013; 2014; 

Tuomiranta et al., 2012; Tuomiranta et al., 2011a, Tuomiranta et al., 2011b), it was 

expected that the participants in this study would learn the trained novel items 

receptively, and in part expressively.  The results from all three of the participants 

support this hypothesis for receptive learning, while two of the three participants also 

demonstrated some expressive learning as well.  Novel word learning research in those 

with aphasia has shown expressive learning may vary across time and among individuals 

(Gupta et al., 2006; Kelly & Armstrong, 2009; Martin et al., 2012; Tuomiranta et al., 

2012).  
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Research has shown that a variety of strategies and techniques may improve 

learning.  One suggested strategy to improve novel word learning is to pair auditory 

stimuli with an orthographic representation (Kohen et al., 2012; Tuomiranta et al., 

2011b).  Others also have suggested that pairing the novel item with semantic 

information may increase learning (Kelly & Armstrong, 2009; Tuomiranta et al., 2012).  

Another training method thought to improve learning is an errorless learning approach.  

According to this approach participants are thought to learn better as they are prevented 

from making errors and integrating these incorrect responses into memory traces 

(Fillingham, Hodgson, Sage, & Lambon Ralph, 2003).  An errorless learning approach 

has been used in learning tasks in those with memory impairments and found to improve 

learning outcomes (Clare, Wilson, Breen, & Hodges, 1999; Kessels & de Haan, 2003).  It 

has been suggested that some learning tasks may benefit more from an errorless learning 

approach, such as with word learning (Evans et al., 2000).  A review by Fillingham et al. 

(2003), however, suggests that treatments incorporating errorful learning may still be 

successful.  Middleton and Schwartz (2012) further explain, that retrieval practice, as 

used in errorful treatment, is an important part of learning.  The authors review a variety 

of studies employing both approaches, and indicate that some researchers have shown 

greater long-term learning effects with errorful learning.  However, when this method is 

paired with feedback or some element of cueing greater improvements were shown 

(Middleton & Schwartz, 2012).   

In the present study, elements from an errorless learning approach were 

incorporated into the practice phase of treatment (feedback as to the correct response), 

but participants continued to produce errors in their responses, as evidenced by the 
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proportion of phonemes correct taken from the phonological analysis.  Fillingham, Sage, 

and Lambon Ralph (2005) recognize this difficulty when working with those with 

aphasia. Although the correct response was provided during training, UP continued to 

produce /dou.sai.sai.sais/ for the target Dosisis /doʊ.saɪ.sɪs/ and /keɪ.bi.map/ for the target 

Kibamop /kaɪ.beɪ.mɑp/.  This difficulty in producing completely errorless responses 

during the practice phase may have contributed to the incorrect learning of these items 

and the overall low accuracy of correct phonemes during testing.   

Basso et al. (2001) and Kelly and Armstrong (2009) also suggest that providing 

other learning strategies, such as allowing the participants to use an orthographic cue, 

oral reading, and phonological cue may also aid learning.  Kelly and Armstrong (2009) 

also incorporated independent learning time into their training protocol, during which 

participants had up to 30 minutes to practice learning the stimuli in whatever way they 

chose. This method was found to be beneficial for overall learning success, and suggests 

that different learning strategies may benefit different individuals depending on their 

strengths and type of impairment.  Learning may therefore be optimized by targeting 

training to each participant’s needs and providing a cueing system that targets their 

strengths. All three participants presented here have varying levels of oral reading and 

repetition skills that would affect which learning strategies may be useful for them if 

other cueing methods were included in future studies.  Each participant presented with a 

different language and neurological profile and these differences may help to understand 

their individual learning performances.  Below we discuss each individual’s language and 

neurological profile and how these may provide a possible relation to the participants’ 

learning performance and language outcomes measures.   



 
 

41  

KT 

  As described previously, KT presented with Wernicke’s aphasia and had 

significant difficulty with auditory comprehension and repetition.  KT’s MRI scan reveals 

a large left hemisphere lesion affecting virtually all of the inferior parietal lobule and 

much of the superior parietal lobule with white matter tract involvement, along with a 

small region of infarction in the posterior, superior portion of the superior temporal 

gyrus.  It has been suggested that the damage to the inferior parietal lobe results in 

decreased or impaired speech repetition (Fridriksson et al., 2010).  Parker et al. (2005) 

also report white matter connections travel between the inferior parietal lobe and other 

more classical speech areas associated with production and comprehension.  Accordingly, 

it would be expected that KT would have difficulty with repetition, as was observed. 

Repetition ability has been shown to be a predictive factor in children’s language learning 

ability and better repetition has been associated with the learning of new words in 

children (Gathercole & Baddeley, 1990; Service, 1992).  Gupta (2003) further supports 

this relationship between nonword repetition and word learning with his computational 

model of lexical access.  With this model, he proposes that verbal short-term memory, 

(the sequence memory in his model), works with repetition and recall supporting lexical 

access and word learning (Gupta, 2003).  Gupta (2003) reported that digit span and 

repetition are significantly correlated with performance on nonword learning tasks in 

neurotypical adults.  Consistent with this evidence, KT’s poor performance on expressive 

novel word learning could be attributed to his difficulty with repetition and his limited 

digit and word span capacities.  López-Barroso et al. (2013) also suggest the superior 

temporal gyrus and the arcuate fasciculus are needed for word learning.  The lesion to 
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KT’s superior temporal gyrus may therefore also impact his learning.  Despite his 

impairment with single word auditory comprehension as shown on the pre-treatment 

PPVT and BDAE, KT made significant gains in receptive learning.  This may have been 

due to the repeated nature of the training process, as well as the implementation of 

feedback.   

UP 

In contrast to KT, UP demonstrated relatively good auditory comprehension and 

single word repetition pre-treatment (see Table 1).  He achieved ceiling-level 

performance on receptive learning during the second session, and maintained this 

throughout the majority of treatment and at the 48-hour post-test.  He also reached a 

moderate level of proportion correct during expressive learning and achieved the highest 

proportion of average phonemes correct compared to the other two participants.  When 

only analyzing target attempts, UP approximated 50% of the trained items suggesting the 

lexical information had been learned for these items.  UP’s overall language profile 

indicated a milder level of impairment (BDAE severity rating 4).  Given his performance 

on repetition and digit span, UP’s increased success with expressive learning compared to 

KT is not surprising and is consistent with Gupta’s (2003) findings of correlations 

between digit span, repetition, and nonword learning.  As with many people with aphasia, 

UP still demonstrated difficulty learning the novel items in their entirety, producing 

phonological errors for both vowels and consonants and confusing one item with another.  

Despite these errors, UP’s expressive learning is consistent with other research on novel 

word learning in people with aphasia (Gupta et al., 2006; Kelly & Armstrong, 2009; 

Kohen et al., 2012; Martin et al., 2012; Tuomiranta et al., 2012).   Kelly & Armstrong 
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(2009) suggest that language impairment severity may impact novel word learning, 

although they indicate larger studies are needed to fully determine how language profile 

and severity of impairment may impact learning.  UP’s decreased overall severity in 

presentation may therefore support his expressive learning progress.   

CN 

CN presented with intact auditory comprehension for single words and sentences, 

but demonstrated some difficulty with repetition.  He demonstrated success with 

receptive learning, and some with expressive learning, attempting to name a total of 3 

target items, but still, he demonstrated less expressive learning than UP.  On the BDAE, 

repetition items are considered correct if the response is intelligible and close to the target 

item.  Following these scoring instructions, any articulation errors made in his responses 

were not included in determining accuracy. As stated in the methods section,  according 

to medical records CN presented with apraxia of speech, which impacted his repetition.  

He produced articulation errors on 3/10 words, and therefore may have slightly more 

difficulty with repetition than otherwise noted.  As noted in the discussion of KT’s 

results, at least some of CN’s difficulty in word learning could be attributed to his 

difficulty with single word and sentence repetition (Gupta, 2003).  Like KT, CN’s lesion 

was found to extend into the inferior parietal lobe and the angular gyrus.  As the parietal 

lobe is thought to be important for word repetition, this may explain some of his 

difficulty with repetition for nonwords during treatment.  This difficulty also may have 

impacted his success with the expressive learning component of training, as suggested for 

KT.  However, the damage was not as severe as observed in KT and may reflect why 
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some expressive learning did still occur.  Also, CN demonstrated a high digit span which 

may have supported the learning that did occur.   

More so than with the other participants, CN appeared to become increasingly 

frustrated with the naming task.  When he became unsure of his response he stated, “I 

don’t know” and did not provide another attempt.  In this regard, he may have benefitted 

from additional learning strategies or an attempt to incorporate greater feedback into the 

training process.  As his frustration level increased he appeared less motivated to 

continue with the learning process, although breaks were provided.  In this situation, CN 

might benefit from a more targeted and individually designed training process.  

Verbal Short-Term Memory 

The second research question sought to determine if the measures of verbal STM 

(span tasks) would show improvement after treatment.  It was hypothesized that a novel 

word learning task would engage verbal STM and may therefore lead to improvements in 

measures of verbal STM.  It was expected that verbal and pointing span tasks, the chosen 

activity to measure verbal STM, would improve following a novel word training 

protocol.  This hypothesis was supported for at least one of the span measures for each 

participant.   

 This question was motivated by Gupta’s (2003) model which demonstrates that 

the cognitive process of verbal STM may subserve both word learning and other 

language processes such as lexical access.  Studies using neuroimaging have also shown 

that brain areas associated with verbal STM are activated during tasks of novel word 

learning in both neurotypical adults and those with aphasia (Cornelissen et al., 2003; 

Cornelissen et al., 2004).  Activation has been shown in the dorsal language network 
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during word learning, which is thought to support the involvement of working memory or 

the phonological store and attention (López-Barroso et al., 2015). Laine and Salmelin 

(2010) also observed activation of the left inferior parietal lobe during word learning, 

which they interpret to be related to verbal short-term memory.  

KT 

KT showed significant improvement only on the word repetition span, in both 

serial order and any order responses.  This finding is of interest, as verbal short-term 

memory and word learning are associated with activation of the left inferior parietal lobe.  

KT’s lesion incorporates almost all of this area.  Tuomiranta et al. (2013) report a case 

study of a patient with damage to the arcuate fasciculus, also thought to be integral for 

new word learning.  Despite damage to this area, however, the patient still demonstrated 

learning when items were presented in the written modality.  Compensatory activation 

was observed in the right hemisphere.  This suggests that although damage may exist to 

the area of interest, learning or verbal STM improvements may still occur with the 

activation of compensatory regions.  Given that this is not a functional imaging study, 

this claim would need to be explored further with neuroimaging techniques to be 

substantiated and is just a thought presented here.  

 Gupta (2003) also reported a significant correlation between digit span and word 

learning and digit span and nonword repetition.  Although KT demonstrated difficulty 

with nonword repetition, the learning task provided an opportunity to practice this skill 

regularly.  In this way, it may have acted as a way to “exercise” verbal STM in a manner 

that had not previously been explored.  KT did not demonstrate expressive learning, but 

learned a significant number of items receptively.  Given the correlation between word 
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learning and span, it could be speculated that this active learning activity did allow for 

increased verbal STM.  Despite these correlations, word repetition span improved and 

digit repetition span did not. Gupta (2003), however, did not include a word span 

measure, and therefore only reported a correlation for digit span. 

UP 

UP demonstrated significant post-treatment improvement on digit span in both the 

repetition and pointing conditions.  These changes support Gupta’s (2003) findings of a 

correlation between digit span and word learning.  Interestingly, UP showed the greatest 

expressive learning of the three participants and was the only participant to demonstrate a 

significant improvement in digit span in both conditions.  UP’s improvement in digit span 

further supports the hypothesis that new word learning engages verbal STM as measured 

by these span tasks.  Although UP demonstrated learning effects and an improved digit 

span, he showed no significant increase in nonword repetition span.   

CN 

CN was found to have a significant improvement on nonword repetition span and 

word repetition span.  He was the only participant to show an increase in the nonword 

repetition span, possibly because he had to highest overall pre-treatment span of the three 

participants.  Along with the other two participants, this provides further evidence for 

Gupta’s (2003) findings as it supports the correlation between nonword repetition and 

word learning.  CN showed some learning effects as previously discussed.  This suggests 

that the learning task may have actively engaged verbal STM as previously suggested in 

participants KT and UP.  Although three participants are not enough to claim this may 

occur in all people with aphasia, it does demonstrate that those with diverse language 
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profiles and severity may show some improvement in verbal STM as measured by digit 

and word spans following this treatment.  Given the number of participants, a regression 

analysis could not currently be done to determine if word learning success had any 

predictive value for performance on span tasks or other language measure outcomes.   

Language Outcome Measures 

The third research question aimed to address the treatment efficacy of novel word 

learning.  It was hypothesized that a new word learning task could lead to improvements 

in expressive and receptive language by engaging verbal STM and increasing its 

capacity.  The results of the verbal STM measures, discussed above, suggest that verbal 

STM did improve, at least in some aspect in all three participants.  Following Gupta’s 

(2003) model, this may have had a positive impact on lexical access, as verbal STM 

subserves both new word learning and lexical access.  By targeting verbal STM directly 

via the new word learning paradigm, verbal STM may improve (as discussed above), and 

lead to improvements in lexical access that rely on this mechanism.  Evidence for success 

with this treatment approach comes from research suggesting a relationship between 

novel word learning and language treatment.  Dignam, Copland, Rawlings, O’Brien, 

Burfrein, and Rodriguez (2016) found that novel word learning ability was positively 

correlated with immediate post-therapy outcomes in anomia treatment.  This leads to the 

possibility that learning may be targeted and result in gains in language outcomes. Others 

have also discussed the importance of learning theories in application to treatment 

outcomes (Kelly & Armstrong, 2009; Tuomiranta et al., 2013).  Theories of learning may 

impact treatment structure to optimize effects, such as by incorporating learning 

strategies.  Each participant’s language outcomes will be discussed below.   
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KT 

KT showed positive gains on the PPVT, the task used to measure receptive 

language.  Although this measure was only assessed descriptively, it showed an 

improvement of almost 1 standard deviation.  As previously mentioned, KT presented 

with an infarction affecting most of the inferior parietal lobe, part of the superior parietal 

lobe and the posterior, superior region of the superior temporal gyrus.  These areas are 

needed for auditory comprehension (including the supramarginal gyrus and angular 

gyrus).   Considering this area of damage, it is not surprising that he would present with 

difficulty with single word auditory comprehension.  Throughout treatment KT also 

demonstrated difficulty with auditory comprehension.  While the other participants 

learned to identify the novel items by session 2, KT identified a proportion of 0.70 items 

accurately by the 48-hour post-test.  Given the overall language difficulty he 

demonstrated, however, this growth over time was seen as a very positive learning effect 

for this participant.  Since receptive learning improved most dramatically for this 

participant, it is not unexpected that he would show greatest treatment outcomes on a 

receptive language task.  This impact on receptive language may reflect an overall 

improvement in receptive learning and auditory comprehension.   

Although KT did not learn any items expressively, he gained 11 items post-

treatment on the PNT using lenient scoring (not statistically significant).  Lenient scoring 

indicates that the response may not have been the first complete response, but occurred 

later in the response.  This may provide another way to gauge improvement in lexical 

access ability, as the target is still selected, despite initial errors.  This may suggest some 

improvement in lexical retrieval after treatment.  Of note, as mentioned, KT developed 
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his own names for many of the items, some visually related while others were 

neologisms.  He repeatedly recalled these names for certain items.  Despite the lack of 

expressive accuracy, the practice of learning and attempting to retrieve these novel items 

may have been beneficial.  No changes were seen at the discourse level.  Given the 

severity of KT’s single word production, this result is not unexpected. If these changes 

may truly be attributed to the treatment provided, it would support the initial hypothesis 

that a novel word learning task may function as a treatment to improve lexical access via 

a verbal short-term memory mechanism.  KT’s improvement on both a span task and 

language outcome measures appear to suggest this.   

UP 

UP, conversely presented with relatively good single word production and 

auditory comprehension.  Given this, his language was further assessed using a wider 

variety of narratives to examine discourse.  As anticipated, no significant changes were 

observed for single word recognition or production.  His initial performance on the PNT 

was close to ceiling, making any gains insignificant.  A significant change, however, was 

observed for proportion CIUs during narrative production.  This positive outcome, 

coupled with the significant improvement on digit span, support the hypothesis that new 

word learning requires engagement of verbal short-term memory, thus supporting lexical 

access.  Therefore, engaging this learning mechanism may result in improved language 

outcomes.  Interestingly, UP demonstrated the greatest level of expressive learning, and 

was also found to have a significant increase in proportion of phonemes correct on the 

novel word learning pre- and post-measure version 1 (lab developed).  This performance 

indicates that UP did learn throughout treatment and may have improved on a word 
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learning task after completing treatment.  If word learning ability did improve during 

treatment, this would further support Gupta’s (2003) hypothesizing links verbal STM, 

learning, and lexical access.  This conclusion should be considered with caution, 

however, as he did not show significant improvement on the novel word learning task 

version 2 (lab developed). 

CN 

CN was the only non-fluent participant in this study.  As with UP, CN’s pre-

treatment single word production and auditory comprehension was close to ceiling.  

Therefore, changes were not expected on these measures, and narrative production was 

assessed.  He showed some improvement on span tasks, as discussed above, but only 

showed improvement on 1 of 10 narratives for both proportion of CIUs and proportion of 

closed class words.  On average, CN’s narratives showed a significantly lower percentage 

of CIUs.  It is also important to acknowledge individual variability within aphasia, and 

how this may impact performance (Dell et al., 1997).  Production may be impacted by a 

variety of factors, such as fatigue and frustration (Dell et al., 1997; Fillingham et al., 

2005).  In retrospect, CN was experiencing frustration toward the end of treatment and 

into the post-testing period, as he knew he was having difficulty learning the items.  

Although this may not entirely explain his decreased proportion of CIUs at post-

treatment, it may in part identify why his performance began to decline at this time.  

Given CN’s agrammatic presentation, structural analysis for closed class words, verbs, 

and sentences was completed for this participant only.  As shown in the results, treatment 

did not yield many significant results for these measures.   
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When comparing CN’s results to those of the two participants, he showed the 

least effects of treatment.  Considering his overall language profile, this is an interesting 

finding.  Although very different, UP and KT are both fluent.  They demonstrate different 

results based on their severity level, but nonetheless showed potential effects of 

treatment.  Kelly & Armstrong (2009) suggest that training of novel verbs may be 

beneficial for those with an agrammatic presentation.  This is interesting to consider, as 

the treatment only included training of novel nouns.  KT and UP both demonstrated 

improvement on language measures requiring increased content production, but did not 

show difficulty with grammatical forms or verb use.  Considering CN’s type of 

impairment, training of novel items associated with grammatical forms or actions may 

potentially lead to greater retrieval of these forms in production.  This type of training 

would still fall into the type of novel learning paradigm discussed here, focusing on 

Gupta’s (2003) model and evidence that supports the connection between novel word 

learning and lexical access (Cornelissen et al., 2003; Cornelissen et al., 2004; Dignam et 

al., 2016; López-Barroso et al., 2015).  

Clinical Implications 

Although this study only includes three participants, it contributes to the 

discussion as to how theory may inform practice.  Theories of language production and 

comprehension are important, but do not always explain how therapy strategies may 

target an impairment (Ferguson, 1999).  Models of therapy are lacking a way to fully 

address the therapeutic relationship between clinician and client and how therapy works 

(Horton & Byng, 2000), although this situation has improved as the American Speech 

Language Hearing Association has placed a greater emphasis on evidence based practice 
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(American Speech-Language-Hearing Association, 2005).  In this drive for greater 

evidence based practice, it is important to produce research that explores clinical 

questions to determine if elements of language theory may be translated to clinical 

practice.  Studies have supported the theory that verbal STM is a cognitive mechanism 

underlying repetition, recall, lexical retrieval, and now learning (Gupta, 2003; Gupta et 

al., 2006; Tuomiranta et al., 2013; 2012; 2011a; 2011b).  Moreover, there are theories 

that postulate a role of learning in treatment (Dignam et al., 2016; Kelly & Armstrong; 

Tuomiranta et al., 2013), although novel word learning has not been trialed as a method 

of treatment itself.  This treatment approach therefore sought to bring these theories into 

action, to determine if they may have clinical significance as well as research 

significance.  The results of this study support theoretical models of new word learning 

and verbal STM and how they interact with lexical access and generalized language 

measures.  They also demonstrate that these theories may be applied to patient recovery.     

Therapy often focuses on functional communication, such as training important 

scripts or self-cueing methods (Boyle & Coelho, 1995; Youmans, Youmans, & Hancock, 

2011).  This is vital to the success and improved daily functioning of the clients 

undergoing treatment.  However, it might also be beneficial to treat the underlying 

mechanistic impairment if possible, to potentially impact change in more than one task.  

That is why, although not initially a treatment of functional communication, this potential 

treatment approach may provide other benefits.  Experiments reporting that people with 

aphasia can learn new words are important, as they show learning strategies may be 

applied to treatments that target word retrieval (Kelly & Armstrong, 2009; Tuomiranta et 

al., 2013, 2012).  They also show the underlying relationship between verbal STM and 
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word learning that form the basis of this treatment approach.  Moving forward from this, 

results of the present study suggest that by targeting the mechanism of impairment, here 

verbal STM, changes may be seen in single word receptive and expressive language (KT) 

and discourse (UP), as well as within measures of verbal STM itself (KT, UP, CN).   

Limitations and Future Directions 

Although the present study appears to support the hypothesis that novel word 

learning may serve as a treatment by targeting verbal STM, there are some limitations 

that must be considered.  The small number of participants included in this study is a 

limiting factor as it does not allow a full explanation of the results discussed here.  All 

people with aphasia present with a wide variety of impairments and severity levels.  From 

this sample, it cannot be said that this treatment would be beneficial for many others with 

aphasia.  In the future, it would be helpful to replicate this study with a larger population.   

Another limiting factor is the lack of a comparison group.  It would be important 

to compare the results from this treatment with those of others who are receiving a more 

traditional or functional treatment approach.  This would help determine if the specific 

treatment design might lead to greater treatment effects than another approach.  A third 

limitation of the study was that the nature of the stimuli does not lend itself to multiple 

baselines.  Given that they are novel items, change would not be expected as the 

participants are generating names for items they have never heard.  There is some level of 

change in the receptive task as there is a field of four to choose from, but given that all 

stimuli are novel it was decided to present one baseline.  A single baseline was also 

presented for the standardized assessments used for pre- and post-treatment measures. 

Multiple baselines for these standardized assessments were not completed as they must 
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be given far enough apart or with multiple versions to account for any variations in 

participant performance.  Although this was not included in the present study, this should 

be accounted for in future studies to ensure that the participants’ pre-treatment 

performance is a true reflection of their current level.  A final limitation of this study was 

the lack of long-term follow-up post-treatment.  As this is a treatment study, it would 

important determine how long after the intervention was provided treatment effects may 

be maintained.   

An area for future research that has emerged from this study is the possibility of 

using a similar training design with a greater opportunity to customize learning to the 

needs of the participant.  Kelly & Armstrong (2009) suggest that a variety of strategies 

and cueing techniques are beneficial for different patients, and lead to differences in 

learning outcomes.  It would be interesting to utilize this treatment while also considering 

the learning needs of the individual participants to see if this increases learning, and in 

turn improves language outcomes.  Another interesting direction for future research 

would be to compare the effects of a treatment using nonword learning, in which novel 

words with novel referents are presented (as described here), to a similarly designed 

treatment utilizing real words.  Some studies in the past have used a variety of real items 

including dog breeds and familiar words that appear to no longer be accessible (Freed, 

Marshall, & Nippold, 1995; Freed, Marshall, & Phillips, 1998).  It would be interesting to 

determine if there is an advantage to using completely novel items to target the learning 

mechanism.  This would provide greater evidence as to what treatment approach would 

be most beneficial for treatment.  Finally, as suggested in the discussion, it would be 

interesting to include novel verbs, as this might be helpful in treating non-fluent clients.   
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APPENDIX A 
 

LIST OF ALIENS USED IN NOVEL LEARNING OUTCOME MEASURE VERSIONS 
1 AND 2 

 
Version 1  

                    
         Fim /fɪm/      Toreret /toʊ.ri.rɛt/  Dasonop /dei.soʊ.nap/         Gapume /gei.pum/   

 
         Shibe /ʃaɪb/ Kotase /ka.teɪs/       Zine /zaɪn/           Foup /faʊp/ 

 
Bitarek /baɪ.tɛ.rɛk.         Dunune /du.nun/ 
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Version 2 
 

 
Bekevik /bɛ.ki.vɪk/     Chage /tʃeɪdʒ/  Dekim /dɛ.kim/  Doyp /dɔip/

  
Jik /dʒɪk/                    Kodigil /koʊ.daɪ.gɪl/       Pavat /peɪ.væt/        Shes /ʃɛs/ 
 
 

 
Tusen /tə.sɛn/                   Pumadose /pu.meɪ.doʊs/ 
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APPENDIX B 
 

LIST OF TOOLS USED FOR TREATMENT STIMULI 

 
Badis /beɪ.dɪs/   Bahv /bɑv/ Chite /tʃaɪt/  Binose /baɪ.noʊs/ 
 

 
Duniseb /du.naɪ.sɛb/  Dosisis /doʊ.saɪ.sɪs/   Denire /di.nir/ Dode /doʊd/ 

 
Gisek /gɪ.sɛk/   Zikh /zɪk/    Zatch /zɑtʃ/  Kuth /kʊθ/ 

 
Kibamop /kaɪ.beɪ.mɑp/   Shouge /ʃaʊdʒ/ Pudame /pu.deɪm/ Kafofe /kæ.foʊf/ 

                        
Tovutoke /toʊ.vu.toʊk/    Telore /ti.lɔr/       Tedove /ti.doʊv/          Pekigok /pi.kaɪ.gɑk/ 
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APPENDIX C 
 

RULES FOR PHONOANALYSIS 
 

1. Give 1 point for every item in the correct word position (initial consonant, vowel, 

and final consonant) for each syllable in the word 

2. Any word without an initial or final consonant is still considered to have a “null” 

in this position, any response that correctly keeps this “null” is given a point here. 

For example, /di.nir/ has a “null” final consonant in the first syllable. If the 

response is /dubu/ the participant would receive 1 point for the correct initial 

consonant, 0 points for the vowel, but 1 point for the final consonant in the first 

syllable since nothing was placed here as is shown in the target. All parts of the 

second syllable would be marked incorrect 

3. Final names attempted should be scored 

4. If a consonant is correct but a cluster was added give a score of 0.5, for example, 

/zɪks/ for /zɪk/ a score of 0.5 would be given for the final consonant position.  If a 

cluster is added, but can be broken into final consonant and initial consonant of 

the next syllable score each part. If the consonant is already incorrect provide 

score of 0 regardless of added cluster  

5. If a syllable is added score correctness based on the phonemes used in the number 

of syllables for the target. For example /kæ.foʊf/ for /zɑtʃ/, only score the first 

syllable of / kæ.foʊf/ as the word is incorrect regardless 

a. For another example, if /doʊ.saɪ.saɪ.saɪs/ is used for /doʊ.saɪ.sɪs/ treat the 

3rd syllable (in bold) as the final syllable and score as correct or incorrect 

for each phoneme position. The final syllable added is not counted 
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b. Many cases of syllable addition or lexical errors (wrong target items used) 

and therefore counting syllables and accounting for this does not truly 

represent the error being made 

6. Rules for African American English should be considered when appropriate, such 

as /t, f/ as a substitute for /θ/ word final/post-vocalic, cluster reduction, devoicing 

of /d/ for /t/ word finally  
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APPENDIX D 
 

UP’S APPROXIMATED RESPONSES ACROSS SESSIONS 

Session Target Response Proportion of 
phonemes 

1  -- --  --  
2  -- --  --  
3 Telore  /ti.lɔr/ tedove 0.50 
 Zikh /zɪk/ /zɪs/ 0.67 
  Denire /di.nir/ /kədir/  0.50 
4 Zatch /zɑtʃ/ zatch 1.00 
 Kafofe /kæ.foʊf/ /kəpum/ 0.33 
  Dode /doʊd/ /doʊdʒ/ 0.67 
5 Badis /beɪ.dɪs/ /beɪtis/ 0.83 
 Tedove /ti.doʊv/ tedove 1.00 
 Kibamop /kaɪ.beɪ.mɑp/ kɑbimɑp 0.78 
 Zikh /zɪk/ /zɛdʒ/ 0.33 
  Denire /di.nir/ tedove 0.33 
6 Bahv /bɑv/ /bæt/ 0.33 
 Gisek/gɪ.sɛk/ gisek 1.00 
  Tovutoke /toʊ.vu.toʊk/ /toʊvutoʊ/ 0.89 
7 Badis /beɪ.dɪs/ badis 1.00 
 Tedove /ti.doʊv/ tedove 1.00 
 Kibamop /kaɪ.beɪ.mɑp/ kæbimɑp 0.78 
 Duniseb /du.naɪ.sɛb/ duniseb 1.00 
 Kuth /kʊθ/ /kʊf/ 1.00 
 Telore  /ti.lɔr/ tedove  0.50 
 Zikh /zɪk/ zikh 1.00 
  Denire /di.nir/ tedove 0.33 
8 Chite /tʃaɪt/ /saɪs/ 0.33 
 Bahv /bɑv/ bahv 1.00 
 Pudame /pu.deɪm/ /kudeɪm/ 0.83 
 Dosisis /doʊ.saɪ.sɪs/ /doʊsaɪsaɪsaɪs/ 0.78 
  Zatch /zɑtʃ/ zatch 1.00 
9 Tedove /ti.doʊv/ tedove 1.00 
 Kibamop /kaɪ.beɪ.mɑp/ kabimap  0.78 
 Kuth /kʊθ/ /kʊf/ 1.00 
 Telore  /ti.lɔr/ tedove 0.50 
 Zikh /zɪk/ zikh 1.00 
  Denire /di.nir/ tedove 0.33 

10 Chite /tʃaɪt/ /dæt/ 0.33 
 Dosisis /doʊ.saɪ.sɪs/  /dousaisaisais/ 0.78 
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 Dode /doʊd/ /dæp/ 0.33 
 Binose /baɪ.noʊs/ badis 0.50 
 Badis /beɪ.dɪs/ badis 1.00 
 Tedove /ti.doʊv/  tedove 1.00 
 Kibamop /kaɪ.beɪ.mɑp/ /keɪbimap/  0.78 
 Kuth /kʊθ/ /kʊf/ 1.00 
 Telore  /ti.lɔr/ tedove /tidoʊv/ 0.50 
  Denire /di.nir/ tedove /tidoʊv/ 0.33 
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APPENDIX E 
 

CN’S APPROXIMATED RESPONSES ACROSS SESSIONS 
 

Session Target Response 
 

Proportion 
of phonemes 

1       
2 Dosisis /doʊ.saɪ.sɪs/ dosisis 1.00 
3 Duniseb /du.naɪ.sɛb/ di di di  0.11 
  Denire /di.nir/ /doɪʃ/ 0.17 
4 Dosisis /doʊ.saɪ.sɪs/ /dɪnɪsθɪk/ 0.22 
  Binose /baɪ.noʊs/ /dɪnɪs/ 0.50 
5 Kibamop /kaɪ.beɪ.mɑp/ /kudimɑp/ 0.67 
  Duniseb /du.naɪ.sɛb/ duniseb  1.00 
6 Dosisis /doʊ.saɪ.sɪs/ /doʊnaɪsɪs/ 0.89 
7 Pekigok /pi.kaɪ.gɑk/ /pikaɪkɑk/ 0.89 
8 Dosisis /doʊ.saɪ.sɪs/ dosisis 1.00 
9 Tedove /ti.doʊv/ denire 0.33 
 Kibamop /kaɪ.beɪ.mɑp/ /teɪdeɪmɑp/ 0.67 
  Kuth /kʊθ/ kuth 1.00 

10 Tedove /ti.doʊv/ denire 0.33 
 Kibamop /kaɪ.beɪ.mɑp/ /tideɪmɑp/ 0.67 
  Kuth /kʊθ/ kuth 1.00 

 


