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ABSTRACT  

Conventionally, aphasia, the language disorder following brain damage which is 

frequently accompanied by deficits of working memory (WM), is treated with 

traditional language therapy to improve receptive and expressive language skills. 

Many times, though improvement of language abilities for people with aphasia 

(PWA) is slow, and PWA end up in rehabilitation programs for long periods of 

time with a big economic burden and a slow improvement.  As technology is 

improving though, it is essential for research to look into other ways to support 

aphasia rehabilitation. The modern technology of non-invasive brain stimulation 

equipment, the Transcranial Magnetic Stimulation (TMS) and a well-established 

computerized cognitive training program, RehaCom, were used as a joint treatment 

method to facilitate language recovery, and in turn have a positive effect on quality 

of life (QoL). The treatment reported in this thesis is the first to be used in PWA.  

The specific goals were to investigate whether the application of excitatory TMS 

to the left dorsolateral prefrontal cortex (LDLPFC) followed by computerized WM 

training lead to near-transfer on WM tasks and non-verbal intelligence, and far-

transfer on language tasks, narratives, functional communication and QoL.  

Although the results revealed a mixed and indistinct pattern of training and transfer 

effects across participants this treatment showed a positive effect in 

neurorehabilitation of PWA. While all participants showed improvements in 

cognitive and linguistic tasks, the most noteworthy observation was that two of the 

participants with global aphasia significantly improved in non-verbal intelligence 

and three participants showed a modest improvement in the WM screening task, 

specifically in the number of correct responses. Overall findings showed a 

significant trend for improvement and a significant difference between the treated 

and untreated periods in non-verbal intelligence, accompanied with significant and 

non-significant trend for improvement in language abilities. The treatment results 

are encouraging, and it is clinically and theoretically important to further 

investigate whether this treatment will be taken on as an innovative method for 

post-stroke aphasia rehabilitation in the future and convert it from an efficacious 

to an efficient treatment in the clinical setting to improve language functions. 

Keywords: Aphasia, Language, Working Memory, TMS, Non-verbal intelligence
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1  GENERAL INTRODUCTION 

1.1 Prevalence 

According to the World Health Organization (WHO), among the 17.5 million deaths due to 

Non-communicable Diseases (NCD) an estimated 6.7 million were due to strokes (WHO, 

2014).  While globally stroke is the second leading cause of death above the age of 60 years, it 

is also the second leading cause of disability, after dementia leaving five million people 

permanently disabled with loss of vision and / or speech, paralysis and confusion (Stroke, 

2017).  In Greece an estimate of 30,000-35,000 new cases of stroke occur annually 

(Neuroradiology, 2017). In Cyprus, an estimate of 1,200-1,400 new cases of stroke per year 

are recorded (Demetriou, 2016). A stroke or cerebrovascular accident (CVA) is caused when 

the blood supply to the brain is interrupted either when a blood vessel bursts (haemorrhagic) 

or is blocked by a clot (ischemic) causing damage or death to the brain cells.  The National 

Stroke Association (2017) accounts the 87% of strokes to be ischemic and while haemorrhagic 

strokes are less common, they are accountable for about 40% of all stroke deaths. One of the 

most common consequences of CVA is aphasia, which is a loss of the ability to produce and/or 

understand spoken or written language, and it affects up to 38% of ischemic strokes (Pedersen 

et al., 1995). Evidence indicates that language function recovery is stable within 2 weeks in 

those with initial mild aphasia, within 6 weeks in those with moderate, and within 10 weeks in 

those with severe aphasia (Pedersen et al., 1995).  

1.2 Theoretical Background 

Although working memory (WM) was linked to be at fault for language-processing difficulties 

seen in people with aphasia (PWA) for over 20 years, initial indications of this relationship 

were dated almost 100 years ago (Kasselimis, 2015). There is now a better understanding of 

how a WM impairment at the level of information maintenance and manipulation interacts with 

language abilities, as it clearly has an impact on communication, which in turn has a negative 

chain reaction in the person’s quality of life (Nicholas, Hunsaker, & Guarino, 2017). A great 

deal of research is moving away from the traditional notion that aphasia is considered to be an 

acquired language disturbance and is exploring it as a cognitive disorder with pronounced 

language deficits (McNeil, Odell, & Tseng, 1991). Related to that, verbal WM training has 

been found to modulate prefrontal and parietal activity levels and structural connectivity in 
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healthy adults (e.g. (Olesen, Westerberg, & Klingberg, 2004; Takeuchi et al., 2010) and these 

neural regions have been found to also support language functioning and aphasia recovery (e.g. 

(e.g. Cornelissen et al., 2003; Fridriksson, 2010; Meinzer et al., 2008). Based on the evidence, 

memory training may have a positive effect for many individuals with aphasia in terms of both 

neural and behavioural outcomes. In this study, the primary objective was to assess the efficacy 

of a neurorehabilitation program by using Transcranial Magnetic Stimulation (TMS) followed 

by a computerized WM training program RehaCom, to excite the left dorsolateral prefrontal 

cortex (LDPFC), the area responsible for WM, to determine if this can improve language 

deficits in PWA post stroke. Repetitive transcranial magnetic stimulation (rTMS) administered 

to the left dorsolateral prefrontal cortex (LDLPFC) has shown to improve working memory 

(WM) abilities (e.g. Pearce et al., 2014), while at the same time, WM is has a relationship with 

language skills (Wright & Fergadiotis, 2013). Therefore, this research considers it optimal to 

combine TMS with computerized WM training, in order to improve language abilities in PWA 

because of neurological damage. Singal, Higgins, and Waljee (2014) advocate that intervention 

studies can be placed on a continuum, with a progression from efficacy trials to effectiveness 

trials. They argue that efficacy studies explore an intervention’s benefits and harms when 

performed under highly controlled conditions, while they argue that effectiveness studies 

investigate interventions under a more real-world practice approach. While more than 1000 

randomised controlled trials (RCTs) have been conducted in search for new therapies that can 

be incorporated into routine clinical practice (McIntyre et al., 2016), their timing seems to be 

one factor that may limit the RCTs translational impact of stroke rehabilitation (Stinear, 2016). 

In an earlier review study (Stinear, Ackerley, & Byblow, 2013) found that over half of motor 

rehabilitation RCTs were conducted with patients who were at least 6 months post-stroke, when 

rehabilitation services were no longer available. It is therefore important to conduct 

rehabilitation trials during the initial days and weeks after stroke because this is when 

spontaneous biological recovery (SBR) is taking place (Krakauer, Carmichael, Corbett, & 

Wittenberg, 2012) and when rehabilitation is delivered in the ‘real world’ (Stinear, 2016). 

Testing an intervention at the time of its intended use is crucial for evaluating its efficacy as 

well as its feasibility in clinical practice (Stinear, 2016). This study is investigating the efficacy 

of the iTBS application to the LDLPFC followed by computerized WM training in the subacute 

and chronic stage post-stroke in PWA. 
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1.3 Aphasia 

Aphasia is one of the most common consequences of stroke and refers to impairments that 

affect the comprehension and expression of spoken and/or written language, with frequent co-

occurring cognitive deficits (Salis, Kelly, & Code, 2015).  PWA, who exhibit lesions inside the 

‘‘language zone’’, demonstrate different characteristics depending on the location and degree 

of the lesion and their language may be characterized by verbal and/or written production 

limitations with relatively well-preserved comprehension, as in Broca’s aphasia, or by auditory 

comprehension limitations with relatively preserved verbal production, as in Wernicke’s 

aphasia (Connor & Obler, 2002). To have an adequate definition of aphasia it is critical to 

mention four primary facts: it is neurogenic, it is acquired, it affects language, and it excludes 

general sensory and mental deficits (Hallowell & Chapey, 2008). Aphasia ranges from severe, 

where communication is almost impossible, to very mild. It is possible for aphasia to affect a 

main single aspect of language use, such as the ability to retrieve the names of objects, or the 

ability to put words together into sentences, or the ability to read, but usually several aspects 

of communication are impaired (NAA, 2017).  

1.4 Types of Aphasia 

Dronkers and Baldo (2009) note that to be deemed with aphasia, the impairment must affect a 

range of language functions, including speech, comprehension, reading, and writing. A review 

of the classification subtypes includes Broca’s aphasia, Wernicke’s aphasia, conduction 

aphasia, global aphasia, anomic aphasia, and transcortical aphasia. They describe Broca's 

aphasia as a “non-fluent aphasia” due to telegraphic. slow, and deliberate speech, often with 

omission of grammatical markers but with relatively preserved comprehension. They carry on 

with Wernicke's aphasia which is also described as “fluent aphasia” because the person can 

speak spontaneously with a normal to fast rate of speech, and their speech rhythm and prosody 

(melody) are normal, but often unintelligible due to paraphasias which lack meaningful 

content. Additionally, comprehension is significantly impaired in all language modalities (i.e., 

spoken or written language. Conduction aphasia presents with fluent speech and relatively 

good comprehension, but with somewhat paraphasic speech and greatly reduced ability to 

repeat. Reading and writing, and naming, are also affected to a moderate degree (Dronkers & 

Baldo, 2009). They continue to describe Global aphasia as the most severe of all aphasia 

subtypes, with significant impairments across all aspects of language, namely impaired speech, 
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comprehension, repetition, naming, reading, and writing. Persons with global aphasia may be 

able to produce automatic or stereotypic responses (e.g., “yes” and “no”) but do so unreliably. 

While people with any type of aphasia have difficulty naming things, people with Anomic 

aphasia are left with a persistent inability to produce the words for the specific things they 

want to talk about with vague circumlocutions and expressions of frustration while they have 

relatively preserved speech fluency, repetition, comprehension, and grammatical speech. 

Lastly, they describe the Transcortical aphasias as a group of aphasia syndromes which all 

commonly have a relatively preserved ability to repeat, despite other significant language 

deficits: a) Transcortical Motor aphasia is similar to Broca’s aphasia characterized with 

nonfluent speech and relatively good comprehension, but with relatively preserved ability to 

repeat; b) Transcortical Sensory aphasia is similar to Wernicke’s aphasia, characterized with 

fluent speech and poor comprehension but also a relatively preserved ability to repeat; and c) 

Mixed Transcortical aphasia is similar to global aphasia but with relatively preserved 

repetition. 

1.5 Cognition in Aphasia 

Cognitive function is impacted after stroke and generalized cognitive problems have been 

identified across all domains with attention, memory, language, and orientation being the most 

affected, accompanied by marked deficits in visuospatial skills and abstract reasoning 

(Tatemichi et al., 1994). Although aphasia is defined as an acquired language disorder, 

researchers are increasingly recognising the role of cognitive factors, such as attention, memory 

and executive function, in the rehabilitation of aphasia (Lambon Ralph, Snell, Fillingham, 

Conroy, & Sage, 2010; Seniów, Litwin, & Leśniak, 2009), Over the last decade, there is a 

growing interest in the relationship between language deficits and non-linguistic cognitive 

deficits as a result of left hemispheric stroke (Caplan, Michaud, & Hufford, 2013; El Hachioui 

et al., 2014; Salis et al., 2015; Vallila-Rohter & Kiran, 2013). Cumming, Marshall, & Lazar, 

(2013) consider how cognition is not a unitary concept but it integrates several areas, such as 

attention (focusing, shifting, dividing, or sustaining attention on a particular stimulus or task), 

executive function (planning, organizing thoughts, inhibition, control), visuospatial ability 

(visual search, drawing, construction), memory (recall and recognition of visual and verbal 

information), and language (expressive and receptive).  They argue that these domains are not 

independent, which makes classification very complicated, and what represents a cognitive 
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domain is unclear - for example remembering a list of grocery items you have been told to buy 

is not just dependent on memory but also on attention and language. Feldman et al. (2003) 

showed that memory dysfunction is often not the most pronounced feature after stroke, about 

half of those with vascular cognitive impairment exhibit amnestic signs. Therefore, they 

suggest the need for a more useful assessment framework for classifying poststroke cognitive 

deficits with thorough information, rather than the accepted ‘gold standard’ of a battery of 

neuropsychological tests which is appropriate for dementia. 

1.6 Working Memory 

 Working Memory in Aphasia 

WM deficits are a significant area of cognitive processing deficits related with aphasia, but 

with major limitations in research primarily due to lack of established valid WM impairment 

measures for this population (Ivanova & Hallowell, 2014). Individuals with aphasia frequently 

show WM and short-term memory (STM) deficits, which in turn may adversely affect language 

symptoms and recovery, and consequently WM treatment may represent an efficient approach 

to addressing these individuals’ cognitive and linguistic impairments (Martin, Kohen, 

Kalinyak-Fliszar, Soveri, & Laine, 2012; Murray, 2012). WM treatment for individuals with 

aphasia, however, has been scarcely studied despite previous studies showing that WM in 

individuals with aphasia can be improved with training (e.g. Martin et al., 2012; Martin et al., 

2009; Mayer & Murray, 2002; Vallat et al., 2005). 

 Primary Working Memory Theory 

Baddeley’s theory (1992) defines WM as a multicomponent system that holds information 

temporarily and mediates its use in ongoing mental activities; it refers to a brain system that 

provides temporary storage and manipulation of the information required for complex 

cognitive tasks, including language comprehension, learning, and reasoning. Later, Baddeley 

(1996) defended that the notion of WM differs from that of STM in two ways: (a) WM is 

believed to comprise of a number of subsystems, instead of being a unitary module; and (b) 

substantial importance is given on its functional role in other cognitive tasks such as learning, 

reasoning, and comprehension.  
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The current study supports Baddeley’s multicomponent system theory which was a theory that 

was first introduced and promoted by Baddeley and Hitch (1974), which suggested that short-

term maintenance of information is controlled by two "slave systems", the phonological loop  

and the visuo-spatial sketchpad, and the supervision of information integration and the 

coordination of the slave systems are controlled by the "central executive". The phonological 

loop keeps phonological information and prevents its decay by constantly rehearsing its 

contents, resulting to the information being refreshed in an internal rehearsal loop (Baddeley 

& Hitch, 1974).  The other slave system discussed by Baddeley and Hitch (1974), was the 

visuo-spatial sketchpad, which keeps visual and spatial information, as in constructing and 

manipulating visual images, or representing mental maps. This sketchpad was further divided 

into a visual subsystem, dealing with what is seen (i.e. shape and colour), and a spatial 

subsystem, dealing with location (Baddeley & Hitch, 1974). Furthermore, Baddeley & Hitch, 

(1974) discussed that the central executive is responsible to assign incoming information to 

one of the two storage subsystems and to coordinate, monitor, and make use of the information 

in the two subsystems.  The central executive is the achiever and instigator of human cognition 

which assigns attention to a task and executes information storage and computational tasks 

within a given task (Caplan & Waters, 1999). An additional fourth component, the episodic 

buffer, was added by Baddeley (2000), which is responsible to keep representations that 

combine phonological, visual, and spatial information, and potential information not covered 

by the slave systems (Figure 1.6.1). 

 

Figure 1.6.1. Baddeley’s Multicomponent theory of WM (Baddeley, 2000). 
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In an attempt to link WM theories with language deficits in aphasia, evidence showed that WM 

interacts with language abilities and deficits in WM influence language performance 

(Baddeley, 2003; Murray, 2012). Murray (2012) explored the aphasia literature relating to 

direct or indirect STM and WM remediation, and found that PWA respond to STM and WM 

treatment with a possible positive affect on language abilities.  

 The Role of Dorsolateral Prefrontal Cortex in Working Memory 

Kane & Eagle (2002) reviewed the pronounced agreement in the literature that the prefrontal 

cortex (PFC) paths, and possibly the dorsolateral prefrontal cortex (DLPFC) cells in specific, 

are critical for WM functions, and they discuss how the role of DLPFC in WM is to maintain 

information in a highly active, easily accessible state. They argue that this information 

maintenance is mainly important in the manifestation of interference, and it may be essential 

in blocking the effects of distraction. In the past, Smith, Jonides, & Koeppe (1996) proposed 

that the phonological loop primarily engaged regions in the left hemisphere, including the 

temporoparietal region and Broca’s area, while the visuospatial sketch pad primarily engaged 

regions in the right hemisphere, including the frontoparietal cortex and the occipital cortex. 

More recently though it was discussed that working memory is the result of various 

combinations of processes and there are no unique processes or brain structures specific to WM 

(Eriksson, Vogel, Lansner, Bergström, & Nyberg, 2015), while others can even functionally 

describe it in different terms than working memory  (i.e. D’Esposito & Postle, 2015; Jonides 

et al., 2008). Neuroimaging research has made advances in identifying the neurological 

substrates of WM, and functional neuroimaging techniques, such as functional magnetic 

resonance imaging (fMRI) have been used by researchers to identify neural activation patterns 

occurring during working memory tasks (e.g. Carpenter, Just, & Reichle, 2000).  Carpenter et 

al. (2000) investigated the neural activation patterns by using n-back task, where letters, spatial 

positions, or patterns were sequentially presented and were evaluated for their identity to an 

element that was presented n- items previously. They discussed how this task involves the 

phonological loop encompassing frontal (i.e. DLPFC) and parietal regions as it requires 

encoding, temporary maintenance and rehearsal, tracking of serial order, updating, and 

comparison and response processes. Soon after, Hartley, Speer, Jonides, Reuter-Lorenz, & 

Smith (2001) reported clear evidence of dissociations among working memory systems 

through neuroimaging studies, where they discussed presenting exactly the same stimuli with 

two different memory instructions; in one situation, the individual was to remember one aspect 
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of the stimulus (i.e. verbal identity) and in the other situation the individual was to remember 

a different aspect (i.e. location), which resulted in different patterns of cortical stimulation, 

showing strong evidence for distinct memory systems.  Many research studies support that the 

fronto-parietal network involves the DLPFC, the anterior cingulate cortex (ACC), and the 

parietal cortex (PAR) as the working memory neural network (Chein, Moore, & Conway, 2011; 

Kim, Kroger, Calhoun, & Clark, 2015; Osaka et al., 2003; Owen, McMillan, Laird, & 

Bullmore, 2005). More precisely, the DLPFC has been largely implicated in tasks demanding 

executive control such as those requiring integration of information for decision-making, 

maintenance and manipulation/retrieval of information, and information updating  (C. Kim et 

al., 2015). The ACC has been shown to act as an “attention controller” that evaluates the needs 

for adjustment and adaptation of received information based on task demands (Osaka et al., 

2003), and the PAR has been regarded as an area involved in sensory or perceptual processing 

and in the storage of WM contents (Owen et al., 2005). Chai, Abd Hamid, & Abdullah (2018) 

attempted to translate the theoretical formulation of the multicomponent WM model 

(Baddeley, 2010) to specific regions in the human brain as depicted in Figure 1.6.2 below. The 

DLPFC is known not only for its involvement in WM but also for its significant contribution 

to perform tasks correctly (Courtney, 2004; Pessoa, Gutierrez, Bandettini, & Ungerleider, 

2002). Due to this involvement in multiple WM components, the DLPFC is a desirable target 

for neuromodulation in the context of WM training. Given that WM simultaneously 

participates in information processing and storage in order to achieve a cognitive target such 

as WM (Kane & Engle, 2002), the ability to carry out many activities of daily living is reduced 

when WM fails (D’Esposito & Postle, 2015).  A large-scale meta-analysis of fMRI studies on 

WM (Wager & Smith, 2003) identified 86 peak activations reported by working memory 

studies within the DLPFC, with a geometric center of activation in the MNI coordinates x = ± 

40, y = 34, z = 29. The LH MNI coordinates were used in this study to stimulate the LDPFC 

(x = - 40, y = 34, z = 29). 
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Figure 1.6.2. The multicomponent working memory model (Baddeley, 2010) represented simplified 

as implicated in the brain, in which the central executive assumes the role to exert control and oversee 

the manipulation of incoming information for intended execution. ACC, Anterior cingulate cortex. 

From Working Memory From the Psychological and Neurosciences Perspectives: A Review by Chai 

et al., 2018, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5881171/figure/F1/ Copyright © 2018 

Chai, Abd Hamid and Abdullah. 

 Working Memory as related to Fluid Intelligence  

General fluid intelligence (Gf) is the ability to solve novel reasoning problems and it is 

associated with comprehension, problem solving, and learning (Cattell, 1971). Gf is a complex 

human ability that allows for thinking adaptation to a new cognitive problem or situation 

(Carpenter, Just, & Shell, 1990), it is essential for a broad range of cognitive tasks (Gray & 

Thompson, 2004), and it is considered one of the most important factors in learning (Jaeggi, 

Buschkuehl, Jonides, & Perrig, 2008). Several studies have explored the positive link between 

WM training and Gf (e.g. Engle, Laughlin, Tuholski, & Conway, 1999; Friedman et al., 2006; 

Unsworth, Fukuda, Awh, & Vogel, 2014), while other studies debate this relationship (i.e. 

Harrison et al., 2013) Some research supports the notion that WM training is a promising way 

of increasing Gf (Jaeggi et al., 2008; Sternberg, 2008). Specifically, Jaeggi and colleagues 

(2008) reported gain in Gf when a WM training task, the ‘‘dual n-back’’ task, was used which 

involved multiple executive processes, including ones required to inhibit irrelevant items, ones 

required to monitor ongoing performance, ones required to manage two tasks simultaneously, 

and ones required to update representations in memory. The underlying neural circuitries 

provide evidence that there is a common ground between WM and Gf in that both seem to rely 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5881171/figure/F1/
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on similar neural networks, most consistently located in lateral prefrontal and parietal cortices 

(Gray, Chabris, & Braver, 2003). Furthermore, research in healthy adults (Woolgar et al., 2010) 

has shown that domain-general regions, associated with attention, WM, cognitive control and 

Gf, are engaged for effortful language processing, including understanding or producing 

complex syntactic structures or ambiguous words (Fedorenko, 2014).   

1.7 Non-Invasive Brain Stimulation (NIBS) 

 Transcranial Magnetic Stimulation 

Merton & Morton (1980) revealed the possibility to electrically stimulate the motor areas of 

the human brain through the intact scalp [transcranial electrical stimulation (TES)], where a 

brief, high voltage electric shock was initiated to trigger the motor cortex and produce a rather 

synchronous muscle response known as the motor evoked potential (MEP). However, TES was 

painful because of activation of pain fibers in the scalp. Barker, Jalinous, & Freeston (1985) 

discovered that it was possible to stimulate both nerve and brain using external magnetic 

stimulation with little or no pain. TMS is a brief and powerful magnetic field formed by a 

strong electric current which circulates within a coil resting on the scalp, that penetrates human 

tissue painlessly and, if the current amplitude, duration, and direction are appropriate, it induces 

electric currents that can depolarize neurons or their axons in the brain  (Hallett, 2007). This 

electric field produces a change in the transmembrane current of the neuron, which results to 

the depolarization or hyperpolarization of the neuron and the triggering of an action potential 

(Walsh & Pascual-Leone, 2003). During TMS, the stimulating coil is held over the subject’s 

head and relatively large currents in targeted cortical areas of a person’s brain via electro-

magnetic stimulation are administered, with almost no resistance and, depending on the 

targeted brain area, neurons are depolarized and can generate various physiological and 

behavioural effects (Horvath, Perez, Forrow, Fregni, & Pascual-Leone, 2011). Depending on 

the stimulation parameters, TMS can excite or inhibit the brain, and can be used to map brain 

function and explore the excitability of different cortical regions (Hallett, 2000). The 

equipment comprises of a high current pulse producer, which is able to yield a discharge current 

of several thousand amperes that flows through a stimulating coil, creating a brief magnetic 

pulse with field strengths up to several Teslas (Lefaucheur et al., 2014). Large circular coils 

(Cc) have a wide action radius, but their use is limited if focal stimulation is desired 
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(Lefaucheur et al., 2014), whereas there is better focusing with a figure-of-eight coil (F8c), 

which reduces the stimulation zone to a few square centimeters (Thielscher & Kammer, 2004).  

TMS can be applied one stimulus at a time (single-pulse TMS), in pairs of stimuli separated by 

a variable interval (paired-pulse TMS), or in trains, [repetitive TMS (rTMS); Rossi, Hallett, 

Rossini, & Pascual-Leone, 2009]. Single-pulse TMS can be used, for example, for mapping 

motor cortical outputs, studying central motor conduction time, and studying causal 

chronometry in brain-behavior relations; paired pulse TMS can be delivered to a single cortical 

target using the same coil or to two different brain regions using two different coils, or a 

peripheral stimulus can be paired with a single TMS stimulus known as paired associative 

stimulation (PAS), and can provide measures of intracortical facilitation and inhibition, as well 

as study cortico–cortical interactions; rTMS refers to regularly repeated TMS presented to a 

single scalp location (Rossi et al., 2009). The aforementioned authors describe ‘fast’ or ‘high-

frequency’ rTMS states stimulus rates of more than 1 Hz, and the term ‘slow’ or ‘low-

frequency’ rTMS represents stimulus rates of 1 Hz or less.  

Single or paired pulse TMS causes neurons in the cortex under the location of stimulation to 

depolarize and release an action potential, and it produces muscle activity (motor evoked 

potential - MEP) if used in the primary motor cortex, which can be recorded on 

electromyography; but If used on the occipital cortex, 'phosphenes' (flashes of light) might be 

perceived by the patient, while the participant does not consciously experience any effect in 

most other areas of the cortex - except some slight alterations of the behavior (e.g., slower 

reaction time on a cognitive task), or possible brain activity changes if sensing equipment is 

used (Pascual-Leone et al, 2002). High-frequency rTMS (>1 Hz) has been shown to 

temporarily facilitate the neural activity, whereas low-frequency rTMS (≤1 Hz) revealed an 

inhibitory advantage in which rTMS modified the level of excitability of a particular cortical 

area beyond the duration of the rTMS train itself (Kobayashi & Pascual-Leone, 2003). Low 

frequency (i.e. 0.2-1 Hz) rTMS results to reduction of excitability in the targeted cortical 

region, while higher frequency (5-20 Hz) commonly improves brain excitability (Hallett, 

2007). 

Rothkegel, Sommer, & Paulus (2010) argued the importance of intervals during excitatory high 

frequency stimulation of conventional rTMS in determining excitatory after effect. rTMS 

protocols using short bursts of high frequency stimulation such as theta burst stimulation (TBS) 

(Huang, Edwards, Rounis, Bhatia, & Rothwell, 2005) indicate that the manifestation of short 
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breaks of a specific duration determines whether corticospinal excitability is facilitated or 

inhibited; while 40s of continuous TBS leads to inhibition, breaking up this sequence every 2s 

for 8s switches inhibition to facilitation (Rothkegel et al., 2010). It is possible that continued 

trains of 5 Hz rTMS first increase cortical excitability, resulting to inhibition instead of 

facilitation and breaks during the standard high frequency protocol after trains of limited 

duration might prevent the threshold surpass of the level of excitability and could change 

excitation into inhibition (Rothkegel et al., 2010). They concluded that there is a functional 

significance of utilizing breaks during high-frequency rTMS, while a prolonged continuous 

train of rTMS tends towards inhibition vs. the classical block design which leads to facilitation. 

Recent developments in non-invasive brain stimulation (NIBS) techniques, such as TMS, have 

demonstrated interaction with spontaneous brain activity and related sensory-motor and higher 

order cognitive abilities through the use of a coil to deliver a brief and powerful magnetic pulse 

to the scalp (Pascual-Leone et al., 2011).  TMS is a NIBS method of stimulating neurons by 

inducing weak electric currents by electromagnetic induction, and synaptic plasticity can be 

modified to briefly increase or decrease localized cortical activities when it is applied in rTMS 

patterns. RTMS is used to generate synaptic plasticity (Hoogendam, Ramakers, & Di Lazzaro, 

2010) and has shown exploratory potential for post-stroke aphasia neurorehabilitation (Keser 

& Francisco, 2016). RTMS also signifies a new approach with the potential to regenerate the 

central nervous system (CNS) by enhancing neurogenesis in adults (Arias-Carrión, 2008). 

Their study was based on rTMS induced neurogenesis, neuronal viability and secretion of 

neuroprotective molecules in animal models of Parkinson’s Disease. 

The use of TMS in the field of cognitive neuroscience largely depends on its ability to 

transiently interact with the stimulated neural network, and it can be used with two distinct 

approaches: on-line stimulation and off-line stimulation (Miniussi & Rossini, 2011). The on-

line stimulation is one of the two approaches used where there is simultaneous on-going 

cognitive processing interaction when rTMS is applied during the performance of a task, but 

with marked deterioration of cognitive performance while there is disruption of cortical activity 

(Sandrini, Umiltà, & Rusconi, 2011). In an off-line approach, the magnetic stimulation and 

task performance are dissociated in time, and the task is applied before or after the brain 

stimulation (Sack & Linden, 2003), in which case rTMS affects the modulation of cortical 

excitability (increase vs. decrease) and intents to change the cognitive performance (Miniussi 

& Rossini, 2011).   Studies performed in normal subjects have considered that TMS may lead 
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to enhanced cognitive performance (Vallar & Bolognini, 2011). In their review they discussed 

how in healthy subjects, most of these effects were temporary (in the range of minutes), but 

repeated TMS in follow-up sessions, in combination with learning and plasticity processes, 

may prolong the facilitating effects past the end of the stimulation period and provide important 

opportunities for long-lasting positive effects (Miniussi et al., 2008). Additionally, Vallar & 

Bolognini (2011)  noted how excitatory stimulation (i.e. intermittent Theta Burst; HF rTMS) 

systematically resulted in behavioural enhancement, whereas inhibitory stimulation (i.e.  

continuous Theta Burst; LF rTMS) resulted in a reduction of performance in the task of interest. 

Recently though a new approach is being explored through the application of the theta burst 

stimulation (TBS) protocol as discussed in Huang et al. (2005) report. It’s largely believed that 

TBS protocols produce more reliable, longer-lasting effects on cortical dynamics and on 

behavior than other standard forms of TMS (Demeter, Mirdamadi, Meehan, & Taylor, 2016). 

The TBS application is the delivery of very short, high-frequency stimulation pulses to the 

scalp at intervals, usually three stimulation pulses delivered at 50 Hz (gamma frequency) and 

repeated every 200 ms (theta frequency intervals of 5 Hz). When gamma frequency stimulation 

applied at a theta rhythm combination, it is believed to mimic theta-gamma coupling which in 

turn is assumed to play a role in cognitive functions such as working memory. In continuous 

TBS (cTBS) protocols, TBS is delivered in an uninterrupted train for 40 seconds. In 

intermittent TBS (iTBS), 2-second trains of TBS are repeated every 10 seconds, for 

approximately 190 seconds in total (Huang et al., 2005). TBS is the most commonly used 

method of patterned rTMS that produces a rapid facilitation of synaptic transmission in the 

stimulated cortex and can persist for over an hour after the initial stimulation session (Huang 

et al., 2005). These findings suggest that iTBS may lead to changes in ongoing neural dynamics 

at larger spatial scales that reflect changes in the functional organization of distributed 

functional networks (Papazachariadis, Dante, Verschure, Giudice, & Ferraina, 2014). 

 rTMS in Aphasia Therapy 

Recent studies have been conducted in order to determine whether rTMS might be used as a 

therapeutic option in stroke rehabilitation (Georgiou, Phinikettos, Giasafaki, & Kambanaros, 

2020). Szaflarski et al. (2011) used an excitatory stimulation protocol called intermittent theta 

burst stimulation (iTBS) to apply rTMS in moderate to severe chronic aphasia patients for 10 

daily treatments of 200 seconds, targeting the left Broca’s area. Their study resulted significant 
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improvements in language function after 2 weeks of stimulation that were associated with 

significant shifts of fMRI signal to the affected hemisphere. Allendorfer, Storrs, & Szaflarski 

(2012) performed a pilot study in order to investigate whether excitatory rTMS is able to 

stimulate changes in white matter structural integrity in language regions of aphasic stroke 

patients that were targeted with excitatory rTMS intervention using Diffusion Tensor Imaging 

(DTI). Their study resulted in left hemispheric increases in fractional anisotropy (FA) near the 

target stimulation sites for excitatory rTMS and near the regions that showed increased 

language fMRI activation in the previously reported fMRI and behavioral study (Szaflarski et 

al., 2011). These outcomes support their hypothesis that rTMS may stimulate improvements in 

the integrity of the white matter tracts underlying residual left hemispheric language areas. 

Allendorfer et al. (2012) concluded that the alterations in cortical excitability induced by 

excitatory rTMS may have improved neuronal function at the stimulation site, which resulted 

in improved cognitive performance. They reported that the increased integrity of the underlying 

white matter may reflect this improved cortical function. Cotelli et al. (2011) reported results 

from a pilot study of three chronic stroke patients who had non-fluent aphasia, where placebo 

or real rTMS was applied immediately followed by 25 minutes of individualized speech 

therapy. In their study, real rTMS consisted of high-frequency 20 Hz rTMS over the left 

dorsolateral prefrontal cortex for 25 minutes for a total of four weeks of intervention. 

Assessments took place at 2, 4, 12, 24, and 48 weeks post-entry/baseline testing, where they 

found a positive effect still present at 48 weeks after the beginning of the combined rTMS-

speech therapy intervention. While their study provided supporting evidence of a long-lasting 

effect of combined rTMS and behavioral therapy to achieve successful outcomes in aphasia 

therapy, the small patient number was a major limitation (Cotelli et al., 2011). In another study, 

Thiel et al. (2013) explored the possibility to support recovery from post-stroke aphasia when 

rTMS is combined with SLT. They recruited post-stroke aphasia patients in the subacute phase 

who were randomized to a 10-day protocol of either 20-minute inhibitory 1 Hz rTMS over the 

right triangular part of the posterior inferior frontal gyrus or sham stimulation. In their study 

both groups received 45 minutes of speech and language therapy subsequent to rTMS. The 

participants in their study demonstrated a highly significant treatment effect with the 

intervention group experiencing a significantly larger improvement in language test scores than 

the sham group. Thiel et al. (2013) concluded that inhibitory rTMS in the unaffected 

hemisphere, combined with SLT improves recovery from post-stroke aphasia and promotes 

recruitment of left-hemispheric language networks. Similarly, Rubi-Fessen et al. (2015) also 
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explored how rTMS combined with speech language therapy (SLT) might improve both basic 

linguistic skills and functional communication in individuals with subacute aphasia. Their 

study provided a 2-week treatment to patients with subacute aphasia after stroke. Half of the 

participants received 10 sessions of 20-minute inhibitory 1-Hz rTMS over the right inferior 

frontal gyrus (Brodmann area 45), and the other half received sham stimulation. All the 

participants of that study received 45 minutes of speech and language therapy immediately 

after the 20-minute stimulation application. Results showed significant improvement in 

participants who received real rTMS with respect to all 10 measures of basic linguistic skills 

and functional communication, whereas sham-treated participants significantly improved in 

only 6 of 10 measures (Rubi-Fessen et al., 2015).  

 Dorsolateral Prefrontal Cortex (DLPFC) Stimulation as a treatment 

method to improve Working Memory 

Contemporary neuroscientific techniques such as TMS are just beginning to be explored for 

the purpose of cognitive enhancement. TMS is one of the most utilized methods for the purpose 

of altering cognitive function including WM, for a number of neurological disorders including, 

stroke (Kim, Hong, Kim, & Yoon, 2019).  Recently, Georgiou, Lada, & Kambanaros (2019) 

conducted a systematic review to assess the efficacy of rTMS in the field of post-stroke aphasia 

rehabilitation.  In total, 10 RCTs underwent review for their methodological quality and 

comprehensive summaries of the best available evidence on this topic. Even though there is 

evidence that low frequency (1 Hz) rTMS has the potential to improve aphasia post-stroke 

irrespective of severity, the evidence was inconclusive.  

Recently, Georgiou, Konstantinou, Phinikettos, & Kambanaros (2019) reported the findings of 

neuronavigated cTBS over the right pars triangularis (Tr) for two individuals with chronic 

aphasia post-stroke. Baseline linguistic and quality of life measures were collected prior to the 

treatment study. Continuous TBS was carried over 10 consecutive days for 40 secs per sessions. 

Immediately post-treatment and later at 3-months follow up, participants were reassessed on 

baseline linguistic and quality of life measures. Results from one individual revealed 

improvement in language skills in the post-treatment phase, but language abilities reverted to 

baseline scores at follow-up. Results from the second participant revealed neither improvement 

nor decline in language abilities at baseline to post-treatment and follow-up stages. 

Furthermore, improvement in quality of life was reported by one. An investigation performed 



43 

 

in healthy subjects compared sham and active iTBS to the LDLPFC (Hoy et al., 2016). Their 

study results were acquired from the classic n-back task with the use of letter stimuli (2-back 

and 3-back memory loads) and showed that iTBS significantly improved WM, producing a 

robust improvement in 2-back accuracy at 20- and 40-minutes post-stimulation. In a different 

study to explore the ability of cTBS and iTBS to modulate working memory and executive 

functions, Marron et al. (2017) applied a single session of either active cTBS, active iTBS or 

sham TBS to the left DLPFC of healthy participants. In their results, both, iTBS and cTBS, 

yielded improvements in the Digit Backward task and the Word score of the Stroop test and 

they concluded that TBS over the DLPFC modulates working memory performance and 

executive processes.  

Demeter et al. (2016) investigated the relationship between the LDLPFC activity during 

encoding and successful subsequent memory with TMS. In their study the participants received 

2 s of sTBS to either left DLPFC or to the control region (Vertex) followed by the item-

encoding task (viewing three sequential nouns on the screen). Participants were asked to think 

about the meaning of the word and indicate whether the item was best categorized as concrete 

or abstract. Following the encoding, the participants performed an item recognition test to 

indicate whether the word was studied or unstudied and to indicate how confident they were of 

their decision. Demeter et al. (2016) found that subsequent memory was enhanced on the day 

left DLPFC was stimulated, relative to the day Vertex was stimulated, and that DLPFC 

stimulation also increased participants’ confidence in their decisions during the recognition 

task. 

Relevant studies intended to verify the hypothesis that the DLPFC plays a crucial role in WM 

by using the TMS technique, commonly agreed that the DLPFC is involved in the performance 

of WM tasks, mainly in tasks involving maintenance and manipulation of information (Balconi, 

2013; D’Esposito, Postle, & Rypma, 2000).  As executive function and working memory were 

attributed to prefrontal cortex, it is expected that rTMS will influence significantly these 

cognitive domains (Guse, Falkai, & Wobrock, 2010). Miniussi & Rossini (2011) argue that the 

overall notion of brain stimulation is that by generating changes in cortical excitability, 

recovery or reorganization of the functional network responsible for the impaired cognitive 

function will result. Numerous research articles discuss how the application of high frequency 

rTMS of >5 Hz targeting the LDLPFC of patients with major depression, resulted with a 

positive output on working memory skills (Boggio et al., 2005; Demirtas-Tatlidede, 
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Vahabzadeh-Hagh, & Pascual-Leone, 2013; Kuroda et al., 2006; Martis et al., 2003; Schulze-

Rauschenbach et al., 2005). Boggio et al. (2005) performed 10 sessions of rTMS over the left 

DLPFC, aiming to treat depression in patients with Parkinson’s disease, and specifically 

investigated the cognitive effects. The authors compared the effects of real rTMS and placebo 

drug with sham TMS and fluoxetine, with both groups showing improvements in executive 

functions and visuospatial ability domains. The rTMS protocol used in their study included 

placing the coil over the left DLPFC, using 40 trains of 5 seconds each, at an intensity of 110% 

of motor threshold and 15 Hz frequency. This protocol was applied in each patient for 10 days 

over a 2-week period. Over the 2-week period, there was no significant deterioration in any 

neuropsychological score in both groups. On the contrary, both treatments (rTMS and 

fluoxetine) were associated with improvement of neuropsychological performance. Results 

showed a significant effect of time point for Wisconsin perseverative errors, Hooper, Stroop 

(colored words), and Stroop (interference card) scores.  

 As far as open studies are concerned, all of them investigating the cognitive effects of rTMS 

in depression stimulated the left DLPFC via high frequency rTMS, with remarkable 

improvements in one or more cognitive domains in most of these trials (Demirtas-Tatlidede et 

al., 2013). In Martis et al. (2003) open study the aim was to investigate a potential treatment 

for depression. Participants were 15 subjects with treatment-resistant major depression 

received high frequency rTMS on a daily basis (Monday–Friday). Left prefrontal rTMS was 

delivered for 10–20 sessions over 2–4 weeks. In their study they applied 20 5-s trains of 10 Hz 

at 110% motor threshold (MT), with 30-s inter-train intervals. Subjects received a particular 

series of neurocognitive tests either the day before or the morning preceding to the first rTMS 

treatment (baseline) and nearly 3 days following the last rTMS treatment. Their study resulted 

in improved working memory, executive function, objective memory, and fine motor speed.  

Another study (O’Connor et al., 2003) investigated two procedures with 14 subjects 

undergoing treatment with electroconvulsive therapy and 14 with rTMS. The participants who 

received rTMS were administered 1600 stimuli in 20 trains of 8-second during with 24-second 

inter-train intervals, at 10 Hz at an intensity of 90% of the motor threshold, in daily sessions 

for 2-4 weeks. The participants were first tested on the first day of treatment, then at the end of 

the treatment course, and lastly 2 weeks after the final treatment session. Their results indicated 

that although the rTMS participants did not show significant mood improvement, they showed 

improvement in the working memory tasks during letter-number sequencing, improvement in 



45 

 

new learning tasks during acquisition, retention, and retrograde memory.  The group of subjects 

who received the electroconvulsive treatment protocol had a better improvement in mood but 

demonstrated deficits on tests of working memory, acquisition, retention and retrograde 

memory, with significant cognitive recovery 2 weeks later.  

Rektorova, Megova, Bares, & Rektor (2005) applied one session of high frequency rTMS over 

the left DLPFC to determine if this would induce any measurable cognitive changes in patients 

with cerebrovascular disease and mild cognitive deficits. The study was performed on seven 

patients with cerebrovascular disease without dementia, who had mild executive deficits. One 

session of rTMS involved 3 rTMS blocks, each block separated by a 10-min break. In each 

block, fifteen 10-pulse trains, each of 1 s duration, were delivered at a stimulation frequency 

of 10 Hz, with a between-train interval of 10 s, at a motor threshold intensity. Overall, the 

protocol delivered 450 stimuli over a period of 30 min. Each patient received two rTMS 

sessions, on day 1 and day 4, either over the left DLPFC (active stimulation site) or over the 

left motor cortex (control stimulation site). While the only mild but significant stimulation site-

specific effect of rTMS was observed in the Stroop interference after the stimulation of DLPFC, 

improvement was also noted in other neuropsychological tests results, including the Trail 

Making Test, the Digit Span, and the Rey-Osterrieth Complex Figure Test-Delayed Recall. 

Another study intending to compare the neurocognitive effects of unilateral electroconvulsive 

therapy (ECT) and rTMS in major depression, 30 patients received 10 treatment sessions of 

either therapy (Schulze-Rauschenbach et al., 2005). The group of patients receiving rTMS 

received therapy 2 or 3 times per week and the protocol involved stimulation application over 

the left dorsolateral prefrontal cortex with an intensity of 100% and a frequency of 10Hz, 20–

30 trains of 2 seconds duration per treatment session, 5 seconds intertrain interval. After 

treatment, significant differences between the ECT and rTMS treatment groups emerged for 

specific memory functions and were in favor of rTMS. In the rTMS group, some objective 

memory measures and the subjective memory rating improved in parallel with the 

improvement in mood and reached normal performance levels. 

Although TMS is being used to investigate the relationships between brain correlates, memory 

functions and behavior, very few studies have investigated how TMS may impact memory 

performance in order to restore language functions in PWA. 
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1.8 Computerized Assisted Cognitive Training in Adult Rehabilitation  

There are many treatment methods to train and improve cognitive functions, including 

computer assisted cognitive rehabilitation (CACR). In a very early study where CACR was 

used as a cognitive rehabilitation method, the purpose was to improve the memory of patients 

with closed-head traumatic brain injury (TBI; Glisky et al., 1986). In this study, four 

participants with TBI and related memory impairments, were trained to learn new computer 

commands while performing multiple trials in each of the three sessions. Gliskly et al., (1986) 

found that the participants were able to acquire and retain the knowledge necessary to perform 

a variety of computer functions.  

Westerberg et al. (2007) examined the effects of WM training in adult patients with stroke 

(chronic stage) using a computerized WM training method based on the software product 

RoboMemo (Cogmed Cognitive Medical Systems AB, Stockholm, Sweden). The WM training 

tasks involved: (a) maintenance of multiple stimuli at the same time, (b) short delays during 

which the representation of stimuli should be held in WM, and (c) the unique sequencing of 

stimuli order in each trail. The software adapted the difficulty level based on individual 

performance. The training plan required the participants to complete 90 trials each day for 

about 40 minutes, five days a week for five weeks., on a personal computer (PC) at home. 

Westerberg et al. (2007) found that even one to three years after a stroke, intensive training can 

improve an individual’s WM and attention performance with generalized results to cognitive 

functioning in daily living.  A further study (Lundqvist, Grundstrm, Samuelsson, & Rönnberg, 

2010), used computer-assisted training called “QM” (formerly called ReMemo) to train 

working memory in brain-damaged patients. The participants were diagnosed with trauma, 

stroke, infection (encephalitis), tumour, and subarachnoid haemorrhage (SAH). QM presented 

memory stimuli in a computerized system with visuospatial and verbal WM tasks on a PC. 

WM training included 45–60 minutes of intense training per day, 5 days per week, for 5 weeks. 

The visuospatial WM tasks required the participant to remember the position of the presented 

stimuli and reproduce it; the verbal WM tasks required the subject to remember verbally 

presented sequences of letters and digits forwards and/or backwards and respond by localizing 

and remembering the stimuli. Their findings revealed that the participants showed 

improvement on computer exercises, neuropsychological tests and overall health ratings, but 

not on quality of life ratings.  
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Łojek and Bolewska (2013) examined the effects of CACR in craniocerebral and 

cerebrovascular brain-damaged patients with attention and memory dysfunction, using the 

“RehaCom” program and the Polish computer therapy program for people with aphasia called 

“AfaSystem”. The participants were divided into two groups: (a) Patients with attention and 

memory dysfunctions and (b) Aphasia patients. Participants in group (a) received the RehaCom 

training and participants in group (b) received the AfaSystem treatment. RehaCom training 

included attention (pick one picture from a group which is identical to the model) and memory 

tasks (memorizing and recognizing objects from a set of pictures moving horizontally across 

the screen). The AfaSystem involved oral expression, comprehension, and therapy in reading 

and writing. The participants with memory and attention dysfunctions patients showed 

significant improvement only in the trained functions of the RehaCom exercises but did not 

show generalized improvement in these functions; some improvement was found, in the 

patients with aphasia group with respect to oral expression and speech functions involving 

writing. Another study (Yoo, Yong, Chung, & Yang, 2015), used the RehaCom software 

examined the effect of CACR for the rehabilitation of stroke patients. The cognitive training 

program was applied for a total of 5 weeks, 5 times/week, 30 min each session. It was composed 

of attention, focus, memory, spatial imagination, visual impairment, and visuomotor 

coordination.  Participants were divided in two groups: (a) a training group which received 

rehabilitation therapy and an additional CACR and (b) a control group which received 

rehabilitation therapy only. Their results of the training group presented statistically significant 

improvement on some cognitive tasks, including in digit span, visual span, visual learning, 

auditory continuous performance, and visual continuous performance, but not in verbal 

learning, trail making, and functional independence measure.  

1.9 Quality of Life related to Aphasia 

Quality of life (QoL) is defined as ‘a person's sense of well‐being resulting from satisfaction 

or dissatisfaction with the areas of life that are important to them (Ferrans & Powers, 1992). 

When focusing on the health-related quality of life (HRQL), the attention is on the impact of a 

health state on a person’s ability to lead a fulfilling life (Bullinger, Anderson, Cella, & 

Aaronson, 1993), and it incorporates the individual’s perception of and satisfaction with his/her 

physical, mental/emotional, family and social functioning (Berzon, Hays, & Shumaker, 1993). 

It is well known that stroke and aphasia can seriously affect communication related QoL (Mile, 
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2018) while PWA encounter substantial changes of their communicative functioning that can 

lead to reduced activities and participation in everyday life (i.e. Howe, Worrall, & Hickson, 

2008). Consequently, aphasia – and especially limitations of functional communication – were 

shown to cause reduced QoL (Cruice, Worrall, Hickson, & Murison, 2003; Hilari, Needle, & 

Harrison, 2012). It is well documented that people with aphasia are often among the most 

severely affected stroke survivors as they portray high levels of depression and social 

exclusion, and low levels of leisure and other social activities, social contacts and quality of 

life (Hilari et al., 2009). The study of QoL in aphasia is a growing subject, and it is considered 

as a highly important topic as there is a common agreement among speech-language pathologist 

that effective communication is integral to a good quality of life: a) improving quality of life 

is the ultimate goal of aphasia rehabilitation; b) understanding the patients’ perspective of their 

own quality of life is essential in targeting appropriate and effective interventions; c) the 

relative impact of aphasia, compared to other impairments, can most clearly be seen through 

measures of quality of life; and d) measuring quality of life is a very important outcome 

measure that can be used for accountability purposes (Worrall & Holland, 2003). Studies have 

shown that HRQOL issues indicate the impact of health on a person’s ability to live a generally 

fulfilling life (Bullinger et al., 1993). While quality of life refers to the level of comfort, 

enjoyment, and ability to pursue daily activities, stroke rehabilitation programs aim to produce 

changes in people’s sense of well-being and quality of life (Intercollegiate Stroke Working 

Party, 2012). Lam and Wodchis (2010) studied health-related factors affecting quality of life 

and results showed that aphasia has the largest negative impact on quality of life, more than 

cancer and Alzheimer's disease. They indicated the negative effects of aphasia on an 

individual's quality of life included their inability to communicate and engage with their family, 

friends, doctors and their wider community. In a different study, Spaccavento et al. (2013) 

focused particularly on difficulties in interpersonal relationships, on loss of independence, and 

on abilities in daily life as a result of language disorders. They found that improvement in the 

severity of language deficits also causes an improvement in quality of life.  
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1.10 Reporting Working Memory Interventions as the sole therapy strategy 

in post-stroke aphasia: A critical review of the literature using the 

TIDieR checklist  

For several years, language impairments were considered isolated impairments from other 

cognitive domains. However, recent studies have exposed the relationship between language 

and other cognitive domains, such as memory, attention and executive functions (Caplan et al., 

2013). Studies explored the relationship between language and memory processing, indicating 

an extensive variety of memory deficits in the aphasia literature while implicating STM and 

WM (Potagas, Kasselimis, & Evdokimidis, 2011), with early indications of this relationship 

dated almost 100 years ago (Kasselimis, 2015). These findings underline the importance of 

exploring WM treatment in PWA.   

Over the last decades, increased attention has been given in understanding how interventions 

work (Ferguson, 1999), which was linked to the concept of treatment theory i.e., “the actual 

nature of the process that transforms received therapy into improved health” (Keith & Lipsey 

cited in Turkstra, Norman, Whyte, Dikers, & Hart, 2016, p. 164). They suggest that 

interventions should be specified according to three elements of treatment theory: targets 

(functioning intended to change following intervention), ingredients (clinician’s actions that 

effect change in target); and mechanisms of action (known or hypothesised ways that 

ingredients exert effect) (Turkstra, Norman, Whyte, Dijkers, & Hart, 2016). Recently, the 

Template for Intervention Description and Replication (TIDieR) checklist was developed to 

assist with specifying interventions in a way to enable comparison, replication and 

implementation (Hoffmann et al., 2014). This checklist includes 12 items, considered to be the 

minimum needed to describe an intervention: (1) brief name of the intervention; (2) the 

rationale, theory, or goal of intervention; (3) intervention materials; (4) intervention 

procedures; (5) who provided the intervention; (6) delivery mode; (7) place of delivery; (8) 

when and how much intervention provided; (9) tailoring (i.e., personalisation); (10) 

modifications (i.e., unforeseen modification at a study level); (11) planned intervention 

adherence/fidelity measures (how and by whom); and (12) actual intervention 

adherence/fidelity measures (see Hoffmann et al., 2014, for further description of items). 

This review is aiming to support the research community for a better understanding of how 

WM impairments at the level of information maintenance and manipulation interact with 
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language abilities. It is clear that WM impairments have an impact on communication, which 

in turn has a negative chain reaction in the person’s quality of life. The main purpose of this 

review paper is to determine: 1) what type of WM treatment procedures have been used 

specifically with PWA to improve language skills in the last decade and 2) how successful 

were these WM treatments. 

During the current investigation it became apparent that there is limited scientific evidence 

where the WM training approach was used as a sole treatment method. For the purposes of this 

study a systematic search was undertaken, and data was retrieved from electronic databases, 

specifically from PubMed search (see Figure 1.10.1) to investigate whether WM training was 

used in PWA as the only treatment method to improve language abilities. A comprehensive 

search of existing peer-reviewed studies was conducted using multiple strategies. First, 

keyword database inquiries were conducted in PubMed database. In the search, the keywords 

used were “working memory intervention in aphasia” and all possible combinations of 

keywords were used. Database filters limited the search to articles published between 2009 and 

May 2019. To be eligible for inclusion in the systematic review, each study was required to 

meet all of the following inclusion criteria. First, studies must have included a sample of adults 

who were diagnosed with aphasia due to stroke. Second, studies must have involved an 

intervention which used only WM as a treatment method aiming to improve language. Third, 

study designs were limited to trials that included at least two points of measurement, one at 

baseline and another at a point in time afterward to measure the efficacy of the intervention. 

Finally, studies must have been published in English. Studies involving other neurological 

disorders (e.g. traumatic brain injury) or a combination of interventions (e.g. WM training and 

speech-language therapy) were excluded. The process of study selection and determination of 

eligibility is summarized in graphical form consistent with Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines in Figure 1.10.1. 
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Figure 1.10.1. PRISMA (Liberati et al., 2009) flow chart for the selection of studies investigating 

WM as a sole treatment for rehabilitation of aphasia 

During the last 10 years, only five studies report using a WM intervention in PWA, because of 

stroke as the sole method of treatment for the language deficits. The findings of this research 

are summarized in Table 1.10.1, with regards to the type of WM treatment, the frequency of 

the treatment, the dosage of the treatment, and the effects of the treatment on WM (near transfer 

outcomes) and language abilities (far transfer outcomes).   
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Table 1.10.1. Studies using WM interventions in PWA as the sole method of intervention to improve language abilities. 

Study N  Aphasia Type 

 

Native 

Language 

Treatment 

duration 

WM training 

tasks 

Near transfer Treatment 

Outcomes 

Far transfer treatment outcomes 

Eom & Sung, 

2016 

6 3 Anomic 

2 Broca 

1 Wernicke 

Korean 4 weeks  

(12x 1-hour 

sessions) 

Sentence 

Repetition-Based 

Working Memory 

Improved significantly in: 

- sentence repetition accuracy of 

treated and untreated items  

- digit-forward, digit-backward, 

and word-forward  

Improved significantly in:  

- sentence comprehension accuracy  

Improved aphasia quotient 

- repetition and naming 

 

Improved numerically in fluency and 

comprehension 

 

 

Zakariás, 

Keresztes, 

Marton, & 

Wartenburger, 

2018 

3 1 Anomic 

2 TMA 

Hungarian 4 weeks 

(13x 20-

minute 

sessions) 

Modified  

n-back task with 

“lures” 

1 PWA improved significantly in 

the visual 1-back; tendency for an 

increase in the visual 2-back 

 

1 PWA improved significantly in 

the visual 1-back 

 

2 PWA improved significantly in TROG-H 

sentence comprehension 

 

2 PWA improved significantly, 1 PWA 

showed tendency for improvement in 

TROG-H number of blocks correct 
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1 PWA did not show significant 

improvement in either n-back task 

 

2 PWA remained stable on the BNT 

1 PWA showed tendency for improvement 

on the BNT 

Salis, 2012 1 TMA English 13 weeks 

(26X 30-

minute 

sessions)  

- listening span 

tasks of serial 

word recognition 

- matching 

listening span that 

required judgment 

of sameness  

Numerical improvement in Digits 

forward and Digits backward 

from the WMS 

 

Numerical improvements in Digit 

listening span from PALPA 

 

 

Subtest 1 “Touch the green square” from the 

TT did not change 

 

Numerical improvement in Subtest 2 “Touch 

the large green square” from the TT  

 

Significant improvement on the TROG 

Significant improvement in  

the number of repetitions requested in the 

TROG 

Salis, Hwang, 

Howard, & 

Lallini, 2017 

5 Not specified Not 

specified 

(English) 

13 weeks 

(26X 30-

minute 

sessions) 

- listening span 

tasks of serial 

word recognition 

- matching 

listening span that 

required judgment 

of similarity 

no statistically significant changes 

- Improved digit matching 

listening span of 3 participants by 

one or two items 

 

no statistically significant changes 

- Improved sentence comprehension of 3 

participants in the TROG by 4-5%, and in 

the TT by 4-10%. 

 

-  
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Harris, Olson, 

& Humphreys, 

2014 

2 1 Broca’s  

1 expressive 

aphasia  

Not 

specified 

(English) 

2 treatments, 

each lasted 10 

weeks (10 x 

90-minute 

sessions) 

Treatment 1: 

- pSTM training 

Treatment 2:  

- sSTM training  

Both participants improved 

significantly in nonword recall 

after nonword (pSTM) treatment 

 

significant improvement 

following the real word (sSTM) 

therapy 

 

evidence of type-specific generalisation to 

sentence comprehension 

- the pSTM patient showed improvement on 

sentence repetition after the pSTM treatment 

- the sSTM patient improved sentence 

anomaly judgement after the sSTM but not 

the pSTM treatment. 

Key:  TMA = Transcortical Motor Aphasia; TROG = Test for the Reception of Grammar; H = Hungarian; BNT = Boston Naming Test; WMS = Wechsler 
Memory Scale; TT = Token Test; STM = Short-Term Memory; pSTM = Phonological short-term memory; sSTM = Semantic short-term memory 
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This review uses narrative synthesis (Barnett-Page & Thomas, 2009) organised by the 

systematic application of the TIDieR checklist (Hoffmann et al., 2014) to the 5 studies 

appraised. The use of a narrative method allows for flexibility and accommodation of a range 

of study types (Mays, Pope, & Popay, 2005), whereas the synthesis part attempts to move 

beyond textual summary and description in order to generate comparative understanding, new 

insights and knowledge (Barnett-Page & Thomas, 2009; Mays et al., 2005). As the purpose of 

this review is to investigate what has been done so far regarding the use of WM as the preferred 

intervention method in aphasia, the TIDieR checklist was used as a framework to organise the 

investigation of intervention reporting, and not with the purpose to replicate any of the studies. 

A particular focus was given on reporting the commonalities among treatments and their 

outcomes. The review of the 5 selected publications is organised below in the order it appeared 

in the search results. 

 Primary paper: The Effects of Sentence Repetition–Based Working Memory 

Treatment on Sentence Comprehension Abilities in Individuals with Aphasia 

(Eom & Sung, 2016) 

Item #1: BRIEF NAME 

Sentence repetition–based working-memory (SR-WM) treatment - maintenance and 

computation of linguistic units by facilitating a chunking strategy. 

Item #2: WHY 

To increase sentence-repetition abilities and the treatment effects to elicit generalization to 

sentence-comprehension abilities, WM-span tasks, and general language-assessment tasks. 

Item #3: WHAT 

Materials: Sentence stimuli for the current treatment included five different syntactic 

structures: (a) active sentences with two-argument verbs (five words, 10–11 syllables), (b) 

passive sentences (five words, 12–13 syllables), (c) active sentences with three-argument verbs 

(seven words, 13– 15 syllables), (d) conjoined sentences (eight words, 16–17 syllables), and 

(e) centre-embedded sentences with a subject-relative clause (eight words, 16–17 syllables). A 

total of 30 sentence stimuli served as treatment sentences with six items for each syntactic 

structure. 

Item #4: PROCEDURES 
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Six individuals with aphasia participated in the study. All participants with aphasia suffered a 

single left-hemisphere stroke, were right-handed, and were native speakers of Korean, were in 

chronic status (post-onset > 6 months), had no serious dysarthria and apraxia of speech, and no 

history of neurological disease and sensory deficits. 

The major principles of this WM treatment protocol included two components: (a) maintain 

information in a short-term storage buffer while sentence length increases and (b) compute 

syntactic structures while syntactic complexity increases. The current protocol consisted of 

four steps: (1) Sentence Repetition; (2) Chunking Strategy; (3) Reading a Whole Sentence; and 

(4) Sentence Repetition. 

During the first step, auditory repetition was involved for the presented verbal sentence and it 

implicated short-term information maintenance and rehearsal in order to perform step 2, 

regardless of participants’ response accuracy.  

During the second step, the WM component of computing the segmented linguistic units was 

involved. Written stimuli cards were randomly presented by the examiner on a desk, in which 

sentences were separated word-by-word through chunking linguistic information on the basis 

of the word. The participants were asked to rearrange the cards in the order the verbal sentence 

was presented in the first step. If the participants produced correct responses, the examiner read 

the target sentence aloud and proceeded to the next step. When participants showed incorrect 

responses, they listened to the target sentence one more time and rearranged the cards, trying 

for the correct order. When participants responded to the task incorrectly even after the second 

chance, the examiner provided the correct answer by rearranging the cards in the correct order. 

During the third step the WM component is implicated by asking participants to rehearse the 

integrated information as a whole sentence, while the target sentence is presented verbally as 

the participants were looking at a card written with the whole sentence. The participants were 

then asked to read the whole sentence aloud. If the response was correct, the examiner read the 

target sentence aloud and proceeded to the next step. If the participants responded incorrectly, 

the examiner read the target sentence aloud and asked participants to read it one more time. 

Finally, during the fourth step the examiner asked the participant to repeat the target sentence 

after the examiner, followed by feedback on the participant’s accuracy on the target. When 

participants elicited correct responses, the examiner read the target sentence aloud and 
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proceeded to the next sentence. When participants showed incorrect responses, they listened to 

the target sentence one more time and also proceeded to the next sentence. 

Two sets consisting of 15 sentences each were designed to give the total of 30 treatment stimuli. 

Each 15-sentence set contained all five syntactic structures with three for each structure. Each 

treatment session contained five different syntactic structures by varying the length and 

complexity in the following order: (a) active sentences with two-argument verbs, (b) passive 

sentences, (c) active sentences with three argument verbs, (d) conjoined sentences, and (e) 

center embedded sentences with a subject-relative clause.  

Item #5: WHO PROVIDED 

The first author (Bora Eom) conducted assessment and treatment for all participants, although 

both authors designed the experiments and implemented the theoretical framework. They were 

speech-language pathologists at the Department of Communication Disorders, Ewha Womans 

University, Seoul, South Korea, and no additional training for this research was specified. 

Item #6: HOW 

Intervention was provided on a one-to-one and face-to-face basis. The study used a pre-

test/post-test design. The pre-test was performed before treatment and the post-test was 

conducted immediately after treatment. Only single tests for pre- and post-assessment were 

administered due to the fact that the treatment was based on a repetition protocol and repeated 

exposures to the stimuli before treatment could have contaminated the treatment data. 

Item #7: WHERE 

Location was not specified 

Item #8: WHEN and HOW MUCH 

Treatment consisted of 12 sessions, administered three times a week with each session lasting 

approximately 1 hr. For each treatment session, the examiner administered a set of treatment 

stimuli, repeating each set six times over 12 sessions. 

Item #9: TAILORING 

The sentence stimuli for the repetition-based WM treatment protocol consisted of sentences 

that varied in length and syntactic structures. Sentence-repetition stimuli used decontextualized 

vocabulary to maximally tap into a short-term storage buffer.  
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Item #10: MODIFICATIONS 

In the current study, the colours were used as each noun phrase in a sentence to minimize top-

down semantic processing. 

Items #11 and 12: HOW WELL 

Not reported  

Summary 

Eom and Sung (2016) applied a sentence repetition–based working-memory (SR-WM) 

treatment to maintain and compute linguistic units by using a chunking strategy. This treatment 

resulted in substantial increased repetition ability in both treated and untreated sentences and 

in generalization effects on the WM measures and general language tasks, including 

improvements in fluency, sentence-comprehension task, repetition, and naming domains. 

Improved performance on sentence repetition as well as other linguistic domains was noted 

using the SR-WM treatment approach, by manipulating syntactic structures and minimizing 

top-down semantic processing. Based on the results, the clinical and theoretical importance of 

investigating whether WM treatment operates as a potentially underlying treatment approach 

that facilitates the distributed network associated with language processing. 

 Primary paper: Positive effects of a computerised working memory and executive 

function training on sentence comprehension in aphasia (Zakariás et al., 2018) 

Item #1: BRIEF NAME 

Adaptive WM training task (a modified n-back task)  

Item #2: WHY 

This research was based on recent studies that suggest that WM, together with certain executive 

functions (EFs), can play a role in sentence comprehension in IWA, and that WM can be 

improved with intensive practice. The purpose of this study was to investigate whether a 

combined WM and EF training improves the comprehension of spoken sentences in IWA. The 

following questions were to be answered: (1) Can WM and EFs be enhanced through training 

in IWA? If yes, (2) does the training lead to near transfer effects on WM and EFs? (3) Does 

the training lead to far transfer effects on sentence comprehension as well? 

Item #3: WHAT 
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Materials: All computerised tasks were run by Presentation® software (Version 14.1) on an 

IBM T40p ThinkPad®. An n-back task with “lures” was created to target both WM and 

interference control.  

Item #4: PROCEDURES 

The study recruited three participants with chronic aphasia for the training phase and a control 

group which consisted of five IWA who participated only in the pre-test and the post-test, but 

not in the training sessions. All participants had a single left hemisphere infarct, spoke 

Hungarian as their native language and were righthanded. Their visual acuity was intact and 

hearing was within normal limits. A pre/post-test case control design was used. All participants 

underwent an initial assessment of their language skills (Western Aphasia Battery) and 

intelligence (Raven Progressive Matrices), completed two n-back tasks, and two language tasks 

as outcome measures. One day after the completion of the training, participants completed two 

post-test sessions identical to the two pre-test sessions. 

The participants were presented with a stream of letters and were asked to press a button when 

a letter was the same as the one appearing n-trials prior to the current presentation. Training 

included sequential letter presentation on a computer screen at a rate of 3 seconds (stimulus 

length: 1000 ms; interstimulus interval: 2000 ms) per trial. In each trial, the stimulus was 

sampled from a pool of eight letters: B, F, K, H, L, S, C, and N. The participants’ response was 

performed manually by pressing the SPACE bar of the computer’s keyboard and a response 

was not required for non-target items. Each training session included eight blocks consisting 

of 16 + 5*(n −1) trials including 5 targets. The level of difficulty of an upcoming block was set 

adaptively, based on performance on the previous block. 

Item #5: WHO PROVIDED 

Three experimenters (two trained speech and language therapists and one trained nurse) 

conducted the study. They all received the same instructions regarding the training procedures. 

Each session was conducted by one experimenter. 

Item #6: HOW 

Intervention was provided individually, face-to-face  

Item #7: WHERE 

Location was not specified 
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Item #8: WHEN and HOW MUCH 

IWA in the training group participated in 13 training sessions (approximately 20 minutes each 

session) over a period of four weeks (3-4 times a week for a month). The choice of 20-minute 

duration was determined by previous studies showing that sessions of this duration were 

successful in producing training and transfer effects in healthy adults and children, without 

exhausting participants.  

Item #9: TAILORING 

This treatment was based on the classic n-back model that focuses on updating WM (Logan, 

1994).  

Item #10: MODIFICATIONS 

This protocol incorporated lures into the classic n-back task; letters that were the same as the 

one presented n−1 or n + 1 (but not n) trial before (Kane et al., 2007; Novick et al., 2013). 

Items #11 and 12: HOW WELL 

Not reported  

Summary 

Zakariás et al. (2018) used a computerised adaptive WM training task with a modified n-back 

task where the participants were presented with a stream of letters and were asked to press a 

button when a letter was the same as the one appearing n-trials prior to the current presentation 

(classic n-back). Additionally, lures were incorporated into the task where letters that were the 

same as the one presented n−1 or n + 1 (but not n) trial before. Their study included three 

Hungarian-speaking PWA aiming to improve sentence comprehension, three to four times a 

week for a month, for a total of 13 20-min sessions. The authors detected a mixed pattern of 

training and transfer effects across participants in which: (a) one participant improved in the 

training task as well as untrained WM tasks and spoken sentence comprehension (b) one 

participant improved in the training task and spoken sentence comprehension but did not show 

improvement in other measures of WM; and (c) one participant did not show improvement in 

the training task but did show increases in performance, for sentence comprehension and 

untrained WM. The results of this study showed that WM and EFs could be improved through 

computerised training in a sample of individuals with chronic aphasia and this enhancement 

may have led to the improvement in spoken sentence comprehension. 
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 Primary paper: Short-term memory treatment: Patterns of learning and 

generalisation to sentence comprehension in a person with aphasia (Salis, 2012) 

Item #1: BRIEF NAME 

STM training using listening span tasks of serial word recognition. 

Item #2: WHY 

This study was constructed on previous evidence which argue that STM deficits affect 

phonological encoding, lexical-semantic processing, phrase production, and sentence 

comprehension. Thus, it supports the supposition that there is a link between STM and sentence 

comprehension. The research questions were: (1) Would STM training improve STM?  

(2) Would improvements from the STM training generalise to improvements in comprehension 

of sentences? 

Item #3: WHAT 

Materials: Treatment probes included listening span tasks of different length, i.e., number of 

nouns. No additional training was provided to intervention providers. 

 Item #4: PROCEDURES 

The study recruited one IWA in the chronic stage. The participant presented with transcortical 

motor aphasia according to the Western Aphasia Battery but with a marked comprehension 

deficit. Sentence repetition ability on the PALPA sentence repetition subtest revealed major 

difficulties with repetition of function words and bound morphemes (omissions in particular). 

Word order was preserved in the majority of sentences. Language output was non-fluent, 

typically telegrammatic, with two to three-word utterances comprising mainly nouns, absence 

of function words and very few verbs. Comprehension demonstrated moderate to severe 

problems. Pre-test included digits forward and digits backward; Subtests 1 and 2 of the Token 

Test; the Test for the Reception of Grammar (TROG); and a listening span. Five pre-treatment 

baselines were taken over two weeks.  

Treatment first began with list spans of five monosyllabic words, then six monosyllabic words. 

There were 18 trials in each of these list spans, followed with list spans of three polysyllabic 

words (3–4 syllables) with 14 trials. So, in the probes using monosyllabic words there were 18 

trials per probe. In the probes using polysyllabic words there were 14 trials per probe. 
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The participant listened to two lists of nouns (A then B) and had to judge if the two lists were 

the same or different. The items in each list were presented at a rate of one word per second in 

a normal speaking voice without prosody. If the participant’s response was correct, the next 

item list was presented. If incorrect, the presentation was repeated and the words that were 

dissimilar were pointed out to the participant. As part of the feedback, written lists were also 

shown in conjunction with spoken presentations to clarify where the differences were. No other 

language tasks were used during treatment.  

Item #5: WHO PROVIDED 

A speech-language pathologist delivered the treatment in clinic. The person’s daughter also 

delivered part of the treatment at home. The daughter had been provided with training and was 

present in all treatment sessions. 

Item #6: HOW 

Intervention was provided face-to-face on an individual basis. 

Item #7: WHERE 

Clinic and home 

Item #8: WHEN and HOW MUCH 

There were two treatment probes per week, each lasting about 30 minutes, for a total of 13 

weeks. 

Item #9: TAILORING 

The content was controlled for frequency, concreteness, and number of syllables. In addition, 

the words in all lists were semantically unrelated to prevent chunking. Items were also 

phonologically dissimilar and polysyllabic words did not include compound nouns. 

 

 #10: MODIFICATIONS 

In the different lists either the first two or last two nouns were transposed, so that the different 

lists were dissimilar either at the beginning or the end.  

Items #11 and 12: HOW WELL 

Not reported  
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Summary 

Training resulted in improvement in several list spans but not all and in the STM abilities 

(listening span, forward digit span). There was also evidence of generalisation to untreated 

sentence comprehension (only on the TROG). Backward digit span, phonological processing 

and single word comprehension did not improve. It was noted that improvements in sentence 

comprehension may have resulted from resilience to rapid decay of linguistic representations 

within sentences (words and phrases), which in turn facilitated comprehension. 

 Primary paper: Short-term and working memory treatments for improving 

sentence comprehension in aphasia: a review and a replication study (Salis et al., 

2017) 

Item #1: BRIEF NAME 

Replication study based on previous single case study which used STM training using listening 

span tasks of serial word recognition - matching listening span that required the judgment of 

whether word-list pairs comprising spoken nouns were the same or different. 

Item #2: WHY 

The primary purpose of this study was to replicate the original treatment in case series using a 

more robust design that involved computerized delivery, treatment fidelity measures, as well 

as treatment-related control probes. 

Item #3: WHAT 

Materials: The matching listening span tasks were created and delivered with a bespoke 

computer program. A tablet touchscreen computer with an external mini speaker was used to 

deliver five pre-treatment baselines and also the treatment itself at a volume level comfortable 

for each person. 

Item #4: PROCEDURES 

Procedures: This study included five participants with stroke-induced chronic aphasia. The 

treatment sessions began immediately after the baselines. Each treatment session used twenty 

different word-list pairs with the same temporal parameters as in the baselines. The main 

difference between baseline and treatment sessions was the inclusion of visual and auditory 

feedback on persons’ response accuracy. A correct response produced a visual feedback of a 
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smile from a face cartoon, simultaneously with auditory feedback. An incorrect response 

produced a face with a neutral expression and the auditory feedback stated that the response 

was incorrect, followed by repetition of the word-list pair.  If after the second presentation the 

person’s response was correct, the visual and audio feedback acknowledging the correct trial 

was presented (as previously described). If the response was incorrect, the program repeated 

the word-list pair and the speech-language pathologist (who delivered baseline and treatment 

sessions) would write down the word list and explain which words had (or not) been in the 

same order as in the first word list before moving on to the next trial. Level of difficulty was 

determined by the person achieving 80% correct (at first attempt) or above on two consecutive 

training sessions. Level of difficulty increased by one word in the word-list pairs. 

Item #5: WHO PROVIDED 

Speech-language pathologist 

Item #6: HOW 

Intervention was provided face-to-face on an individual basis. 

Item #7: WHERE 

Either at their homes or in testing rooms at Newcastle University. 

Item #8: WHEN and HOW MUCH  

There were two treatment probes provided per week, each lasting about 30 minutes for aa 

total of 13 weeks. Sessions started immediately after the baselines were completed. 

Item #9: TAILORING 

This intervention was adapted based on the previous study. 

Item #10: MODIFICATIONS 

Not reported  

Items #11 and 12: HOW WELL 

Not reported  

Summary 

This was a replication of a previous study (Salis, 2012) with positive findings based on one 

individual with aphasia. Salis et al., 2017 provided 27-30 sessions of training involving a 
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recognition memory task (matching listening span) in five participants with aphasia. The 

authors reported changes in short-term memory (near transfer) only in one outcome measure 

(i.e., digit matching listening span), and with regards to the spoken sentence comprehension 

abilities, the changes observed were not statistically significant.  

 Primary paper: The link between STM and sentence comprehension: a 

neuropsychological rehabilitation study (Harris et al., 2014). 

Item #1: BRIEF NAME 

Recall of memory lists training  

Item #2: WHY 

This study is based on previous evidence linking verbal STM with language processing, which 

suggest that rehabilitation methods aiming to improve verbal STM may produce generalised 

benefits in language. It was also proposed that there may be distinct semantic and phonological 

components of STM, in which phonological and semantic STM patients differ from cases of 

impaired phonological and semantic processing. Additionally, evidence was found showing 

differential effects of working memory load on language processing tasks in sSTM and pSTM 

patients. This proposes a relation between verbal STM deficits and language impairments, 

specifically by showing verbal STM effects on semantic judgement tasks, although verbal STM 

did not impact on phonological judgements. The purpose of this study was to explore the effects 

of improved sSTM and pSTM on sentence processing and STM tasks. Specifically, to test (1) 

whether phonological and semantic STM treatments can improve phonological and semantic 

STM and (2) if this improvement leads to generalised gains on sentence comprehension tasks 

thought to use pSTM and sSTM, across pSTM and sSTM patients. 

Item #3: WHAT 

Materials: For the assessment a set of 128 sentences were used (Hanten & Martin, 2000). Half 

of the sentences were anomalous (involving a violation of semantic or pragmatic relationship). 

Presentation order of the sentences was randomised. 

For the treatment, lists of 5-letter words and nonwords were created for the treatment sessions 

and at home exercises.  

Item #4: PROCEDURES 
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This study included two participants at the chronic stage post CVA. During the assessment the 

examiner read out loud the sentences in a pseudorandomised order. During the repetition task 

(pSTM), participants were required to repeat as much of each sentence as possible immediately 

after the examiner’s presentation. Response accuracy was recorded at the word level, which 

measured whole sentence accuracy (correct or incorrect), and proportion of words accurately 

read in the sentence (expressed as a percentage). In the comprehension condition (sSTM), 

participants were asked to judge whether the sentence was acceptable or unacceptable. Any 

score outside of the range for their healthy controls was considered impaired. The Birmingham 

Cognitive Screen (BcoS), a battery which includes a range of short assessments of cognition 

(e.g., memory, language, problem-solving) was also used as a control measure of patients’ 

general cognitive abilities over baseline phases. Their treatment procedure implemented an 

ABACA design where A denotes baseline and B and C denote treatment (pSTM and sSTM, 

respectively). Assessments of memory, sentence comprehension, and a control task were 

administered at each baseline stage. The first treatment stage targeted to train pSTM, during 

which the examiner read aloud lists of nonwords at a list length of one item above each patient’s 

span for nonwords (e.g., 4 where the patient’s span was 3). The patients were requested to 

recall as many nonwords from each list as possible in the order they were presented. Each 

patient’s responses accuracy was recorded by the examiner after each trial. Feedback was 

provided as the examiner corrected the patients’ errors and the correct list was provided at the 

end of each trial. The same procedure was implemented for real words, using each patient’s 

word span + 1 in the university sessions with the examiner, and word recognition span + 1 for 

the exercises completed at home. For the real word tasks, the participants were encouraged to 

think about the meaning of each word as they heard it, to encourage use of sSTM rather than 

pSTM when encoding the words. During the treatment period, the nonword home exercises 

were set for the periods in between the pSTM treatment sessions, and the word home exercises 

during the sSTM treatment phase. Each week, the patients completed 20 trials of the 

recognition exercises at home. 

Item #5: WHO PROVIDED 

The researchers were experts in the area of clinical psychology and neuropsychology 

Item #6: HOW 

It was not clarified, but throughout the method it was implied that intervention was provided 

face-to-face on an individual basis. 
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Item #7: WHERE 

The weekly treatment sessions were conducted in a testing room at the university 

Item #8: WHEN and HOW MUCH 

For both participants, repetition and anomaly detection during assessment were completed in 

two separate sessions (separated by two weeks). 

Each treatment lasted 10 weeks and both participants received one 1.5-hour session per week 

using two types of treatment – a) trained the retention of nonwords to employ phonological 

STM and b) treatment with real words to involve both phonological and semantic 

representations, over 10 weeks, followed by post-treatment evaluation.  

Item #9: TAILORING 

Not reported  

Item #10: MODIFICATIONS 

To prevent long-term learning of the stimuli (e.g., reliance on long-term rather than short-term 

memory), the words used in the lists were changed after each session with other word sets 

matched for frequency, imageability, age of acquisition and concreteness in the real word case, 

and for length in the nonword stimuli set. 

Items #11 and 12: HOW WELL 

Not reported  

Summary 

Harris et al. (2014) used phonological (pSTM) and semantic (sStm) STM treatments, designed 

to improve the two separate aspects (phonological and semantic) over a period of 10 weeks, in 

two participants with chronic aphasia. Results of this research reported that the pSTM patient 

showed post-treatment improvement on sentence repetition after the pSTM treatment, and the 

sSTM patient showed improved sentence anomaly judgement after the sSTM but not with the 

pSTM treatment, suggesting that identifying type of STM deficit, and using one type-specific 

STM treatment (e.g. only sSTM or only pSTM) can result in targeted benefits in STM and 

generalised, type-specific improvements on sentence comprehension.  
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 Research questions 

Based on the combined findings of these five studies it appears that WM training for PWA 

could be beneficial with regards to language improvement. Across the studies, the number of 

participants was low, and this could explain why the positive findings did not reach statistical 

significance. Other limitations include the administration of diverse WM training protocols 

(e.g., verbal vs. non-verbal), as well as different duration and intensity of the treatment (e.g., 

13 sessions x 20 minutes vs. 30 sessions x 30 minutes) hindering the generalisation of the 

findings on recovery potential. 

The aim of this thesis is to address the following research question: 

Does intermittent theta burst stimulation (iTBS) applied over the DLPFC combined with 

computerised working memory training facilitate language recovery in PWA post-

stroke? 

In order respond to the major research question the following questions were addressed: 

(1) Does WM training generalize to trained cognitive areas as measured by untrained WM 

and fluid intelligence tasks (near-transfer effect)?  

(2) Does WM training generalize to untrained receptive and expressive language and 

functional communication tasks (far-transfer effect)?  

(3) Are generalization effects maintained at follow-up 3 months post-treatment?  

(4) Does overall QoL improve after treatment?  
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2 PILOT STUDY 

Combining Intermittent Theta Burst Stimulation (iTBS) With Computerized 

Working Memory Training to Improve Language Abilities in Chronic 

Aphasia: A Pilot Case Study.  

(Under review in Aphasiology) 

  

ABSTRACT  

Background: Intermittent theta burst stimulation (iTBS) administered to the left dorsolateral 

prefrontal cortex (LDLPFC) has been shown to advance working memory (WM) abilities. At 

the same time, WM training is widely used to enhance learning associated with low language 

skills. An emerging area of research is that of applying cortical stimulation as an adjunct to 

behavioural therapy to improve language abilities in people with aphasia (PWA) after stroke.  

Aim: To pilot the efficacy of the iTBS protocol, targeting the LDLPFC in combination with 

computerized WM training to improve receptive and expressive language abilities in an 

individual with stroke-induced chronic aphasia.   

Methods & Procedures: The participant was a 31-year old female who presented with chronic 

non-fluent aphasia, following a left-hemisphere stroke involving the left frontoparietal lobes. 

She showed prominent anomia with frequent occurrences of word-finding difficulties.   

The assessment battery included a screening measure of WM, a standardized aphasia battery, 

a non-verbal intelligence test, spontaneous speech samples, a procedural discourse task, and a 

questionnaire addressing quality of life. All measures were administered once at baseline, 

immediately after treatment was terminated, and once during follow-up testing, at 3 months 
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post-treatment. The treatment program included 10 consecutive daily sessions of 30-minutes 

computer-assisted WM training preceded by 3-minutes of iTBS.  

Outcomes & Results: Statistically significant improvement from baseline to post-treatment was 

found only for the non-verbal intelligence measure, suggesting far-transfer effects. There was 

no improvement on the computerized WM screening measure. Although no other measures 

revealed a statistically significant difference, there was a trend towards better performance on 

untreated items of receptive and expressive language tasks (far-transfer).  

Conclusions: The findings revealed a trend for improvement in receptive and expressive 

language abilities in one individual with chronic aphasia. The iTBS protocol in combination 

with computerised WM training could be a promising treatment but further studies with larger 

number of participants are needed to establish its effectiveness for improvement of aphasia 

after stroke. 

Keywords: aphasia; Transcranial Magnetic Stimulation (TMS); receptive 

and expressive language; working memory; Cognition 

2.1 Introduction 

Neuroimaging research confirms that language is part of an extensive network of connected 

brain regions that promote not only language processing, but also working memory and 

cognitive control processes (Turken & Dronkers, 2011). Research has focused on the role of 

the fronto-parietal network including the DLPFC, the anterior cingulate cortex (ACC), and the 

parietal cortex (PAR) serving the working memory neural network (Chein et al., 2011; Kim et 

al., 2015; Osaka et al., 2003). Specifically, the DLPFC is largely implicated in cognitive tasks 

(Kim et al., 2015) demanding executive control (e.g., integration of information for decision-

making, maintenance and manipulation/retrieval of information, information updating). The 

DLPFC, is not only known for its involvement in WM, but also for its significant contribution 

to correct performance of visuospatial tasks (Courtney, 2004; Pessoa et al., 2002). Due to this 

involvement in multiple WM components, the DLPFC could be considered an attractive target 

for cortical stimulation in the context of WM training.  

Moreover, other research (Jaeggi et al., 2008; Sternberg, 2008) supports the notion that WM 

training is a promising way of increasing general fluid intelligence (Gf), the ability to solve 

novel reasoning problems associated with comprehension, problem solving, and learning 
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(Cattell, 1971). The cortical substrates provide evidence that there is common ground between 

WM and Gf in that both seem to rely on similar neural networks, most consistently located in 

lateral prefrontal and parietal cortices (Gray et al., 2003). Furthermore, research in healthy 

adults (Woolgar et al., 2010) has shown that domain-general regions, associated with attention, 

WM, cognitive control and Gf, are engaged for effortful language processing, including 

understanding or producing complex syntactic structures or ambiguous words (Fedorenko, 

2014).   

Over the last decade, there is a growing interest in the association between language and non-

linguistic cognitive deficits resulting from left hemispheric stroke (El Hachioui et al., 2014; 

Salis et al., 2015; Vallila-Rohter & Kiran, 2013). Several studies have explored this relationship 

between language and memory processing breakdown in people with aphasia (PWA), 

including deficits in working memory (Potagas et al., 2011; Salis, 2012; Salis et al., 2015). In 

fact, there is growing evidence to support the theory that aphasia is a disruption of cognitive 

processes underlying language tasks (Tippett, Niparko, & Hillis, 2014). Recommendations 

made to speech and language therapists advocate assessment and treatment of working memory 

(WM) deficits in PWA in light of word retrieval and sentence level language breakdown to 

optimize treatment gains (Bonini & Radanovic, 2015; Vallila-Rohter & Kiran, 2013). 

The therapeutic potential of working memory training for aphasia however is restricted to very 

few treatment studies (Eom & Sung, 2016; Harris et al., 2014; Salis, 2012; Salis et al., 2017; 

Zakariás et al., 2018). This might be because the incidence of working memory deficits in PWA 

remain underestimated and not systematically explored. It is also possible that the difficulty of 

assessing nonverbal cognitive functions in the presence of the aphasia itself (El Hachioui et al., 

2014; Vallat et al., 2005) is perceived a barrier to carrying out clinically orientated treatment 

research on WM. Given that WM is active in information processing and storage necessary to 

achieve a cognitive target (Kane & Engle, 2002), the ability, to carry out many activities of 

daily living is also reduced when WM fails (D’Esposito & Postle, 2015). This can have a 

negative impact on quality of life for people with post-stroke language and cognitive deficits 

(Manning, MacFarlane, Hickey, & Franklin, 2019).   

For the purposes of this study, a systematic literature review on the topic of aphasia 

rehabilitation using WM training as the sole treatment (i.e., no speech and language therapy) 

was undertaken. A comprehensive search was performed of existing peer-reviewed studies 
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using multiple strategies. For the search, the keyword phrase “working memory intervention 

in aphasia” was used for searching in the freely available PubMed interface. Database filters 

limited the search to articles published between 2009 and May 2019.  To be eligible for 

inclusion the studies had to meet the following criteria: (i) involve adult participants diagnosed 

with aphasia due to stroke; (ii) report on WM treatment as the sole treatment method; (iii) 

describe the aim of WM treatment is to improve language abilities; (iv) include at least two 

points of measurement, one at baseline and a second at a later time point to measure the efficacy 

of the intervention; and (v) be published in the English language. Studies involving other 

neurological disorders (e.g. traumatic brain injury) or a combination of interventions (e.g. WM 

training + speech and language therapy) were excluded. The process of study selection and 

determination of eligibility is depicted in a flow diagram consistent with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines in Figure 

2.1.1. 
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Figure 2.1.1. PRISMA (Liberati et al., 2009) flow chart for the selection of studies investigating 

WM as a sole treatment for rehabilitation of aphasia 

 

During the last 10 years, only five studies report using a WM intervention as the sole method 

of treatment for the language deficits resulting from stroke-induced aphasia. The findings of 

this research are summarized in Table 2.1.1, with regards to the type of WM treatment, the 

frequency of the treatment, the dosage of the treatment, and the effects of the treatment on WM 

(near transfer outcomes) and language abilities (far transfer outcomes).  Based on the combined 

findings it appears that WM training for PWA could be beneficial with regards to language 

improvement. Across the studies, the number of participants was low, and this could explain 

why the positive findings did not reach statistical significance. Other limitations include the 

administration of diverse WM training protocols (e.g., verbal vs. non-verbal), as well as 

different duration and intensity of the treatment (e.g., 13 sessions x 20 minutes vs. 30 sessions 

x 30 minutes) hindering the generalisation of the findings on recovery potential. 
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Table 2.1.1. Studies using WM interventions in PWA as the sole method of intervention to improve language abilities. 

Study N  Aphasia Type 

 

Native 

Language 

Treatment 

duration 

WM training 

tasks 

Near transfer Treatment 

Outcomes 

Far transfer treatment outcomes 

(Eom & Sung, 

2016) 

6 3 Anomic 

2 Broca 

1 Wernicke 

Korean 4 weeks  

(12x 1-hour 

sessions) 

Sentence 

Repetition-Based 

Working Memory 

Improved significantly in: 

- sentence repetition accuracy of 

treated and untreated items  

- digit-forward, digit-backward, 

and word-forward  

Improved significantly in:  

- sentence comprehension accuracy  

Improved aphasia quotient 

- repetition and naming 

 

Improved numerically in fluency and 

comprehension 

(Zakariás et 

al., 2018) 

3 1 Anomic 

2 TMA 

Hungarian 4 weeks 

(13x 20-

minute 

sessions) 

Modified  

n-back task with 

“lures” 

1 PWA improved significantly in 

the visual 1-back; tendency for an 

increase in the visual 2-back 

 

1 PWA improved significantly in 

the visual 1-back 

 

1 PWA did not show significant 

improvement in either n-back task 

2 PWA improved significantly in TROG-H 

sentence comprehension 

2 PWA improved significantly, 1 PWA 

showed tendency for improvement in 

TROG-H number of blocks correct 

 

2 PWA remained stable on the BNT 

1 PWA showed tendency for improvement 

on the BNT 
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(Salis, 2012) 1 TMA English 13 weeks 

(26X 30-

minute 

sessions)  

- listening span 

tasks of serial 

word recognition 

- matching 

listening span that 

required judgment 

of sameness  

Numerical improvement in Digits 

forward and Digits backward 

from the WMS 

 

Numerical improvements in Digit 

listening span from PALPA 

 

 

Subtest 1 “Touch the green square” from the 

TT did not change 

 

Numerical improvement in Subtest 2 “Touch 

the large green square” from the TT  

 

Significant improvement on the TROG 

Significant improvement in  

the number of repetitions requested in the 

TROG 

(Salis et al., 

2017) 

5 Not specified Not 

specified 

(English) 

13 weeks 

(26X 30-

minute 

sessions) 

- listening span 

tasks of serial 

word recognition 

- matching 

listening span that 

required judgment 

of similarity 

no statistically significant changes 

- Improved digit matching 

listening span of 3 participants by 

one or two items 

 

no statistically significant changes 

- Improved sentence comprehension of 3 

participants in the TROG by 4-5%, and in 

the TT by 4-10%. 

 

-  
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(Harris et al., 

2014) 

2 1 Broca’s  

1 expressive 

aphasia  

Not 

specified 

(English) 

2 treatments, 

each lasted 10 

weeks (10 x 

90-minute 

sessions) 

Treatment 1: 

- pSTM training 

Treatment 2:  

- sSTM training  

Both participants improved 

significantly in nonword recall 

after nonword (pSTM) treatment 

 

significant improvement 

following the real word (sSTM) 

therapy 

 

evidence of type-specific generalisation to 

sentence comprehension 

- the pSTM patient showed improvement on 

sentence repetition after the pSTM treatment 

- the sSTM patient improved sentence 

anomaly judgement after the sSTM but not 

the pSTM treatment. 

Key:  TMA = Transcortical Motor Aphasia; TROG = Test for the Reception of Grammar; H = Hungarian; BNT = Boston Naming Test; WMS = Wechsler Memory Scale; TT 

= Token Test; STM = Short-Term Memory; pSTM = Phonological short-term memory; sSTM = Semantic short-term memory 
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2.2 Computerized Assisted Cognitive Training 

Other treatment methods to train and improve WM, involve computer assisted cognitive 

rehabilitation (CACR) programs. For example, Łojek and Bolewska (2013) examined the 

effects of CACR in patients with WM and attention deficits after stroke, using the RehaCom 

program and the Polish computer therapy program for aphasia the Afa-System (Seniów et al., 

2009). The participants were divided into two groups: patients with WM and attention deficits 

without aphasia and those with aphasia. Participants in the first group received the RehaCom 

training and participants in the second group received the Afa-System treatment. RehaCom 

training included attention (pick one picture from a group that is identical to the target picture) 

and memory tasks (memorizing and recognizing objects from a set of pictures moving 

horizontally across the screen). The Afa-System treatment program involved oral expression, 

comprehension, and reading and writing tasks. The participants with WM and attention deficits 

showed significant improvement for the trained functions of the RehaCom tasks only, and no 

generalization to untrained functions. On the other hand, some improvement was reported for 

PWA on the oral expression and writing subtests after training on the Afa-system protocol but 

no generalization effects.  

Yoo et al. (2015), applied the RehaCom program for a total of 5 weeks, 5 times/week for 30 

minutes each session in addition to rehabilitation therapy (physiotherapy and occupational 

therapy) in a group of stroke patients with cognitive deficits. The RehaCom tasks focused on 

attention, memory, spatial imagination, visual impairment, and visuomotor coordination.  The 

authors compared their results to a control group of stroke patients who received only the 

rehabilitation therapy. The group that received the combined treatments (RehaCom & 

rehabilitation) showed statistically significant improvement on the Computerized 

Neuropsychological Test (CNT) administered at baseline and post-treatment on digit span, 

visual span, visual learning, auditory continuous performance, and visual continuous 

performance, but not in verbal learning, trail making, and the functional independence measure. 

2.3 NIBS as a treatment method to improve WM 

Contemporary neuroscientific techniques such as transcranial magnetic stimulation (TMS) are 

beginning to be explored for the purpose of cognitive enhancement. TMS is one of the most 
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utilized methods for the purpose of altering cognitive function including WM in healthy 

subjects (Hoy et al., 2016), and for a number of neurological disorders including, stroke (T. D. 

Kim et al., 2019). Georgiou, Lada & Kambanaros (2019) conducted a systematic review to 

assess the efficacy of rTMS for treatment of post-stroke aphasia. In total, 10 RCTs underwent 

review for their methodological quality and comprehensive summaries of the best available 

evidence for this treatment. Even though there was evidence that low frequency (1 Hz) rTMS 

has the potential to improve aphasia post-stroke irrespective of severity, the evidence was 

inconclusive.  

A modified form of rTMS known as theta-burst stimulation (TBS), is the most commonly used 

method of patterned rTMS where short bursts of 50-Hz rTMS are repeated as a continuous or 

intermittent trains at a rate of 0.1 Hz in the theta range (5 Hz) in short intervals to produce a 

rapid facilitation of synaptic transmission in the stimulated cortex that can persist for over an 

hour after the initial stimulation session (Huang et al., 2005). Recently, Georgiou et al. (2019) 

reported the findings of neuronavigated continuous theta burst stimulation (cTBS) over the 

right pars triangularis (Tr) as a standalone treatment for two individuals with chronic post-

stroke aphasia. Baseline linguistic and quality of life measures were collected prior to the 

treatment study. Continuous TBS was carried over 10 consecutive days for 40 secs per sessions. 

Immediately post-treatment and later at 3-months follow up, participants were reassessed on 

baseline linguistic and quality of life measures. Results from one individual revealed 

improvement in language skills in the post-treatment phase, but language abilities reverted to 

baseline scores at follow-up. Results from the second participant revealed neither improvement 

nor decline in language abilities at baseline to post-treatment and follow-up stages. 

Furthermore, improvement in quality of life was reported only by one participant. Regarding 

the use of the iTBS protocol as a standalone treatment for poststroke aphasia only one study 

was found (Griffis, Nenert, Allendorfer, & Szaflarski, 2016). In this study, 10 sessions of iTBS 

was applied to the residual language-responsive cortex (left inferior frontal gyrus) in 8 PWA 

in the chronic stage. The results showed evidence for changes in both the stimulated and 

unstimulated hemispheres as measured by functional and anatomical MRI data acquired before 

and after iTBS during covert verb generation tasks. The findings revealed improvements in 

verbal fluency as a result of iTBS to residual language areas after stroke. 

Finally, in healthy subjects, sham and active iTBS to the LDLPFC (Hoy et al., 2016) was 

compared in combination with the classic n-back task using letter stimuli (2-back and 3-back 
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memory loads). The results revealed that iTBS significantly improved WM performance, 

revealing a robust improvement in the 2-back accuracy at 20- and 40-minutes post-stimulation. 

The findings suggest that iTBS may lead to changes in ongoing neural dynamics at larger 

spatial scales reflecting changes in the functional organization of distributed cortical networks 

(Papazachariadis et al., 2014).  

2.4 Aims of the study 

The primary aim of this study was to investigate the combined effects of iTBS and 

computerized WM treatment in a young individual with chronic aphasia post-stroke to identify 

potential recovery mechanisms in WM and language domains. The research is driven by the 

results from previous studies reported in the introduction section demonstrating the positive 

effects of NIBS and computerized WM training separately in the context of aphasia, but the 

combination of the two methods has not been explored before. The following questions were 

addressed: 

(1) Does WM training generalize to trained cognitive areas as measured by untrained WM 

and fluid intelligence tasks (near-transfer effect)?  

(2) Does WM training generalize to untrained receptive and expressive language and 

functional communication tasks (far-transfer effect)?  

(3) Are generalization effects maintained at follow-up 3 months post-treatment?  

(4) Does overall QoL improve after treatment?  

2.5 Methods 

 Participant details 

A detailed case history taken by the first author including background and medical information 

revealed that the participant (A.K.) was a 31-year old woman who had suffered a left 

haemorrhagic stroke, three years prior to the treatment study. According to the initial MRI scan, 

damage involved the left parietal lobe, oedema of the basal ganglia (lentiform and caudate 

nucleus, and internal capsule). A.K.’s current MRI image is shown in figure 2.5.1. She 

presented with chronic, moderate anomic aphasia with verbal perseveration of the Cypriot-

Greek expression “potunto” (translation “of this thing”). She had ceased speech therapy 6 

months prior to her participation in the study. Her then treatment was implemented in the 
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United Kingdom (UK), in the English language, and was focused mainly on improving reading 

and writing skills for English. At the time of recruitment, she was 39 months post-onset and a 

university graduate with a master’s degree in Social Sciences (Social Work), pursuing a PhD 

degree in the UK. While living abroad, A.K. lived independently in an apartment and used 

public transportation to commute. Pre-morbidly she was right-handed but had now learnt to 

write with her left hand. A.K was multilingual as she spoke both varieties of Greek spoken in 

Cyprus (Cypriot-Greek dialect and Standard Greek) and English. 

The study was conducted at the University Rehabilitation Clinic of the Cyprus University of 

Technology (CUT) in Limassol, Cyprus. Based on case history information, A.K. fulfilled the 

inclusion criteria as follows: i) native speaker of Cypriot-Greek; ii) chronological age between 

21-79 years of age; iii) first-time single left hemisphere stroke, confirmed with MRI; iv) right-

hand dominance; v) presence of aphasia; vi) adequate single word comprehension. Exclusion 

criteria were: i) severe or global aphasia; ii) damaged dorsolateral prefrontal cortex area as 

identified by MRI; iii) traumatic brain injury; iv) history of psychiatric or other neurological 

illness; v) depression; vi) epilepsy/seizures; vii) pregnancy; viii) colour-blindness or other 

visual disorders/visual neglect; ix) hearing loss; x) significant general medical problems 

including liver, cardiac, or renal dysfunctions; xi) present or past alcohol or drug abuse.  

 

Figure 2.5.1. Lateral view of A.K.’s current MRI scan revealing involvement of the left posterior 

frontal lobe. 

 Ethical approval, recruitment and consent 

Ethical approval was obtained from the Cyprus National Bioethics Committee. Informed 

consent was obtained prior to participating in the study. 
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 Procedure and design 

All testing was conducted by the first author who is a certified speech-language pathologist 

trained in the U.S, with 15 years of clinical experience in Cyprus. The assessments were 

presented in 2 sessions in a predetermined order, and testing was of approximately 2.5 hours 

in total duration. 

 Background Tools 

A TMS safety questionnaire (Keel et al., 2001) was completed, followed by a screening 

procedure which included: (a) the Albert’s Visual Neglect Test (Albert, 1973; Stroke Engine, 

2010) to determine unilateral spatial neglect; (b) the Edinburgh Handedness Inventory 

(Oldfield, 1971), aiming to evaluate handedness of the preferred hand for carrying out common 

activities; and (c) the Greek adaptation of Beck’s Depression Inventory-II (Beck, 1961; 

Giannakou et al. 2013), to rule out moderate-severe depression. 

 Assessment Tools 

A battery of tools was administered at baseline, immediately after treatment (same day), and 3 

months post-therapy at the follow-up stage as follows: 

(1) the Raven's Coloured Progressive Matrices (RCPM; Raven, 2000; Sideridis et al., 2015) 

(2) the Greek version of the Boston Diagnostic Aphasia Evaluation–Short Form (BDAE-

SF; Messinis et al., 2013) 

(3) the RehaCom Working Memory Screening Task (Hasomed GmbH, 2017) 

(4) a personal stroke narrative (following Kambanaros, 2019) 

(5) the Multilingual Assessment Instrument for Narratives (MAIN; Gagarina et al., 2012) 

(6) a Procedural Discourse task (based on Richardson & Dalton, 2016) 

(7) the Greek-version of the Stroke and Aphasia Quality of Life Scale-39 (SAQOL-39; 

Efstratiadou et al., 2012) 

The Raven Coloured Progressive Matrices (Raven CPM; Raven, 2000) is a test frequently used 

in measuring abstract reasoning and is regarded as a non-verbal estimate of Gf (Bilker et al., 

2012). The RCPM is made up of a series of diagrams or designs with a part missing, and the 

participant is asked to choose from six alternatives the shape to complete the pattern or shape. 

The Greek version of RCPM was administered as adapted by Sideridis et al. (2015). Every 
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correctly solved pattern was given 1 point, with a total score range between 0-36 (Papantoniou 

et al., 2016). 

The BDAE-SF (Messinis et al., 2013) is normed for Greek and is culturally appropriate. It 

includes five subtests: (1) conversational and expository speech such as simple social 

responses, free conversation, and picture description; (2) auditory comprehension including 

word comprehension, commands, and complex ideational material; (3) oral expression, such 

as automatized sequences, single word repetitions, repetitions of sentences, responsive naming, 

the Boston Naming Test – Short Form (BNT-SF), screening of special categories; (4) reading, 

including letter and number recognition, picture-word matching, basic oral word reading, oral 

reading of sentences with comprehension, reading comprehension of sentences and paragraphs; 

and (5) writing, including mechanics, dictation writing of primer words, regular phonics and 

common irregular forms, written naming, narrative writing – mechanics, written vocabulary 

access, syntax, and adequacy of content. For the purpose of this study, subtests 1-4 were 

administered and results were analysed in accordance with the test manual. 

The RehaCom Working Memory Screening module (Hasomed, 2017) was used to assess both 

simple WM span (simple information holding) and the retention and processing of visual-

spatial information. The task is similar to the Corsi-block-tapping where the visual-spatial 

memory span is measured by the maximum length of the memorized dot patterns that can be 

reproduced immediately without errors (Hasomed, 2017). When the WM screening task is 

initiated, ten dots are presented in a circular arrangement. Individual dots sequentially turn red 

and fade. The first sequence consists of two random dots out of the ten lighting up in a particular 

order to be repeated correctly. When selected correctly, the number of dots increases in the 

next sequence. Overall, memory span is based on the highest sequence length measured in 

number of dots, reproduced without position and order errors (z-score value calculated by the 

software), and confirmed by completing two consecutive sequences with the same number of 

dots (Hasomed, 2018). The WM screening subtest ends after two consecutive incorrect 

sequence responses or after 7 minutes. In this study, A.K. had to memorize and reproduce the 

position and sequence of the coloured flashing dots.  

A personal stroke narrative was elicited from A.K. by asking her to describe the events of her 

stroke (Kambanaros, 2019). The first author transcribed and analysed the narrative using the 

Shewan Spontaneous Language Analysis (SSLA) system (Shewan, 1988) protocol. Variables 

for analysis included number of utterances, time (total speaking time in minutes), rate (syllables 



83 

 

per minute), length (percentage of utterances ≤5 words), melody, articulation, complex 

sentences (percentage of utterances that contained one independent clause and one or more 

dependent clauses), errors (percentage of grammatical, syntactic, or morphological errors), 

content units (units that conveyed information), paraphasias (percentage of substitutions), 

repetitions, and communication efficiency (content units/time).  

The MAIN (Gagarina et al., 2012) is a tool designed to evaluate narrative tell and re-tell skills 

in children but is also used for adults with acquired language deficits associated with 

neurological disease (see  Karpathiou, Papatriantafyllou, & Kambanaros, 2018, on the first 

MAIN results for an individual with primary progressive aphasia). The MAIN stories consist 

of coloured picture sequences developed following strict psycholinguistic criteria. While the 

MAIN examines narrative production at microstructure and macrostructure levels, for this 

study, only the macrostructure of the generated story was analysed. The primary unit for 

macrostructure analysis is the episode. The content of each picture sequence was designed to 

represent three short episodes. Each episode consists of (i) a goal statement for the protagonist, 

(ii) an attempt by the protagonist to reach the goal, (iii) an outcome of the attempt in terms of 

the goal, and iv) the internal states (IST) which initiate the goal and also express reactions. 

Each story is controlled for cognitive and linguistic complexity (Gagarina et al., 2012) and has 

a moral meaning similar to an Aesop fable. In this study, the “Baby Birds” story was used 

which depicts a mother bird flying away from the nest to find worms for her hungry baby birds. 

Six-coloured pictures in the form of a cartoon strip were presented, and one-episode was 

unfolded each time (2 pictures) for A.K. to narrate based on the pictured stimuli. A setting 

statement, which gives time and place and introduces the story’s protagonist and is scored with 

zero points for incorrect or no response, 1 point for one correct response, 2 points for reference 

to both time and place. This component is followed by three episodes. Each episode consists 

of a) the ISTs which initiate the goal and also express reactions; b) a goal which is a statement 

of an idea of the protagonist to deal with the initiating event; c) an attempt by the protagonist 

to reach the goal, which is an indication of action to obtain the goal;  d) an outcome of the 

attempt in terms of the goal, which is the event(s) following the attempt and causally linked to 

it; and e) the internal states as reaction, which is a statement defining how the protagonist(s) 

feel or think about the outcome or an action resulting from an emotional response (Gagarina et 

al., 2012). The first author transcribed the samples verbatim and analysed each sample using a 
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17-point scoring system following the tool construction guidelines (Gagarina et al., 2012: 126-

127). 

The Procedural Discourse task is considered a semi-spontaneous speech production task that 

assesses discourse ability following the main concept analysis (MCA) procedure (Richardson 

& Dalton, 2016). The MCA quantifies the degree to which the speaker is able to communicate 

the overall gist of an event, and it provides a means to evaluate how accurately and completely 

the concepts considered to be essential to the shared topic are produced. A.K. was instructed 

to verbally provide the steps taken in order to prepare a sandwich. The generated language 

sample was analysed using the MCA procedure referring to the ten main concepts. The total 

number of main concepts expected to be produced was analysed and measured based on the 

concept content as listed below: 

(1) Get the bread out. 

(2) Get two slices of bread//halved bread. 

(3) Get the butter. 

(4) Get the (rest of the ingredients i.e. ham, cheese, etc.) 

(5) Get a knife. 

(6) Put/place the bread on the plate. 

(7) Put/spread butter on bread. 

(8) Put the ingredients (i.e. ham, cheese, etc) on bread 

(9) Put the two pieces together. 

(10) Cut the sandwich in pieces 

The first five steps comprise of concepts concerning retrieving the ingredients needed, the 

following four steps include concepts concerning ingredient assembly, and the final concept 

describes the final appearance of the target (sandwich) prior to serving it. The first author 

transcribed the samples verbatim and analysed each sample using a binary scoring system of 

“1” for correct information and “0” for incorrect/missing information.  

For all spontaneous and narrative tasks, the second author rated the samples for length, content 

and structure according to the protocols used as reported above. Point-by-point interrater 

reliability ranged from 94% to 100% and in the case of disagreement consensus was reached 

after discussion.  
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The SAQOL-39g has been translated and culturally adapted into Greek for use in Greece with 

PWA (Kartsona & Hilari, 2007). The Greek SAQOL-39g shows good reliability and validity 

(Eftsratiadou et al., 2012) as a measure of health-related quality of life in people with stroke, 

including those with aphasia. An interview with A.K. and the first author took place prior to 

the therapy study where the SAQOL-39 was used to collect the relevant information. 

2.6 Case study design 

 Baseline phase 

During the baseline phase, the six assessment measures were administered one week prior to 

the treatment phase. At the same time, a T1-weighted MRI image was obtained from the 

participant in order to accurately locate the stimulation target using the neuronavigation system 

(ANT NEURO). Neuronavigated positioning of the stimulation coil allowed for repeated 

accuracy of the stimulation site at all treatment times. Single-pulse TMS was performed to 

establish the resting motor threshold (RMT) with the Magstim Rapid 2® Stimulator connected 

to a 70 mm figure-8 air cooled coil (Magstim Co., Wales, UK). Surface electromyography 

(EMG) leads were placed over the first dorsal interosseous (FDI) muscle of the left hand. A.K. 

was seated comfortably, with her left arm supported on a pillow. Full muscle relaxation was 

maintained through visual and online EMG monitoring. The coil was then placed over the 

primary motor cortex of the right hemisphere at the optimal site for obtaining a motor evoked 

potential (MEP) in the FDI of at least 50 μV in five or more of 10 consecutive stimulations of 

the left hand. MEP was projected at intensity 55 by using a computerized adaptive parameter 

estimation through sequential testing (PEST; Borckardt et al., 2006), with the software TMS 

Motor Threshold Assessment Tool, MTAT 2.0 (Awiszus & Borckardt, 2010).  

 Therapy phase 

During the therapy phase, the iTBS protocol was applied using the Magstim Rapid2® 

stimulator (Magstim Co., Wales, UK) with intensity set at 44, which was 80% of the MEP 

obtained from the right hemisphere. The figure-8 coil was positioned tangentially to the skull, 

with the handle parallel to the sagittal axis pointing occipitally. Stimulation consisted of bursts 

of three pulses at 50 Hz given every 200 milliseconds in two second trains, repeated every 10 

seconds over 200 seconds for a total of 600 pulses (Huang et al., 2005). Based on A.K.’s MRI 

images, the Visor 2.0 neuronavigation suite (ANT-Neuro, Enschede, Netherlands) was used 
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for image pre-processing, tissue segmentation, and registration into standard stereotaxic space. 

The stimulation target was defined in the left DLPFC by using the Talairach coordinates x=-

40, y= 34, z = 29 (Barbey, Koenigs, & Grafman, 2013; Wager & Smith, 2003). This technology 

enabled reliable three-dimensionally precise reapplication of rTMS throughout the study. A.K. 

received one session of iTBS each day for 10 consecutive days, followed immediately by 30 

minutes WM training with the RehaCom Working Memory (WOME) software (Hasomed 

GmbH, DE.). The WM training task was a card game making use of a complete card deck (52 

cards). During the training AK had to memorise and manipulate an increasing number of cards 

presented on the computer screen. During the initial levels of training, she was required only 

to remember the items (e.g., remember a short series of cards and replicate in the same order) 

whilst at higher levels additional tasks were introduced to influence the memory process (e.g. 

memorize only the cards of a certain suit from the presentation of various cards). A.K. 

constantly received feedback driven by the software about her performance, and the degree of 

difficulty was adapted at each level based on her results.  

 Post-therapy and Follow-up phases 

The post-therapy/follow-up phase consisted of two time points. The outcome (assessment) 

measures were administered immediately post-therapy and again three months after treatment 

had ended at the follow-up phase. The purpose of the immediate post-therapy testing was to 

determine any short-term effects, and of the follow-up phase, to determine any long-term 

effects. Figure 2.6.1 represents a schematic overview of the study design. 

 

Figure 2.6.1. Schematic overview of the study design 



87 

 

2.7 Results 

The McNemar non-parametric test (1947) was used to detect clinical change post-treatment. 

The McNemar’s test was applied to 2 × 2 contingency tables with a dichotomous trait, with 

matched pairs of items, to determine whether the row and column marginal frequencies are 

equal. For this study, each item of the outcome assessment measures (i.e. Word 

Comprehension, Commands, Complex Ideational Material, etc.) was evaluated and 

characterized as success or failure taking the values zero and one respectively.  For example, 

in the Word Comprehension subtest, 16 items were identified and characterized as correctly 

retrieved (success) or incorrectly retrieved (failure) for the three time points (baseline, post-

therapy and follow-up) with the McNemar test. The same procedure was carried out for the 

BDAE subtests, (excluding the cookie theft description), the RCPM, the Procedural Discourse 

task, and the MAIN narrative. Comparisons were performed between baseline and post-

therapy, baseline and follow-up, as well post-therapy and follow-up using the McNemar test.  

All assessment measures were completed at three time points – baseline testing was carried out 

one week prior to the intervention, post-therapy testing was performed immediately following 

the intervention, and follow-up assessment was completed three-months after treatment was 

terminated.  

With regards to the first research question whether WM training would generalize to untrained 

WM and fluid intelligence tasks (near-transfer effect), the baseline and post-treatment result 

from the RehaCom WM screening and the RCPM were analysed. Overall, there was no 

statistically significant improvement on the RehaCom WM screening measure. A graphic 

representation of the WM screening results can be seen in figure 2.7.1.   
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Figure 2.7.1 Schematic representation of the RehaCom WOME screening test results showing (a) an 

increase in correct responses during the post-therapy phase; (b) a decrease in errors post-therapy; and 

(c) decrease of positional errors during follow-up. 

 

The results of the RCPM using the McNemar’s test, revealed a statistically significant 

difference in the proportion of correct overall scores between baseline and post-therapy, p = 

0.01 (See Table 2.7.1). At baseline, A.K. received a raw score of 24/36 (69%) which improved 

to 34/36 (94%) at the post-therapy phase. 

Table 2.7.1. Raw scores (% correct) on the RCPM at baseline, post-therapy and follow-up 

 Baseline 
Post- 

therapy 

Follow

- up 

p-value (two-tailed) 

Baseline & 

Post-therapy 

Baseline & 

Follow-up 

Post-therapy & 

Follow-up 

Raven (Subset A) 67% 92% 83% p=0.38 p=0.50 p=1.00 

Raven (Subset AB) 67% 100% 83% p=0.13 p=0.50 p=0.50 

Raven (Subset B) 75% 92% 83% p=0.50 p=1.00 p=1.00 

Raven 69% 94% 83% p=0.01 p=0.13 p=0.22 
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With regards to the second research question whether WM training would generalize to 

untrained receptive and expressive language and functional communication tasks, statistical 

analysis was performed on results from (i) the BDAE-SF, (ii) the Procedural Discourse task 

and (iii) the MAIN telling task but not for the personal stroke narrative. To determine far-

transfer treatment effects A.K.’s performance on the above-mentioned language tools was 

investigated from baseline to post-therapy phases.  

 A) BDAE-SF 

Based on the Summary Profile of the standard subtests of the BDAE-SF (Messinis et al., 2013), 

improvements were measured in overall percentages and percentiles. Raw scores (% correct) 

in Table 2.7.2 show that A.K. improved in four language tasks relative to baseline scores, at 

post-therapy, and at 3 months follow-up. With regards to overall Auditory Comprehension 

performance, A.K. improved from 77% (at baseline) to 82% (post-therapy). When looking at 

the individual subtest percentile ranks, A.K.’s performance on the Commands subtest, 

improved from the 40th percentile (at baseline) to the 70th percentile (post-therapy). Her 

performance on the Complex ldeational Material subtest also showed improvement, from the 

30th percentile (at baseline) to the 50th percentile (post-therapy). However, the McNemar’s 

test of A.K.’s performance on the overall BDAE-SF Expressive Language scale revealed no 

statistically significant difference in performance between baseline and post-therapy (p = 0.13). 

Nevertheless, for the Responsive Naming task A.K. showed a substantial improvement from 

the 40th percentile at baseline to the 100th percentile post-therapy. Furthermore, the 

McNemar’s test revealed no statistically significant difference in performance related to the 

Reading subtest between baseline and post-therapy (p = 0.05). Based on the percentile ranks, 

A.K.’s Oral Sentence Reading improved from the 70th percentile (at baseline) to the 100th 

percentile (post-therapy). 
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 Table 2.7.2. Raw scores (% correct) on subtests of the BDAE at baseline, post-therapy and follow up 

 Baseline Post-therapy Follow-up 

p-value (two-tailed) 

 

Baseline & Post-

therapy 

Baseline & Follow-

up 

Post-therapy & 

Follow-up 

Word Comprehension 100% 100% 100% p=1.00 p=1.00 p=1.00 

Commands 80% 80% 90% p=1.00 p=1.00 p=1.00 

Complex Ideational Material 50% 67% 83% p=1.00 p=0.50 p=1.00 

Auditory Comprehension 77% 82% 91% p=1.00 p=0.25 p=0.63 

       

Automated Sequencing 100% 100% 100% p=1.00 p=1.00 p=1.00 

Word Repetition 100% 100% 100% p=1.00 p=1.00 p=1.00 

Sentence Repetition 100% 100% 100% p=1.00 p=1.00 p=1.00 

Response Naming 60% 100% 90% p=0.13 p=0.25 p=1.00 

Boston Naming 100% 100% 100% p=1.00 p=1.00 p=1.00 

Screening of Spatial Categories 100% 100% 100% p=1.00 p=1.00 p=1.00 
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Expressive Language 93% 100% 98% p=0.13 p=0.25 p=1.00 

(table 2.3 continued)       

Matching Cases & Scripts 100% 100% 100% p=1.00 p=1.00 p=1.00 

Number match 100% 100% 100% p=1.00 p=1.00 p=1.00 

Picture-word match 75% 75% 75% p=1.00 p=1.00 p=1.00 

Oral Word Reading 100% 100% 100% p=1.00 p=1.00 p=1.00 

Oral Reading of Sentences 60% 100% 80% p=0.50 p=1.00 p=1.00 

Oral Reading of Sentences 

 w/ Comprehension 
100% 100% 100% p=1.00 p=1.00 p=1.00 

Silent Reading of Sentences 

 w/ Comprehension 
100% 100% 100% p=1.00 p=1.00 p=1.00 

Reading 92% 97% 95% p=0.50 p=1.00 p=1.00 
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A.K.’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol 

(Shewan, 1988) designed to describe and quantify connected speech (see Table 4). The 

language sample collected at each time point, was not sufficient in word length to undergo 

statistical analysis hence results were compared in raw scores. There was an increase in 

sentence complexity between baseline and post-therapy (from 10% to 38%), and baseline and 

follow up. Also, a small improvement in communication efficiency which reflects the rate at 

which information is conveyed by the speaker (number of content units divided by time), 

between baseline and post-therapy (from 14.40 to 15.00) was noted but at follow-up, 

communication efficiency had reverted to baseline performance. No paraphasias were 

produced in any of the stroke narrative samples. Overall, based on the numerical values 

collected, there was no increase in the number of utterances, number of words produced, rate 

of speech, sentence length, melody, articulation, content units, error productions, and 

repetitions after therapy (see Table 2.7.3). 
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Table 2.7.3. A.K.’s personal stroke narrative analysis based on the SSLA. 

Phase Number of  

Utterances 

Number of 

Words 

Rate  

(No. of 

syllables/time) 

Length 

(% of 

utterances 

< 5 words) 

Melody 

(Scale 1-7; 

1=absent, 

7=normal) 

Artic. 

(Scale 1-7; 

1=always 

impaired, 

7=normal) 

Complexity 

score (% of 

utterances 

that contain 

one 

independent 

clause & one 

more 

dependent 

clause) 

% of Errors 

(grammatical/

syntactic/mor

phological) 

Number 

of C.U.s 

% of 

repetitions 

Communication  

Efficiency 

Score 

(No. of content 

units/time) 

Baseline 20 127 128.40 50% 4 7 10% 25% 35 15% 14.40 

Post-

Therapy 

8 60 110.00 13% 4 7 38% 25% 18 38% 15.00 

Follow-

up 

12 96 111.06 8% 4 7 25% 25% 25 33% 14.42 

Key: utt=utterances; artic=articulation; compl=complexity; para’s=paraphasias; reps=repetitions 
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The Cookie Theft picture description was analysed by measuring the total number of words 

produced (Nicholas & Brookshire, 1993) and number of Content Units produced (Berube et 

al., 2019) as indicated below (see Figure 5). These results were compared in raw scores. The 

results revealed an increase in the number of total words produced (at baseline n=57 words, 

post-therapy n=87 words, follow-up n=56 words) and content units (CUs) produced (baseline 

n=17 CUs, post-therapy n=27 CUs, follow-up n=18 CUs). 

  

Figure 2.7.2 Results of the Cookie Theft Analysis showing an increase in the number of words and 

content units produced between baseline and post-therapy phases. 

 B) Procedural Discourse 

Procedural Discourse (see Table 2.7.4) was analyzed using the McNemar test. There was no 

statistically significant difference between baseline and post-therapy performance (p = 1.00), 

baseline and follow-up (p = 0.50), post-therapy and follow-up (p = 1.00).   

Table 2.7.4. Raw scores (% correct) on the procedural discourse task at baseline, post-therapy and 

follow-up 

 Baseline Post- 
therapy 

Follow- 
up 

p-value (two-tailed) 

Baseline & 
Post-therapy 

Baseline & 
Follow-up 

Post-therapy 
& Follow-up 

Procedural 
Discourse 40% 50% 60% p=1.00 p=0.50 p=1.00 
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 C) MAIN 

The McNemar test revealed no statistically significant difference in the proportion of correct 

outcomes on the MAIN between baseline and post- intervention (p = 0.38). However, 

improvement was noted for a) the setting statement during post-therapy and follow-up; b) the 

IST as initiating event and IST as reaction of the second episode during post-therapy and 

follow-up; c) the outcome of the second episode during post-therapy; d) and IST as initiating 

event of the third episode during follow-up (see Table 2.7.5).  

Table 2.7.5. Raw scores (% correct) on the MAIN at baseline, post-therapy and follow-up  

 Baseline 
Post-

therapy 

Follow-

up 

p-value (two-tailed) 

Baseline & 

Post-therapy 

Baseline & 

Follow up 

Post-therapy & 

Follow-up 

Baby Bird-story 31% 50% 56% p=0.38 p=0.13 p=1.00 

 

In relation to the third research question regarding whether any generalization effects were 

maintained at 3 months follow-up, there is evidence of some positive effects and even a trend 

for further improvement after treatment was terminated as reported below. Although the RCPM 

follow-up results were lower than at post-therapy, they remained higher than baseline 

performance (Table 2.7.1). 

Based on the McNemar’s test there was no statistically significant difference in the overall 

BDAE Auditory Comprehension performance between baseline and follow-up (p = 0.25), and 

post-therapy and follow-up (p = 0.63).  With regards to overall Auditory Comprehension, A.K. 

continued to improve without receiving any treatment from 82% (post-therapy) to 91% 

(follow-up). When looking at the individual subtest percentiles the Commands subtest score 

was maintained at the 70th percentile from post-therapy to follow-up. The Complex ldeational 

Material subtest score continued to improve from the 50th percentile at post-therapy to the70th 

percentile at follow-up.  

The McNemar’s test regarding the overall BDAE-SF Expressive Language score revealed no 

statistically significant differences in performance between baseline and follow-up (p = 0.25), 

and post-therapy and follow-up (p = 1.00).  
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Similarly, the McNemar’s test revealed no statistically significant difference in the proportion 

of correct words read for the Reading subtest between baseline and follow-up (p = 1.00), and 

post-therapy and follow-up (p = 1.00).   

With regards to the discourse measures, The Procedural Discourse task showed continuation 

of improvement (Table 2.7.4) between post-therapy and follow-up (from 50% to 60%; p = 

1.00).  The increase in the total number of words and number of Content Units produced during 

the Cookie Theft picture description was not maintained at follow-up. Analysis of the MAIN 

revealed a trend for continuous improvement at 3 months follow-up (from 50% to 56%). The 

McNemar test revealed no statistically significant difference in the proportion of correct 

outcomes between post-therapy and follow-up (p = 1.00). 

With regards to the fourth research question investigating whether overall QoL would improve 

after treatment, the self-rated SAQOL-39 was analysed by comparing the mean scores (see 

Figure 6). A.K.’s responses indicated that her QoL improved between baseline (M = 4.69) and 

post-t therapy (M = 4.90) by 4% and was maintained at follow-up (M = 4.93). 

  

Figure 2.7.3. Mean scores on the SAQOL-39g at baseline, post-therapy and follow-up. 

2.8 Discussion 

The main aim of the study was to obtain preliminary evidence from a pilot case study on 

whether using NIBS combined with computerized WM training would boost language 

recovery in a single participant with post-stroke chronic aphasia. To the best of our knowledge, 
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the present study is the first to examine the combined effects of applying the iTBS protocol 

with RehaCom WM training for rehabilitation of aphasia. The effects of the 10-day combined 

iTBS and WM computerized treatment  were measured on the RehaCom Working Memory 

Screening Task (Hasomed GmbH, 2017), the RCPM (Raven, 2000; Sideridis et al., 2015), the 

BDAE-SF (Messinis et al., 2013), the MAIN (Gagarina et al., 2012) and the SAQOL-39 

(Eftsratiadou et al., 2012) and were analysed to determine the near-transfer effects of WM and 

the far-transfer effects of fluid intelligence and language functioning, and the effects of the 

treatment on QoL. The investigation of this proposed treatment is an important issue as it is 

provided for a short period of time (10 days) and is based on evidence (i.e. Lundqvist et al., 

2010; Papazachariadis et al., 2014; Salis et al., 2017) documenting positive treatment effects 

of NIBS and CACR independently (see introduction), but not combined to address the needs 

of PWA.  

To assess treatment efficacy the outcome measures were compared at the different time points, 

that is, between baseline and post-treatment, baseline and follow-up, and post-treatment and 

follow-up. The findings from this pilot study on a single case lend support to the evidence that 

(i) WM interacts with language abilities and deficits in WM influence language performance 

(i.e. Murray, 2012); (ii) applying iTBS to the LDLPFC results in improved WM performance 

(i.e. Demeter et al., 2016; Hoy et al., 2016); (iii) computerized WM training can have positive 

outcomes on WM tasks (i.e. Lundqvist et al., 2010);  (iv) chronic aphasia has a negative effect 

on QoL (i.e. Manning et al., 2019). 

 Near-transfer effects of iTBS to the LDLPFC combined with WM training 

Results from the RehaCom WM screening (Figure 3) revealed a trend for improvement that 

did not reach statistical significance. The results are in agreement with previous research 

showing a non-significant improvement in WM post-training, despite a steady improvement 

over the duration of the training sessions albeit in healthy ageing adults (Barbu et al., 2017). In 

general, the RehaCom WM training program has scarcely been used for PWA. Future research 

is needed to clarify how useful RehaCom as a method of CACR is beneficial for aphasia 

recovery. In contrast to the expectation that WM would improve after the 10-day treatment, the 

effect was insignificant with a minor improvement in the number of correct responses (+1) and 

positional errors (-1) produced between baseline and post-therapy only. These results are in 

contrast with previous research indicating that computerized WM training improves WM 
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abilities after acquired brain injury (e.g. Lundqvist et al., 2010; Westerberg et al., 2007), but 

this contradiction could be due to the short training period (10 days) and/or that only one 

outcome measure was used to measure WM improvement and multiple baselines were not 

obtained to provide sufficient information for comparative purposes. 

 Far-transfer effects of iTBS to the LDLPFC combined with WM training  

A.K. had moderate anomia with significant word retrieval difficulties during connected speech. 

Difficulties were noted also with auditory comprehension, other expressive language abilities 

and certain cognitive functions. Based on her language and cognitive profile, it was 

hypothesised that stimulation of the DLPFC combined with WM training would result in 

improved scores on untreated WM and language tasks. Significant treatment effects were found 

on the RCPM, a non-trained measure that indicates improvement and far-transfer effects of Gf 

(non-verbal intelligence). This finding is in line with results from a study where significant 

improvements in Gf resulted following cognitive intervention combined with different 

transcranial electrical brain stimulation protocols (Brem et al., 2018). The findings support the 

notion that Gf can be improved with WM training (Engle et al., 1999; Friedman et al., 2006; 

Unsworth et al., 2014) and DLPFC stimulation (Brem et al., 2018). 

The BDAE-SF results revealed improved language skills on the untrained tasks, even though 

they failed to reach statistical significance. Specifically, there were improvements in Auditory 

Comprehension, Commands and Complex Ideational Material subtests. This improvement in 

auditory comprehension is consistent with results from previous studies that used WM training 

to improve receptive language abilities in PWA (Eom & Sung, 2016; Harris, et al., 2014; Salis, 

2012; Salis et al., 2017; Zakariás et al.,2016). To the best of our knowledge, no other research 

so far has explored improvements following WM training with regards to responsive naming 

or sentence reading.  

Narrative discourse was elicited with three types of tasks: a spontaneous speech sample and 

the cookie theft picture description from the BDAE-SF (Messinis et al., 2013), and the baby 

bird story from the MAIN (Gagarina et al., 2012). A positive trend towards improvement in 

discourse was noted for all three tasks, with a marked improvement at the post-therapy phase. 

There is evidence to support higher scores on WM measures are associated with better 

discourse production abilities in people with brain injury (Youse & Coelho, 2005).  
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Procedural Discourse analysis was based on the analysis developed by Richardson and Dalton 

(2016). A.K.’s improved results from baseline, to post-therapy and follow-up are in agreement 

with research from the aphasia literature on discourse (e.g., Andreetta, Cantagallo, & Marini, 

2012; Capilouto, Wright, & Wagovich, 2006; Fergadiotis & Wright, 2011; Ulatowska, North, 

& Macaluso-Haynes, 1981). From the aforementioned studies, only one study was specifically 

directed to procedural discourse (Ulatowska et al., 1981), with the more recent studies 

(Andreetta et al., 2012; G. J. Capilouto et al., 2006; Fergadiotis & Wright, 2011) exploring all 

aspects of discourse production, including narratives, revealing that as aphasia severity 

increases, quality and quantity of relevant discourse decreases.  

The fact that A.K. did not rate her QoL as severely affected at the time of the study is in line 

with previous research reporting that PWA in the chronic stage often perceive their QoL as 

adequate, suggesting that with the passing of time individuals adapt to living with aphasia 

(Spaccavento et al., 2013). Nevertheless, improvement in her overall QoL was noted from 

baseline to post-therapy and maintained at follow-up. This is in agreement with the QoL 

literature that improvement in the severity of language deficits brings about an improvement 

in QoL (Spaccavento et al., 2014). Moreover, the results are consistent with what has been 

found in previous research, that non-verbal cognitive impairments may significantly affect QoL 

in PWA and are potentially important predictors to improvement (Nicholas et al., 2017). In 

addition to the measured results, A.K. reported noticing improvement in daily word-retrieval 

tasks, specifically with numbers. Prior to the treatment, she would count her fingers to acquire 

a number, but post-therapy she and her family noticed that counting was often being done 

mentally. This translational improvement has real-world meaning for A.K. 

Overall, the finding of a significant improvement in non-verbal intelligence and the trends for 

improvements in language abilities are indicative that computerized WM training and 

stimulation of the LDLPFC are areas of interest for future exploration towards facilitating 

language recovery in PWA. This pilot case study may provide insights towards directions for 

further investigation, and a guide to the design of a more rigorous research program with larger 

numbers of participants.  

2.9 Study limitations 

The major limitation of the present study is that the outcome measures were taken only at three 

time- periods and as such did not meet the criteria for a single subject experimental design. The 
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single-subject design requires multiple baseline scores with the minimum of two timepoints 

prior to treatment (see Howard, Best, & Nickels, 2015). In this case, it was not feasible to 

undertake multiple baseline measures due to A.K.’s time constraints to return to the United 

Kingdom to resume her studies. This study was a first investigation of the relationship between 

computerized WM training followed by iTBS application to the LDLPFC in order to 

investigate potential language improvement in one individual with post-stroke chronic aphasia. 

It is important to note that results were based on a single WM outcome measure as well as 

insufficient length of spontaneous speech samples.  As such, the results cannot be considered 

representative of how efficacious computerised WM training and LDLPFC stimulation is 

towards language improvement in PWA. Nevertheless, the trend for improvement highlights a 

relationship worthy of continued investigation.  Future research should incorporate a wider 

variety of WM measures, auditory comprehension, and discourse measures. 

2.10 Conclusion 

This pilot case study suggests that stimulation of the LDLPFC combined with computerized 

WM training after left hemisphere stroke has the potential to generalize to language 

improvements. Improvement was not related to spontaneous recovery, since the participant was 

well in the chronic stage and did not receive additional therapy prior, during or after the 

treatment phase. A larger number of participants would provide more reliable results. The 

treatment results are encouraging as this treatment protocol seems to be efficacious towards 

improvement in non-verbal intelligence that boosts language improvements. The results are 

promising although the overall level of improvement is small, but this should not be 

discouraging as these results are based only on one case.  

It is clinically and theoretically important to investigate whether brain stimulation and WM 

training operate synergistically as an underlying treatment approach that enhance cognitive and 

language processing networks.  It is critical to further investigate whether such combined 

treatment protocols will be taken on as new methods for post-stroke aphasia rehabilitation in 

the future.  

This chapter was a pilot study that preceded the main study, and it was performed in order to 

appraise the assessment tools and treatment outcomes.  This case study projected positive 

outcomes with statistically significant improvements in non-verbal intelligence (RCPM) and 

clinical improvements in WM, receptive and expressive language, and QoL, without adverse 



101 

 

side effects. This treatment was deemed worthy to investigate further in the main study while 

adapting it to a multiple baseline singe-case design to achieve more statistically robust results. 

The pilot study was submitted for publication in the Aphasiology journal and it is under review. 

The next chapter elaborates how the main study’s data were obtained and analysed, followed 

by the results, and discussion. 

2.11 Treatment delivery fidelity  

The treatment protocol is reported in accordance with The Template for Intervention 

Description and Replication (TiDier) checklist (Hoffmann et al., 2014), which was used to 

ensure this procedure can be replicated in the future. Treatment was delivered as planned and 

described in the procedure section without modifications during the implementation. 
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3 METHODOLOGY AND PROCEDURES 

Findings from the pilot case study in chapter 2, revealed that stimulation of the LDLPFC 

combined with computerized WM training after left hemisphere stroke has the potential to 

generalize to language improvements. A larger number of participants would provide more 

reliable results. In this chapter the principal study is described as follows: (1) the participant 

recruitment procedure along with the inclusionary/exclusionary criteria, (2) the study design, 

(3) the data collection and procedures, along with the equipment used, (4) a description of the 

iTBS and WM training treatment protocols, and (5) any ethical considerations. 

3.1 Participants 

The study was carried out at the Cyprus University of Technology (CUT) Rehabilitation Clinic. 

The participants were obtained through public announcement and advertisement in the media 

and social networks, by posting in private and public hospital announcement boards, through 

direct contact with medical doctors, and through rehabilitation centres’ and the Cyprus Stroke 

Association. Ethical approval was obtained from the Cyprus National Bioethics Committee. 

Informed consent was obtained prior to participating in the study. Participants in the study were 

residents of Cyprus, diagnosed with mild or moderate aphasia following a first-time left 

hemisphere (LH) stroke. The inclusion/exclusion criteria were made known as indicated in 

table 3.1.1 below. 

Table 3.1.1. Inclusion/exclusion Criteria 

Inclusion Criteria Exclusion Criteria 

a) Native Cypriot-Greek speakers a) severe aphasia  

b) first-time single left hemisphere stroke, 

confirmed with an MRI  

b) damaged dorsolateral prefrontal cortex area as 

identified in the MRI 

c) fluent or non-fluent aphasia as indicated in 

their medical file 

c) Traumatic Brain Injury 

d) presence of aphasia d) history of psychiatric or other neurological 

illness 

e) right-hand dominance e) history of depression 
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g) intact comprehension at the single-word level f) history of epilepsy/seizures 

h) chronological age between 21-79 years g) pregnancy 

 h) color-blindness or other visual disorders/visual 

neglect 

 i) unaided moderate-severe hearing loss 

 k) significant general medical problems including 

liver, cardiac, or renal dysfunctions 

 l) current alcohol or drug abuse 

The recruitment phase was carried for a period of 20 months and although 30 persons applied 

to participate in the study (N=30), 7 completed the study (N=7), of which 5 were included in 

the main study (N=5). The participant selection which relied on the inclusion and exclusion 

criteria is described in Figure 3.1.1 below. 

 

Figure 3.1.1. PRISMA (Liberati et al., 2009) flow chart for the participants selection 
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The first two participants were recruited for the pilot study to verify that all pre-therapy and therapy 

procedures were appropriate for prospective participants of the main study. In particular, the first 

participant suffered a LH stroke but did not exhibit aphasia, and therefore participated in the 

pilot study to appraise the instrumental and assessment procedure. The second participant 

fulfilled the criteria and is described as a case-study in chapter 2. The five participants’ 

background details and demographics are listed in table 3.1.2 below.  

Table 3.1.2. Background details of participants. 

Participant Initials Gender Age Time post onset Aphasia type 

1) I.A. M 68 17 months Mild Expressive 

2) C.S. M 63 1 month Mild Receptive 

3) S.H. M 54 9 months Moderate Global 

4) C.G. M 35 1 month Moderate Expressive 

5) F.C. M 71 3 months Moderate Global 

 

Participant #1 (I.A.) was a 68-year old male who suffered an ischemic LH ischemic stroke 

one-and-a-half-years prior to the study. Although the current MRI (Figure 3.1.2) did not show 

visual evidence of CVA damage, the initial medical examination report indicated left 

hemisphere ischemic stroke, characterized with severe dysarthria. The participant had received 

speech-language therapy during the acute phase post-stroke but did not continue thereafter. 

Ever since, he had been experiencing mild expressive aphasia with severe dysarthria and 

unintelligible speech. He was experiencing increased salivation, with difficulty controlling and 

swallowing the saliva. Otherwise, he did not report any additional swallowing difficulties. He 

did not suffer from any paresis or paralysis. He was a retired construction worker with 7 years 

of elementary school education. He lived with his wife and was able to care for himself. Based 

on the Instrumental Activities of Daily Living (IADL) questionnaire, which was filled by his 

wife, he only required assistance for laundry duties. The participant’s Beck’s Depression 

Inventory (BDI-II) questionnaire score was 13, which was considered within normal limits 

(>17 possibility for depression; Giannakou et al., 2013; Kosmidou & Roussi, 2002).  
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Figure 3.1.2. Participant #1 (I.A.) MRI. Lateral left view of the participant’s brain, which was used 

with neuronavigation to locate the DLPFC. Post CVA lesion was not visible at MRI. The participant’s 

CVA was confirmed with written medical referral dated February 2017.  

 

Participant #2 (C.S.) was a 63-year old male who suffered a LH ischemic stroke one month 

prior to this study. He did not receive any speech-language therapy. He had been experiencing 

mild receptive aphasia with short-term memory and verbal information comprehension 

difficulties. He was a retired food and beverage employee and remained as a hobby farmer, 

with 12 years of school education. Although this participant’s brain damage was not visible on 

the current MRI (Figure 3.1.3), the previous MRI report dated 45 days prior to entering the 

treatment study (dated October 5, 2018), indicated the presence of an acute ischemic stroke in 

the medial temporal lobe. Mr. C.S. lived with his wife and did not suffer any paresis or paralysis 

as he was able to drive and to care for himself with minimal assistance. Based on the IADL 

questionnaire, which was reported by his daughter, 1) he could answer the phone but did not 

use it spontaneously; 2) he was accompanied by another person during shopping activities; 3) 

he could prepare a meal if the ingredients were provided; 4) he could carry out some daily 

housekeeping tasks; 5) he could drive but was always accompanied by someone else; 6) he was 

able to take his medication if someone prepared it in doses but occasionally forgot; and 7) he 

was able to independently manage  financial tasks. The participant’s BDI-II questionnaire score 
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was 17, which was considered within normal limits (>17 possibility for depression; Giannakou 

et al., 2013; Kosmidou & Roussi, 2002).   

Figure 3.1.3. Participant #2 (C.S.) Reported findings of the current MRI noted two small areas of low 

signal intensity involving the subcortical white matter of the left occipital lobe and the left temporal 

lobe which were compatible with small areas of brain parenchymal loss. 

 

Participant #3 (S.H.) was a 54-year old male who suffered a LH ischemic stroke nine months 

prior to entering this study. His MRI report dated March 5, 2018 indicated hypodense area in 

the left parietal lobe, corresponding to the occipital horn of the left lateral ventricle, indicating 

the presence of ischemia. His current MRI (Figure 3.1.4.) shows the lesion in the left parietal 

lobe. He was experiencing moderate global aphasia with moderate to severe apraxia of speech. 

He was an electrician with 12 years of school education. Mr. S.H. lived with his wife and 

required assistance and supervision to manage his daily activities as he suffered from moderate 

right-side hemiparesis. Based on the IADL questionnaire, which was reported by his wife, 1) 

he could answer the phone but did not use it spontaneously; 2) he was unable to perform 

shopping activities; 3) meals were required to be prepared and served by someone else; 4) he 

was unable to carry out any daily housekeeping tasks, including laundry; 5) moving and 

travelling was limited and could be accomplished with assistance; 6) he was able to take his 

medication if someone prepared the doses; and 7) he could not manage  financial tasks. The 

participant’s BDI-II questionnaire score was 2, which was considered within normal limits 

(>17 possibility for depression; Giannakou et al., 2013; Kosmidou & Roussi, 2002). 
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Figure 3.1.4. Participant #3 (S.H.) MRI. Findings of the current MRI showed an extensive area of 

brain parenchymal loss associated with perifocal gliosis, involving the left parietal lobe extending 

inferiorly to the anterior left temporal lobe and also posteriorly to the left occipital lobe. The above 

caused significant ex vacuo dilatation of the left lateral ventricle. Prominence of the third ventricle 

was also noted. In addition, subtle hypointensity involving the left corticospinal tract, causing 

asymmetry of the cerebral peduncles and pons was noted, compatible with a left-sided Wallerian 

degeneration. 

Participant #4 (C.G.) was a 35-year-old male who suffered a LH ischemic stroke one month 

prior to entering this study. Therefore, repeated weekly baselines were administered until the 

participant had demonstrated stable results in the assessments. A total of 5 baselines were 

administered. The pre-therapy phase was terminated when the tests showed similar results as 

the last 2 baselines. He did not receive any speech-language therapy. He was experiencing 

moderate expressive aphasia with major word retrieval difficulties, syntactic impairments, and 

minor comprehension difficulties. He was a university graduate with a bachelor’s degree and 

was working as a police officer. He did not suffer any paresis or hemiparesis. Based on C.G.’s 

initial medical report dated December 3, 2018, he suffered an ischemic CVA at the posterior 

part of left frontal lobe, anterior and middle part of left parietal lobe, part of the temporal and 

posterior part of the Isle of Reil. His current MRI (Figure 3.1.5.) shows the exact area of lesion. 

He lived with his wife and two toddlers and was able to carry out most daily activities without 

assistance. Based on the IADL questionnaire, which was reported by his wife, he only required 

assistance for transportation by car and to manage financial tasks. The participant’s BDI-II 

questionnaire score was 5, which was considered within normal limits (>17 possibility for 

depression; Giannakou et al., 2013; Kosmidou & Roussi, 2002). 
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Figure 3.1.5. Participant #4 (C.G.) MRI. Findings of the current MRI report showed evidence of 

extensive low signal intensity involving mainly the cortex and subcortical white matter of the left 

parietal lobe and extending inferiorly to the level of the left insula. Subtle hypointensity of the deep 

white matter of the left parietal lobe was also noted. 

Participant #5 (F.C.) was a 71-year-old male who suffered a LH ischemic stroke 3 months 

prior to entering this study. F.C.’s medical report (dated February 2, 2019) indicated damage 

to the left front-temporal lobe at the head of the caudate nucleus and lenticular nucleus due to 

ischemic CVA. He was experiencing moderate global aphasia with major word retrieval 

difficulties and moderate comprehension difficulties. He did not receive any speech-language 

therapy. His current MRI (Figure 3.1.6.) shows the lesion to the LH frontotemporal lobe.  Mr. 

F.C. completed 6 years of elementary education and lived with his wife. Although initially he 

experienced right side hemiparesis, those difficulties were resolved during the first month of 

recovery post stroke. He was able to carry most daily activities with minimal assistance. Based 

on the IADL questionnaire, which was reported by his wife, he only required assistance for 

transportation by car and to manage financial tasks. The participant’s BDI-II questionnaire 

score was 4, which was considered within normal limits (>17 possibility for depression; 

Giannakou et al., 2013; Kosmidou & Roussi, 2002).  
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Figure 3.1.6. Participant #5 (F.C.) Reported findings of the current MRI noted hypointensity of the 

left basal ganglia. An area of gliosis and scattered areas small areas of parenchymal loss involving 

the left parietal lobe and the extending slightly to the left frontal lobe were also noted. In addition, 

there was evidence of mild ex vacuo dilatation of the body and frontal horn of the left lateral 

ventricle.  

3.2 Study Design 

The main study employed a single-case multiple baseline (MB) design comprising of three 

phases (Howard et al., 2015; Thompson, 2006): 1) Pretherapy or “baseline” testing phase; 2) a 

therapy phase; and 3) a post-therapy/follow-up phase. Single-case experimental designs are 

important tools for determining whether improvement is a result of treatment or of some other 

cause such as passage of time, and usually they are more effective than group studies for 

evaluating responses to the treatment whilst controlling for the effects of spontaneous recovery 

or improvements over time (Wilson, 1987). In the MB single case designs the participants serve 

as their own controls, rather than being compared to a control group (Carr, 2005). That is to 

say, that the baseline behavior of the participants is measured repeatedly before any type of 

intervention or treatment occurs and once stability of baseline behavior is established, a phase 

change occurs where conditions change from baseline to intervention phases. As the baseline 

is measured repeatedly, it allows for a prediction of the data path while no intervention occurs; 

this is then compared and contrasted with the intervention data (Carr, 2005). If the person is in 

a period of spontaneous recovery, the pre-therapy baselines will differ significantly from each 

other and the repeated testing over time should show improvement without intervention; so, 
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administering the same test on more than one occasion will project the course of further 

spontaneous recovery (Franklin, 1997). Likewise, the aforementioned author states that if no 

spontaneous recovery is occurring (see Fig.3.2.1.), then these pre-treatment baseline measures 

will not differ significantly from each other, and any significant difference in the test score 

following therapy will have demonstrated a treatment effect.  

 

Figure 3.2.1. A schematic figure of a multiple baseline design with a pre-treatment stable baseline.  

3.3 Data Collection and Procedures 

The main objective was to explore the potential domains of transfer effect after WM 

stimulation and training, and also to measure how efficacious this treatment protocol was for 

PWA. Specifically, the purpose was to investigate the combined effects of iTBS and WM 

training on WM performance as a mediator to language generalization. To address this 

objective, the following questions were posed: 

1) Does WM training generalize to trained cognitive areas as measured by untrained 

WM (near-transfer effect) and fluid intelligence tasks (far-transfer effect)?  

2) Does WM training generalize to untrained receptive and expressive language and 

functional communication tasks (far-transfer effect)?  

3) Are generalization effects maintained at follow-up 3 months post-treatment?  

4) Does overall QoL improve after treatment?  

To evaluate treatment efficacy through the precise transfer effects, the outcome measures 

included specific cognitive (non-verbal) and language (verbal) measures as reported below. 

The Template for Intervention Description and Replication (TiDier) checklist (Hoffmann et al., 

2014) was used to ensure this procedure can be replicated in the future.  

Baseline Baseline Baseline Post-
Treatment

Follow-up

Multiple-Baseline Design
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 Background Tools 

The background tools were used to fulfil aspects of the inclusion criteria as it was eminent to 

detect the presence of unilateral spatial neglect, determine handedness, and determine 

emotional status in order for the participants to proceed to the pre-testing and treatment stage 

of this study. A detailed case history was taken including personal and medical information. A 

TMS safety questionnaire (figure 3.3.1) was completed prior to entering the first stage of the 

inclusion process, followed by a screening procedure which included: (a) the Albert’s Visual 

Neglect Test (Albert, 1973) to determine unilateral spatial neglect; (b) the Edinburgh 

Handedness Inventory (Oldfield, 1971), aiming to evaluate handedness of the preferred hand 

for carrying out daily activities; and (c) the Greek adaptation of the Beck’s Depression 

Inventory-II (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961; Giannakou et al., 2013), to 

measure characteristic attitudes and symptoms of depression. 

 

Figure 3.3.1. The TMS Safety questionnaire completed for all participants prior to the study proper. 
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3.3.1.1 Albert’s Visual Neglect Test  

The Albert’s Visual Neglect Test (Figure 3.3.2.) is a screening test for patients with stroke. In 

this test, patients must cross out the randomly oriented placed lines on a piece of paper (Albert, 

1973). Unilateral spatial neglect (USN) is denoted when lines are left uncrossed on the same 

side of the page as the person’s motor deficit or brain lesion is located (Stroke Engine, 2010). 

The participant was instructed to draw a line through all the lines. 

 

Figure 3.3.2. Albert’s Visual Neglect Test 

3.3.1.2 Edinburgh Handedness Inventory 

The Edinburgh Handedness Inventory (EHI; Oldfield, 1971) is a ten-item self-report 

questionnaire aiming to evaluate handedness of the preferred hand for carrying out common 

activities such as writing and drawing, throwing, and using utensils such as a toothbrush, knife, 

and spoon (Figure 3.3.3). The participant is asked to place 1 or 2 check marks under ‘‘left’’ or 

‘‘right,’’ indicating strength of preference for each activity; 2 checks are to be used if the 

individual ‘‘would never try to use the other hand unless absolutely forced to’’ for the given 

function. In the clinical context, the EHI offers a quick method for the assessment of expressed 

hand preference (Caplan & Mendoza, 2011).  
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Figure 3.3.3. The Edinburgh Handedness Inventory 

3.3.1.3 Beck’s Depression Inventory - II 

The Beck’s Depression Inventory - II (BDI-II) is a 21-item, self-report rating inventory that 

measures characteristic attitudes and symptoms of depression (Beck, et al., 1961). Examples 

of these items include questions regarding changes in sleep patterns, difficulty concentrating, 

sadness, self-dislike, crying, loss of energy, and suicidal thoughts. These items were designed 

to capture the depression as defined by the Diagnostic and Statistical Manual of Mental 

Disorders, Fourth edition (American Psychiatric Association, 2000). The Greek adaptation of 
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BDI-II (Giannakou et al., 2013; Kosmidou & Roussi, 2002) was given to the participant to self-

evaluate their symptoms, by choosing the sentence that was more representative of their 

emotional status.  

 Assessment Tools 

A battery of tools was administered three to five times prior to treatment initiation (baseline), 

depending on the participant’s stability, on the same day upon completion of the 10-day 

treatment (post-treatment), and 3 months after completion (follow-up). The single-subject 

design requires multiple baseline scores with the minimum of two acquirements (Howard et 

al., 2015; Thompson, 2006). The repeated baselines were 7 days apart. The assessment battery 

was comprised of: 

(1) the Raven's Coloured Progressive Matrices (RCPM; Raven, 2000; Sideridis et al., 2015) 

(2) the Greek version of the Boston Diagnostic Aphasia Evaluation–Short Form (BDAE-

SF; Messinis et al., 2013) 

(3) a personal stroke narrative (following Kambanaros, 2019) 

(4) the RehaCom Working Memory Screening Task (Hasomed GmbH, 2017) 

(5) the Multilingual Assessment Instrument for Narratives (MAIN; Gagarina et al., 2012) 

(6) a Procedural Discourse task (based on Richardson & Dalton, 2016) 

(7) the Greek-version of the Stroke and Aphasia Quality of Life Scale-39 (SAQOL-39; 

Efstratiadou et al., 2012) 

3.3.2.1 Raven's Coloured Progressive Matrices (RCPM) 

The RCPM (Raven, 2000) is a non-verbal test and was originally constructed as a test of 

eductive ability (from the Latin root “educere”, meaning “to draw out’), the ability to make 

meaning out of confusion, the ability to generate high-level, usually nonverbal, representations 

which make it easy to handle complexity. It is a tool frequently used in measuring abstract 

reasoning and is regarded as a non-verbal estimate of fluid intelligence (Gf; Bilker et al., 2012). 

Raven’s tests have been used in several studies seeking to explain the link between WM and 

gF (e.g. Engle et al., 1999; Friedman et al., 2006). The RCPM is made up of a series of diagrams 

or designs with a part missing and is used to assess problem solving skills. The participants 

were asked to select the correct part to complete the designs from a number of options printed 

beneath (Raven, 2000). The test consists of 36 items in three sets of 12 (A, AB, and B) of 
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colored large-print drawings each. Set A required the participant to identify a patch in a 

continuous pattern and therefore measures the person’s ability to complete continuing patterns; 

set AB required identification of a patch of a discrete pattern, which depends on  the  person’s 

ability  to perceive  the  separate  forms  as  one  gestalt  on  the  basis  of  spatial  relations; 

and set B required the identification of a patch in a continuous pattern with discrete items which 

depends on the ability of abstract thinking (Kazem et al., 2007; Figure 3.3.4.). The participant's 

task was to deduce the theme of relations expressed among the designs and choose the missing 

figure from among the alternative set of six to correctly complete the pattern. The original book 

form displayed each item on a page in a booklet. As suggested by Raven et al. (2000) no time 

limit was assigned for either task. Participants were asked to select a piece from six alternatives 

that completed the pattern for each item by pointing to their chosen response in the stimulus 

book. The Greek version of RCPM was administered as adapted by Sideridis et al. (2015) to 

acquire a raw score of the participant’s non-verbal intellectual abilities. Performance on the 

RCPM was calculated according to the number of items correct. Every correct response was 

given 1 point, with a total score range 0-36. 

 

Figure 3.3.4. Examples of RCPM Task Sheets. A: Identification of a patch in a continuous 

pattern. AB: Identification of a patch of a discrete pattern. B: Identification of a patch in a continuous 

pattern with discrete items. 
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3.3.2.2 Boston Diagnostic Aphasia Examination – Short Form (BDAE-SF) 

The BDAE-SF (Messinis et al., 2013) is a brief aphasia assessment tool used in clinical 

evaluations for the measurement of aphasic language performance for linguistic domains 

needed to identify the specific language deficits and the exact profile of differential aphasic 

syndromes. This tool has been adapted into the Greek language and culture, and it includes five 

subsections: (1) conversational and expository speech such as simple social responses, free 

conversation, and picture description; (2) auditory comprehension including word 

comprehension, commands, and complex ideational material; (3) oral expression, such as 

automatized sequences, single word repetitions, repetitions of sentences, responsive naming, 

the Boston Naming Test – Short Form (BNT-SF), screening of special categories; (4) reading, 

including letter and number recognition, picture-word matching, basic oral word reading, oral 

reading of sentences with comprehension, reading comprehension of sentences and paragraphs; 

and (5) writing, including mechanics, dictation writing of primer words, regular phonics and 

common irregular forms, written naming, narrative writing – mechanics, written vocabulary 

access, syntax, and adequacy of content (Tsapkini, Vlahou, & Potagas, 2009; Messinis et al., 

2013). For the purposes of this study, only Auditory Comprehension, Oral Expression, and 

Reading (See table 3.3.1) were administered. Each subtest is described in detail below. 
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Table 3.3.1. The Boston Diagnostic Aphasia Examination (BDAE) scores for Auditory 

Comprehension, Oral Expression, and Reading. 

BDAE-SF Subtest 

Score 

(maximum) 

1. Auditory Comprehension 

Word Comprehension 16 

Commands 10 

Complex Ideational Material 6 

 

2. Oral Expression 

Automatized sequences 4 

Word Repetition 5 

Sentence Repetition 2 

Responsive Naming 10 

Boston Naming Test 15 

Screening of special categories 12 

 

3. Reading 

Matching case/script 4 

Number matching 4 

Word identification 4 

Oral Basic Word 15 

Oral Basic sentence 5 

Oral Sentence Comprehension 3 

Silent Comprehension 4 

1) BDAE-SF Auditory Comprehension 

1a. Word Comprehension: In this subsection each participant was asked to respond by pointing 

in a visual multiple-choice task which included samples from four categories of words: body 

parts, objects, letters, numbers, and colors. The participant was given 1 point for correctly 

identifying the word within 5 seconds, ½ point for correct identification taking longer than 5 

seconds, and no point for incorrect or no response. The maximum score was 16.  
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1b. Commands: The participant was requested to carry out three commands with two to five 

informational elements. One point was given for of every correct element. The test requires the 

participant to respond correctly to both the first two commands in order to move the third 

command. The score in this subscale ranges from 0 to 10. 

1c. Complex ideational material: The participant was required to understand and express 

agreement or disagreement in 6 pairs of questions, of which 4 pairs were based on short 

paragraphs. Each pair consisted of two questions, one having yes and the other no as response 

options. One point is scored for each item only if both questions were correctly answered. Score 

ranged from 0 to 6. 

2) Oral Expression 

2a. Automatized Sequences: The participant was tested on two sequences: days of the week 

and numbers from one to twenty-one. Two points were given for the production of complete 

recitation of each series and 1 point was given for unaided runs of 4 consecutive words when 

reciting days and 8 consecutive words when reciting numbers. 

2b. Single Word Repetitions: A sample of different word types was presented, including a 

color, an object, a noun, an abstract verb of three syllables, and a tongue twister. An item was 

scored correct if the produced word was intelligible and any misarticulations were noted and 

coded accordingly. One point was allocated per item for a total of 5 possible points. 

2c. Repetitions of Sentences: This subtask including two sentences, one high and one low 

probability sentence. The participant was asked to repeat each sentence and a sentence 

production was scored as correct if all the words were produced intelligibly. Misarticulations 

were noted and coded accordingly. One point was given for each correct production for a total 

of 2 possible points. 

2d. Responsive Naming: The participant was instructed to answer a series of questions using 

single words, including nouns and verbs. Each question contained a key word associated with 

the expected answer. Two points were given when the response was provided within 5 seconds, 

1 point over 5 seconds, and 0 for failed or improper answers. The total maximum score was 

15. 

2e. Boston Naming Test – Short Form (BNT-SF): The participant was asked to name each of 

the 15-line drawings, graded in difficulty. The participant was asked to tell the examiner the 
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name of each picture and was given about 20 seconds to respond for each trial. The participant’s 

response was written in detail and coded accordingly. One point was given for each correct 

response. If the response was incorrect, no points were given. The total maximum score was 

15. 

2f. Screening of Special Categories: This subtask included twelve items, representing 3 

categories: letters, numbers, and colors. The participant was presented four items per sheet and 

was asked to name each one. Every correctly named item was awarded one point, for a total 

maximum of 12 points.  

3) Reading 

3a. Basic Symbol Recognition: Initially the participant was shown a word or letter centred 

above four multiple-choice responses and was instructed to select the equivalent, receiving one 

point for each correct response for a total maximum of four points. Next, the participant was 

shown a number if fingers and was asked to point to the equivalent arithmetic symbol. 

Similarly, on the next subtask the participant was shown a pattern made of dots and was asked 

to point to the equivalent arithmetic symbol.  One point was given to each correct item for a 

total maximum of four points. 

3b. Picture-Word Matching: The participant was asked to match by pointing a picture without 

naming it, from a choice of four options given on the right of the presented picture. One point 

was given to each correct item, for a total maximum of four points. 

3c. Basic Oral Word Reading: The examiner indicated a word that should be read by the 

participant. Three points were given when the word was read within 3 seconds, 2 points within 

3 to 10 seconds, 1 point within 10 to 30 seconds, and 0 if the answer was wrong. The maximum 

score was 15. 

3d. Oral Reading of Sentences with Comprehension: The participant was instructed to read 

out loud 5 sentences and was informed that questions would be presented about them 

afterwards. Each question must be read precisely in order to receive a point for each one, for a 

total of 5 points. Next, the participant was provided with three incomplete sentences regarding 

the sentences previously read, and was requested to complete the ending of a sentence with a 

four multiple choice options. One point was given for each correct sentence with the maximum 

score of 3 points. 
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3e. Reading Comprehension of Sentences and Paragraphs: In this subtask the participant was 

instructed to silently read 4 incomplete sentences and was requested to complete the ending of 

a sentence by pointing to one of the four multiple choice options. One point was given for each 

correct sentence. 

3.3.2.3 Personal Stroke Narrative - The Shewan Spontaneous Language Analysis (SSLA) 

system 

For the Personal Stroke Narrative (Kambanaros, 2019) each participant was encouraged to 

engage in an open-ended conversation (spontaneous language sample) where they were asked 

to tell a story about their life before the stroke. The participants were permitted unlimited time 

and when they appeared to have finished, the examiner gave one prompt by asking if they 

wished to add anything further. If they continued to talk further, the content was included in 

transcription; otherwise the sample was considered complete. Each language sample was 

audio-recorded and transcribed verbatim using orthographic transcription, and phonetic 

transcription when necessary. The transcription included all the empty and filled pauses (e.g.  

uumm”). The spontaneous speech sample was quantified using the Shewan Spontaneous 

Language Analysis (SSLA; Shewan, 1988). The spontaneous language sample was quantified 

using the 12 variables of the SSLA system: (a) Number of Utterances; (b) Time; (c) Rate; (d) 

Length; (e) Melody; (f) Articulation; (g) Complex Sentences; (h) Errors; (i) Content Units; (j) 

Paraphasias; (k) Repetitions; and (l) Communication Efficiency. 

a) Number of Utterances: This was a measure of the total number of utterances spoken by a 

subject. An utterance represented a complete thought, and frequently corresponded to a 

complete sentence. This could have been expressed in a connected grouping of words, which 

was separated from other utterances on the basis of content, intonation contour, and/or pausing. 

On the basis of content, change in content within the sentence was used as one criterion for 

segmenting utterances (e.g. “The boy is in the tree… duck on the pond”). On the basis of 

intonation contour, a falling intonation signalled the end of an utterance and a rising intonation 

contour signalled the end of an utterance if it was a question (e.g. “The boy is in the tree . . ./ 

Is that a kite?”). Utterance segmentation based on pauses was used in conjunction with the two 

previous segmentation criteria and not as a standalone criterion (e.g. “Boy . . . in the tree/ Boy 

. . ./ girl waving”). Additionally, tag questions or tag sentences were not segmented as separate 

utterances (e.g. “That’s a house, isn’t it?”), parenthetical remarks that were complete thoughts 

were segmented as separate utterances (e.g. “I guess this is what I’m supposed to do”), filled 
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pauses that occurred at the beginning of an utterance were not segmented as separate utterances, 

unless no content followed (e.g. “umm . uuuhhh . . I was a teacher”), sentence starters (“Okay” 

“And”) were not segmented as separate utterances when an utterance followed unless 

accompanied by a falling intonation contour and a distinct pause (e.g. “Okay, I see a boy”), and 

finally, unintelligible utterances were not counted and were indicated by dashes (---). 

b) Time: The total speaking time for the language sample was measured with a stopwatch in 

seconds, beginning with the first syllable and ending with the last syllable. Filled pauses were 

included in the time measurements. Any spoken material such as interjections or prompts from 

the examiner were subtracted from the overall time so that only the participant’s time was 

included. The time was converted to minutes (e.g. 86 sec = 1.43 min). 

c) Rate: The rate of speech was defined as the total number of syllables spoken per minute by 

the subject. It was calculated by dividing the total number of syllables counted in the utterances 

by the time in minutes of the sample. Filled pauses were not counted as syllables in this 

measure. 

Rate(syllables/minute) = Number of syllables 
                                          Time(minutes) 

 

d) Length: The length measure for the sample was computed by dividing the number of 

utterances that contained five or fewer words by the total number of utterances and multiplying 

by 100 to express the outcome as a percentage. Consistent with the Rate variable, filled pauses 

were not counted as words. 

Length = Number of utterances ≤5 Words x 100 
Number of utterances 

 

e) Melody: A seven-point melody rating scale, similar to that on the BDAE, was implemented 

to rate the variable of melody involving the rhythm of speech, the stress patterns employed, 

and the intonation contours expressed. The rating was independent of pauses, since they could 

be the result of a word-finding problem, rather than a prosodic disturbance per se.  
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f) Articulation: A seven-point articulation rating scale, similar to that for articulatory agility on 

the BDAE was used. Articulation was rated using a global judgment of articulatory accuracy 

which included any speech errors often labelled under the categories of omissions, 

substitutions, distortions, and/or additions.  

 

g) Complex Sentences: This syntactic variable measured was computed by dividing the number 

of complex sentences by the total number of utterances and multiplying by 100 to express the 

measure as a percentage. A complex sentence was defined as one that contained at least one 

independent clause and at least one or more dependent clauses. Conjoined sentences and 

complementing and non-complementing infinitive constructions were not considered complex 

sentences. 

Complex sentences = Number of complex sentences x 100 
                     Number of utterances 

 

h) Errors. This variable measured syntactic and morphological errors. It reflected the total 

number of errors counted for the sample, divided by the total number of utterances, and 

multiplied by 100 to express the measure as a percentage. Because a subject can make more 

than one error per utterance, the percentage could exceed 100. An error was defined as an 

incorrect syntactic and/or morphological form that deviated from a standard adult grammatical 

system (e.g. “There’s some bushes”). Incomplete sentences were not counted as containing 

errors.  

i) Content Units: A content unit was described as a grouping of information expressed as a 

unit. Each content unit was counted only once (e.g. “There is a girl. The girl is on the stool”). 

If two content units had the same action, the action was scored as one content unit for each 

referent (e.g., “The boy is looking at the girl. Mom is looking outside”). If a referent occurred 

only in the context of a group of information, it was scored as part of that group but not as a 

separate major content unit. For example, in the utterance “The water was running on the 

floor”, the word “floor” does not score as a separate content unit. 
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j) Paraphasias: The paraphasia measure was primarily a measure of substitution behaviour to 

capture what a PWA described when they could not produce the correct content. The 

percentage of paraphasias reflected a measure of the number of paraphasias relative to the total 

number of utterances. Similar to the Errors variable, the percentage could exceed 100 if a 

person made more than one paraphasia per utterance. Paraphasias included several types: literal 

(phonemic), verbal (semantic), neologism, and jargon. 

k) Repetitions: Repetitions were counted only within utterances and not across utterances. Each 

repeated instance was counted as a repetition. Therefore, a word produced three times counted 

as two repetitions along with the target (e.g. “girl . . . girl girl falling off”). The total number 

of repetitions was counted, divided by the total number of utterances in the sample, and 

multiplied by 100 to yield a percentage. Repetitions could occur at several levels: (a) Phonemic 

(Sound) Repetitions (e.g. “m. . m. . man”); (b) Word Repetitions (e.g. “green green. . .  house 

no no”); and (c) Phrase or Sentence Repetitions (e.g. “There’s a girl . . . there’s a girl”). 

l) Communication Efficiency: This variable was a measure of the efficiency of information 

transfer. It reflected the rate at which information was conveyed by a speaker. It was calculated 

by dividing the total number of content units by the time (minutes) for the language sample. 

CE = Number of content units 
Time(minutes) 

 

3.3.2.4 The Multilingual Assessment Instrument for Narratives (MAIN) 

The MAIN (Gagarina et al., 2012) is a tool designed in order to evaluate narrative skills in 

children, but may also be used in adults as the pictures used are not considered child-like. It 

consists of picture sequences, developed based on the use of linguistic and psycholinguistic 

criteria to measure narrative performance. While the MAIN examines narrative production of 

microstructure and macrostructure elements, this study only analysed the story’s structure of 

the macrostructure element of the generated story. The primary unit for macrostructure analysis 

is the episode. The content of each picture sequence was designed to represent three short 

episodes. The stories begin with a setting statement, which gives time and place and introduces 

the story’s protagonist, and is scored with zero points for wrong or no response, 1 point for one 

correct response, 2 points for reference to both time and place. This component is followed by 

three episodes. Each episode is scored with zero points for wrong or no response and 1 point 

for each correct response regarding: a) the internal states (IST) which initiate the goal and also 
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express reactions; b) a goal which is a statement of an idea of the protagonist to deal with the 

initiating event; c) an attempt by the protagonist to reach the goal, which is an indication of 

action to obtain the goal;  d) an outcome of the attempt in terms of the goal, which is the event(s) 

following the attempt and causally linked to it; and e) the IST as reaction, which is a statement 

defining how the protagonist(s) feel or think about the outcome or an action resulting from an 

emotional response (Figure 3.3.5). In this study the story “Baby Goats” was utilised. The series 

of six-coloured pictures presented in a cartoon strip was unfolded one-episode per time (2 

pictures). Each participant was instructed to tell a story as each episode was presented. The 

story portrayed a mother goat wanting to save her baby goat who jumped into the water but a 

fox jumped forward to catch the other baby goat. Then a bird saw that the baby goat was in 

great danger and stopped the fox by biting its tail and chasing it way to save the baby goat 

(Figure 3.3.6). The story is controlled for cognitive and linguistic complexity and has a moral 

meaning similar to an Aesop fable. Each participant produced an original story and the samples 

were transcribed verbatim and analysed. Each sample used a 17-point scoring system and the 

tool’s construction guidelines were followed (Gagarina et al., 2012: 132-135). 

 

Figure 3.3.5. The MAIN scoring sheet for the production section of Baby-Goats story structure 
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Figure 3.3.6. The Baby-Goat story from the MAIN as it unfolds in 3 episodes 

3.3.2.5 RehaCom Working Memory Screening Task 

The RehaCom Working Memory Screening Task module (Hasomed, 2017) measures the visual-

spatial memory span and visual-spatial memory functions.  The task is also used to test the 

implicit visual-spatial learning and working memory. Before a patient can start training with 

the software, the screening module can be administered to measure the current performance of 

the patient. The system recommends a therapy level that the patient can work with. After a 

certain number of therapy sessions, the screening can be repeated. In the progress analysis is 

indicated whether the performance of the participant has improved or not. It is recommended 

to repeat the screening-modules after 10 therapy sessions (Hasomed, 2017). The WM screening 

test is used for testing simple memory span (simple information holding) and simultaneously 

checks the retention and processing of visual-spatial information. It is similar to the Corsi-

block-tapping where the visual-spatial memory span is measured by the maximum length of 

the memorized dot patterns that can be reproduced immediately without errors (Hasomed, 

2017).  

During the WM screening task, ten dots were presented in a circular arrangement (Figure 

3.3.7). Individual dots sequentially turned red and faded. The first sequence consisted of two 

random dots out of the 10 lighting up in a particular order. The screening started with a sample 

exercise, in which a sequence of two dots had to be reproduced correctly in order to proceed to 
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the actual screening. The participant had to memorize and reproduce the presented position and 

sequence of the dots lighting up to reproduce them. After the sequence was presented, the 

participant had to select the same dots in the same order as they were presented. A new 

sequence was presented every time, meaning sequences did not repeat the previous sequence. 

The program adapted, adjusting the difficulty according to the participant’s performance. 

Therefore, if the participant selected a sequence of dots correctly, the number of dots increased 

whenever two consecutive sequences of the same length were reproduced without a mistake. 

If the response was incorrect the degree of difficulty was reduced. The screening ended after 

the patient incorrectly reproduced two consecutive sequences or after 7 minutes. Participants 

used the touchscreen of the laptop to respond to the task. 

 

                

 

Figure 3.3.7. RehaCom Working Memory Screening Task            
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3.3.2.6 Procedural Discourse 

The Procedural Discourse task is considered a semi-spontaneous speech production task that 

assesses discourse ability following the main concept analysis (MCA) procedure (Richardson 

& Dalton, 2016). How speakers communicate when informing and explaining (i.e. giving 

instructions) is considered an important skill in contexts where an individual is unable to 

complete a task autonomously, such as adults who have difficulties completing activities of 

daily living independently (Pritchard, Dipper, Morgan, & Cocks, 2015). This difficulty can be 

seen in a speaker with mobility difficulties who wants to instruct a helper how they like their 

snack to be made (i.e. sandwich), and is an area with very limited research. The MCA quantifies 

the degree to which the speaker is able to communicate the overall gist of an event, and it 

provides a means to evaluate how accurately and completely the concepts considered to be 

essential to the shared topic are produced. Each participant was instructed to verbally provide 

the steps taken in order to prepare a sandwich. The generated language sample was analysed 

using the MCA procedure referring to the ten main concepts. The total number of main 

concepts expected to be produced was analysed and measured based on the concept content as 

listed below: 

(1) Get the bread out. 

(2) Get two slices of bread//halved bread. 

(3) Get the butter. 

(4) Get the (rest of the ingredients i.e. ham, cheese, etc.) 

(5) Get a knife. 

(6) Put/place the bread on the plate. 

(7) Put/spread butter on bread. 

(8) Put the ingredients (i.e. ham, cheese, etc) on bread 

(9) Put the two pieces together. 

(10) Cut the sandwich in pieces 

The first five steps comprise of concepts concerning retrieving the ingredients needed, the 

following four steps include concepts concerning ingredient assembly, and the final concept 

describes the final appearance of the target (sandwich) prior to serving it. The first author 
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transcribed the samples verbatim and analysed each sample using a binary scoring system of 

“1” for correct information and “0” for incorrect/missing information.  

3.3.2.7 The Stroke and Aphasia Quality of Life Scale-39 (SAQOL-39g)  

The SAQOL-39g is a generic stroke scale that determines the patient’s health-related quality 

of life (HRQL) after stroke in three domains: physical, psychosocial, and communication of 

patients with acute and chronic stroke (Hilari et al., 2009). HRQL questionnaires evaluate the 

impact of health on a person’s ability to lead a fulfilling life, and generally incorporate the 

individual’s perceptions of physical, mental/emotional, family, and social functioning 

(Spaccavento et al., 2013). The SAQOL-39 has been adapted and linguistically validated to 

measure the QoL in Greek speaking people with chronic aphasia after stroke. The psychometric 

properties of the Greek version of the tool have been tested in its generic form (SAQOL-39g) 

(i.e. tested with a generic stroke population with and without aphasia) and it was found to be a 

valid and reliable scale that can be used as an outcome measurement, treatment prioritization 

and service evaluation (Efstratiadou et al., 2012). The SAQOL- 39g has been translated and 

culturally adapted for use in Greece, where currently there is no other measure for the 

assessment of HRQL for people with aphasia (Kartsona & Hilari, 2007). The SAQOL-39g 

consists of 39 items and includes 3 domains: physical (e.g. ‘how much trouble did you have 

walking?’), psychosocial (e.g. ‘did you feel that you were a burden to your family?’), and 

communication (e.g. ‘how much trouble did you have finding the word you wanted to say?’). 

The response format is a 5-point scale ranging from 1 to 5. In the first part, answers range from 

‘couldn’t do it at all’ to ‘no trouble at all’ and in the second part from ‘definitely yes’ to 

‘definitely no’. Overall and domain mean scores are calculated with higher scores indicating 

better quality of life. The information was collected in an interview format. The participants 

were provided with the questionnaire and all the questions were presented orally by the 

examiner. Depending on the participant’s abilities, the participants responded either verbally, 

written, or by pointing.  

3.4 Treatment 

All participants completed ten (10) approximately 45-minute long treatment sessions 

comprising of iTBS immediately followed by RehaCom WM training over a span of 10 

consecutive days, including weekends. Within each treatment session, approximately 15 

minutes were devoted for setting up the participant with the TMS equipment and iTBS 
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application, and 30 minutes were devoted to the RehaCom WM training task. The treatment 

regimen is depicted in figure 3.4.1 below. 

 

Figure 3.4.1. Timeline representation of the study design 

3.4.1.1 Pretherapy or “baseline” testing phase 

During the pretherapy baseline phase, the purpose was to establish the level of performance 

prior to treatment so that the effects of treatment on the task could be clearly measured. As 

referred to in the assessment tools section, six outcome measures were used and the information 

was collected three times, one week apart, prior to the therapy phase. Preceding the initiation 

of the therapy phase, a T1-weighted MRI image was obtained from the participant in order to 

accurately locate the target for the use of Visor 2.0 neuronavigation system (ANT NEURO). 

Neuronavigated positioning of the stimulation coil allowed for repeated accuracy throughout 

the study.   

3.4.1.1.1 Transcranial Magnetic Stimulation (TMS) Equipment 

Single-pulse TMS and intermittent theta-burst stimulation (iTBS) were delivered over the 

motor cortex and the left dorsolateral prefrontal cortex (LDLPFC) respectively, with a Magstim 

Rapid2® stimulator (Magstim Co., Wales, UK) connected to a 70 mm figure-8 air cooled coil.  

Biphasic TMS pulses were delivered with a posterior-to-anterior (P-A) current direction in 

both, single-pulse TMS and iTBS. The treatment intensity of TMS was individually adjusted 

to each participant’s Resting Motor Threshold (RMT). RMT is defined as the minimal intensity 

at which TMS of motor cortex produces a reliable Motor Evoked Potential (MEP) of minimal 

amplitude in the target muscle. The MEP was determined with a surface electromyography 

(EMG) response in the ‘target’ muscle.  EMG leads were placed over the first dorsal 

interosseous (FDI) muscle of the left hand and the participant was seated comfortably, with left 

arm supported on a pillow (Figure 3.4.2). Full muscle relaxation was maintained through 
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visual and online EMG monitoring.  The coil was positioned at 45-degree rotation in relation 

to the parasagittal plane to induce P-A current in the underlying cortex. The motor “hotspot” 

was determined with a TMS intensity ranging from 45% to 50% of the maximum stimulator 

output, whereby single pulse stimuli were delivered at varying positions across the scalp near 

the primary motor cortex (M1) while guided by a neuronavigation system (ANT NEURO) 

using each participant’s recent anatomical MRI image. The motor “hotspot” was defined as the 

position on the scalp that yielded two consecutive MEPs with greater amplitude than the 

surrounding positions. The location within the left motor cortex that consistently elicited MEPs 

in the relaxed right FDI muscle was then defined as the motor hotspot. The coil was then placed 

over the defined target to obtain a MEP in the FDI of at least 50 μV in five or more of 10 

consecutive stimulations of the left hand (Rossini et al., 2015). For this study a computerized 

adaptive parameter estimation through sequential testing (PEST; Borckardt et al., 2006), with 

the software TMS Motor Threshold Assessment Tool, MTAT 2.0 (Awiszus & Borckardt, 2010) 

was used to determine the RMT. The MTAT 2.0 freeware was obtained online 

(http://www.clinicalresearcher.org/software.html) and the option for assessment without a 

priori information was selected. No other parameters were changed on the software. The 

program automatically began at the intensity of 37% and displayed the subsequent TMS 

intensity to be delivered. The experimenter interacted with the program by indicating the 

success of a given TMS intensity by pressing the key “Y” on software’s laptop: a trial was 

considered successful if the MEP amplitude was ≥ 50μV.  The software then displayed a 

decreased intensity to be delivered based on the previous response. If the MEP amplitude was 

< 50μV, the experimenter pressed the key “N” on the software’s laptop and the software 

displayed an increased intensity. The displayed numbers were color-coded to indicate if the 

RMT was reached (Red = not reached; Orange = almost reached; Green = Reached) (Figure 

3.4.3.). 
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Figure 3.4.2 Coil placement for MT determination of an intrinsic hand muscle (from Groppa et al., 

2012 – with online permission). 

 

Figure 3.4.3. The Motor Threshold Assessment Tool, MTAT 2.0 illustrating Resting Motor 

Threshold at intensity 61 (Awiszus & Borckardt, 2010). 
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 Therapy Phase 

3.4.2.1 Transcranial Magnetic Stimulation – iTBS application 

During the therapy phase the iTBS treatment protocol was administered using Magstim 

Rapid2® (Magstim Co., Wales, UK) with intensity set at the 80% of the MEP obtained from 

the right hemisphere. The figure-8 coil was positioned tangentially to the skull, with the handle 

parallel to the sagittal axis pointing occipitally. The iTBS treatment consisted of bursts of three 

pulses at 50 Hz given every 200 milliseconds in two second trains, repeated every 10 seconds 

over 200 seconds for a total of 600 pulses (Huang et al., 2005). Based on each participant’s 

recent MRI images, the Visor 2.0 neuronavigation suite (ANT-Neuro, Enschede, Netherlands) 

was used for image pre-processing, tissue segmentation, and registration into standard 

stereotaxic space. The stimulation target was defined in the left DLPFC by using the Talairach 

coordinates x=-40, y= 34, z = 29 (Barbey et al., 2013; Wager & Smith, 2003). This technology 

enabled reliable three-dimensionally precise reapplication of rTMS throughout the study. Each 

participant received one session of iTBS each day for 10 consecutive days, immediately 

followed by 30 minutes WM training with the RehaCom Working Memory (WOME) software 

package (Hasomed GmbH, DE.). 

3.4.2.2 RehaCom WM Training Equipment 

The RehaCom WOME (Hasomed GmbH, DE.) software was installed on a personal Lenovo 

touchscreen laptop to provide the participants a simpler way to respond than using a mouse.  

RehaCom WOME is a software package developed to train and improve WM performance. 

The WM training task involved card presentation in the form of a card game, using a complete 

card deck of 52 cards and consisting of different levels of difficulty. WOME consists of three 

hierarchically ordered modules that were designed to exercise the main components of WM on 

the basis of a card game as depicted in figure 3.4.4: (a) storage systems, involving the 

maintenance of information; (b) selective attention, involving memorizing selective parts of 

information and inhibiting others; and (c) central executive/manipulation processes, involving 

active operating with the content retained in WM (Weicker et al., 2018). During the training, 

the participant has to memorise and manipulate an increasing number of visually presented 

playing cards on a computer screen. During the initial levels of training, the participant is 

required only to remember the items (e.g. remember a short series of cards and reproduce it in 

the same order) whilst at higher levels additional tasks are introduced to influence the memory 
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process (e.g. memorize only the cards of a certain suit from a presentation of various cards). In 

total, there are 70 levels of difficulty. The participant constantly receives feedback by the 

software and the degree of difficulty is adapted based on the participant’s performance level. 

The sessions were implemented in a quiet room and the participant was trained on a 

touchscreen laptop.  

 

 

Storage Module: 

Remember all the cards and choose the matching 

one from the selection below. 

 

Selective attention Module: 

Remember only the clubs and spades shown by 

the dealer while ignoring the other suits and 

choose the matching ones from the selection 

below 

 

Manipulation Module: 

Sort the cards in the reversed order they were 

presented by the dealer 

Figure 3.4.4. Graphical interface of the RehaCom WM intervention. (A–C) Show the various 

modules with their respective instructions that were trained. During the actual training, the dealer 

shows several cards, which are turned over after 1 second. Here, the cards are illustrated overtly for 

the purpose of explanation. 
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 Post-therapy/follow-up Phase 

The post-therapy/follow-up phase consisted of two points in time. The outcome measures were 

administered right after the completion of the last day’s treatment (10th day), and at 3 months 

post-treatment at the follow-up stage. The purpose of immediate post-testing was to determine 

short-term efficacy, and of the follow-up was to determine long-term effects.  The exact date 

of the follow-up depended on the participant’s availability when contacted to set-up the 

appointment. The same battery of tools was used as with baseline as listed below: 

(1) the Greek BDAE-SF (Messinis et al., 2013) 

(2) the RCPM (Raven, 2000; Sideridis et al., 2015)  

(3) the MAIN (Gagarina et al., 2012)  

(4) a Procedural Discourse task (based on Richardson & Dalton, 2016)  

(5) a personal stroke narrative (following Kambanaros, 2019) 

(6) the RehaCom Working Memory Screening Task (Hasomed GmbH, 2017) 

(7) the Greek SAQOL-39 (Efstratiadou et al., 2012) 

3.5 Statistical Analysis 

Analysis of individual data was conducted using the WEighted Statistics (WEST) method 

outlined in Howard et al. (2015). Using WEST allows to assess whether there is greater 

improvement during the therapy period than the baseline and whether improvement is greater 

for treated items than untreated. The WEST Rate of Change (WEST-ROC) analyses the amount 

of change in the treated versus the untreated periods or the short versus the long-term periods. 

Participants’ pre-therapy performance for treated and untreated items was compared with post-

therapy and at follow-up using a weighted one sample t test. Each item was scored as either 

correct (1) or incorrect (0) at the pre-therapy phase (baseline) and after the treatment phase 

(post-therapy and follow-up). The assessment scores were multiplied by the precalculated 

weightings at each time point, as per Howard et al. (2015). The weighted scores for each item 

were then summed and used in a one sample t-test. A significant result on the one sample t test 

indicates that the amount of improvement in the treatment phase is significantly different to 

that in the baseline phase. The WEST-Trend method was used to confirm the WEST-ROC 

results and to ensure that treatment effects occurred in the positive direction with an overall 
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trend for improvement (Howard et al., 2015). Moreover, when there is both a significant 

WEST-Trend result and a significant WEST-ROC result, the evidence supports a significant 

effect of intervention (Howard et al., 2015).  WEST-ROC and WEST-Trend were used to 

analyse the data from the RCPM, the Greek BDAE-SF, the MAIN, and the Procedural 

Discourse task. Results from the SSLA, the RehaCom WM screening, and the SAQOL-39g 

assessments are reported but no statistical analysis was performed. 
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4 RESULTS 

The Statistical Package for Social Sciences (IBM SPSS 25) was used in the current research 

for all the data and exploratory analysis. Analyses of individual data were conducted using the 

WEighted Statistics (WEST) method outlined in Howard et al. (2015), and descriptive results’ 

analysis was used where a statistical analysis was not suitable. The WEST-ROC and WEST-

Trend were used to analyse the data from the Greek BDAE-SF, the RCPM, the MAIN, and the 

Procedural Discourse, where appropriate weights were calculated via the use of an Excel 

spreadsheet personally provided by Professor Howard (2020). All the data was analysed with 

SPSS and confirmed via the use of manual formulas in Microsoft Excel for Office 365. Results 

from the SSLA, the RehaCom WM screening, and the SAQOL-39g assessments are reported 

but no statistical analysis was performed. 

4.1 Participant #1 – I.A.  

The participant’s oral speech was characterized by severe unintelligible speech due to 

dysarthria. The BDAE’s Oral expression tasks were scored based on word approximations 

produced that were judged by the examiner as a correct or incorrect response. An attempt was 

made to transcribe the produced continuous speech with regards to a personal story narration, 

the MAIN, and the Procedural Discourse but the output could not be analysed nor quantified. 

Therefore, results were based only on the BDAE-SF, the RCPM, the RehaCom WM screening, 

and the SAQOL-39. 

 BDAE Auditory Comprehension 

Statistical analysis of the BDAE Auditory Comprehension subtest showed that the overall trend 

for improvement in Word Comprehension was not significant, t(15) = -1.00, p=.167, whereas 

the WEST-ROC was not able to be estimated due to standard deviation being equal to zero. 

Similarly, there was a non-significant overall trend for improvement in Commands, t(9) = -

1.00, p= .172, as well no significant difference between the treated and untreated periods, t(9) 

= 1.41, p=.097. Additionally, there was a non-significant overall trend for improvement in 

Complex Ideational Material, t(5) = 1.17,  p=.148, and although there was improvement 

between the treated and untreated periods, t(5) = 1.19, p=.145, it did not reach significance. In 

general, WEST-Trend revealed a non-significant overall trend for improvement in the overall 
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task of Auditory Comprehension, t(2) = 0.45, p= .349, and a non-significant difference between 

the treated and untreated periods, t(2) = 1.55, p=.131 (Table 4.1.1; Figure 4.1.1). 

 

 

Figure 4.1.1: Percentage (%) correct on the BDAE Auditory Comprehension subtests and the overall 

BDAE Auditory Comprehension by study phase (Participant Ι.Α.). 
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Table 4.1.1: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) on the BDAE Auditory 

Comprehension (Participant Ι.Α.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend   WEST-ROC  

Word Comprehension 

Mean 1.00 1.00 1.00 1.00 0.94 -0.13 0.00 

S.D. 0.00 0.00 0.00 0.00 0.25 0.50 0.00 

            t(15)= -1.00, p= 0.167 --- 

Commands 

Mean 1.00 0.90 0.80 0.80 1.00 -0.10 0.30 

S.D. 0.00 0.32 0.42 0.42 0.00 0.32 0.67 

            t(9)= -1.00, p= 0.172 t(9)= 1.41, p= 0.097 

Complex Ideational  

Material 

Mean 0.17 0.33 0.17 0.50 0.33 0.50 0.83 

S.D. 0.41 0.52 0.41 0.55 0.52 1.05 1.72 

            t(5)= 1.17, p= 0.148 t(5)= 1.19, p= 0.145 

Overall BDAE Auditory 
Comprehension 

Mean 0.72 0.74 0.66 0.77 0.76 0.09 0.38 

S.D. 0.48 0.36 0.44 0.25 0.37 0.35 0.42 

            t(2)= 0.45, p= 0.349 t(2)= 1.55, p= 0.131 
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 BDAE Oral Expression 

Statistical analysis for the BDAE Oral Expression subtest (Figure 4.1.2; Table 4.1.2) revealed 

that there was a significant overall trend for improvement in the Screening of Special 

Categories task, t(11) = 3.59, p= .002, with also a significant improvement between the treated 

and untreated periods, t(11) = 3.59, p= .002. The overall trend for improvement in Word 

Repetition was not significant, t(4) = -0.95, p=.198, and there was also not significant 

difference between the treated and untreated periods, t(4) = -0.63, p=.281. The Sentence 

Repetition task did not show significant overall trend for improvement, t(1) = 1.00, p= .250, 

nor significant difference between the treated and untreated periods, t(1) = 1.00, p= .250. 

Similarly, the overall trend for improvement in the Boston Naming task was not significant, 

t(14) =0.00, p= .500, and there was no significant difference between the treated and untreated 

periods, t(14) = 1.07, p=.150. On the other hand, there were no differences in the responses 

between the five periods for the participant’s Automated Sequences and Responsive Naming. 

In general, there was non-significant overall trend for improvement in the overall BDAE Oral 

Expression subtest, t(5) = 0.80, p = .229, with a non-significant difference between the treated 

and untreated periods, t(5) = 0.64, p=.276. 

 

Figure 4.1.2: Percentage (%) correct for the BDAE Oral Expression subtests and the overall BDAE 

Oral Expression by study phase (Participant Ι.Α.). 
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Table 4.1.2: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) on the BDAE Oral 

Expression (Participant Ι.Α.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Automatized Sequences 
Mean 0.50 0.50 0.50 0.50 0.50 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Word Repetition 

Mean 0.20 0.40 0.40 0.20 0.00 -0.60 -1.00 

S.D. 0.45 0.55 0.55 0.45 0.00 0.89 2.24 

            t(4)= -0.95, p= 0.198 t(4)= -0.63, p= 0.281 

Sentence Repetition 

Mean 0.50 0.00 0.50 0.50 0.50 0.50 0.50 

S.D. 0.71 0.00 0.71 0.71 0.71 0.71 0.71 

            t(1)= 1.00, p= 0.250 t(1)= 1.00, p= 0.250 

Responsive Naming 
Mean 0.10 0.10 0.10 0.10 0.10 0.00 0.00 

S.D. 0.22 0.22 0.22 0.22 0.22 0.00 0.00 

Boston Naming Test 

Mean 0.40 0.33 0.40 0.47 0.33 0.00 0.27 

S.D. 0.51 0.49 0.51 0.52 0.49 0.65 0.96 

            t(14)= 0.00, p= 0.500 t(14)= 1.07, p= 0.150 

Screening of special categories 

Mean 0.50 0.50 0.50 1.00 1.00 1.50 1.50 

S.D. 0.52 0.52 0.52 0.00 0.00 1.45 1.45 

            t(11)= 3.59, p= 0.002 t(11)= 3.59, p= 0.002 

Overall BDAE Oral Expression 

Mean 0.37 0.31 0.40 0.46 0.41 0.23 0.21 

S.D. 0.18 0.21 0.15 0.31 0.36 0.71 0.81 

           t(5)= 0.80, p= 0.229 t(5)= 0.64, p= 0.276 
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 BDAE Reading 

Statistical analysis of the BDAE Reading subtest (Table 4.1.3) revealed no differences in the 

reading tasks of Matching case/script, Number Matching and Oral Basic sentence between the 

five periods. Analysis showed that the overall trend for improvement in Word identification 

was not significant, t(3)= 1.00, p= .196, and there was no significance between the treated and 

untreated periods, t(3)= 1.00, p= .196. Similarly, overall improvement in the Oral Basic Word 

task was not significant, t(4) = 0.63, p= .281, and there was also not significant difference 

between the treated and untreated periods, t(4) = -0.63, p=.281. Additionally, there was non-

significant overall trend for improvement in the Oral Sentence Comprehension, t(2) = 0.00, p= 

.500, and with a non-significant difference between the treated and untreated periods, t(2) = -

1.84, p= .104. Lastly, although there was an overall trend for improvement in the Silent 

Comprehension task, it did not reach significance, t(3) = 1.57, p= .108, and the difference 

between the treated and untreated periods, t(3) = 1.00, p= .196 was not significant. In general, 

there was a non-significant overall trend for improvement in the overall BDAE Reading subtest, 

t(6) = 1.88, p= .054, and non-significant difference between the treated and untreated periods, 

t(6) = -0.94, p=.191 (Figure 4.1.3). 

 

 

Figure 4.1.3: Percentage (%) correct for the BDAE Reading subtests and the overall BDAE Reading 

across study phases (Participant Ι.Α.). 
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Table 4.1.3: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) on the BDAE Reading 

(Participant Ι.Α.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Matching Case/Script 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Number Matching 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Word identification 

Mean 0.50 0.75 0.75 0.75 0.75 0.50 -0.50 

S.D. 0.58 0.50 0.50 0.50 0.50 1.00 1.00 

            t(3)= 1.00, p= 0.196 t(3)= -1.00, p= 0.196 

Oral Basic Word 

Mean 0.00 0.13 0.13 0.13 0.13 0.80 -0.80 

S.D. 0.00 0.30 0.30 0.30 0.30 1.79 1.79 

            t(4)= 0.63, p= 0.281 t(4)= -0.63, p= 0.281 

Oral Basic Sentence 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Oral Sentence 
Comprehension 

Mean 0.33 0.67 0.67 0.00 0.67 0.00 -2.67 

S.D. 0.58 0.58 0.58 0.00 0.58 2.65 2.52 

            t(2)= 0.00, p= 0.500 t(2)= -1.84, p= 0.104 

Silent Comprehension 

Mean 0.50 0.50 0.50 0.75 0.75 0.75 0.75 

S.D. 0.58 0.58 0.58 0.50 0.50 0.96 1.50 

            t(3)= 1.57, p= 0.108 t(3)= 1.00, p= 0.196 

Overall BDAE Reading 

Mean 0.48 0.58 0.58 0.52 0.61 0.22 -0.38 

S.D. 0.41 0.39 0.39 0.46 0.40 0.30 1.08 

      t(6)= 1.88, p= 0.054 t(6)= -0.94, p= 0.191 
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 RCPM 

The results of the RCPM statistical analysis using the WEST-Trend and WEST-ROC (Table 

4.1.4) revealed non-significant overall trend for improvement in Subtest A, t(11)= 1.60, p= 

.069, and non-significant difference between the treated and untreated periods, t(11)= 1.52, p= 

.079. Also the overall trend for improvement in Subtest AB was not statistically significant, 

t(11) = 0.90, p= .194, and with non-significant difference between the treated and untreated 

periods, t(11) = 1.74, p=.055. Lastly, there was a non-significant overall trend for improvement 

in Subtest B, t(11)= 1.48, p= .083, and there was non-significant difference between the treated 

and untreated periods, t(11) = 0.77, p= .228. On the other hand, statistical analysis of the overall 

RCPM showed that there was a significant trend for improvement, t(35) = 2.14, p=.020, and 

also significant difference between the treated and untreated periods, t(35) = 2.31, p= .013 

(Figure 4.1.4).    

   

 

Figure 4.1.4: Percentage (%) correct on the RCPM subtests and the overall RCPM across the study 

phases(Participant Ι.Α.). 
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Table 4.1.4: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) on the RCPM 

(Participant Ι.Α.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Subtest A 

Mean 0.67 0.67 0.67 0.92 0.75 0.42 0.75 

S.D. 0.49 0.49 0.49 0.29 0.45 0.90 1.71 

            t(11)= 1.60, p= 0.069 t(11)= 1.52, p= 0.079 

Subtest AB 

Mean 0.58 0.50 0.58 0.75 0.58 0.25 0.58 

S.D. 0.51 0.52 0.51 0.45 0.51 0.97 1.16 

            t(11)= 0.90, p= 0.194 t(11)= 1.74, p= 0.055 

Subtest B 

Mean 0.50 0.50 0.42 0.50 0.58 0.17 0.33 

S.D. 0.52 0.52 0.51 0.52 0.51 0.39 1.50 

            t(11)= 1.48, p= 0.083 t(11)= 0.77, p= 0.228 

Overall RCPM 

Mean 0.58 0.56 0.56 0.72 0.64 0.278 0.556 

S.D. 0.50 0.50 0.50 0.45 0.49 0.78 1.44 

      t(35)= 2.14, p= 0.020 t(35)= 2.31, p= 0.013 
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 RehaCom WM 

The results of the RehaCom WM screening show a negative linear trend line (Figure 4.1.5) on 

all the tasks assessed, and Table 4.1.5 shows the raw scores attained by participant I.A. Based 

on the participant’s scores, WM did not show improvement. 

 

Figure 4.1.5: Schematic representation of I.A.s’ raw scores on the RehaCom WM Screening task.  

Table 4.1.5: RehaCom WM Screening by subcategory and period 

  Baseline 1 Baseline 2 Baseline 3 Baseline 

Average 

Post-

therapy 

Follow-

up 

Memory Span 5 3 4 4 4 2 

Max Level 4 2 3 3 3 1 

Correct 11 10 11 11 9 2 

Mistakes Order 3 2 0 2 3 0 

Mistakes Position 2 4 4 3 0 3 

 SAQOL-39 

With regards to investigating whether the overall QoL would improve after treatment, the self-

rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.1.6.; Table 4.1.6.). 
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The participant’s responses indicated that QoL improved between the Baseline average (M = 

3.64) and post-therapy (M = 4.03) by 8% and increased a further 8% at follow-up (M = 4.41). 

 

Figure 4.1.6: Schematic representation of the SAQOL-39g mean raw score at baseline, post-therapy 

and follow-up (Participant Ι.Α.). 

The mean scores for the overall SAQOL-39 and for each subcategory are shown in Table 4.1.6. 

The Communication self-rated score improved between the baseline average (M = 1.52) and 

post-therapy (M = 2.43) by 18%, and it was maintained at follow-up (M = 2.29). The 

Psychosocial self-rated score improved between the baseline average (M = 3.35) and post-

therapy (M = 4.00) by 13%, and it was further increased by 20% at follow-up (M = 5.00).  
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Table 4.1.6: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant Ι.Α.). 

  Baseline  

1 

Baseline 

 2 

Baseline  

3 

Baseline 

average 

Post- 

therapy 

Follow- 

up 

Physical 5.00 5.00 5.00 5.00 5.00 5.00 

Communication 1.14 1.57 1.86 1.52 2.43 2.29 

Psychosocial 3.25 3.44 3.38 3.35 4.00 5.00 

Overall SAQOL-39 3.56 3.67 3.69 3.64 4.03 4.41 
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4.2 Participant #2 – C.S.  

 BDAE Auditory Comprehension 

During the statistical analysis of the BDAE Auditory Comprehension subtest, both WEST-

Trend and WEST-ROC (Table 4.2.1; Figure 4.2.1) could not be calculated, as there were no 

differences in the responses between the five periods regarding the Word Comprehension. 

WEST-Trend analysis showed that the overall trend for improvement in Commands was not 

significant, t(9) = -1.00, p= .172, whereas WEST-ROC was not calculated due to the zero 

standard deviation. There was non-significant overall trend for improvement in Complex 

Ideational Material, t(5)=-1.00,  p=.182, and non-significant difference between the treated 

and untreated periods, t(5) = -1.54, p=.093. In general, there was non-significant overall trend 

for improvement in overall BDAE Auditory Comprehension subtest, t(2) = -1,98, p= .093, and 

non-significant between the treated and untreated periods, t(2) = -1.00, p=.211. 

 

 

Figure 4.2.1: Percentage (%) correct for the BDAE Auditory Comprehension subtests and the overall 

BDAE Auditory Comprehension across study phase (Participant C.S.). 
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Table 4.2.1: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the BDAE Auditory 

Comprehension (Participant C.S.). 

    Baseline 1 Baseline 2 Baseline 3 Post-
therapy Follow-up WEST-Trend   WEST-ROC  

Word Comprehension 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Commands 

Mean 1.00 1.00 1.00 1.00 0.90 -0.20 0.00 

S.D. 0.00 0.00 0.00 0.00 0.32 0.63 0.00 

            t(9)= -1.00, p= 0.172 --- 

Complex Ideational  

Material 

Mean 0.83 1.00 1.00 0.83 0.83 -0.17 -0.83 

S.D. 0.41 0.00 0.00 0.41 0.41 0.41 1.33 

            t(5)= -1.00, p= 0.182 t(5)= -1.54, p= 0.093 

Overall BDAE Auditory 
Comprehension 

Mean 0.94 1.00 1.00 0.94 0.91 -0.12 -0.28 

S.D. 0.10 0.00 0.00 0.10 0.08 0.11 0.48 
            t(2)= -1.98, p= 0.093 t(2)= -1.00, p= 0.211 
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 BDAE Oral Expression 

Statistical analysis of the BDAE Oral Expression subtest revealed a significant overall trend 

for improvement was found in the Boston Naming Test, t(14) =1.82, p= .045, while the 

difference between the treated and untreated periods, t(14) = 0.27, p=.396 was non-significant 

(Table 4.2.2; Figure 4.2.2). Statistical analysis showed that the overall trend for improvement 

in Responsive Naming was not significant, t(4) = -0.63, p=.281, and there was non-significant 

difference between the treated and untreated periods, t(4)= 0.63, p=.281. The participant’s 

results for the BDAE Automated Sequence, Word Repetition, Sentence Repetition and 

Screening of Special Categories, did not show any differences in the responses between the 

five periods. Overall, there was non-significant trend for improvement in the BDAE Oral 

Expression subtest, t(5) = 0.10, p = .462, and non-significant difference between the treated 

and untreated periods, t(5) =1.19, p=.144. 

 

Figure 4.2.2: Percentage (%) correct on the BDAE Oral Expression subtests and the overall BDAE 

Oral Expression across study phase (Participant C.S.). 
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Table 4.2.2:  WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the BDAE Oral 

Expression (Participant C.S.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Automatized Sequences 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Word Repetition 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sentence Repetition 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Responsive Naming 

Mean 1.00 0.80 0.80 0.80 0.80 -0.80 0.80 

S.D. 0.00 0.45 0.45 0.45 0.45 1.79 1.79 

            t(4)= -0.63, p= 0.281 t(4)= 0.63, p= 0.281 

Boston Naming Test 

Mean 0.67 0.73 0.73 0.80 0.87 0.47 0.07 

S.D. 0.49 0.46 0.46 0.41 0.35 0.99 0.96 

            t(14)= 1.82, p= 0.045 t(14)= 0.27, p= 0.396 

Screening of Special 
Categories 

Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Overall BDAE Oral 
Expression 

Mean 0.94 0.92 0.92 0.93 0.94 0.01 0.08 

S.D. 0.14 0.12 0.12 0.10 0.09 0.27 0.16 

           t(5)= 0.10, p= 0.462 t(5)= 1.19, p= 0.144 
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 BDAE Reading 

Statistical analysis of the BDAE Reading subtest (Table 4.2.3) showed that overall 

improvement in Matching case/script was not significant, t(3)= 1.00, p= .196, and non-

significant between the treated and untreated periods, t(3)= 1.00, p= .196. Similarly, overall 

improvement in the Number matching was not significant, t(3)= 1.00, p= .196, and non-

significant between the treated and untreated periods, t(3)= -1.00, p= .196. The WEST-Trend 

could not be calculated for the Word identification, whereas the improvement between the 

treated and untreated periods was non-significant t(3)= 1.00, p= .196.  Furthermore, overall 

improvement in the Oral Basic Sentence was not significant, t(4) = 0.63, p= .281, and the 

difference between the treated and untreated periods was non-significant, t(4) = -0.63, p=.281. 

There were no differences between the five periods for the participant’s responses in Oral Basic 

Word, Oral Sentence Comprehension and Silent Comprehension. Overall, there was a 

significant trend for improvement in the BDAE Reading subtest, t(6) = 2.00, p= .046, but 

difference was non-significant between the treated and untreated periods, t(6) = 0.30, p=.389 

(Figure 4.2.3). 

 

Figure 4.2.3: Percentage (%) correct on the BDAE Reading subtests and the overall BDAE Reading 

(Participant C.S.). 
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Table 4.2.3.: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the BDAE Reading 

(Participant C.S.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Matching Case/Script 

Mean 0.75 0.75 0.75 1.00 1.00 0.75 0.75 

S.D. 0.50 0.50 0.50 0.00 0.00 1.50 1.50 

            t(3)= 1.00, p= 0.196 t(3)= 1.00, p= 0.196 

Number Matching 

Mean 0.75 1.00 1.00 1.00 1.00 0.50 -0.50 

S.D. 0.50 0.00 0.00 0.00 0.00 1.00 1.00 

            t(3)= 1.00, p= 0.196 t(3)= -1.00, p= 0.196 

Word Identification 

Mean 1.00 0.75 0.75 0.75 1.00 0.00 0.50 

S.D. 0.00 0.50 0.50 0.50 0.00 0.00 1.00 

            --- t(3)= 1.00, p= 0.196 

Oral Basic Word 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Oral Basic Sentence 

Mean 0.80 1.00 1.00 1.00 1.00 0.40 -0.40 

S.D. 0.45 0.00 0.00 0.00 0.00 0.89 0.89 

            t(4)= 0.63, p= 0.281 t(4)= -0.63, p= 0.281 

Oral Sentence 
Comprehension 

Mean 0.67 0.67 0.67 0.67 0.67 0.00 0.00 

S.D. 0.58 0.58 0.58 0.58 0.58 0.00 0.00 

Silent Comprehension 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Overall BDAE Reading 

Mean 0.85 0.88 0.88 0.92 0.95 0.24 0.05 

S.D. 0.14 0.15 0.15 0.14 0.13 0.31 0.45 

      t(6)= 2.00, p= 0.046 t(6)= 0.30, p= 0.389 
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 RCPM 

The WEST-Trend analysis (Table 4.2.4) showed a statistically significant overall trend for 

improvement in Subtest AB, t(11)= 1.82, p= .048, but the WEST-ROC showed that the 

difference between the treated and untreated periods was non-significant, t(11)= 0.64, p=.268 

There was non-significant overall trend for improvement in Subtest A, t(11)= -0.32, p= .377, 

and non-significant difference between the treated and untreated periods, t(11)= 0.86, p= .204. 

Lastly, there was a non-significant overall trend for improvement in Subtest B, t(11)= 0.56, p= 

.293, and non-significant between the treated and untreated periods, t(11) = 0.22, p= .415.  

Concluding, there was a non-significant overall trend for improvement in the RCPM, t(35) = 

1.09, p=.141, and also non-significant difference between the treated and untreated periods, 

t(35) = 1.06, p= .149 (Figure 4.2.4). 

 

Figure 4.2.4: Percentage (%) correct on the RCPM subtests and the overall RCPM (Participant C.S.). 
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Table 4.2.4: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the RCPM 

(Participant C.S.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Subtest A 

Mean 0.83 0.75 0.75 0.83 0.75 -0.08 0.42 

S.D. 0.39 0.45 0.45 0.39 0.45 0.90 1.68 

            t(11)= -0.32, p= 0.377 t(11)= 0.86, p= 0.204 

Subtest AB 

Mean 0.83 0.83 0.83 0.92 1.00 0.42 0.25 

S.D. 0.39 0.39 0.39 0.29 0.00 0.79 1.36 

            t(11)= 1.82, p= 0.048 t(11)= 0.64, p= 0.268 

Subtest B 

Mean 0.58 0.50 0.58 0.58 0.58 0.08 0.08 

S.D. 0.51 0.52 0.51 0.51 0.51 0.51 1.31 

            t(11)= 0.56, p= 0.293 t(11)= 0.22, p= 0.415 

Overall RCPM 

Mean 0.75 0.69 0.72 0.78 0.78 0.139 0.250 

S.D. 0.44 0.47 0.45 0.42 0.42 0.76 1.42 

      t(35)= 1.09, p= 0.141 t(35)= 1.06, p= 0.149 
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 MAIN  

There was overall trend for improvement in the MAIN, but it did not reach significance t(16)= 

1.37, p= .095, and the difference between the treated and untreated periods was non-significant, 

t(16)= 1.24, p= .116. 

 

Figure 4.2.5: Percentage (%) correct on the MAIN across the study phases (Participant C.S.). 
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Table 4.2.5: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the MAIN 

(Participant C.S.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

MAIN 

Mean 0.47 0.47 0.47 0.59 0.65 0.47 0.35 

S.D. 0.51 0.51 0.51 0.51 0.49 1.42 1.17 

            t(16)= 1.37, p= 0.095 t(16)= 1.24, p= 0.116 
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 Procedural Discourse 

Statistical analysis of the participant’s Procedural Discourse task showed that there were no 

differences in the number of responses between the five periods. 

 

Figure 4.2.6: Percentage (%) correct on the Procedural Discourse across study phase (Participant 

C.S.). 

As indicated in the raw scores (Table 4.2.6), the participant’s raw scores did not change 

across the five periods. 

Table 4.2.6: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of 

scores multiplied by 2, −1, −4, 3, 0) for the Procedural Discourse (Case C.S.). 

  Baseline 
1 

Baseline  
2 

Baseline 
3 

Post-
therapy 

Follow-
up WEST-Trend WEST-ROC 

Mean 0.60 0.60 0.60 0.60 0.60 0.00 0.00 

S.D. 0.52 0.52 0.52 0.52 0.52 0.94 0.94 

            t(9)= 0,00, p= 0.500 t(9)= 0,00, p= 0.500 
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 SSLA 

C.S..’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol 

(Shewan, 1988) designed to describe and quantify connected speech (Table 4.2.7). The 

language sample collected at each time point, was not sufficient in word length to undergo 

statistical analysis hence results were compared in raw scores. In this case the baseline average 

(avg) was compared with the post-testing and follow-up results. There was an increase in the 

number of utterances produced between baseline avg and post-therapy (from 11% to 12%) and 

baseline avg and follow-up (from 11% to 18%). The rate of speech improved from 116.76 

syllables per minute to 141.60 at post-therapy, and to 152.22 at follow-up. The sentence length 

improved between baseline avg and follow-up (from 39% to 17%), which reflects the use of 

more than 5 words in the produced utterances. A small improvement was noted in sentence 

complexity between baseline avg and follow-up (from 54% to 61%). Improvement was also 

noted between Baseline avg and follow-up in the production of errors (from 44% to 33%). The 

number of content units improved from 19.33 at baseline avg, to 21.00 at post-therapy, and to 

36.00 at follow-up. Improvement in the number of repetitions was noted with a reduction from 

7% to 0% between baseline avg and post-therapy. A notable improvement in communication 

efficiency which reflects the rate at which information is conveyed by the speaker (number of 

content units divided by time), from 13.33 at baseline avg, to 16.80 post-therapy, and to 17.73 

at follow-up. No paraphasias were produced in any of the stroke narrative samples and the 

overall melody and articulation were judged to be normal. 
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Figure 4.2.7a. Results of the personal stroke narrative analysis based on the SSLA showing the raw 

scores across baseline average, post-therapy, and follow-up phases. 

 

Figure 4.2.7.b. Results of the personal stroke narrative analysis based on the SSLA showing the raw 

percentage (%) scores between baseline average, post-therapy, and follow-up phases. 
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Table 4.2.7: Raw scores for personal stroke narrative analysis based on the SSLA. 
 

Baseline 1 Baseline 2 Baseline 3 Baseline Avg 
Post-

Therapy 
Follow-up 

Utterances 12.00 14.00 7.00 11.00 12.00 18.00 

Rate 99.37 152.41 98.50 116.76 141.60 152.22 

Length 58% 43% 14% 39% 50% 17% 

Melody 3.00 3.00 3.00 3.00 2.00 4.00 

Articulation 7.00 7.00 7.00 7.00 7.00 7.00 

Complexity 42% 50.00% 72% 54% 33% 61% 

Errors 17% 57% 57% 44% 50% 33% 

C.U.s 19.00 22.00 17.00 19.33 21.00 36.00 

Paraphasias 0% 0% 0% 0% 0% 0% 

Repetitions 0% 21% 0% 7% 0% 22% 

Communication 

Efficiency 

12.03 15.17 12.78 13.33 16.80 17.73 
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 RehaCom WM 

The results of the RehaCom WM screening show a positive linear trend line (Figure 4.2.8) on 

all the tasks assessed with a more prominent trend for improvement in the correct responses 

task. Table 4.2.8 shows the raw scores attained by participant C.S.  

 

Figure 4.2.8: Schematic representation of C.S.’s raw scores on the RehaCom WM Screening task. 

Based on the participant’s scores, WM did not show improvement. Interestingly, all WM tasks 

measured showed a decrease in the scores attained between the baseline average and the post-

therapy & follow-up periods. 

Table 4.2.8: RehaCom WM Screening raw scores for C.S. by subcategory and study phase. 

  Baseline 1 Baseline 2 Baseline 3 Baseline 

Average 

Post-

therapy 

Follow-

up 

Memory Span 4 2 4 3 5 4 

Max Level 3 1 3 2 4 3 

Correct 11 6 6 8 24 13 

Mistakes Order 5 3 0 3 4 3 

Mistakes Position 3 2 2 2 5 3 

0.0
2.0
4.0
6.0
8.0

10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0
26.0

Baseline 1 Baseline 2 Baseline 3 Baselines Average Post-therapy Follow-up

M
ea

n 
Sc

or
e

Memory Span Max Level Correct Mistakes Order
Mistakes Position Linear (Memory Span) Linear (Max Level) Linear (Correct)
Linear (Mistakes Order) Linear (Mistakes Position)



163 

 

 SAQOL-39 

With regards to investigating whether the overall QoL would improve after treatment, the self-

rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.2.9.; Table 4.2.9.). 

The participant’s responses indicated that QoL based on the overall SAQOL-39 self-rated score 

improved between the baseline average (M = 3.63) and post-therapy (M = 4.51) by 18%, and 

it was maintained at follow-up (M = 4.23). 

 

Figure 4.2.9: Schematic representation of the SAQOL-39g mean raw scores at baseline, post-therapy 

and follow-up (Participant C.S.). 

The mean scores for the overall SAQOL-39 and for each subcategory are shown in Table 4.2.9.  

The Physical self-rated score improved from the baseline average (M = 4.25) to post-therapy 

(M = 4.75) by 10%, and it was maintained at follow-up (M = 4.88). The Communication self-

rated score improved from the baseline average (M = 3.81) to post-therapy (M = 4.43) by 10%, 

and it was maintained at follow-up (M = 4.14). The Psychosocial self-rated score improved 

between the baseline average (M = 2.98) and post-therapy (M = 4.38) by 28%. 
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Table 4.2.9: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant C.S.). 

  Baseline  

1 

Baseline 

 2 

Baseline  

3 

Baseline  

average 

Post- 

therapy 

Follow- 

up 

Physical 4.31 3.88 4.56 4.25 4.75 4.88 

Communication 3.57 3.71 4.14 3.81 4.43 4.14 

Psychosocial 2.50 2.88 3.56 2.98 4.38 3.56 

Overall SAQOL-39 3.44 3.41 4.05 3.63 4.51 4.23 
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4.3 Participant #3 – S.H. 

 BDAE Auditory Comprehension 

Statistical analysis of the BDAE Auditory Comprehension subtest (Table 4.3.1) showed that 

there was a significant overall trend for improvement in Commands, t(9) = 2.47, p= .018, but 

non-significant between the treated and untreated periods, t(9) = 1.35, p=.105. On the other 

hand the overall trend for improvement in Word Comprehension was not significant, t(15) = 

1.71, p=.054, and the difference between the treated and untreated periods was also non-

significant, t(15) = -1.50, p=.078. Similarly, there was non-significant overall trend for 

improvement in the Complex Ideational Material, t(5) = -1.23, p=.136, and non-significant 

difference between the treated and untreated periods, t(5) = 0.69, p=.259. Concluding, there 

was a non-significant overall trend for improvement in the overall BDAE Auditory 

Comprehension subtest, t(2) = 0.32, p= .389, and a non-significant difference between the 

treated and untreated periods, t(2) = 1.25, p=.169 (Figure 4.3.1).  

 

Figure 4.3.1: Percentage (%) correct for the BDAE Auditory Comprehension subtests and the overall 

BDAE Auditory Comprehension by study phase (Participant S.H.).  
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Table 4.3.1: WEST-Trend (sum of scores multiplied by −5, −3, −1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, −23, -47, 34, 10) for the 

BDAE Auditory Comprehension (Participant S.H.) 

    Baseline 
1 

Baseline 
2 

Baseline 
3 

Baseline 
4 

Post-
therapy 

Follow-
up WEST-Trend   WEST-ROC  

Word Comprehension 

Mean 0.88 0.88 1.00 1.00 1.00 1.00 1.00 -3.25 

S.D. 0.34 0.34 0.00 0.00 0.00 0.00 2.34 8.69 

              t(15)= 1.71, p= 0.054 t(15)= -1.50, p= 
0.078 

Commands 

Mean 0.40 0.20 0.40 0.40 0.70 0.60 2.50 12.00 

S.D. 0.52 0.42 0.52 0.52 0.48 0.52 3.21 28.07 

  
      

t(9)= 2.47, p= 0.018 t(9)= 1.35, p= 0.105 

Complex Ideational 
Material 

Mean 0.50 0.67 0.50 0.17 0.33 0.33 -2.17 8.50 

S.D. 0.55 0.52 0.55 0.41 0.52 0.52 4.31 29.98 

              t(5)= -1.23, p= 0.136 t(5)= 0.69, p= 0.259 

Overall BDAE Auditory 
Comprehension 

Mean 0.59 0.58 0.63 0.52 0.68 0.64 0.44 5.75 

S.D. 0.25 0.35 0.32 0.43 0.33 0.34 2.38 7.99 

              t(2)= 0.32, p= 0.389 t(2)= 1.25, p= 0.169 
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 BDAE Oral Expression 

Statistical analysis of the BDAE Oral Expression subtest (Table 4.3.2.) showed that overall 

improvement in the Automated Sequences was not significant, t(1) = 0.33, p=.398, and the 

difference was non-significant between the treated and untreated periods, t(1) = 0.89, p=.268. 

Also, there was a non-significant overall trend for improvement in Responsive Naming, t(4) = 

-0.19, p= .431, and the difference between the treated and untreated periods was non-

significant, t(4) = -0.46, p= .334. Similarly, overall improvement in the Boston Naming was 

not significant, t(14) =1.02, p= .164, and the difference was non-significant between the treated 

and untreated periods, t(14) = 0.66, p=.260. Additionally, there was non-significant overall 

trend for improvement in the Screening of Special Categories, t(11) = 1.58, p= .071, and non-

significant difference between the treated and untreated periods, t(11) = 1.26, p= .117.  There 

were no differences in the responses between the six periods for the subtests of Word Repetition 

and Sentence Repetition. Concluding, there was a non-significant overall trend for 

improvement in the overall BDAE Oral Expression subtest, t(5) = 1.40, p= .110, and the 

difference was non-significant between the treated and untreated periods, t(5) = 1.88, p=.059. 

 

Figure 4.3.2: Percentage (%) correct on the BDAE Oral Expression subtests and the overall BDAE 

Oral Expression by study phase (Participant S.H.). 
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Table 4.3.2: WEST-Trend (sum of scores multiplied by −5, −3, −1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25,  1, −23,  -47, 34, 10) for the 

BDAE Oral Expression (Participant S.H.) 

    Baseline 
1 

Baseline 
2 

Baseline 
3 

Baseline 
4 

Post-
therapy 

Follow-
up WEST-Trend  WEST-ROC 

Automatized 

Sequences 

Mean 0.50 0.50 0.50 0.50 0.75 0.50 1.50 17.00 

S.D. 0.71 0.00 0.71 0.00 0.35 0.00 6.36 26.87 

              t(1)= 0.33, p= 0.398 t(1)= 0.89, p= 0.268 

Word Repetition 
Mean 0.80 0.80 0.80 0.80 0.80 0.80 0.00 0.00 

S.D. 0.45 0.45 0.45 0.45 0.45 0.45 0.00 0.00 

Sentence Repetition 
Mean 0.50 0.50 0.50 0.50 0.50 0.50 0.00 0.00 

S.D. 0.71 0.71 0.71 0.71 0.71 0.71 0.00 0.00 

Responsive Naming 

Mean 0.20 0.30 0.10 0.20 0.10 0.20 -1.00 -2.00 

S.D. 0.45 0.27 0.22 0.27 0.22 0.45 7.58 6.12 

              t(4)= -0.19, p= 0.431 t(4)= -0.46, p= 0.334 

Boston Naming Test 
Mean 0.33 0.27 0.33 0.27 0.33 0.47 0.80 4.40 

S.D. 0.49 0.46 0.49 0.46 0.49 0.52 3.05 25.87 

              t(14)= 1.02, p= 0.164 t(14)= 0.66, p= 0.260 

Screening of Special 
Categories 

Mean 0.25 0.25 0.33 0.33 0.67 0.42 2.08 10.00 

S.D. 0.45 0.45 0.49 0.49 0.49 0.51 4.56 27.51 

              t(11)= 1.58, p= 0.071 t(11)= 1.26, p= 0.117 

Overall BDAE Oral 
Expression  

Mean 0.43 0.44 0.43 0.43 0.53 0.48 0.52 3.65 

S.D. 0.22 0.21 0.23 0.22 0.27 0.19 0.91 4.75 

             t(5)= 1.40, p= 0.110 t(5)= 1.88, p= 0.059 
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 BDAE Reading 

Statistical analysis of the BDAE Reading subtest (Table 4.3.3.) showed that the overall trend 

for improvement in Number Matching was not significant, t(3) = 1.00, p= .196, and the 

difference between the treated and untreated periods was non-significant, t(3)= -1.00, p= .196. 

Also, there was non-significant overall trend for improvement in the Word identification, t(3)= 

-1.57, p= .108, and non-significant between the treated and untreated periods, t(3)= -0.36, p= 

.371. Similarly, the overall trend for improvement in in the Oral Basic Word task was not 

significant, t(4) = 0.63, p= .281, and non-significant between the treated and untreated periods, 

t(4) = -0.27, p=.401. Lastly, there was non-significant overall improvement in Silent 

Comprehension, t(3) = 1.00, p= .196, and the difference was non-significant between the 

treated and untreated periods, t(3) = 1.00, p= .196.   There were no differences of the responses 

between the six periods for the subtests of Matching case/script, Oral Basic Sentence and Oral 

Sentence Comprehension. Concluding, there was a non-significant overall trend for 

improvement in the overall BDAE Reading subtest, t(6) = 0.33, p= .378, and a non-significant 

difference between the treated and untreated periods, t(6) = -0.71, p=.251 (Figure 4.3.3.). 

 

Figure 4.3.3: Percentage (%) correct on the BDAE Reading subtests and the overall BDAE Reading 

(Participant S.H.). 
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Table 4.3.3: WEST-Trend (sum of scores multiplied by −5, −3, −1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, −23, -47, 34, 10) for the 

BDAE Reading (Participant S.H.) 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Post-therapy Follow-up WEST-Trend  WEST-ROC 

Matching case/script 
Mean 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Number Matching 

Mean 0.50 0.75 0.50 0.75 0.50 0.75 0.75 -9.00 

S.D. 0.58 0.50 0.58 0.50 0.58 0.50 1.50 18.00 

              t(3)= 1.00, p= 0.196 t(3)= -1.00, p= 0.196 

Word identification 

Mean 0.75 1.00 1.00 0.75 0.75 0.50 -2.25 -8.00 

S.D. 0.50 0.00 0.00 0.50 0.50 0.58 2.87 44.25 

              t(3)= -1.57, p= 0.108 t(3)= -0.36, p= 0.371 

Oral Basic Word 

Mean 0.00 0.00 0.20 0.20 0.20 0.00 1.80 -21.60 

S.D. 0.00 0.00 0.45 0.45 0.45 0.00 4.02 114.21 

              t(4)= 0.63, p= 0.281 t(4)= -0.27, p= 0.401 

Oral Basic sentence 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Oral Sentence Comprehension 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Silent Comprehension 

Mean 0.00 0.00 0.00 0.00 0.25 0.25 2.00 11.00 

S.D. 0.00 0.00 0.00 0.00 0.50 0.50 4.00 22.00 

              t(3)= 1.00, p= 0.196 t(3)= 1.00, p= 0.196 

Overall BDAE Reading 
Mean 0.32 0.39 0.39 0.39 0.39 0.36 0.16 -1.89 

S.D. 0.43 0.50 0.46 0.43 0.38 0.40 1.28 6.99 

       t(6)= 0.33, p= 0.378 t(6)= -0.71, p= 0.251 
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 RCPM 

Statistical analysis (Table 4.3.4) revealed a statistically significant overall trend for 

improvement in Subtest AB, t(11) = 3.33, p= .003, and significant difference between the 

treated and untreated periods, t(11) = 2.61, p=.012. Additionally, there was a significant overall 

trend for improvement in Subtest B, t(11) = 2.63, p=.012, but the difference was non-significant 

between the treated and untreated periods, t(11) = 1.39, p= .096.  There was a non-significant 

overall trend for improvement in Subtest A, t(11)= 0.00, p= .500, and non-significant between 

the treated and untreated periods, t(11)= 0.00, p= .500. Overall, there was a significant trend 

for improvement in the RCPM, t(35) = 3.25, p=.001, and the difference between the treated 

and untreated periods was also significant, t(35) = 2.19, p= .018.    

 

Figure 4.3.4: Percentage (%) correct on the RCPM subcategories and the overall RCPM (Participant 

S.H.). 
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Table 4.3.4: WEST-Trend (sum of scores multiplied by −5, −3, −1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, −23, -47, 34, 10) for the 

RCPM (Participant S.H.). 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Post-therapy Follow-up WEST-Trend  WEST-ROC 

Subtest A 

Mean 0.58 0.75 0.67 0.67 0.75 0.58 0.00 0.00 

S.D. 0.51 0.45 0.49 0.49 0.45 0.51 3.69 27.24 

              t(11)= 0.00, p= 0.500 t(11)= 0.00, p= 0.500 

Subtest AB 

Mean 0.33 0.25 0.33 0.33 0.75 0.75 3.58 18.25 

S.D. 0.49 0.45 0.49 0.49 0.45 0.45 3.73 24.19 

              t(11)= 3.33, p= 0.003 t(11)= 2.61, p= 0.012 

Subtest B 

Mean 0.17 0.33 0.33 0.25 0.58 0.58 2.75 10.75 

S.D. 0.39 0.49 0.49 0.45 0.51 0.51 3.62 26.83 

              t(11)= 2.63, p= 0.012 t(11)= 1.39, p= 0.096 

Overall RCPM Mean 0.36 0.44 0.44 0.42 0.69 0.64 2.111 9.667 

 S.D. 0.49 0.50 0.50 0.50 0.47 0.49 3.90 26.48 

        t(35)= 3.25, p= 0.001 t(35)= 2.19, p= 0.018 
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 MAIN  

There was a non-significant overall trend for improvement on the MAIN, t(16)= 1.59, p= .066, 

and the difference between the treated and untreated periods was non-significant, t(16)= 0.34, 

p= .370 (Figure 4.3.5; Table 4.3.5). 

 

Figure 4.3.5: Percentage (%) correct on the MAIN across study phases (Participant S.H.). 
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Table 4.3.5: WEST-Trend (sum of scores multiplied by −5, −3, −1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, −23, -47, 34, 10) for the 

MAIN (Participant S.H.). 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Post-therapy Follow-up WEST-Trend  WEST-ROC 

MAIN 

Mean 0.00 0.29 0.00 0.12 0.12 0.24 0.76 1.12 

S.D. 0.00 0.47 0.00 0.33 0.33 0.44 1.99 13.61 

              t(16)= 1.59, p= 0.066 t(16)= 0.34, p= 0.370 
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 Procedural Discourse 

There was a non-significant overall trend for improvement in the Procedural Discourse task, 

t(9)= -0.13, p= .449, and the difference between the treated and untreated periods was non-

significant, t(9)= -0.44, p= .334. 

 

 

Figure 4.3.6: Percentage (%) correct on the Procedural Discourse across study phases (Participant 

S.H.). 
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Table 4.3.6: WEST-Trend (sum of scores multiplied by −5, −3, −1, 1, 3, 5) and WEST-ROC (sum of scores multiplied by 25, 1, −23, -47, 34, 10) for the 

Procedural Discourse (Participant S.H.). 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Post-therapy Follow-up WEST-Trend  WEST-ROC 

Procedural Discourse 

Mean 0.10 0.20 0.00 0.20 0.10 0.10 -0.10 -2.30 

S.D. 0.32 0.42 0.00 0.42 0.32 0.32 2.38 16.42 

              t(9)= -0.13, p= 0.449 t(9)= -0.44, p= 0.334 
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 SSLA 

S.H..’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol 

(Shewan, 1988) designed to describe and quantify connected speech (Table 4.3.7). The 

language sample collected at each time point, was not sufficient in word length to undergo 

statistical analysis hence results were compared in raw scores. In this case the baseline average 

(avg) was compared with the post-testing and follow-up results. There was an increase in the 

rate of speech that improved from 20.62 syllables per minute to 29.31 at post-therapy but 

reverted to 17.49 at follow-up. Improvement was also noted between baseline avg and follow-

up in the production of errors (from 68% to 57%). A small improvement in the number of 

content units was noted from 2.25 at baseline avg, to 3.00 at follow-up. A reduction in 

paraphasias was noted with a reduction from 30% at baseline avg to 25% at post-therapy and 

at 0% at follow-up. Improvement in the number of repetitions was noted with a reduction from 

22% to 0% between baseline avg and post-therapy but reverted to 14% at follow-up. Finally, 

improvement in communication efficiency, which reflects the rate at which information is 

conveyed by the speaker (number of content units divided by time), was noted from 1.90 at 

baseline avg, to 3.45 post-therapy, but at follow-up, communication efficiency had reverted to 

baseline performance. Overall, based on the numerical values collected, there was no increase 

in the number of utterances, sentence length, melody, articulation, and sentence complexity 

after therapy (see Table 4.3.7). 
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Figure 4.3.7.a. Results of S.H.’s personal stroke narrative analysis based on the SSLA showing the 

raw scores between baseline average, post-therapy, and follow-up phases. 

 

 

Figure 4.3.7.b. Results of S.H.’s personal stroke narrative analysis based on the SSLA showing the raw 

score percentages (%) between baseline average, post-therapy, and follow-up phases. 
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Table 4.3.7: Raw scores for S.H.’s personal stroke narrative analysis based on the SSLA. 
 

Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 

Average 

Post-

therapy 

Follow-

up 

Utterances 11.00 9.00 1.00 5.00 6.50 4.00 7.00 

Rate 20.26 38.04 8.96 15.22 20.62 29.31 17.49 

Length 100% 100% 100% 100% 100% 100% 100% 

Melody 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Articulation 3.00 3.00 3.00 3.00 3.00 3.00 4.00 

Complexity 0% 0% 0% 0% 0% 0% 0% 

Errors 64% 67% 100% 40% 68% 75% 57% 

C.U.s 4.00 2.00 1.00 2.00 2.25 2.00 3.00 

Paraphasias 18% 0% 100% 0% 30% 25% 0% 

Repetitions 36% 33% 0% 20% 22% 0% 14% 

Communication 

Efficiency 
1.76 2.17 1.49 2.17 1.90 3.45 1.64 
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 RehaCom WM 

The results of the RehaCom WM screening show a positive linear trend on all the tasks assessed. 

Table 4.3.8 shows the raw scores results for participant S.H. A graphic representation of the 

WM screening task results can be seen in Figure 4.3.8.   

 

Figure 4.3.8: Schematic representation of the RehaCom WM Screening test results by study phase. 

 

Table 4.3.8: RehaCom WM Screening raw scores for S.H. by subcategory and period of assessment 

  Baseline 

1 

Baseline 

2 

Baseline 

3 

Baseline 

4 

Baseline 

Average 

Post-

therapy 

Follow

-up 

Memory Span 2 1 1 1 1.25 2 2 

Max Level 1 0 0 0 0.25 1 1 

Correct 3 0 4 0 1.75 11 3 

Mistakes Order 6 6 7 2 5.25 7 3 

Mistakes Position 2 5 6 1 3.5 3 1 
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 SAQOL-39 

With regards to investigating whether the overall QoL would improve after treatment, the self-

rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.3.9.; Table 4.3.9.). 

The participant’s responses indicated that the overall QoL improved between the baseline 

average (M = 2.57) and post-therapy (M = 3.67) by 22%, and it was maintained at follow-up 

(M = 3.46). 

 

Figure 4.3.9: Schematic representation of the SAQOL-39g mean raw scores at baseline, post-therapy 

and follow-up (Participant S.H.). 

 

The mean scores for the overall SAQOL-39 and for each subcategory are shown in Table 4.3.9.  
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Table 4.3.9: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant S.H.). 

  Baseline  

1 

Baseline 

 2 

Baseline  

3 

Baseline  

4 

Baseline  

average 

Post- 

therapy 

Follow- 

up 

Physical 2.31 1.88 2.63 2.63 2.36 2.69 2.25 

Communication 2.57 3.29 3.00 2.43 2.82 3.86 3.29 

Psychosocial 3.13 3.75 3.06 1.25 2.80 4.56 4.75 

Overall SAQOL-39 2.62 2.82 2.79 2.05 2.57 3.67 3.46 
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4.4 Participant #4 – C.G. 

 BDAE Auditory Comprehension 

Statistical analysis of the BDAE Auditory Comprehension subtest (Table 4.4.1) showed that the 

overall trend for improvement in Word Comprehension was significant, t(15) = 0.88, p=.015, 

and the improvement in the treated period was significantly lower than the untreated periods, 

t(15) = -2.33, p=.017. A significant overall trend for improvement was noted in Commands, 

t(9) = 3.21, p= .005, with a significant difference between the treated and untreated periods, 

t(9) = 2.77, p=.011. On the other hand, there was non-significant overall trend for improvement 

in Complex Ideational Material, t(5) = 1.46,  p=.102, and non-significant difference between 

the treated and untreated periods, t(5) = -1.54, p=.093. Overall, there was a significant overall 

trend for improvement in the Auditory Comprehension subtest, t(2) = 3.60, p= .035, but the 

difference was non-significant between the treated and untreated periods, t(2) =0.08, p=.473 

(Figure 4.4.1). 

 

Figure 4.4.1: Percentage (%) correct on the BDAE Auditory Comprehension subtests and the overall 

BDAE Auditory Comprehension by phase (Participant C.G.). 
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Table 4.4.1: WEST-Trend (sum of scores multiplied by -3, −2, −1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, −8, -13, 10, 5) for the 

BDAE Auditory Comprehension (Participant C.G.). 

    Baseline 
1 

Baseline 
2 

Baseline 
3 

Baseline 
4 

Baseline 
5 

Post-
therapy 

Follow-
up WEST-Trend WEST-ROC 

Word Comprehension 

Mean 0.75 0.94 1.00 1.00 1.00 1.00 1.00 0.88 -1.88 

S.D. 0.45 0.17 0.00 0.00 0.00 0.00 0.00 1.45 3.22 

                t(15)= 2.41, p= 0.015 t(15)= -2.33, p= 0.017 

Commands 

Mean 0.40 0.30 0.40 0.40 0.40 0.90 0.80 2.40 6.80 

S.D. 0.52 0.48 0.52 0.52 0.52 0.32 0.42 2.37 7.76 

                t(9)= 3.21, p= 0.005 t(9)= 2.77, p= 0.011 

Complex Ideational 
Material 

Mean 0.00 0.50 0.17 0.50 0.50 0.33 0.50 1.50 -4.17 

S.D. 0.00 0.55 0.41 0.55 0.55 0.52 0.55 2.51 6.65 

                t(5)= 1.46, p= 0.102 t(5)= -1.54, p= 0.093 

Overall BDAE Auditory 
Comprehension 

Mean 0.38 0.58 0.52 0.63 0.63 0.74 0.77 1.59 0.25 

S.D. 0.38 0.33 0.43 0.32 0.32 0.36 0.25 0.77 5.78 

              t(2)= 3.6, p= 0.035 t(2)= 0.08, p= 0.473 
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 BDAE Oral Expression 

Statistical analysis of the BDAE Oral Expression subtest showed that the overall trend for 

improvement in Responsive Naming was found to be significant, t(4) = 3.32, p=.015, with non-

significant difference between the treated and untreated periods, t(4) = 0.90, p=.209. Similarly, 

the overall trend for improvement in Boston Naming was significant, t(14) =4.28, p< .001, and 

non-significant between the treated and untreated periods, t(14) = 1.16, p=.133. Screening of 

Special Categories was also found to be significant in the overall trend for improvement in 

t(11) = 3.39, p=.003, but improvement was not significant between the treated and untreated 

periods, t(11)=1.40, p= .094. On the other hand, the overall trend for improvement in 

Automatized Sequences was not significant, t(1) = 1.00, p=.250, and the difference between 

the treated and untreated periods was non-significant, t(4) = -1.00, p=.250. Also, the overall 

trend improvement in Word Repetition was not significant, t(4) = 1.03, p=.180, with non-

significant difference between the treated and untreated periods, t(4) = -1.03, p=.180. 

Similarly, there was non-significant overall trend for improvement in Sentence Repetition, t(1) 

= 1.00, p= .250, and non-significant difference between the treated and untreated periods, t(1) 

= 1.00, p= .250. Overall, there was significant overall trend for improvement in the BDAE Oral 

Expression subtest, t(5) =7.39, p < .001, but with non-significant difference between the treated 

and untreated periods, t(5) =1.02, p=.177. 

 

Figure 4.4.2: Percentage (%) correct on the BDAE Oral Expression subtests and the overall BDAE 

Oral Expression by stage (Participant C.G.). 
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Table 4.4.2: WEST-Trend (sum of scores multiplied by -3, −2, −1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, −8, -13, 10, 5) for the 

BDAE Oral Expression (Participant C.G.). 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Post-therapy Follow-up WEST-Trend WEST-ROC 

Automatized sequences 

Mean 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.50 -3.50 

S.D. 0.35 0.00 0.00 0.00 0.00 0.00 0.00 2.12 4.95 

                t(1)= 1.00, p= 0.250 t(1)= -1.00, p= 0.250 

Word Repetition 

Mean 0.40 0.40 0.80 0.80 0.80 0.80 0.80 2.00 -3.60 

S.D. 0.55 0.55 0.45 0.45 0.45 0.45 0.45 2.74 4.93 

                t(4)= 1.03, p= 0.180 t(4)= -1.03, p= 0.180 

Sentence Repetition 

Mean 0.00 0.00 0.00 0.00 0.00 0.50 0.50 2.50 7.50 

S.D. 0.00 0.00 0.00 0.00 0.00 0.71 0.71 3.54 10.61 

                t(1)= 1.00, p= 0.250 t(1)= 1.00, p= 0.250 

Responsive Naming 

Mean 0.00 0.10 0.10 0.20 0.10 0.40 0.50 4.20 7.00 

S.D. 0.00 0.22 0.22 0.45 0.22 0.55 0.00 1.79 10.95 

                t(4)= 3.32, p= 0.015 t(4)= 0.90, p= 0.209 

Boston Naming Test 

Mean 0.07 0.13 0.27 0.33 0.33 0.60 0.60 2.60 1.93 

S.D. 0.26 0.35 0.46 0.49 0.49 0.51 0.51 2.35 6.47 

                t(14)= 4.28, p< 0.001 t(14)= 1.16, p= 0.133 

Screening of special 
categories 

Mean 0.50 0.42 0.67 0.75 0.67 1.00 0.92 2.42 2.25 

S.D. 0.52 0.51 0.49 0.45 0.49 0.00 0.29 2.47 5.56 

                t(11)= 3.39, p= 0.003 t(11)= 1.40, p= 0.094 

Overall BDAE  Oral 
Expression 

Mean 0.29 0.34 0.47 0.51 0.48 0.72 0.72 2.06 1.64 

S.D. 0.31 0.36 0.41 0.39 0.40 0.26 0.22 0.68 3.93 

               t(5)= 7.39, p< 0.001 t(5)= 1.02, p= 0.177 
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 BDAE Reading 

Statistical analysis of the BDAE Reading subtest (Table 4.4.3) showed that the overall trend 

for improvement in Word Identification was significant, t(3)= 2.89, p= .0326, and the 

improvement in the treated period was significantly lower that the untreated periods, t(3)= -

2.71, p= .036. The overall trend for improvement in the Oral Basic Word task was not 

significant, t(4) = 1.03, p= .180, and the difference between the treated and untreated periods 

was non-significant, t(4) = -1.03, p=.180. Similarly, overall improvement in the Oral Basic 

Sentence task was not significant, t(4) = 0.93, p= .203, with  non-significant difference between 

the treated and untreated periods, t(4) = -1.17, p=.154. Additionally, there was a non-

significant overall trend for improvement in the Oral Sentence Comprehension, t(2) = 1.00, p= 

.211, and non-significant between the treated and untreated periods, t(2) = -1.00, p= .211. 

Lastly, there was a non-significant overall trend for improvement in the Silent Comprehension, 

t(3) = 1.00, p= .196, with a non-significant difference between the treated and untreated 

periods, t(3) = 1.00, p= .196. There was no difference in the responses between the seven 

periods for the Matching case/script and Number Matching tasks. Concluding, there was a 

significant overall trend for improvement in the BDAE Reading subtest, t(6) = 3.19, p= .009, 

and improvement was found to be significantly better in the untreated period, t(6) = -3.19, 

p=.009 (Figure 4.4.3). 

 

Figure 4.4.3: Percentage (%) correct on the BDAE Reading subtests and the overall BDAE Reading 

(Participant C.G.). 
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Table 4.4.3: WEST-Trend (sum of scores multiplied by -3, −2, −1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, −8, -13, 10, 5) for the 

BDAE Reading (Participant C.G.). 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Post-therapy Follow-up WEST-Trend WEST-ROC 

Matching 
Case/Script  

Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Number Matching  
Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Word Identification 

  

Mean 0.25 1.00 0.75 1.00 1.00 1.00 1.00 2.50 -4.50 

S.D. 0.50 0.00 0.50 0.00 0.00 0.00 0.00 1.73 3.32 

                t(3)= 2.89, p= 0.032 t(3)= -2.71, p= 0.036 

Oral Basic Word 

  

Mean 0.60 1.00 1.00 1.00 1.00 1.00 1.00 3.60 -8.40 

S.D. 0.55 0.00 0.00 0.00 0.00 0.00 0.00 4.93 11.50 

                t(4)= 1.03, p= 0.180 t(4)= -1.03, p= 0.180 

Oral Basic Sentence 

  

Mean 0.20 0.40 0.60 0.80 0.80 0.80 0.60 2.20 -5.40 

S.D. 0.45 0.55 0.55 0.45 0.45 0.45 0.55 3.35 6.54 

                t(4)= 0.93, p= 0.203 t(4)= -1.17, p= 0.154 

Oral Sentence 
Comprehension 

Mean 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 -2.33 

S.D. 0.58 0.00 0.00 0.00 0.00 0.00 0.00 1.73 4.04 

                t(2)= 1.00, p= 0.211 t(2)= -1.00, p= 0.211 

Silent 
Comprehension 

Mean 0.75 0.75 1.00 1.00 1.00 1.00 1.00 1.25 -2.25 

S.D. 0.50 0.50 0.00 0.00 0.00 0.00 0.00 2.50 4.50 

                t(3)= 1.00, p= 0.196 t(3)= -1.00, p= 0.196 

Overall BDAE 
Reading 

Mean 0.64 0.88 0.91 0.97 0.97 0.97 0.94 1.16 -2.47 

S.D. 0.32 0.23 0.16 0.08 0.08 0.08 0.15 0.97 2.04 

          t(6)= 3.19, p= 0.009 t(6)= -3.19, p= 0.009 
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 RCPM 

Statistical analysis (Table 4.4.4) revealed that there was a non-significant overall trend for 

improvement in Subtest A, t(11)= 1.00, p= .169, and a non-significant difference between the 

treated and untreated periods, t(11)= -1.00, p= .169. There were no differences of the responses 

between the seven periods, regarding the Subtest AB and Subtest B. Concluding, there was a 

non-significant overall trend for improvement in the RCPM, t(35) = 1.00, p=.162, and also a 

non-significant difference between the treated and untreated periods, t(35) = -1.00, p= .162.    

(Figure 4.4.4). 

 

Figure 4.4.4: Percentage (%) correct on the RCPM subtests and the overall RCPM (Participant C.G.). 
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Table 4.4.4: WEST-Trend (sum of scores multiplied by -3, −2, −1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, −8, -13, 10, 5) for the 

RCPM (Participant C.G.). 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Post-therapy Follow-up WEST-Trend WEST-ROC 

Subtest A 

Mean 0.92 1.00 1.00 1.00 1.00 1.00 1.00 0.25 -0.58 

S.D. 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.87 2.02 

                t(11)= 1.00, p= 0.169 t(11)= -1.00, p= 0.169 

Subtest AB 
Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Subtest B 
Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Overall RCPM 

Mean 0.97 1.00 1.00 1.00 1.00 1.00 1.00 0.083 -0.194 

S.D. 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.50 1.17 

        t(35)= 1.00, p= 0.162 t(35)= -1.00, p= 0.162 
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 MAIN  

Statistical analysis revealed there was a significant overall trend for improvement in the 

MAIN, t(16)= 2.84, p= .006, but a non-significant difference between the treated and 

untreated periods, t(16)= 1.55, p= .070 (Figure 4.4.5.; Table 4.4.5.). 

 

Figure 4.4.5: Percentage (%) correct on the MAIN across study phase (Participant C.G.). 
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Table 4.4.5: WEST-Trend (sum of scores multiplied by -3, −2, −1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, −8, -13, 10, 5) for the 

MAIN (Participant C.G.). 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Post-therapy Follow-up WEST-Trend WEST-ROC 

MAIN 

Mean 0.24 0.35 0.53 0.47 0.35 0.76 0.47 1.35 2.41 

S.D. 0.44 0.49 0.51 0.51 0.49 0.44 0.51 1.97 6.41 

                t(16)= 2.84, p= 0.006 t(16)= 1.55, p= 0.070 
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 Procedural Discourse 

There was a non-significant overall trend for improvement in Procedural Discourse, t(9)= 

1.50, p=.084, and a non-significant difference between the treated and untreated periods, 

t(9)=0.77, p= .232. 

 

Figure 4.4.6: Percentage (%) correct on the Procedural Discourse task by phase (Participant C.G.). 
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Table 4.4.6: WEST-Trend (sum of scores multiplied by -3, −2, −1, 0, 1, 2, 3) and WEST-ROC (sum of scores multiplied by 7, 2, -3, −8, -13, 10, 5) for the 

Procedural Discourse (Participant C.G.). 

    Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Post-therapy Follow-up WEST-Trend WEST-ROC 

Procedural Discourse 

Mean 0.20 0.30 0.30 0.20 0.30 0.50 0.40 1.00 2.60 

S.D. 0.42 0.48 0.48 0.42 0.48 0.53 0.52 2.11 10.74 

                t(9)= 1.50, p= 0.084 t(9)= 0.77, p= 0.232 
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 SSLA 

C.G..’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol 

(Shewan, 1988) designed to describe and quantify connected speech (Table 4.4.7). The 

language sample collected at each time point, was not sufficient in word length to undergo 

statistical analysis hence results were compared in raw scores. In this case the Baseline average 

(avg) was compared with the post-testing and follow-up results. There was an increase in the 

rate of speech from 163.30 syllables per minute to 203.20 at post-therapy but dropped to 124.04 

at follow-up. The sentence length, which reflects the use of more than 5 words in the produced 

utterances, improved from 54% at baseline avg to 42% at post-therapy and was maintained at 

47% at follow-up. Improvement was noted in sentence complexity between baseline avg and 

follow-up (from 18% to 26%). A small improvement was noted between baseline avg and 

follow-up in the production of errors (from 48% to 42%). The number of content units 

improved from 18.40 at baseline avg, to 23.00 at post-therapy, and was maintained at 24.00 at 

follow-up. Improvement in the number of repetitions was noted with a reduction from 76% to 

68% between baseline avg and follow-up. A notable improvement in communication efficiency 

which reflects the rate at which information is conveyed by the speaker (number of content 

units divided by time), from 11.57 at baseline avg, to 18.40 post-therapy, but reverted to 13.11 

at follow-up. Overall, based on the numerical values collected, there was no increase in the 

number of utterances after therapy and the overall melody and articulation were judged to be 

normal (see Table 4.4.7).
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Figure 4.4.7 a. Results of C.G.’s personal stroke narrative analysis based on the SSLA showing the 

raw scores for baseline average, post-therapy, and follow-up phases. 

 

 

Figure 4.4.7.b. Results of C.G.’s personal stroke narrative analysis based on the SSLA showing the 

raw score percentages (%) for baseline average, post-therapy, and follow-up phases. 
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Table 4.4.7: Raw scores for C.G.’s personal stroke narrative analysis based on the SSLA. 
 

Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Baseline 

Average 

Post-

therapy 

Follow-

up 

Utterances 20.00 22.00 24.00 19.00 16.00 20.20 19.00 19.00 

Rate 163.56 168.99 179.31 165.56 139.10 163.30 203.20 124.04 

Length 65% 64% 54% 32% 56% 54% 42% 47% 

Melody 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

Articulation 6.00 6.00 6.00 6.00 6.00 6.00 6.00 7.00 

Complexity 15% 27% 13% 16% 19% 18% 16% 26% 

Errors 35% 59% 17% 68% 63% 48% 47% 42% 

C.U.s 12.00 19.00 22.00 23.00 16.00 18.40 23.00 24.00 

Paraphasias 15% 41% 25% 37% 6% 25% 32% 26% 

Repetitions 40% 64% 100% 95% 81% 76% 79% 68% 

Communication 

Efficiency 
10.17 12.03 10.84 12.78 12.03 11.57 18.40 13.11 
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 RehaCom WM 

The results of the RehaCom WM screening task show that there was no improvement in the 

tasks assessed. Table 4.4.8 shows participant C.G.’s raw scores. A graphic representation of 

the WM screening results can be seen in Figure 4.4.8.   

 

Table 4.4.8: Schematic representation of the RehaCom WM Screening test results 
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Table 4.4.9: RehaCom WM Screening raw scores for C.G. by subcategory and period of assessment 

  Baseline 1 Baseline 2 Baseline 3 Baseline 4 Baseline 5 Baseline 

Average 

Post-

therapy 

Follow-up 

Memory Span 5 4 5 6 5 5 5 5 

Max Level 4 3 4 5 4 4 4 4 

Correct 8 7 21 12 10 12 9 8 

Mistakes Order 1 1 6 2 3 3 1 1 

Mistakes Position 2 1 1 2 1 1 1 2 
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 SAQOL-39 

With regards to investigating whether the overall QoL would improve after treatment, the self-

rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.4.9.; Table 4.4.9.). 

The participant’s responses indicated that QoL improved between the baseline average (M = 

4.01) and post-therapy (M = 4.41) by 8% and increased a further 3% at follow-up (M = 4.54). 

 

Figure 4.4.8: Schematic representation of the SAQOL-39g mean raw scores at baseline, post-therapy 

and follow-up (Participant C.G.). 

 

The mean scores for the overall SAQOL-39 and for each subcategory are shown in Table 4.4.9.  
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Table 4.4.10: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant C.G.). 

  Baseline  

1 

Baseline 

 2 

Baseline  

3 

Baseline  

4 

Baseline  

5 

Baseline  

average 

Post- 

therapy 

Follow- 

up 

Physical 4.60 4.67 4.60 4.69 4.69 4.65 4.75 4.81 

Communication 3.00 3.57 3.57 3.14 3.14 3.29 4.43 3.71 

Psychosocial 3.63 4.00 3.75 3.75 3.75 3.78 4.06 4.63 

Overall SAQOL-39 3.82 4.16 4.05 4.03 4.00 4.01 4.41 4.54 
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4.5 Participant #5 – F.C. 

 BDAE Auditory Comprehension 

Statistical analysis of the BDAE Auditory Comprehension subtest showed that there was a 

significant overall trend for improvement in Commands, t(9) = 1.96, p= .041, as well as 

significant difference between the treated and untreated periods, t(9) = 2.45, p=.018. On the 

other hand, the overall trend for improvement in Word Comprehension was not significant, 

t(15) = 1.46, p=.082, and the difference was non-significant between the treated and untreated 

periods, t(15) = 1.46, p=.082. Similarly, there was non-significant overall trend for 

improvement in Complex Ideational Material t(5) = -0,79, p=.233, and non-significant 

difference between the treated and untreated periods, t(5) = 1.08, p=.164. Concluding, there 

was a non-significant overall trend for improvement in the overall BDAE Auditory 

Comprehension, t(2) = 0.48, p= .338, but the difference between the treated and untreated 

periods was significant, t(2) = 3.09, p=.045. 

 

Figure 4.5.1: Percentage (%) correct on the BDAE Auditory Comprehension subtests and the overall 

BDAE Auditory Comprehension by phase (Participant F.C.). 
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Table 4.5.1: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the BDAE Auditory 

Comprehension (Participant F.C.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend   WEST-ROC  

Word Comprehension 

Mean 1.00 0.88 0.94 1.00 1.00 0.13 0.38 

S.D. 0.00 0.34 0.25 0.00 0.00 0.34 1.02 

            t(15)= 1.46, p= 0.082 t(15)= 1.46, p= 0.082 

Commands 

Mean 0.30 0.30 0.30 0.70 0.40 0.60 1.20 

S.D. 0.48 0.48 0.48 0.48 0.52 0.97 1.55 

            t(9)= 1.96, p= 0.041 t(9)= 2.45, p= 0.018 

Complex Ideational 
Material 

Mean 0.17 0.17 0.00 0.17 0.00 -0.33 0.67 

S.D. 0.41 0.41 0.00 0.41 0.00 1.03 1.51 

            t(5)= -0.79, p= 0.233 t(5)= 1.08, p= 0.164 

Overall BDAE  Auditory 
Comprehension 

Mean 0.49 0.45 0.41 0.62 0.47 0.13 0.75 

S.D. 0.45 0.38 0.48 0.42 0.50 0.47 0.42 

            t(2)= 0.48, p= 0.338 t(2)= 3.09, p= 0.045 
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 BDAE Oral Expression 

Statistical analysis of the BDAE Oral Expression subtest (Table 4.5.2) showed that there was 

a significant overall trend for improvement in Screening of Special Categories, t(11) = 3.19, 

p= .004, but non-significant improvement between the treated and untreated periods, t(11) = 

0.46, p= .329. The overall trend for improvement in Word Repetition was not significant, t(4) 

= 0.63, p=.281, with non-significant difference between the treated and untreated periods, t(4) 

= -0.63, p=.281. Also, there was non-significant overall trend for improvement in Responsive 

Naming, t(4) = 0.95, p= .198, and non-significant difference between the treated and untreated 

periods, t(4) = 1.03, p= .180. Similarly, the overall trend for improvement in Boston Naming 

was not significant, t(14) =0.54, p= .298, and non-significant between the treated and untreated 

periods, t(14) = 0.59, p=.283.  For the tasks of Automated Sequences and Sentence Repetition 

there were no differences of the responses between the five periods. Concluding, there was a 

significant overall trend for improvement in the overall BDAE Oral Expression, t(5) = 2.17, p 

= .041, but with a non-significant difference between the treated and untreated periods, t(5) = 

0.98, p=.185 (Figure 4.5.2). 

 

Figure 4.5.2: Percentage (%) correct on the BDAE Oral Expression subtests and the overall BDAE 

Oral Expression by phase (Participant F.C.). 
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Table 4.5.2: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the BDAE Oral 

Expression (Participant F.C.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend  WEST-ROC 

Automatized Sequences 
Mean 0.75 0.75 0.75 0.75 0.75 0.00 0.00 

S.D. 0.35 0.35 0.35 0.35 0.35 0.00 0.00 

Word Repetition 

Mean 0.80 1.00 1.00 1.00 1.00 0.40 -0.40 

S.D. 0.45 0.00 0.00 0.00 0.00 0.89 0.89 

            t(4)= 0.63, p= 0.281 t(4)= -0.63, p= 0.281 

Sentence Repetition 
Mean 0.50 0.50 0.50 0.50 0.50 0.00 0.00 

S.D. 0.71 0.71 0.71 0.71 0.71 0.00 0.00 

Responsive Naming 

Mean 0.00 0.00 0.00 0.40 0.10 1.20 2.40 

S.D. 0.00 0.00 0.00 0.55 0.22 1.79 3.29 

            t(4)= 0.95, p= 0.198 t(4)= 1.03, p= 0.180 

Boston Naming Test 

Mean 0.27 0.13 0.27 0.33 0.27 0.20 0.33 

S.D. 0.46 0.35 0.46 0.49 0.46 1.42 2.19 

            t(14)= 0.54, p= 0.298 t(14)= 0.59, p= 0.283 

Screening of Special Categories 

Mean 0.33 0.50 0.50 0.67 0.83 1.17 0.17 

S.D. 0.49 0.52 0.52 0.49 0.39 1.27 1.27 

            t(11)= 3.19, p= 0.004 t(11)= 0.46, p= 0.329 

Overall BDAE Oral Expression 

Mean 0.44 0.48 0.50 0.61 0.58 0.39 0.22 

S.D. 0.30 0.37 0.35 0.25 0.35 0.44 0.54 

           t(5)= 2.17, p= 0.041 t(5)= 0.98, p= 0.185 
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 BDAE Reading 

Statistical analysis of the BDAE Reading subtest (Table 4.5.3) showed that the overall trend 

for improvement in Word identification was not significant, t(3)= 0.19, p= .431, and the 

difference between the treated and untreated periods was non-significant, t(3)= 1.00, p= .196. 

Similarly, the overall trend for improvement in Oral Basic Sentence was not significant, t(4) = 

0.37, p= .364, and non-significant between the treated and untreated periods, t(4) = 0.61, 

p=.287. Additionally, there was a non-significant overall trend for improvement in Oral 

Sentence Comprehension, t(2) = 0.00, p= .500, with a non-significant difference between the 

treated and untreated periods, t(2) = 0.72, p= .274. Lastly, there was a non-significant overall 

trend for improvement in Silent Comprehension, t(3) = -0.79, p= .243, with a non-significant 

difference between the treated and untreated periods, t(3) = -0.68, p= .274. For the tasks of 

Matching case/script, Number Matching and Oral Basic Sentence, there was no differences in 

the number of responses between the five periods. In general, there was a non-significant 

overall trend for improvement in the BDAE Reading subtest, t(6) = -0.10, p= .460, and a non-

significant difference between the treated and untreated periods, t(6) = 1.27, p=.126 (Figure 

4.5.3). 

 

Figure 4.5.3: Percentage (%) correct on the BDAE Reading subtests and the overall BDAE Reading 

(Participant F.C.). 
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Table 4.5.3: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the BDAE Reading 

(Participant F.C.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Matching Case/Script 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Number Matching 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Word Identification 

Mean 0.50 0.50 0.50 0.75 0.50 0.25 0.75 

S.D. 0.58 0.58 0.58 0.50 0.58 2.63 1.50 

            t(3)= 0.19, p= 0.431 t(3)= 1.00, p= 0.196 

Oral Basic Word 
Mean 1.00 1.00 1.00 1.00 1.00 0.00 0.00 

S.D. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Oral Basic Sentence 

Mean 0.60 0.60 0.60 1.00 0.60 0.40 1.20 

S.D. 0.55 0.55 0.55 0.00 0.55 1.52 2.77 

            t(4)= 0.37, p= 0.364 t(4)= 0.61, p= 0.287 

Oral Sentence Comprehension 

Mean 0.33 0.33 0.00 0.33 0.33 0.00 1.33 

S.D. 0.58 0.58 0.00 0.58 0.58 1.00 3.21 

            t(2)= 0.00, p= 0.500 t(2)= 0.72, p= 0.274 

Silent Comprehension 

Mean 0.75 0.75 0.75 0.50 0.50 -0.75 -0.75 

S.D. 0.50 0.50 0.50 0.58 0.58 1.89 2.22 

            t(3)= -0.79, p= 0.243 t(3)= -0.68, p= 0.274 

Overall BDAE Reading 

Mean 0.74 0.74 0.69 0.80 0.70 -0.01 0.36 

S.D. 0.27 0.27 0.37 0.28 0.29 0.36 0.76 

      t(6)= -0.10, p= 0.460 t(6)= 1.27, p= 0.126 
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 RCPM 

Statistical analysis (Table 4.5.4.) revealed that there was a non-significant overall trend for 

improvement in Subtest A, t(11)= 1.47, p= .085, but a significant improvement between the 

treated and untreated periods, t(11)= 2.28, p= .022. On the other hand, overall improvement in 

Subtest AB was statistically significant, t(11) = 2.03, p= .034, but non-significant between the 

treated and untreated periods, t(11) = 1.02, p=.164. Lastly, there was a non-significant overall 

trend for improvement in Subtest B, t(11)= -1.00, p= .169, and a non-significant difference 

between the treated and untreated periods, t(11) = 1.00, p= .169. In general, there was a 

significant overall trend for improvement in the RCPM, t(35) = 2.13, p=.020, and also a 

significant difference between the treated and untreated periods, t(35) = 2.15, p= .019 (Figure 

4.5.4.).    

 

Figure 4.5.4: Percentage (%) correct on the subcategories and the overall RCPM (Participant F.C.). 
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Table 4.5.4: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the RCPM 

(Participant F.C.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Subtest A 

Mean 0.75 0.50 0.75 0.92 0.83 0.58 0.75 

S.D. 0.45 0.52 0.45 0.29 0.39 1.38 1.14 

            t(11)= 1.47, p= 0.085 t(11)= 2.28, p= 0.022 

Subtest AB 

Mean 0.58 0.67 0.67 0.92 0.75 0.58 0.58 

S.D. 0.51 0.49 0.49 0.29 0.45 1.00 1.98 

            t(11)= 2.03, p= 0.034 t(11)= 1.02, p= 0.164 

Subtest B 

Mean 0.50 0.50 0.42 0.42 0.50 -0.08 0.08 

S.D. 0.52 0.52 0.51 0.51 0.52 0.29 0.29 

            t(11)= -1.00, p= 0.169 t(11)= 1.00, p= 0.169 

Overall RCPM Mean 0.61 0.56 0.61 0.75 0.69 0.361 0.472 

 S.D. 0.49 0.50 0.49 0.44 0.47 1.02 1.32 

       t(35)= 2.13, p= 0.02 t(35)= 2.15, p= 0.019 
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 MAIN  

There was a non-significant overall trend for improvement on the MAIN, t(16)= 0.57, p= .290, 

and non-significant between the treated and untreated periods, t(16)= 1.43, p= .086. 

 

Figure 4.5.5: Percentage (%) correct on the MAIN by phase (Participant F.C.)
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Table 4.5.5: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the MAIN 

(Participant F.C.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

MAIN 

Mean 0.18 0.18 0.12 0.29 0.24 0.24 0.59 

S.D. 0.39 0.39 0.33 0.47 0.44 1.71 1.70 

            t(16)= 0.57, p= 0.290 t(16)= 1.43, p= 0.086 
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 Procedural Discourse 

The WEST-Trend could not be evaluated due the standard deviation being equal to zero. There 

was non-significant improvement in Procedural Discourse between the treated and untreated 

periods, t(9)= -1.00, p= .172. 

 

Figure 4.5.6: Percentage (%) correct on the Procedural Discourse by phase (Participant F.C.). 
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Table 4.5.6: WEST-Trend (sum of scores multiplied by −2, −1, 0, 1, 2) and WEST-ROC (sum of scores multiplied by 2, −1, −4, 3, 0) for the Procedural 

Discourse (Participant F.C.). 

    Baseline 1 Baseline 2 Baseline 3 Post-therapy Follow-up WEST-Trend WEST-ROC 

Procedural Discourse 

Mean 0.00 0.10 0.20 0.10 0.00 0.00 -0.60 

S.D. 0.00 0.32 0.42 0.32 0.00 0.00 1.90 

            --- t(9)= -1.00, p= 0.172 
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 SSLA 

F.C..’s stroke narrative (spontaneous language sample) was analysed using the SSLA protocol 

(Shewan, 1988) designed to describe and quantify connected speech (Table 4.5.7). The 

language sample collected at each time point, was not sufficient in word length to undergo 

statistical analysis hence results were compared in raw scores. In this case the baseline average 

(avg) was compared with the post-testing and follow-up results. There was an increase in the 

sentence length, which reflects the use more than 5 words in the produced utterances, improved 

from 49% at baseline avg to 19% at post-therapy and was maintained at 27% at follow-up. 

Improvement was noted in sentence complexity between baseline avg and post-therapy (from 

7% to 19%) but reverted back to baseline avg at follow-up. An improvement was noted between 

baseline avg and post-therapy in the production of errors (from 102% to 75%) and was 

maintained at follow-up (67%). Lastly, the number of content units improved from 11.30 at 

baseline avg, to 20.00 at post-therapy, and but reverted to 14.00 at follow-up. Overall, based 

on the numerical values collected, there was no increase in the number of utterances, melody, 

articulation, paraphasias, and repetitions after therapy (see Table 4.5.7).
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Figure 4.5.7.a. Results of F.C.’s personal stroke narrative analysis based on the SSLA showing the 

raw scores across baseline average, post-therapy, and follow-up phases. 

 

Figure 4.5.7.b. Results of F.C.’s personal stroke narrative analysis based on the SSLA showing the 

percentage (%) scores for baseline average, post-therapy, and follow-up phases. 
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Table 4.5.7: Raw scores for F.C.’s personal stroke narrative analysis based on the SSLA. 
 

Baseline 1 Baseline 2 Baseline 3 Baseline Average Post-therapy Follow-up 

Utterances 13.00 17.00 17.00 15.67 16.00 15.00 

Rate 84.14 62.75 74.25 73.71 106.00 86.30 

Length 23% 59% 65% 49% 19% 27% 

Melody 2.00 2.00 2.00 2.00 2.00 2.00 

Articulation 4.00 4.00 4.00 4.00 4.00 4.00 

Complexity 15% 0% 6% 7% 19% 7% 

Errors 100% 100% 106% 102% 75% 67% 

C.U.s 15.00 9.00 10.00 11.33 20.00 14.00 

Paraphasias 69% 59% 41% 56% 63% 80% 

Repetitions 100% 141% 100% 114% 100% 193% 

Communication Efficiency 6.61 3.53 4.29 4.81 10.00 4.79 
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 RehaCom WM 

The results of the RehaCom WM screening show that there was no improvement in the tasks 

assessed. Table 4.5.8 shows participant F.C.’s raw scores. A graphic representation of the WM 

screening results can be seen in Figure 4.5.8. Participant F.C. did not show an overall 

improvement in WM.   

 

Figure 4.5.8: Schematic representation of the RehaCom WM Screening test results across phase. 
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Table 4.5.8: RehaCom WM Screening raw scores for F.C. by subcategory and period of assessment 

  Baseline 1 Baseline 2 Baseline 3 Baseline 

Average 

Post-

therapy 

Follow-up 

Memory Span 1 3 3 2 3 4 

Max Level 0 2 2 1 2 3 

Correct 0 15 7 7 10 9 

Mistakes Order 6 4 2 4 0 2 

Mistakes Position 1 3 1 2 4 2 
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 SAQOL-39 

With regards to investigating whether the overall QoL would improve after treatment, the self-

rated SAQOL-39 was analysed by comparing the mean scores (Figure 4.5.9.; Table 4.5.9.). 

The participant’s responses indicated that overall QoL did not improve. 

 

Figure 4.5.9: Schematic representation of the SAQOL-39g mean raw scores at baseline, post-therapy 

and follow-up (Participant F.C.).  

Table 4.5.9: Mean raw scores on the SAQOL-39g at baseline, post-therapy and follow-up (Participant 

F.C.). 

  Baseline       

1 

Baseline     

2 

Baseline 

3 

Baseline 

average 

Post-

therapy 

Follow-  

up 

Physical 4.44 4.44 4.44 4.44 4.44 4.44 

Communication 2.14 1.71 1.71 1.86 1.57 1.43 

Psychosocial 4.00 4.13 4.19 4.10 4.13 3.81 

Overall SAQOL-39 3.85 3.82 3.85 3.84 3.79 3.67 
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4.6 Side effects and Dropouts  

This study did not induce any adverse events and the participants did not report any side effects 

during and after treatment. All the participants completed the study in its entire duration as 

previously outlined (i.e. 3 months) and there were no dropouts.  

4.7 Chapter Summary  

This chapter reported the baseline and intervention outcomes, the statistical analyses of 

standardized language and cognitive measures, the reports of outcome summaries for working 

memory, procedural discourse, narratives produced, and QoL outcomes.  
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5 DISCUSSION 

In the previous chapter all the results were analysed and compared between the untreated and 

post-treated periods of each participant. As previously mentioned, the main objective was to 

explore the potential domains of transfer effect after stimulating the left DLPFC and WM 

training, and also to measure how efficacious this treatment protocol was for PWA. 

Specifically, the purpose was to investigate the combined effects of iTBS and WM training 

on WM performance as a mediator to language generalization. The following sections of this 

chapter will address each of the research questions pertaining to each participant’s results and 

indicate their supplementary significance to previous findings. To assess treatment efficacy 

the outcome measures were compared at the different time points, that is, between the 

repeated baselines, post-treatment, and follow-up (e.g. 3 months post-therapy). The findings 

from this study lend support to the evidence that (i) WM interacts with language abilities and 

deficits in WM influence language performance (i.e. Murray, 2012); (ii) applying iTBS to the 

LDLPFC results in improved WM performance (i.e. Hoy et al., 2015; Demeter et al., 2016); 

(iii) computerized WM training can have positive outcomes on WM tasks (i.e. Lundqvist et 

al., 2010);  (iv) aphasia has a negative effect on QoL (i.e. Manning, MacFarlane, Hickey, & 

Franklin, 2019). 

5.1 Question 1: Does WM training generalize to trained cognitive areas as 

measured by untrained WM (near-transfer effect) and fluid intelligence 

tasks (far-transfer effect)?  

Previous research has shown that benefits resulting from WM training were not task specific, 

but instead, they extended beyond the trained task by affecting WM processes, including WM 

updating (Dahlin et al., 2008). Other studies have further demonstrated transfer of WM training 

to other assessments of cognition, including measures of fluid intelligence (Jaeggi et al., 2008). 

This study has revealed a trend for improvement in both WM tasks and Gf transfer and a 

statistically significance of Gf as measured with the RCPM after the 10-day iTBS application 

to the left DLPFC followed by 30-minute WM training.  
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 Short- and long-term near-transfer effects of iTBS to the LDLPFC combined with 

WM training to cognitive areas 

Three participants showed a positive linear trend for improvement only in the number of correct 

responses on the RehaCom WM screening task. The results are in agreement with previous 

research showing a non-significant improvement in WM post-training, despite a steady 

improvement over the duration of the training sessions in healthy ageing adults (Barbu et al., 

2017). To this date, there is no research evidence signifying the possible improvement that 

could yield specifically from the RehaCom WM training program in PWA. Future research is 

needed to clarify how beneficial RehaCom as a CACR method is for aphasia recovery. In 

contrast to the expectation that WM would improve after the 10-day treatment, the effect was 

insignificant with minor improvements in the number of correct responses in three participants 

between baseline and post-therapy only. These results are in contrast with previous research 

indicating that computerized WM training improves WM abilities after acquired brain injury 

(e.g. Lundqvist et al., 2010; Westerberg et al., 2007), but this contradiction could be due to the 

short training period (10 days) and/or that only one outcome measure was used to measure WM 

improvement and multiple baselines were not obtained to provide sufficient information for 

comparative purposes. 

Table 5.1.1 Summary of near-transfer effects of WM training to cognitive areas (RehaCom) 

 Short-term effect Long-term Effect 

Participant 1 (I.A.) No improvement. No improvement. 

Participant 2 (C.S) Improved number of correct responses 

from 8 to 24. 

Minor maintenance of correct 

responses improvement from 8 at 13 

correct responses. 

Participant 3 (S.H.) Improved number of correct responses 

from 1.75 to 11. 

No improvement. 

 

Participant 4 (C.G.) Improvement was noted within the 

untreated baselines period but it was 

inconsistent and was not maintained.  

No improvement. 

Participant 5 (F.C.) Minor improvement in the number of 

correct responses from 7 to 10. 

Improvement of correct responses 

was retained at 9 at follow-up. 
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 Short- and long-term far-transfer effects of iTBS to the LDLPFC combined with WM 

training to cognitive areas 

Table 5.1.2 Summary of far-transfer effects of WM training effect to cognitive areas (RCPM) 

 Improvement between treated and 

untreated periods (WEST-ROC) 

Improvement across time (WEST-

Trend) 

Participant 1 (I.A.) Statistically significant improvement Statistically significant trend for 

improvement across time 

Participant 2 (C.S) Non- significant improvement Non-significant a trend of 

improvement 

Participant 3 (S.H.) Statistically significant improvement Statistically significant trend for 

improvement across time 

Participant 4 (C.G.) N/A N/A 

 

Participant 5 (F.C.) Statistically significant improvement Statistically significant trend for 

improvement across time 

 

It was also hypothesised that stimulation of the DLPFC combined with WM training would 

result in positive far transfer cognitive effects with subsequent improved scores on untreated 

cognitive areas. Significant treatment effects were found on the RCPM, a non-trained measure 

that indicates improvement and far-transfer effects of Gf (non-verbal intelligence).  

Specifically, three participants showed statistically significant trend for improvement with a 

statistically significant difference between the treated and untreated periods, and one 

participant showed improvement but it did not reach significance. This finding is in line with 

results from a study where significant improvements in Gf resulted following cognitive 

intervention combined with different transcranial electrical brain stimulation protocols (Brem 

et al., 2018). The findings support the notion that Gf can be improved with WM training (Engle 

et al., 1999; Friedman et al., 2006; Unsworth et al., 2014) and DLPFC stimulation (Brem et al., 

2018). Considering the fact that a combination of treatments was used and it is still debateable 

that WM training leads to Gf improvement (Harrison et al., 2013) the findings are inconclusive 

as to whether improvement was due to the treatment combination or to the DLPFC stimulation. 

It is important to note that the two of the three participants who achieved significant 
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improvement in the overall RCPM were experiencing moderate to severe global aphasia. It 

might be worthwhile investigating further whether this association is significant in future 

research. Participant 4 (C.G.) had reached the maximum level of improvement during the 

baseline period. Therefore, there was no improvement to be measured. 

5.2 Question 2: Does WM training generalize to untrained receptive and 

expressive language and functional communication tasks (far-transfer 

effect) in the short- and long-term?  

The BDAE-SF results revealed statistically significant improvements in the language skills on 

the untrained tasks. All of the participants improved in the majority of the tasks in the subtests 

of BDAE-SF Auditory Comprehension, Oral Expression, and Reading. 

Participant 1 (I.A.) who had mild expressive aphasia with severe dysarthria and unintelligible 

speech improved significantly in the Screening of Special Categories task of the BDAE Oral 

Expression subtest. Participant 2 (C.S.) who had been experiencing mild receptive aphasia 

with STM and auditory comprehension difficulties, showed a significant overall trend for 

improvement in the Boston Naming Test of the BDAE Oral Expression subtest. There was a 

significant trend for improvement in the BDAE Reading subtest, although when the individual 

tasks were analysed, they did not reach significance. Participant 3 (S.H.), who was 

experiencing moderate to severe global aphasia, showed a significant overall trend for 

improvement in Commands of the BDAE Auditory Comprehension subtest. Participant 4 

(C.G.) who was experiencing moderate expressive aphasia, was only one-month post-stroke 

when entering the study. Therefore, repeated weekly baselines were administered until the 

participant had demonstrated stable results in the assessment. A total of 5 baselines were 

administered, where the tests showed similar results during the last 2 baselines. A significant 

overall trend for improvement was noted in Commands of the BDAE Auditory Comprehension 

subtest. This participant had reached the maximum score in the Word Comprehension task 

during the baseline period, and therefore, improvement in this task could be attributed to 

spontaneous recovery. The Responsive Naming, the Boston Naming Test, and the Screening of 

Special Categories of the BDAE Oral Expression were found to show a significant 

improvement individually, which also lead to the significant overall trend for improvement in 

the BDAE Oral Expression subtest. With regards to the overall BDAE Reading subtest there 

was a significant overall trend for improvement, but the improvement was found to be 
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significantly better in the untreated period. Based on the subtest results all the Reading tasks 

except the Oral Basic Sentence had reached the maximum possible score during the baseline 

period. Therefore, this participant’s improvement in the BDAE Reading subtest could not be 

attributed to this study’s treatment. Participant 5 (F.C.) who was experiencing moderate to 

severe global aphasia, reached a significant overall trend for improvement only in one task of 

the BDAE Auditory Comprehension (Commands) and the overall BDAE Auditory 

Comprehension subtest reached significance between the treated and untreated periods due to 

improvements in the other tasks, even though those did not reach significance. Similarly, there 

was a significant overall trend for improvement in the overall BDAE Oral Expression, although 

there was only significant trend for improvement in the Screening of Special Categories of the 

BDAE Oral Expression. In summary, three participants (S.H., C.G, F.C.) improved 

significantly in the Commands, three participants improved in the Screening of Special 

Categories (I.A., C.G., F.C.), two participants (C.S., C.G.) improved in the Boston Naming 

Test, and one participant (C.G.) improved in Responsive Naming. Improvement in the Auditory 

Comprehension subtest is consistent with results from previous studies that used WM training 

to improve receptive language abilities in PWA (Eom & Sung, 2016; Harris et al., 2014; Salis, 

2012; Salis et al., 2017; Zakariás et al., 2018). These aforementioned studies reported 

improvements in commands tasks, naming tasks in language tests such as the Test for the 

Reception of Grammar (TROG) and the Token Test (TT). To the best of our knowledge, no 

other research so far has explored improvements following WM training with regards to 

responsive naming or sentence reading. Participant 5 (C.G.) improved in more language tasks 

than the other four participants. Clear conclusions pertaining to this participant cannot be 

drawn. This remarkable improvement could be attributed to a number of factors that could not 

be measured since each participant was treated as a case study and did not have a control group 

to compare to. One of the considered factors is neuroplasticity itself, since the participant 

started the treatment while in the subacute stage (i.e.  2 months post stroke). Similarly, 

Participant 5 (F.C.) also started the treatment while in the subacute stage (i.e. 3 months post-

stroke) but did not improve to the same level as C.G. did. Their difference in improvement in 

this case could be attributed to the damaged size and location. Other differences between the 

two participants are age and education. Therefore, it cannot be concluded that neuroplasticity 

was the only factor ascribed in C.G.’s improvement. Post-TMS language improvement in the 

subacute stage is in line with evidence from aphasia literature showing favourable results of 
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the application of therapeutic rTMS or TBS early on, in the subacute stage (Kindler et al., 

2012). 

Narrative discourse was elicited with two types of tasks: the Baby-Goat story from the MAIN 

(Gagarina et al., 2012) and a personal stroke narrative (following Kambanaros, 2019). 

Participant 1 (I.A.) was unable to produce any narrative due to unintelligible connected speech. 

Participant 2 (C.S.) showed a non-significant trend for improvement in the narrative, 

specifically showing improvement in the IST Initiating structure of the story. Participant 3 

(S.H.) also showed a non-significant overall trend for improvement in the MAIN with minor 

changes noted in the IST Initiating, Attempt, Outcome, and IST Reaction structures of the story. 

Participant 4 (C.G.) showed a significant overall trend for improvement in the MAIN with 

notable changes in the Goal and Outcome of the story’s structure, which was not maintained at 

follw-up. Participant 5 (F.C.) presented with a non-significant trend for improvement in the 

MAIN with discerned changes in the Outcome structure of the story. A positive trend towards 

improvement in discourse was noted for both tasks in all participants, with a marked 

improvement at the post-therapy phase. There is evidence to support higher scores on WM 

measures are associated with better discourse production abilities in people with brain injury 

(Youse & Coelho, 2005). 

The SSLA system (Shewan, 1988) was used in this study to examine the broad spectrum of 

language variables, in order to analyse and quantify the personal stroke narrative. Participant 

1 (I.A.) did not produce an intelligible narrative, therefore quantification and analysis were not 

achieved in this case. Participant 2 (C.S.) showed a positive linear trend in the Rate of speech 

and Sentence Complexity, while there was a negative linear trend in Errors indicating 

improvement. Participant 3 (S.H.) demonstrated minor improvements based on the SSLA. A 

linear trend for improvement was noted in the reduction of Repetitions. Participant 4 (C.G.) 

showed a positive linear trend for improvement in the Sentence Complexity subtest 

accompanied by a negative linear trend in Errors and Repetitions. Participant 5 (F.C.) 

demonstrated a positive linear trend for improvement in the Rate of speech, as well as a 

negative linear trendline in the number of Errors, indicating improvement. Although linguistic 

analysis was not generally used in the aphasia treatment literature to evaluate changes in 

linguistic complexity, there is an increase in published research over the last few years (Bryant, 

Ferguson, & Spencer, 2016). Many researchers have examined verbal abilities by analysing 

language samples (e.g. Capilouto, Wright, & Wagovich, 2005; Shewan & Henderson, 1988) 
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although language sample analysis is usually used to evaluate linguistic development in 

children (e.g. Heilmann, Miller, Nockerts, & Dunaway, 2010). Few studies in the aging 

literature involving language analysis obtained oral language samples through prompts or 

through conversation as the means to obtain language samples for analysis (Kemper & Sumner, 

2001). 

Procedural Discourse analysis was based on the analysis developed by Richardson and Dalton 

(2016). Participant 1 (I.A.) did not produce a coherent sample to be able to undergo analysis. 

Participant 2 (C.S.) did not show any changes in the responses between the five periods in the 

Procedural Discourse task. Participant 3 (S.H.) and Participant 4 (C.G.) demonstrated a non-

significant overall trend for improvement. Participant 5 (F.C.) did not show a trend for 

improvement. Although improvements in these tasks did not reach significance, findings are 

in agreement with research from the aphasia literature on discourse (Andreetta, Cantagallo, & 

Marini, 2012; Capilouto, Wright, & Wagovich, 2006; Ulatowska, Freedman-Stern, Doyel, 

Macaluso-Haynes, & North, 1983; Wright & Fergadiotis, 2012). From the aforementioned 

studies, only one study was specifically directed to procedural discourse (Ulatowska et al., 

1981), with the more recent studies (Andreetta et al., 2012; Capilouto et al., 2006; Fergadiotis 

& Wright, 2011) exploring all aspects of discourse production, including narratives, revealing 

that as aphasia severity increases, quality and quantity of relevant discourse decreases. The 

reduction in sentence complexity experienced by PWA has also been shown to differ at a single 

word and semantic level, which is likely to affect procedural discourse, suggesting that PWA 

communicate less information in language in a context where spoken language may already be 

structurally less complex (Pritchard et al., 2015). PWA use fewer Correct Information Units 

(i.e. any single word, intelligible, informative, and relevant in context) in discourse than 

neurologically healthy people (NHP; Nicholas & Brookshire, 1993), as well as fewer types and 

tokens of spatial language in spatial tasks than NHP (Johnson, Cocks, & Dipper, 2013). 

Additionally, PWA use a high level of semantically “light” verbs containing little semantic 

information, such as come, go, make, take, get, give, do, have, be, and put (Berndt et al., 1997).  

5.3 Does overall QoL improve after treatment?  

In the present study the QoL of all participants was assessed using the self-reported SAQOL-

39 questionnaire, which was administered in an interview format. Participant 1 (I.A.), 

Participant 2 (C.S.), Participant 3 (S.H.), and Participant 4 (C.G.) showed a positive linear 
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trend for improvement in the overall QoL across time, which was also maintained 3-months 

after the treatment, with prominent improvements noted in the Communication and 

Psychosocial fields. Participant 5 (F.C.) did not indicate improvements in QoL.  

The fact that the participants did not rate their QoL as severely affected at the time of the study 

is in line with previous research reporting that PWA in the chronic stage often perceive their 

QoL as adequate, suggesting that with the passing of time individuals adapt to living with 

aphasia (Spaccavento et al., 2013). Nevertheless, improvement in the overall QoL in four 

participants was noted from baseline to post-therapy and maintained at follow-up. This is in 

agreement with the QoL literature that improvement in the severity of language deficits brings 

about an improvement in QoL (Spaccavento et al., 2013). Moreover, the results are consistent 

with what has been found in previous research, that non-verbal cognitive impairments may 

significantly affect QoL in PWA and are potentially important predictors to improvement 

(Nicholas et al., 2017). In addition to the measured results, Participant 5, who was in the 

subacute stage, was disappointed with his overall communication progress even though 

expectations were managed by his family from the beginning.  

5.4 Summary of findings 

A mixed pattern of training and transfer effects across participants was identified. While all 

participants showed improvements in cognitive and linguistic tasks, the most noteworthy 

observation was that the participants with global aphasia (S.H. and F.C.) significantly improved 

in non-verbal intelligence. Another remarkable observation was that all of the participants 

showed a modest improvement in the WM screening task. The transfer effects in this study did 

not result in a clear pattern. The inconsistent patterns detected are in line with the assumption 

that WM training-induced language improvements do not always occur in the presence of 

improvements on the trained WM task itself in aphasia (i.e. Minkina, Rosenberg, Kalinyak-

Fliszar, & Martin, 2017). It may be possible that improvements detected in non-verbal 

intelligence, language abilities, functional communication, and QoL after training were not 

primarily induced by the WM training itself, but by the combination with the iTBS application 

to the LDLPFC.  
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6 CONCLUSION 

The aim of this study was to investigate the relationship of WM and language abilities in 

aphasia. The specific goals were to investigate whether WM can be improved through the 

application of excitatory non-invasive brain stimulation (iTBS) followed by computerized WM 

training in aphasia, to examine whether WM improvements lead to near-transfer on unpractised 

WM tasks and non-verbal intelligence, and far-transfer effects on language tasks, narratives, 

functional communication and QoL. Overall, the findings of a significant trend for 

improvement and a significant difference between the treated and untreated periods in non-

verbal intelligence, accompanied with the significant and non-significant trends for 

improvements in language abilities are indicative that computerized WM training and 

stimulation of the LDLPFC are areas that have a positive effect in neurorehabilitation of PWA 

after a stroke. This study has proved the safety and efficacy of this treatment while 

improvements were not only noted in PWA at the subacute stage, but also at the chronic stage. 

In the field of traditional language rehabilitation of PWA, it is well known among specialized 

professionals that improvements in the chronic stage are minor and slower to achieve at the 

chronic stage. In this study improvements were noted in only 10 days and even though not all 

the benefits were maintained at follow-up (i.e. 3 months), the positive linear trendlines signify 

that there is efficacious treatment potential, which requires further exploration towards 

facilitating language recovery in PWA. This study may provide insights towards directions for 

further investigation, and a guide to the design of a more rigorous research program with larger 

numbers of participants. Results of this investigation study provides evidence that stimulation 

of the LDLPFC combined with computerized WM training after left hemisphere stroke 

generalizes to language improvements as it was initially hypothesized. Improvements related 

to spontaneous recovery were seen during the repeated baseline measures, but thereafter any 

improvements could be attributed to this treatment. One can assume if improvement was 

spontaneous, then the improvement would sustain and manifest in the long-term. In this study 

improvements were more prominent at the immediate post-therapy assessments but fluctuated 

at follow-up. A larger number of participants would provide more reliable results. The 

treatment results are encouraging as this treatment protocol seems to be efficacious towards 

improvement in non-verbal intelligence that boosts language improvements. The findings are 

promising although the overall level of improvement is small, but this should not be 

discouraging as these results are based only on six cases. It is clinically and theoretically 
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important to investigate whether brain stimulation and WM training operate synergistically as 

an underlying treatment approach that enhance cognitive and language processing networks.  

It is critical to further investigate whether such combined treatment protocols will be taken on 

as new methods for post-stroke aphasia rehabilitation in the future. 

6.1 Study limitations 

This study had two major limitations: the small sample size and the fact there was only one 

WM assessment task available (RehaCom Screening). Initially this study, planned to recruit a 

large number of PWA in order to compare the effects of WM training alone, iTBS to the 

LDLPFC alone, the combination of the two treatments (i.e. the current study), and sham 

treatment. Due to the limited participation, all 6 participants (pilot and main study) were 

analysed as single cases, received the most potential treatment combination, and each 

participant was their own control to indicate improvement. It is important to note that WM 

results were based on a single WM outcome measure. Using additional WM measures would 

potentially increase the chances of identifying factors that modulate transfer effects. 

Nevertheless, the trend for improvement highlights a relationship worthy of continued 

investigation.  Future research should incorporate a wider variety of WM measures, auditory 

comprehension, and discourse measures. 
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