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ABSTRACT 

Unilateral spatial neglect is an attentional disorder and is among the most prevalent of 

cognitive impairments following stroke. Affected patients typically fail to attend to sensory 

input on the side of space opposite their brain lesion with significant implications for their 

function, independence and rehabilitation. Over the years there has been substantial 

research interest in this condition and how it is assessed. Despite the lack of a gold 

standard assessment, USN is traditionally evaluated using pen-and-paper tests; however 

multiple lines of evidence have highlighted the limitations of this approach and a growing 

research interest in computer-based assessment has demonstrated that this method could 

potentially overcome these shortcomings by providing greater sensitivity. This thesis aimed 

to investigate computer-based assessment for USN following stroke by examining our 

current knowledge, understanding the benefits and barriers of their implementation in 

clinical settings, and exploring ways to enhance their applicability for potential clinical use. 

Results revealed a wide variety of computer-based tasks utilised in research over the last 

three decades, varying in type, task demands, duration, and sensitivity. The findings 

highlight the practical advantage of tasks with shorter durations with minimum equipment 

requirements, while more complex tasks exhibited greater sensitivity. Tasks with strong 

research foundation were identified, and adapted versions were tested with unimpaired 

populations, confirming their user-friendliness, acceptability, and sensitivity in detecting the 

presence of age-related changes in performance. These results were also corroborated 

with clinical populations in clinical environments demonstrating not only the feasibility of 

the approach but also its superiority compared with widely used pen-and-paper tasks. 



 

Finally, following a shift in focus, the thesis explored the effect of transcranial direct current 

stimulation (tDCS) of the parietal lobe on spatial attention in unimpaired participants, but 

no effects were observed in contrast to previous studies. 

Collectively, these results highlight the benefits and challenges of using computer-based 

assessments for visual attention. They demonstrate how computer-based assessments 

can be more sensitive than conventional methods and suggest their introduction into 

clinical practice could enhance related assessment methods, with important implications 

for patient care. While traditional methods are currently preferred by clinicians due to their 

ease of use and accessibility, computer-based tasks can be utilised not only to uncover 

cases overlooked by conventional methods but also to complement them by offering 

insights to patients' progress and response to treatment. The findings highlight the 

importance of refining these tools, identifying the best way to implement them for clinical 

use, and establishing clear clinical guidelines determining when and how to use them in 

conjunction with traditional methods. Finally, the results presented here support the 

continued development of this approach, aiming to improve it in a way that is not only 

valuable for research but also clinically meaningful. 
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1.1. Thesis Overview and Key Contributions 

This thesis explores the efficacy of computer-based (CB) assessments in detecting 

unilateral spatial neglect (USN) following stroke, providing a comprehensive evaluation of 

their advantages over traditional methods. Additionally, it investigates broader aspects of 

visuo-spatial attention in unimpaired and stroke-affected populations, as well as the effects 

of transcranial direct current stimulation (tDCS) on spatial attention. Each chapter 

contributes to a growing body of evidence supporting the clinical application of CB 

assessment methods. 

The thesis begins with a General Introduction, which provides background on USN, its 

clinical significance and the limitations of conventional assessment methods. This section 

introduces the potential of CB tasks as more sensitive alternatives and outlines the overall 

structure of the thesis. 

Following this, the chapter Computer-Based Assessment of Unilateral Spatial Neglect: A 

Systematic Review (Chapter 2), critically examines CB assessments for USN. Reviewing 

existing literature, it evaluates their sensitivity compared to traditional methods, identifies 

methodological strengths and limitations, and explores barriers to clinical implementation. 

The findings highlight the potential of CB assessments to enhance neglect detection while 

offering practical recommendations for future research and clinical adoption. 

Building on this foundation, the next chapter (Chapter 3), Visuo-Spatial Attention in 

Younger and Older Adults: Comparing Performance on a Series of Computer-Based 

Tasks, investigated age-related differences in visual attention. In this study, we developed 

modified versions of well-established CB tasks, tailored to meet specific criteria identified 

after reviewing the existing literature on CB assessment (Chapter 2). These tasks were 
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designed to examine visual attention across age groups while maintaining consistency in 

task structure and administration. This study established baseline performance data for CB 

assessments in unimpaired populations, revealing slower RTs and a reduction in 

pseudoneglect in older adults. These findings provide important reference points for the 

later application of CB tasks in stroke populations. 

The subsequent chapter (Chapter 4), Computer-Based Assessment of Visuo-Spatial 

Attention Following Stroke, applied these CB tasks to stroke survivors to evaluate their 

efficacy in detecting USN. Based in a large stroke service in the UK National Health 

Service, this study demonstrated that CB assessments, particularly the Conjunction Visual 

Search task, are more sensitive than pen-and-paper (PnP) tasks, typically used in practice 

and recommended by clinical guidelines. Furthermore, the CB tasks were well tolerated by 

patients, supporting their acceptability and feasibility for clinical use. 

Shifting focus to neuromodulation, Chapter 5 (Does Transcranial Direct Current 

Stimulation (tDCS) of the Right Parietal Lobe Affect Spatial Attention?) explores the 

potential of tDCS to modulate spatial attention in healthy adults. While previous research 

suggests that tDCS influences attentional processing, this study found no significant 

stimulation effects, raising important questions about the reliability of tDCS in altering 

related performance. 

Finally, the General Discussion (Chapter 6) synthesizes the key findings across all studies, 

reflecting on their implications for both theoretical understanding and clinical application. 

This concluding chapter evaluates the advantages of CB assessments, considers their 

potential integration into clinical settings, and discusses future research directions, 

including the refinement of assessment tools and further exploration of neuromodulation 

techniques. 
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Together, these chapters provide a comprehensive investigation into the use of CB tasks 

for assessing spatial attention, bridging the gap between experimental research and 

clinical application.  

 

1.2. A Historical Perspective on Unilateral Spatial Neglect 

USN emerged as a significant area of neurological research in the late 19th and early 20th 

centuries. Historically, USN has been referred to by various terms, including hemi-

inattention, visual neglect, hemi-spatial neglect and hemi-neglect reflecting its broad 

impact across sensory and cognitive domains (Heilman et al., 2000; Robertson & Walker, 

1993). One of the earliest systematic descriptions came from Brain (1941), who 

documented cases of stroke patients exhibiting profound inattention to one side of space. 

USN was formally defined by Heilman and Valenstein (1979) as “a failure to report, 

respond, or orient to stimuli that are presented contralateral to a brain lesion, provided that 

this failure is not due to elementary sensory or motor disorders”. Since then, research has 

demonstrated that USN is a complex, multifaceted disorder affecting not only perception 

but also attention, motor control, and even the mental representation of space. Attentional 

impairments in neglect have been extensively studied, demonstrating the role of attention 

in spatial awareness (Corbetta et al., 2005; Posner et al., 1984; Takamura et al., 2021). 

Additionally, deficits affecting the mental imagery domain have been highlighted in cases 

of representational neglect, where patients may fail to acknowledge objects or landmarks 

on one side of a mental image (Bisiach & Luzzatti, 1978). Motor-related neglect, 

characterized by underuse of the contralesional side in the absence of sensorimotor 

deficits, has been explored in studies demonstrating impaired movement initiation and 

execution on that side (Bartolomeo, 2021; Coulthard et al., 2008; Mattingley et al., 1992). 
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In the following years, interest in USN grew due to its implications for cognitive processes 

like spatial attention and pre-motor planning (Bisiach & Vallar, 1988; Jeannerod, 1987). 

USN emerged as a significant disability for stroke survivors, complicating rehabilitation 

efforts (Denes et al., 1982). Researchers found that USN affects multiple spatial domains, 

such as personal and extrapersonal spaces, and is not just limited to left-sided neglect but 

can involve a gradient of attentional bias (Bisiach & Luzzatti, 1978; Kinsbourne, 1977). 

This shift in understanding led to the exploration of different forms of neglect, such as 

word- and object-centered neglect, and how visual configurations impact attention 

(Caramazza & Hillis, 1990; Halligan & Marshall, 1991). 

Over the past 35 years, advances in neuroimaging techniques (e.g., functional MRI (fMRI), 

PET scans etc.) have provided deeper insights into the neural mechanisms underlying 

USN, confirming the involvement of large-scale attentional networks rather than isolated 

lesion sites (Bartolomeo et al., 2012; Buxbaum et al., 2004; Vallar & Perani, 1986). In 

parallel, research efforts have increasingly focused on rehabilitation strategies aimed at 

ameliorating neglect, including prism adaptation (Chen et al., 2022), visual scanning 

training (Pizzamiglio et al., 1992), and non-invasive brain stimulation (e.g., tDCS, 

transcranial magnetic stimulation (TMS)) (Cha & Kim, 2015; Müri et al., 2013; Yi et al., 

2016). These developments have shaped a more comprehensive approach to studying 

neglect, not only in understanding its neural basis but also in guiding targeted interventions 

to improve recovery outcomes for stroke survivors. 
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1.3. Conceptual Distinctions: Neglect, Inattention, and 

Extinction 

In the literature, the terms inattention and spatial neglect have distinct definitions, however 

there is a debate to the extent they may overlap. Inattention describes a reduced ability to 

sustain or allocate attention to stimuli, while USN, also referred to as hemi-inattention, is 

associated with a lateralised rather than general difficulty to detect, respond, or orient to 

stimuli presented on the contralesional side of space (Heilman et al., 1987). A more recent 

definition by Cubelli (2017) describes spatial neglect as “a consistent, exaggerated spatial 

asymmetry in processing information in bodily and/or extrabodily space due to an acquired 

cerebral lesion”. Some researchers have highlighted the presence of non-spatial 

attentional deficits in USN patients (Corbetta & Shulman, 2011; Husain & Rorden, 2003; 

Takamura et al., 2021), which highlights theories suggesting that USN also includes 

elements of non-lateralised inattention.   

The Theory of Visual Attention (Bundesen, 1990) is a mathematical formulisation where 

visual selection is processed as a competitive process in which stimuli are assigned 

attentional weights based on relevance and spatial location. In this framework, USN is 

presented as an extreme imbalance in attentional weighting, with near-zero weight for 

contralesional stimuli. In contrast, general inattention may involve moderately reduced 

weights across all stimuli (Duncan et al., 1999). These align with the model of competitive 

brain activity, describing attention as emerging from dynamic competition between multiple 

brain systems, with impairments like USN reflecting disruptions in how this competition is 

addressed (Duncan et al., 1997). This may suggest that visuospatial neglect and 

inattention are not completely separate conditions but are part of a spectrum of attention 

problems.  
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Additionally, there has been debate over whether extinction represents a milder form of 

USN or whether the two are distinct conditions (Christopoulos et al., 2018; Mattingley, 

1999). Extinction is defined by Kerkhoff (2001) “as the inability to process or attend to the 

more contralesionally located stimulus when two stimuli are simultaneously presented, or 

when two actions have to be performed with both hands simultaneously” (p.11). This 

debate could be further enriched by the theory proposed by Kinsbourne (1977) on the rival 

work of the two hemispheres in inhibitory control over attention spatial allocation. 

Extinction can be considered as a milder presentation of this imbalance, where 

contralesional stimuli are detected alone but missed when presented simultaneously with 

ipsilesional stimuli, due to competition between hemispheres. However, many studies 

suggest that USN and extinction are distinct conditions and can coexist, with evidence 

from neuroimaging and lesion studies suggesting that they involve different brain regions 

(Beume et al., 2020; Vossel et al., 2011).  

For the purposes of this thesis, USN is considered as defined by Heilman et al (1987). 

While is acknowledged the theoretical debate as to whether neglect is qualitatively 

different from, or simply a term typically used to describe more severe forms of lateralised 

inattention or extinction, this thesis considers USN as a lateralised attentional deficit 

observed as abnormal asymmetric performance differences on CB tasks. It is likely that 

some of the tasks included in our battery are sensitive to detecting milder forms of spatial 

inattention or extinction-like effects, particularly in patients who do not meet formal criteria 

for USN based on traditional PnP tests. This possibility is explored further in the general 

discussion, where it is considered how our battery contributes to the broader 

understanding of spatial attention deficits following stroke. 
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1.4. USN Clinical Presentation 

USN presents in several forms, with each affecting how patients perceive and respond to 

stimuli in their environment. Types of neglect may be categorized based on the reference 

frame used by the individual and the spatial domain involved (Spaccavento et al., 2017). 

Egocentric neglect is a body-centered form of neglect, where patients fail to attend to 

stimuli on one side of space relative to their own body. This type of neglect occurs based 

on the individual’s physical position. For example, a patient may ignore objects to their left, 

regardless of their location in the environment, which can affect tasks like reading or eating 

(Demeyere & Gillebert, 2019). In contrast, allocentric neglect occurs when patients fail to 

attend to objects in the environment, regardless of their body position. This object-

centered neglect means patients may ignore one side of an object, even if it's directly in 

front of them (Leyland et al., 2017).  

Personal neglect involves a lack of awareness of one side of the body, such as ignoring 

one side of the face or failing to notice a limb (Caggiano & Jehkonen, 2018). An example 

of a daily activity affected would be grooming (e.g., a person may fail to shave one side of 

their face). Peripersonal neglect refers to neglect of the space within arm’s reach. This can 

affect actions like reaching for objects or interacting with items in the immediate 

environment. Patients may ignore objects placed close to them on the neglected side, 

even though these objects are within reach (Ten Brink et al., 2019). An everyday activity 

impacted could be eating, where the patient fails to reach for food placed on one side of 

their plate. Extrapersonal neglect refers to failing to attend to stimuli beyond arm’s reach. 

This can impact navigating larger spaces or interacting with objects in the distance, such 

as crossing a room or using a map (Guariglia & Antonucci, 1992). As we can see, USN is a 

highly heterogeneous syndrome and types of neglect may occur in isolation or co-occur, 
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and their severity vary depending on the underlying brain injury and the specific spatial 

domain affected (Kleinman et al., 2007). It is important to recognize that while patients 

may show specific behaviours indicative of these types of neglect, the manifestations are 

typically a matter of degree. Computer-based tasks, like those tested in this study, may be 

limited in capturing the full spectrum of neglect, but they still provide valuable insights into 

attentional deficits in USN, even if they cannot reflect all aspects of neglect seen in real-

world settings. 

 

1.5. USN Recovery Trajectories  

USN often shows a degree of natural and spontaneous recovery following stroke, 

particularly in the early months (Winters et al., 2017). Most studies indicate that the 

majority of recovery occurs within the first six months. Nijboer et al. (2013) reported that 

54% of patients recovered by 12 weeks and approximately 60% within the first year, with 

recovery defined by improvements on two widely used PnP tests, the letter cancellation 

and line bisection tests. More recently, Moore et al. (2021) found that 69% recovered 

within the first six months, using the Oxford Cognitive Screen and Birmingham Cognitive 

Screen cancellation tasks, alongside improved self-reported functional outcomes on the 

Stroke Impact Scale to define USN recovery. A systematic review by Overman et al. (2024) 

found that 53% of patients recovered within the first six months, with most recovery 

occurring in the first three, suggesting that around 40% of USN patients will show chronic 

symptoms. This review based recovery rates on validated neglect screening tools, with 

most studies using the Behavioural Inattention Test (BIT). 
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Previous studies have linked recovery to stroke and neglect severity, but hemisphere and 

reference frame might have a more significant impact. Moore et al. (2021) demonstrated 

that egocentric neglect recovers proportionally to initial severity, while allocentric neglect 

often persists or worsens, with only acute allocentric severity serving as a predictor of 

poorer long-term outcomes. In this study, USN severity was measured with PnP 

cancellation tasks from the Oxford Cognitive Screen and Birmingham Cognitive Screen, 

using asymmetry scores and the centre of cancellation for egocentric neglect, and false 

positive differences for allocentric neglect. Additionally, USN following LBD tends to 

improve faster than after RBD, which shows slower recovery (Durfee & Hillis, 2023). These 

findings align with Esposito et al. (2020), who reported a 30% prevalence of chronic USN, 

showing greater persistence after right hemisphere strokes but still occurring in about 20% 

of left brain damage cases. 

Additional factors that determine long-term neglect, beyond the severity of acute USN and 

overall stroke, include lesion type and patient age. More research is needed to fully 

understand these factors; however, some studies have shown that older patients tend to 

exhibit more severe neglect and experience slower recovery (Gottesman et al., 2008). 

Other predictors include early interhemispheric functional connectivity and contralesional 

recruitment (Umarova et al., 2016), and the presence or absence of anosognosia also 

plays a critical role (Durfee & Hillis, 2023). 

 

1.6. Conventional Methods for Assessing USN 

Diagnosing USN remains challenging not only due to the high heterogeneity of the 

syndrome, but also due to the absence of a universally accepted gold standard and the 
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wide range of assessment tools available (Escalante et al., 2020; Rode et al., 2017). 

Menon and Korner-Bitensky (2004) identified over 60 behavioural and functional 

assessments, both standardized and non-standardized, each varying in methodology, task 

design, and diagnostic accuracy. 

The Line Bisection task was one of the most common and earliest assessments for USN 

and has been linked to neglect for more than a century published by Dr. D. Axenfeld, a 

german physician (Kerkhoff & Bucher, 2008). Over time, numerous cancellation tests have 

been developed, including the Albert’s Test (Albert, 1973), the Bells test (Gauthier et al., 

1989), Symbols Cancelation Test designed by Mesulam in 1985 (Lowery et al., 2004), and 

more recently, the Apples test (Bickerton et al., 2011). 

Among the most commonly used assessment methods for USN are the BIT Conventional 

subtests (Wilson et al., 1987), a comprehensive battery of PnP tasks. It evaluates neglect 

across multiple modalities through tasks such as line bisection, copying and 

representational drawing, as well as line, letter, and star cancellation. 

Functional assessment can be carried out using tools such as the BIT Behavioural 

subtests (Wilson et al., 1987), which includes tasks related to daily activities. Similarly, the 

Catherine Bergego Scale (CBS) (Azouvi et al., 1996) is another widely used tool that 

provides a structured approach to assessing the functional impact of neglect in everyday 

life. Test batteries, offering a more detailed perspective on neglect by focusing on real-

world behaviour and have demonstrated greater sensitivity than single tests (Azouvi et al., 

2002). 

More recently, a multidisciplinary international survey by Checketts et al. (2021) revealed 

that, despite the variety of available assessments, the BIT and CBS remain the most 
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widely used diagnostic tools for USN in clinical practice. Additionally, recommendations 

from the European Academy of Neurology Scientific Panel on Higher Cortical Functions 

emphasize the use of multiple tests, including a cancellation test as the primary rapid 

screening tool, along with secondary tests like line bisection and figure copying, and 

functional assessments like the CBS if feasible (Moore et al., 2022a). 

 

1.7. Technological Advancements in USN Assessment 

Clinical guidelines, such as those from the National Institute for Health and Care 

Excellence (NICE, 2023), emphasize the importance of evaluating spatial attention deficits 

in stroke survivors and recommend the use of standardized test batteries over a single 

test. However, conventional methods, such as the BIT, primarily rely on PnP tasks, 

including line bisection and cancellation tests. While these tools are widely used and have 

many benefits associated with their ease of use and cost-effectiveness, they are 

associated with several challenges that may limit their effectiveness in clinical settings 

(Azouvi et al., 2006). 

Even though these tests, especially cancellation tests (Marsh & Kersel, 1993), have been 

demonstrated to be effective in detecting USN, one of the main limitations of PnP tasks is 

their limited sensitivity in detecting subtle forms or differentiate between USN subtypes 

(Williams et al., 2021). These assessments may fail to identify mild neglect symptoms, 

leading to underdiagnosis or an underestimation of its severity (Bonato et al., 2011). 

Additionally, the ecological validity of such tasks is often questioned, as they do not 

accurately reflect the complexities of real-world environments (Azouvi, 2017). For 
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example, stroke survivors may perform well in a copy-and-drawing task yet struggle with 

navigation and object interaction in daily life.  

Further challenges include ceiling and floor effects, where some patients excel or perform 

poorly, making it difficult to determine the true extent of their spatial attention deficits 

(Hougaard et al., 2021). Moreover, these tasks' repetitive and monotonous nature can 

result in low patient engagement, potentially influencing assessment outcomes due to 

decreased motivation and effort.  

There is a growing need for assessment methods that provide greater sensitivity, 

ecological validity, and engagement, as spatial neglect remains significantly underreported 

and underdiagnosed in clinical practice (Carter & Barrett, 2023; Chen et al., 2013; Morrow 

et al., 2024). Standard screening tools like the NIHSS have been criticised for poor 

sensitivity to USN symptoms, leading to missed cases or misdiagnosis with visual field 

deficits (e.g., hemianopia), especially when both conditions co-occur (Moore et al., 2019; 

Puig-Pijoan et al., 2018).  

Over the last three decades, a growing body of evidence has demonstrated that CB 

assessments offer a promising alternative/addition to traditional methods by addressing 

these limitations (Borsotti et al., 2020; Chiba et al., 2010; Guest et al., 2002; Halligan & 

Marshall, 1989). One of the key advantages is their enhanced sensitivity, as they can 

capture more detailed data on response times (RT) and accuracy, allowing for the 

detection of subtle neglect presentations (Rengachary et al., 2011). Furthermore, dynamic 

and interactive environments in CB tasks can simulate real-life scenarios, improving 

ecological validity and providing a more accurate representation of how USN affects daily 

functioning (Bonato & Deouell, 2013).  
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Another advantage is that these tasks can offer increased engagement. Interactive 

elements and gamified features can enhance patient motivation, leading to more reliable 

results. Finally, these tools are highly adaptable, allowing for personalized adjustments in 

task difficulty and stimuli presentation to suit individual patient needs (List et al., 2008). 

Incorporating CB assessments into clinical practice could provide a more effective and 

accurate method for diagnosing USN. By overcoming the limitations of traditional PnP 

tasks, these tools may lead to improved detection, better intervention strategies, and 

ultimately enhanced rehabilitation outcomes for stroke survivors. However, they have not 

yet been widely incorporated into clinical settings. 

 

1.8. Insights from the Systematic Review of Computer-

Based Tasks 

The systematic review (Chapter 2) highlighted several key findings that informed the 

development of our task battery. Advanced task designs, such as visual search tasks (e.g., 

feature and conjunction search), were found to be more effective in detecting neglect 

symptoms, particularly in cases that are mild, chronic, or subclinical. These tasks, which 

present greater complexity, were able to capture a wider array of neglect-related deficits 

compared to simpler versions (e.g., computerized versions of conventional tests).  

Among the most sensitive outcome measures identified were RT and accuracy in visual 

search tasks, which align with previous studies demonstrating the advantages of these 

measures in detecting spatial bias and visual search deficits. Despite these 

advancements, there were important gaps in the literature. Notably, there is limited 

understanding of how task parameters such as duration, screen size, and apparatus affect 
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the effectiveness of CB tasks. Furthermore, while CB tasks were shown to be more 

sensitive than conventional methods, their specificity and reliability remain largely 

underexplored. 

These gaps directly informed the design of our task battery, which aimed to address these 

issues. The review was crucial in identifying key factors, such as optimal combinations of 

task types, and well-established tasks with demonstrated sensitivity and diagnostic 

accuracy. It also helped refine our understanding of how different task demands could 

capture different aspects of USN. Additionally, the review highlighted important practical 

considerations, such as hardware specifications and task duration, ensuring the battery’s 

clinically feasibility. 

 

1.9. Designing a Computer-Based Battery for USN 

The primary objective of this work was to develop a battery of CB tasks capable of 

identifying cases of USN that may be missed by conventional PnP assessments, 

particularly in the chronic phase of stroke recovery. Additionally, the tasks were designed 

to be practical and feasible for use in real-world clinical settings. In the acute stage, USN 

symptoms tend to be more severe and are typically detectable with standard tools (Azouvi, 

2017). However, because USN often shows spontaneous recovery within the first six 

months post-stroke, symptoms may be more subtle at the more chronic stage (Moore et 

al., 2021; Overman et al., 2024). Accurate detection of lateralised deficits in attention is 

important both during the acute and chronic phase, however traditional assessments often 

fail to detect these mild impairments (Bonato et al., 2013; Cavedoni et al., 2022). Our CB 

battery is designed to capture these subtle and mild impairments, informing personalised 
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rehabilitation strategies. Therefore, while early detection in the acute phase is crucial, and 

usually achievable with conventional tools, our focus is on improving sensitivity to mild and 

persistent deficits in later stages of recovery, which are often missed but still might have an 

impact on daily activities and rehabilitation planning (Bonato & Deouell, 2013; Ogourtsova 

et al., 2017). 

Building on insights from the systematic review, we carefully selected established tasks 

and incorporated practical considerations such as task duration and hardware 

requirements to ensure clinical feasibility. Our goal was to combine different task types to 

maximize sensitivity, allowing for broader data collection that captures the multifaceted 

nature of USN. To achieve this, we included a mix of components and varying task 

difficulties, such as cueing tasks, visual search, and dynamic tasks. We also carefully 

considered key task parameters, including the optimal stimulus onset asynchrony (SOA) 

for the cueing task, the number of distractors for the visual search task, and the number of 

trials and catch trials. These design choices were informed by prior research to enhance 

the sensitivity and reliability of the battery, ensuring it effectively detects subtle deficits 

while maintaining participant engagement. Our task battery was designed to be flexible 

and user-friendly, making it a clinically applicable tool for USN assessment. To our 

knowledge, this is the first CB battery to integrate established tasks in a structured and 

comprehensive manner, distinguishing it from existing CB task batteries. 

Normative data (presented in Chapter 3) play a crucial role in interpreting task 

performance by establishing expected response patterns in unimpaired individuals. In this 

study, data were collected from both younger adults and age-matched older adults, to 

differentiate between typical aging effects, stroke survivors and USN-related deficits. By 

defining performance thresholds, normative data enhance diagnostic accuracy, improving 



Chapter 1 

17 
 

sensitivity in detecting subtle impairments. These benchmarks also support individualized 

assessments, aiding in both initial diagnosis and longitudinal monitoring. Establishing 

robust normative data ensures the battery’s clinical applicability across diverse patient 

populations, making it a valuable tool for both research and clinical practice. 

 

1.10. Testing the Battery with Stroke Patients – Integrating 

Normative and Clinical Data 

The next chapter (Chapter 4) details the testing of stroke survivors, which we conducted in 

both hospital settings with inpatients and other clinical environments with outpatients. 

While our goal was to recruit a large number of participants, the process proved 

challenging due to various logistical and clinical constraints. Despite these difficulties, the 

application of our CB battery to stroke patients demonstrated its potential for improving 

diagnostic accuracy and early detection of USN. By assessing stroke patients alongside 

normative data from unimpaired individuals, we established a clearer baseline for 

comparison, enhancing the ability to distinguish between typical and impaired 

performance. 

The battery’s design, incorporating well-researched tasks with optimized parameters, 

allowed for the identification of mild spatial attention deficits that traditional assessments 

often missed. Integrating normative and clinical data provided a more comprehensive 

understanding of USN, improving diagnostic precision. This approach ensures that 

clinicians have a reliable and sensitive tool for detecting USN, tracking recovery, and 

guiding rehabilitation efforts more effectively.  
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1.11. Rehabilitation approaches for USN and Guidelines 

The rehabilitation of USN involves various strategies aimed at enhancing recovery by 

encouraging attention to neglected space, including visual scanning training (traditional 

and computerised) (Antonucci et al., 1995; van Kessel, Geurts, et al., 2013), prism 

adaptation (PA) using prisms to shift visual input (Mizuno et al., 2021) and sensory 

integration with auditory and tactile stimulation (Guilbert et al., 2014). Virtual reality (VR) 

and CB techniques have emerged as adaptable tools for both assessment and 

rehabilitation (Cavedoni et al., 2022; Pedroli et al., 2015). Non-invasive brain stimulation 

(NIBS) techniques (tDCS, repetitive transcranial magnetic stimulation (rTMS), modulate 

cortical excitability and promote neuroplasticity by targeting brain regions involved in 

spatial attention (Kashiwagi et al., 2018). 

The rehabilitation of stroke survivors with USN is outlined in various clinical guidelines. 

The National Clinical Guidelines for Stroke (2023) recommends several interventions for 

USN, including mirror therapy, limb activation, visual scanning and prism adaptation 

training, eye patching, galvanic vestibular stimulation and TMS for patients with USN, but 

note that these should ideally be delivered within clinical trials, highlighting the ongoing 

uncertainty around their effectiveness. The American Heart Association (2016) suggests 

interventions such as PA, visual scanning, optokinetic stimulation, VR, and neck vibration 

to improve neglect symptoms, with rTMS considered for ameliorating symptoms. The 

Department of Veterans Affairs/ Department of Defence (2024) guidelines suggest mirror 

therapy for managing USN, while remaining neutral for interventions such as eye patching 

and prism adaptation. The Canadian Stroke Best Practice Recommendations (2019) 

emphasize the use of visual scanning techniques and consider VR or CB interventions and 

mirror therapy for improving visual perception and neglect symptoms. There is conflicting 
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evidence on the effectiveness of prism glasses and eye patches for improving neglect. 

NICE (2023) advocates for functional interventions, such as scanning techniques, sound 

alerts, and prism glasses, to address visual inattention in stroke patients. 

 

1.12. Investigating the Potential of tDCS in USN 

For the final study (Chapter 5), we explored the potential of tDCS as a rehabilitation tool 

for individuals with USN. Our goal was to replicate the findings of a previous study, by 

Filmer et al. (2015), that demonstrated the ability of tDCS applied to the right PPC to 

modulate performance in tasks involving both competing and single contralateral stimuli 

detection. 

The rationale for investigating tDCS in the context of USN stems from its potential to 

modulate brain activity in regions responsible for spatial attention, particularly in stroke 

survivors, offering a non-invasive approach to target critical brain areas associated with 

USN (Zhao et al., 2017). As mentioned earlier, a theory suggests that neglect is caused by 

an interhemispheric imbalance of attention networks, and tDCS can enhance or restore 

neural activity to rebalance spatial attention (da Silva et al., 2022) 

The theoretical relevance of tDCS lies in its capacity to selectively modulate neural activity 

in targeted brain regions, potentially improving spatial attention allocation. By applying 

anodal stimulation to the intact hemisphere or cathodal stimulation to the damaged 

hemisphere, tDCS may help rebalance attentional networks involved in detecting stimuli in 

neglected space (Sunwoo et al., 2013). This lateralized modulation of spatial attention 

could prove valuable in rehabilitation, aiding the restoration of functional attention 

mechanisms and enhancing patients’ ability to engage with their environment (Yi et al., 
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2016). However, many studies suffer from methodological limitations, and results are 

inconsistent, leaving the precise effects of tDCS on USN uncertain (Kashiwagi et al., 

2018). While this approach offers a promising complementary intervention to traditional 

rehabilitation techniques, further research is needed to fully determine its efficacy. 

 

1.13. Concluding Remarks: Impact and Future Directions 

This thesis contributes to the understanding of USN by exploring the use of CB tasks as 

more sensitive diagnostic tools. The findings emphasize the potential of this method to 

provide detailed, performance monitoring, offering significant advantages over traditional 

PnP assessments. Furthermore, the exploration of tDCS as a non-invasive intervention for 

addressing USN symptoms adds valuable insight into its role in stroke rehabilitation and 

USN. Incorporating these tasks into clinical settings represents an important next step for 

improving diagnosis and treatment. 

Future research should prioritize the advancement of both assessment and intervention 

methods. Further innovation in CB diagnostic tools is essential to enhance their sensitivity, 

scalability, and accessibility in clinical practice. These tasks can provide a more nuanced 

understanding of USN symptoms and making them valuable for both diagnosis and 

monitoring recovery. Exploring ways to integrate them seamlessly into clinical settings and 

assessing their effectiveness in diverse patient populations will be key next steps. 

Additionally, further research is needed to optimize tDCS stimulation protocols and re-

evaluate both its short- and long-term efficacy. Finally, collaborative research between 

neuroscience and clinical practice is key to bridging the gap between theoretical 

advancements and their real-world applications.
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Abstract 

Background: To date, no gold standard exists for the assessment of USN, a common post-

stroke cognitive impairment, with limited sensitivity provided by currently used clinical 

assessments. Extensive research has shown that CB assessment can be more sensitive, 

but these have not been adopted by stroke services yet. 

Objective: We conducted a systematic review to evaluate whether CB tasks enhance the 

ability to detect USN in stroke survivors compared with conventional tests. The review 

examined the diagnostic accuracy, sensitivity, and clinical utility of CB assessments, and 

identified methodological gaps and implementation challenges to inform future research 

and practice. 

Methodology: We included studies that investigated the efficacy of CB neglect assessment 

tasks compared to conventional methods in detecting USN for adults with brain damage. 

Study identification was conducted through electronic database searches (e.g., Scopus), 

using keywords and standardized terms combinations, without date limitation (last search: 

08/06/2022). Literature review and study selection were based on prespecified inclusion 

criteria. The quality of studies was assessed with the quality assessment of diagnostic 

accuracy studies tool (Quadas-2). Data synthesis included a narrative synthesis, a table 

summarizing the evidence, and vote counting analysis based on a direction of effect plot. 

Results: A total of 28 studies met the eligibility criteria and were included in the review. 

According to our results, 13/28 studies explored CB versions of conventional tasks, 11/28 

involved visual search tasks, and 5/28 other types of tasks. The vote counting analysis 

revealed that 17/28 studies found CB tasks had either equal or higher sensitivity than 

conventional methods and positive correlation with conventional methods (15/28 studies). 
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Finally, 20/28 studies showed CB tasks effectively detected patients with USN within 

different patient groups and control groups (17/28).  

Conclusion: The findings of this review provide practical implications for the 

implementation of CB assessment in the future, offering important information to enhance 

a variety of methodological issues. The study adds to our understanding of using CB tasks 

for USN assessment, exploring their efficacy and benefits compared to conventional 

methods, and considers their adoption in clinical environments. 
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2.1. Introduction 

USN is one of the most common post-stroke cognitive impairments with a prevalence of up 

to 80% early after stroke (Hammerbeck et al., 2019; Stone et al., 1993) and around 30% in 

the chronic phase of stroke (Esposito et al., 2020). USN as defined by Heilman et al. 

(1987) is an inability to explore or respond to a stimulus on the contralesional side of 

space, provided that this failure is not caused by lower-level sensory, motor, or visual 

impairment. USN can be observed either on the left or right side of space with higher 

frequency and more severe lateralized attention deficits on the left side (Ten Brink et al., 

2017). In the early stages of stroke, the severity of USN can be a prognostic factor of 

increased hospital length of stay, worse rehabilitation outcome, family burden, and long-

lasting impairments (Buxbaum et al., 2004; Hammerbeck et al., 2019; Luvizutto et al., 

2018). The severity of neglect has also been associated with a higher risk of falls, reduced 

quality of life, reduced functional outcome, and reduced independence in the chronic 

stages (Chen et al., 2015; Jehkonen et al., 2006). The underlying mechanisms of USN 

have been intensively investigated by researchers, with proposed theories mainly focused 

on representational (Bisiach & Luzzatti, 1978; Milner et al., 1993) and attentional factors 

(Heilman & Van Den Abell, 1980; Kinsbourne, 1993; Posner et al., 1982). However, some 

aspects of the theoretical underpinnings of USN remain controversial in the literature 

(Baldassarre et al., 2014; Karnath & Rorden, 2012; Montedoro et al., 2018), possibly as a 

result of the complex and heterogeneous nature of the neglect syndrome; and diverse 

subtypes might be associated with varied brain areas and forms of the disorder (Gammeri 

et al., 2020; Rode et al., 2017). For example, USN can subdivide based on spatial 

domains and frames of reference (Buxbaum et al., 2004; Caggiano & Jehkonen, 2018). 

And in the last twenty years, neuroanatomical studies have highlighted associations with 
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parietal, temporal, and frontal lobe brain lesions in affected patients (Corbetta & Shulman, 

2011; Lunven & Bartolomeo, 2017; Zebhauser et al., 2019). 

An additional challenge in our understanding of USN is diagnosis, associated with both the 

lack of gold standard assessment and the use of numerous and varied diagnostic tools 

(Azouvi et al., 2016). Menon and Korner-Bitensky (2004) detected more than 60 

behavioural tests and functional assessment tools with a large variety of apparatus use, 

task requirements/design, and diagnostic accuracy, also highlighting different neglect 

subtypes or syndrome components (Grattan & Woodbury, 2017; Verdon et al., 2010). 

National clinical guidelines for stroke suggest using standardized assessments to assess 

USN, including PnP tests (Canadian Stroke Best Practice Recommendations, 2019; Royal 

College of Physicians, 2016). A multidisciplinary international survey (Checketts et al., 

2021) reported that currently the most widely used USN assessments include those such 

as the BIT, developed by Wilson et al. (1987), and the CBS, developed by Azouvi et al. 

(1996). Even though these tests are used on a daily basis in clinical practice, there 

remains criticism regarding how optimal they are, and studies have demonstrated that they 

still suffer from many limitations related to lack of precision, ecological validity, reduced 

sensitivity, and high false-negative results (Bonato & Deouell, 2013; Kaufmann et al., 

2020; Rengachary et al., 2009). 

There remains a need for higher quality assessment methods to be introduced to clinical 

practice and in the last two decades, a variety of studies have demonstrated that CB tasks 

may be able to make a significant contribution. These tasks can provide higher sensitivity 

and diagnostic accuracy (also detecting mild and chronic cases) and better psychometric 

properties (especially diagnostic validity) with low cost and short administration time 

(Bonato, 2012; Deouell et al., 2005; Erez et al., 2009; Rengachary et al., 2009; Schendel & 
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Robertson, 2002; Villarreal et al., 2020). These CB tasks appear to be well-accepted by 

patients, and offer design flexibility, stimulus modification, adjustment of difficulty, and may 

also limit the use of compensatory strategies by patients. They may also be less likely to 

include floor and ceiling effects (Bonato, 2012; Bonato et al., 2010; Bonato et al., 2013). 

These tasks can also provide important patient information regarding subtype and severity 

of neglect providing data to inform a more specific individually tailored rehabilitation 

program (Dalmaijer et al., 2015; Ulm et al., 2013). CB tasks may therefore provide an 

opportunity to augment USN assessment in clinical practice; PnP are likely to remain 

important, due to some practical limitations for some CB tests such as the need for 

specified hardware or software, and the current requirement for basic 

programming/statistical skills to implement them (Bonato & Deouell, 2013). However, the 

practical limitations of CB assessment have been gradually minimised, and the past 

decade has seen the rapid increase of the accessibility of computers and their role in 

everyday life (e.g., education, entertainment etc.) providing a more supportive environment 

for their implementation in clinical practice. 

This review draws a distinction between CB assessment and assessment using VR. 

Previous reviews have focused on VR tasks (immersive and non-immersive) used in the 

assessment and rehabilitation of USN, demonstrating that VR assessment can effectively 

detect USN (Ogourtsova et al., 2017; Pedroli et al., 2015; Tsirlin et al., 2009). In contrast, 

this is the first study to provide an evaluation and overview of existing CB assessment 

tools for USN, not involving VR. The reviewers were not able to find existing operational 

definitions in the related literature for CB assessment and how this differs from non-

immersive VR tasks; however, there is a clear distinction, since there was only very 

minimal overlap in this review (1 out of 28 studies) with a VR-focused systematic review 
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(Ogourtsova et al., 2017). For the purpose of this systematic review, CB tasks were 

defined as screen-based tasks, where the authors of included studies defined these as CB 

tasks (even if they could potentially be taxonomized in the grey area of CB tasks and non-

immersive VR tasks), using a variety of different displays (e.g., monitor, projector, tablet).  

To our knowledge, no previous study has conducted a systematic review on CB 

assessment for USN. This systematic review addresses a clear research question, defined 

using a PICO (population, intervention, comparison, and outcome) framework was 

adopted (Higgins, 2022): 

 "Do CB tasks enhance the ability to detect USN in stroke survivors compared with 

conventional tests?" 

  

PICO: 

Participants: Studies including adult (aged over 18 years) stroke survivors or patients with 

other types of brain damage (BD) with or without USN. 

Intervention: CB tasks (screen-based tasks that are categorized by the authors of the 

included studies as CB assessment/testing or computerised tasks etc., using displays 

such as monitor, projector, tablet etc.) 

Comparison: Conventional tests (e.g., PnP, or functional assessment) or CB design based 

on PnP. 

Outcomes: A variety of outcomes were accepted such as [diagnostic accuracy measures 

(e.g., sensitivity, specificity), psychometric properties (e.g., validity, reliability), correlation 

coefficient, subjects’ performance data, narrative reports]. 
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2.2. Methodology 

The review was conducted based on the preferred reporting items for systematic reviews 

and meta-analysis (PRISMA) guidelines (Moher et al., 2009).  

2.2.1. Search Strategy 

This review considered studies focusing on evaluating the diagnostic accuracy and 

performance of CB tasks in identifying USN in stroke survivors and patients with other 

types of BD.  

A comprehensive search strategy of electronic databases (PsycINFO, EMBASE, 

MEDLINE (OVID), AMED, CINAHL (EBSCO), WEB of Science, PubMed, Scopus) using 

keywords and a combination of standardized terms was conducted. 

The last search was conducted on 08/06/2022 with the following search strategy 

keywords: 

- ("brain damage" OR "brain lesion" OR aneurysm OR “transient ischaemic attack” 

OR "ischemic attack" OR TIA OR "cerebrovascular accident" OR "cerebral vascular 

accident" OR CVA OR "traumatic brain injury" OR TBI OR stroke OR "brain 

tumour") AND 

- (neglect OR “visuospatial neglect” OR inattention OR "unilateral neglect" OR 

"unilateral inattention" OR hemineglect OR "unilateral spatial neglect" OR 

"hemispatial neglect" OR "visual neglect" OR "hemi-inattention" OR "perceptual 

disorder*”) AND   
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- (assess* OR measur* OR evaluat* OR test* OR screen* OR diagnos* OR 

assessment OR measurement OR evaluation OR diagnosis OR screening) AND   

- (computer* OR computer OR computerized OR computer-based OR phone OR 

smartphone OR tablet)   

In order to retrieve further published, unpublished and ongoing studies, manual searches 

were utilized through the references of included articles, grey literature was identified 

through Google Scholar and registered ongoing trials were searched (ClinicalTrials.gov 

(http://clinicaltrials.gov/)). 

No restriction was considered regarding the publication date or status. Studies were not 

limited to those written in English, but all eligible studies were written in English. 

2.2.2. Eligibility Criteria  

• Inclusion criteria 

- Context: Studies that present or evaluate the diagnostic accuracy and performance 

of CB tests for USN in stroke survivors and patients with other types of BD (e.g., 

brain lesion, aneurysm, traumatic brain injury, or brain tumour etc.). 

- Studies that fulfil the criteria established by the PICO framework. 

- The term ‘CB tasks’ was not consistent in the literature, so the reviewers decided to 

include studies exploring screen-based tasks presented by the authors of the 

included studies as CB assessment/testing (or using related synonyms such as 

computerised or digitised/computer version of PnP etc.). We included CB tasks that 

followed these criteria even if they could be potentially classified in the grey area of 

CB tasks and non-immersive VR tasks, using a variety of different apparatus (e.g., 

computer-monitor, projectors, tablet).  
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• Exclusion criteria 

- Studies not including stroke survivors or patients with other types of BD. 

- Studies that did not focus on USN assessment. 

- Studies where CB task is not the index test. 

- Studies where the design of the CB task and apparatus are not substantially 

defined so that the reviewers can decide whether it can be included in the review. 

Studies that did not clarify the type of apparatus (e.g., response box, computer-

monitor, projector) or specific design details (e.g., task demands and outcome 

measures) were excluded. 

- Studies that did not clarify the use of a comparison tool. 

- Studies that did not report or evaluate any form of diagnostic accuracy or 

performance of the CB test. 

- Studies exploring VR based tasks (as defined by the authors and/or as interpreted 

by the reviewers). 

2.2.3. Data extraction and selection 

Duplicates were removed and the title and abstract of all identified studies were screened, 

excluding irrelevant studies. The remaining studies were screened by full-text and 

excluded based on the eligibility criteria. This was verified by two authors (IG and DL) and 

in the case of conflict, it was resolved by discussion and if the discrepancy was not 

resolved, a third author would be included (but it was not needed).  

Data extraction was performed using a data extraction sheet (Table 2.1.), that was 

developed to accurately collect study characteristics and data. Data collection was verified, 

and disagreements resolved by discussion and consensus.  
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Extracted data included: 

- Study Characteristics: Study type, population, sample size, year, number of 

participants with USN (+) and without USN (-), patients with right brain damage 

(RBD) or left-brain damage (LBD), follow-up, inclusion/exclusion criteria, etc. 

- CB task information (e.g., apparatus, outcome measures, administration time) and 

reference standards comparison for diagnosing USN. 

- Study data: Diagnostic accuracy measures, psychometric properties, outcome 

measures efficacy, patient history data, and test performance data, etc.  

- Information for risk of bias assessment. 
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STUDY DETAILS   

AUTHOR/YEAR  

OBJECTIVES  

PARTICIPANTS 
(CHARACTERISTICS/TOTAL 
NUMBER) 

 
 

PATIENTS EXCLUDED   
PATIENT DEMOGRAPHICS  
SETTING  
INDEX TEST  
INDEX TEST TYPE  
APPARATUS  
TASK DETAILS   
SESSIONS/DURATION   
OUTCOME MEASURE  
COMPARISON TESTS   
DIAGNOSTIC ACCURACY 
MEASURES 

 

PSYCHOMETRIC 
PROPERTIES 

 

RESULTS  
CONCLUSION   
RISK OF BIAS  
LIMITATION  
NOTES  

Table 2.1 Data extraction sheet 

2.2.4. Risk of bias(quality) assessment 

IG and DL independently used the quality assessment tool for diagnostic accuracy studies 

(QUADAS-2) for systematic reviews to evaluate the quality of evidence for the identified 

studies (Whiting et al., 2011). 

2.2.5. Data Synthesis 

This review includes a narrative synthesis and analysis of the results of the included 

studies (McKenzie & Brennan, 2019). Studies were tabulated and compared in groups 

based on the index test type (e.g., CB version of PnP, visual search tasks, and other 

types) and heterogeneity was explored according to the type of analysis, data, and index 
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test (Campbell et al., 2020). Study characteristics were synthesized and presented in a 

table (Table 2.2) containing summaries of the outcome measures, patient history data, 

study details, and risk of bias. The main results were tabulated (Table 2.3) and data were 

analysed and presented as an effect direction plot (Figure 2.1.) for 6 domains (sensitivity, 

correlation coefficient with conventional task or neglect symptoms, ability to distinguish 

among patient groups, ability to distinguish patients from control groups, specificity, 

reliability) (Boon & Thomson, 2021). In order to gain a better understanding and deeper 

analysis of the data, a vote counting technique of effect direction was conducted 

(McKenzie & Brennan, 2019). 

Ideally, we would have performed a meta-analysis of our dataset from the included studies 

to compare outcomes of the CB assessment tools including properties (e.g., sensitivity, 

specificity) and outcome measures (e.g., RT and accuracy). However, there was not 

sufficient data with acceptable homogeneity to undertake a meta-analysis (Deeks et al., 

2019).  
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Figure 2.1 Effect direction plot. Direction of arrow indicates a positive / negative result. Size of 
arrow indicates sample size. Number indicates number of outcome measures reported in that 
domain. D1: Sensitivity, D2: Correlation coefficient with comparison tool, D3: Ability to distinguish 
among patient groups, D4: Ability to distinguish patients from controls, D5: Specificity, D6: 
Reliability. ▲: Statistically significant difference., ▲: Not statistically significant difference, ⋀:  no 
data presented (narrative report only), -:  No reports or data, ◄►: No change/mixed effects 
conflicting finding. 
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2.3. Results 

In the current systematic review, we aimed to provide a review of studies evaluating CB 

assessment of USN. The screening process is. summarised within a PRISMA flow 

diagram (Figure 2.2) (Page et al., 2021). In total, 28 articles met the inclusion criteria and 

were critically appraised. However, we full screened 136 studies. The excluded citations 

and the reasons for exclusion were tabulated (Appendix 1). There were three main 

reasons for the exclusion of studies that were not out of scope. The first case was where 

there was either an absence or not clear use of a comparison tool. Secondly, studies were 

excluded where authors did not clarify whether USN was assessed. Lastly, studies were 

excluded when the specific details regarding the design of the CB tasks were not 

explained thoroughly enough to allow the reviewers to decide whether the study was 

eligible for inclusion. This process led to excluding some important studies that explored 

CB assessment methods by using overlays of PnP on graphic tablets (Donnelly et al., 

1999; Guest et al., 2002), CB versions of PnP tests (Chiba et al., 2006; Halligan & 

Marshall, 1989; Hopfner et al., 2015; Kerkhoff & Marquardt, 1995; Smit et al., 2013; Van 

der Stoep et al., 2013) and software for analysis (Dalmaijer et al., 2015; Rorden & Karnath, 

2010). Moreover, the reviewers had to exclude a large body of work that investigated 

target/stimulus detection tasks (Baylis et al., 2004; Beis et al., 1994; Tipper & Behrmann, 

1996), RT tasks (Anderson et al., 2000; Sacher et al., 2004; Schendel & Robertson, 2002), 

visual search task (Borsotti et al., 2020; Laeng et al., 2002; Toba et al., 2018), visual 

attention theory focused tasks (Bublak et al., 2005; Habekost & Bundesen, 2003) and the 

test battery of attentional performance (TAP) (Zimmermann & Fimm, 2002). Table 2.2 

illustrates some of the main characteristics of the included studies (risk of bias, subjects, 

conventional tool comparison, task details, results, and conclusions). The studies were 
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grouped based on the CB assessment type in 3 groups (1. CB versions of conventional 

tasks, 2. Visual search tasks (2a. Dynamic & dual tasks, 2b. Feature & Conjunction tasks, 

2c. Static tasks) 3. Different types of tasks). In our synthesis, we explored the apparatus, 

response method, outcome measure, comparison, and properties of the CB tools. Table 

2.3 represents a summary of the main results of the studies and Figure 2.1 is an effect 

direction plot based on the vote counting analysis conducted. 

 

Figure 2.2 Prisma Flow Diagram 
 

2.3.1. Computer-based Task Type 

The authors identified 13 studies, that investigated test batteries of CB versions of 

conventional tasks, including tasks similar to line bisection (Chiba et al., 2010; Jee et al., 

2015), cancellation (Rabuffetti et al., 2012; Rabuffetti et al., 2002), baking tray (Chung et 

al., 2016) or combinations of different types of tasks (Liang et al., 2007; Mizuno et al., 
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2016; Morando et al., 2019; Pallavicini et al., 2015; Quinn et al., 2018; Ten Brink et al., 

2016; Ulm et al., 2013; Vaes et al., 2015). Our synthesis included 11 studies exploring 

visual search tasks such as static (Machner et al., 2018; Mizuno et al., 2016; Ten Brink et 

al., 2020), feature and conjunction (Erez et al., 2009; List et al., 2008), dynamic and dual 

tasks (Andres et al., 2019; Bonato et al., 2013; Deouell et al., 2005; Marshall et al., 1997; 

Van Kessel, Van Nes, et al., 2013; Villarreal et al., 2020). We detected 5 studies that 

observed different types of tasks such as the widely investigated Posner cueing paradigm 

(Rengachary et al., 2009), a neglect/extinction task (Vossel et al., 2010), a temporal order 

judgment (TOJ) task (Stigchel & Nijboer, 2017), a driving simulator task (Spreij et al., 

2020) and a manual spatial exploration task (Pierce et al., 2021). 

By carefully examining the data, it was found that CB functional (Pallavicini et al., 2015) 

and visual search tasks were shown to be more sensitive than CB versions of PnP tasks 

(Ten Brink et al., 2020). Moreover, combining different types of tasks can capture a wider 

aspect of neglect symptoms (Erez et al., 2009; Mizuno et al., 2016; Spreij et al., 2020). An 

interesting finding was that different types of tasks were associated with different types of 

errors, for example, cancellation tasks were more sensitive to viewer-centred (egocentric) 

errors, with visual search and line bisection tasks more sensitive to stimulus-centred 

(allocentric) errors; Similarly RT and TOJ tasks also detected spatial bias deficits (Mizuno 

et al., 2016; Stigchel & Nijboer, 2017; Van Kessel, Van Nes, et al., 2013). 

Some studies compared diagnostic accuracy between CB tests, and as expected the more 

complex CB tasks (e.g., higher demands, dual tasks, increased number of targets, 

conjunction tasks) were more sensitive and could detect more cases (chronic/subclinical) 

than more simple versions (e.g., feature tasks) (Andres et al., 2019; Bonato et al., 2013; 
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Erez et al., 2009; List et al., 2008; Marshall et al., 1997; Ten Brink et al., 2020; Van Kessel, 

Van Nes, et al., 2013; Villarreal et al., 2020). 

2.3.2. Outcome Measures 

Most cancellation tasks obtained measures including the number of touched (cancelled) 

targets, revisits, intersections, omissions, centre of cancellation (CoC) (Pallavicini et al., 

2015; Rabuffetti et al., 2012; Rabuffetti et al., 2002; Ten Brink et al., 2016; Ulm et al., 

2013). Line bisection tasks usually captured the mean deviation (Chiba et al., 2010; Jee et 

al., 2015; Ulm et al., 2013). 

Visual search and exploration tasks included measures based on false alarms/catch trials 

responses, target detection (capturing accuracy, detection rate/probability) and time (such 

as RT, search time and task duration); data analysis in these tasks was performed based 

on target position (e.g., left/right (L/R)) and task demands (e.g., level of difficulty, number 

of distractors) (Andres et al., 2019; Bonato et al., 2013; Deouell et al., 2005; Erez et al., 

2009; List et al., 2008; Machner et al., 2018; Marshall et al., 1997; Mizuno et al., 2016; 

Rengachary et al., 2011; Ten Brink et al., 2020; Vaes et al., 2015; Van Kessel, Van Nes, et 

al., 2013; Villarreal et al., 2020; Vossel et al., 2010).  

In the course of this work, we discovered that (L/R) target detection (Andres et al., 2019; 

Bonato et al., 2013; Machner et al., 2018; Pallavicini et al., 2015; Van Kessel, Van Nes, et 

al., 2013), hit rate (response rate) (Erez et al., 2009; Ten Brink et al., 2020), RT asymmetry 

scores (Deouell et al., 2005; Machner et al., 2018; Rengachary et al., 2009; Van Kessel, 

Van Nes, et al., 2013) and the number of intersection (disorganized search) (Ten Brink et 

al., 2016) were all shown to be among the most sensitive measures for spatial bias and 

visual search deficits detection in patients with BD. 
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2.3.3. Apparatus and Response Type 

A number of studies have used manual response displays such as touchscreen monitors 

(Rabuffetti et al., 2012; Rabuffetti et al., 2002; Ten Brink et al., 2020; Ten Brink et al., 2016; 

Ulm et al., 2013), smartphone/tablet devices (Chung et al., 2016; Morando et al., 2019; 

Pallavicini et al., 2015; Pierce et al., 2021; Quinn et al., 2018) or graphic tablets (Liang et 

al., 2007; Vaes et al., 2015). Several authors have explored the efficacy of using 

projectors/large screens (Machner et al., 2018; Spreij et al., 2020; Van Kessel, Van Nes, et 

al., 2013; Villarreal et al., 2020), PC/laptop with a mouse (Marshall et al., 1997) or with a 

response box (Chiba et al., 2010; Deouell et al., 2005; Erez et al., 2009; Rengachary et al., 

2009; Stigchel & Nijboer, 2017; Vossel et al., 2010). Some tests are designed requiring 

verbal (Andres et al., 2019; Bonato et al., 2013; List et al., 2008) or both verbal and 

manual responses (Chiba et al., 2010). Various tasks captured performance with more 

than one type of response or apparatus (Jee et al., 2015; Vaes et al., 2015; Van Kessel, 

Van Nes, et al., 2013). 

Some methods may be more accurate than others, however, the literature was reviewed, 

and no apparatus or response type was proved to be superior to any other. 

2.3.4. Specific Details 

Tasks could take from either five to ten minutes to complete (Marshall et al., 1997; Van 

Kessel, Van Nes, et al., 2013) or 10-20 minutes (List et al., 2008; Rengachary et al., 2009; 

Ulm et al., 2013; Vossel et al., 2010) and test batteries could last more than 20 minutes 

(Vaes et al., 2015). The CB tasks were considered to provide accurate results within short 

administration time (Pierce et al., 2021; Ulm et al., 2013). Authors suggest they also offer 

reduced overall assessment time compared to conventional methods (e.g., batteries of 
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PnP tasks), which is important as long administration time can cause fatigue to the 

patients and modulate the results (Liang et al., 2007; List et al., 2008). 

The diameter of the screen/display varied from 13- 15inch (Chiba et al., 2010; Deouell et 

al., 2005; Ten Brink et al., 2020) to 17 -19 inches (Andres et al., 2019; Rabuffetti et al., 

2012; Rengachary et al., 2009) to 24-33 inches (Machner et al., 2018; Mizuno et al., 

2016). The distance from the subject could be around 30-46cm (Chiba et al., 2010; Mizuno 

et al., 2016; Quinn et al., 2018), 60-70cm (Andres et al., 2019; List et al., 2008) or 90-

100cm (Deouell et al., 2005; Stigchel & Nijboer, 2017). These two factors were not found 

to affect the tasks’ accuracy or the participants’ performance. 

2.3.5. Sensitivity 

Sensitivity was reported in 20/28 studies with four reporting in the form of a percentage 

(Bonato et al., 2013; Chung et al., 2016; Quinn et al., 2018; Spreij et al., 2020), four with 

statistical significance values (Andres et al., 2019; Deouell et al., 2005; Rabuffetti et al., 

2012; Rengachary et al., 2009) and 11 in a narrative manner (Erez et al., 2009; List et al., 

2008; Machner et al., 2018; Mizuno et al., 2016; Pallavicini et al., 2015; Stigchel & Nijboer, 

2017; Ten Brink et al., 2020; Ulm et al., 2013; Van Kessel, Van Nes, et al., 2013; Villarreal 

et al., 2020; Vossel et al., 2010). Some CB tools had varied results, reporting both positive 

and negative or neutral outcomes (List et al., 2008; Mizuno et al., 2016; Pallavicini et al., 

2015). Overall 17/28 CB tasks report superior or equal sensitivity in detecting USN 

symptoms when compared to a variety of conventional tasks (Chung et al., 2016; Deouell 

et al., 2005; Erez et al., 2009; Morando et al., 2019; Quinn et al., 2018; Rabuffetti et al., 

2012; Spreij et al., 2020; Stigchel & Nijboer, 2017; Ten Brink et al., 2020; Ulm et al., 2013; 

Van Kessel, Van Nes, et al., 2013; Villarreal et al., 2020; Vossel et al., 2010). The CB 
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methods were able to detect USN cases that the PnP did not, either due to compensatory 

strategies implemented by the patients or due to ceiling effects (Bonato et al., 2013; 

Deouell et al., 2005; Marshall et al., 1997; Rabuffetti et al., 2012; Rengachary et al., 2009; 

Van Kessel, Van Nes, et al., 2013); especially in chronic (Andres et al., 2019) mild (Mizuno 

et al., 2016; Rengachary et al., 2009) and subclinical cases (Machner et al., 2018; Van 

Kessel, Van Nes, et al., 2013). 

2.3.6. Specificity / Reliability  

Specificity was reported in 3/28 studies; however, only two studies included specificity 

percentage reports (high) (Quinn et al., 2018; Spreij et al., 2020) and only the latter 

included predictive values. Similarly, 2/28 studies reported high test-retest reliability (Jee et 

al., 2015; Morando et al., 2019). More specifically, Jee et al. (2015) reported test-retest 

reliability in combination with intra-rater reliability and also provided a high inter-rater 

reliability score. 

2.3.7. Group Differences 

The ability of the CB task indices/variables to distinguish among patient groups (LBD+, 

LBD-, RBD+, RBD-) was explored by 22/28 studies, with 2/28 reporting limited (Chiba et 

al., 2010; Liang et al., 2007) and 20/28 stronger ability (Andres et al., 2019; Bonato et al., 

2013; Chung et al., 2016; Deouell et al., 2005; Erez et al., 2009; List et al., 2008; Machner 

et al., 2018; Marshall et al., 1997; Mizuno et al., 2016; Pallavicini et al., 2015; Pierce et al., 

2021; Rabuffetti et al., 2012; Rabuffetti et al., 2002; Rengachary et al., 2009; Spreij et al., 

2020; Stigchel & Nijboer, 2017; Ten Brink et al., 2020; Ten Brink et al., 2016; Van Kessel, 

Van Nes, et al., 2013; Villarreal et al., 2020; Vossel et al., 2010). In a similar way, 18/28 

studies discussed the ability of CB tasks to detect USN patients among control groups with 
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the majority of the studies reporting positive results (Chung et al., 2016; Deouell et al., 

2005; Erez et al., 2009; List et al., 2008; Machner et al., 2018; Marshall et al., 1997; 

Mizuno et al., 2016; Rabuffetti et al., 2012; Rabuffetti et al., 2002; Rengachary et al., 2009; 

Spreij et al., 2020; Ten Brink et al., 2016; Ulm et al., 2013; Vaes et al., 2015; Van Kessel, 

Van Nes, et al., 2013; Villarreal et al., 2020; Vossel et al., 2010). 

2.3.8. Conventional or PnP Comparison 

Many studies compared CB tasks with the BIT (Deouell et al., 2005; Liang et al., 2007; 

Mizuno et al., 2016; Van Kessel, Van Nes, et al., 2013; Vossel et al., 2010), with a 

combination of two or more original or similar subtests such as letter/star/line cancellation, 

line bisection, drawing and reading tasks (Chiba et al., 2010; Marshall et al., 1997; 

Morando et al., 2019; Pallavicini et al., 2015; Rabuffetti et al., 2012; Rabuffetti et al., 2002; 

Ulm et al., 2013). Some studies used only cancellation tasks (Bonato et al., 2013; List et 

al., 2008) or cancellation task(s) and line bisection (Morando et al., 2019; Pierce et al., 

2021; Quinn et al., 2018). Other important tasks used as comparisons would be the baking 

tray and clock drawing task (Rengachary et al., 2009). Some studies compared CB tasks 

with both functional (e.g., CBS) (Erez et al., 2009; Machner et al., 2018; Spreij et al., 2020; 

Ten Brink et al., 2016) and PnP assessment (e.g., BIT) or with other widely used CB tools 

(e.g., TAP, CB, cancellation and line bisection) (Andres et al., 2019; Stigchel & Nijboer, 

2017).   

2.3.9. Correlation Coefficient 

Correlation coefficients were reported by 15/28 studies using data from the CB tasks 

comparing them to conventional methods. Most of these report positive correlations 

(Chung et al., 2016; Erez et al., 2009; Liang et al., 2007; Machner et al., 2018; Morando et 
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al., 2019; Pierce et al., 2021; Rabuffetti et al., 2002; Spreij et al., 2020; Ten Brink et al., 

2020; Ten Brink et al., 2016; Van Kessel, Van Nes, et al., 2013), whereas in some cases 

there were more mixed results (List et al., 2008; Stigchel & Nijboer, 2017; Vossel et al., 

2010). A variety of CB tasks (e.g., TOJ, conjunction/feature, Posner, etc.) were found to be 

highly correlated with cancellation tasks (Erez et al., 2009; Machner et al., 2018; Stigchel 

& Nijboer, 2017; Ten Brink et al., 2020; Vossel et al., 2010) and similarly with the CBS test 

(Erez et al., 2009; Machner et al., 2018; Spreij et al., 2020; Ten Brink et al., 2020). 

2.3.10.  General Benefits of CB Assessment 

The results of this investigation show that CB methods have been shown in many cases to 

be feasible (Chung et al., 2016; Deouell et al., 2005; Jee et al., 2015; Morando et al., 

2019; Rabuffetti et al., 2002; Vossel et al., 2010), flexible (List et al., 2008; Vaes et al., 

2015), valid (Erez et al., 2009; Jee et al., 2015; Morando et al., 2019; Ulm et al., 2013; 

Villarreal et al., 2020), reliable (Jee et al., 2015; Morando et al., 2019; Vossel et al., 2010) 

and user-friendly tools (List et al., 2008; Pallavicini et al., 2015; Rabuffetti et al., 2012; Ulm 

et al., 2013; Vaes et al., 2015).   

This review confirms that CB assessment can provide important patient information and 

reveal more aspects of neglect symptoms than PnP assessment (Chung et al., 2016; Erez 

et al., 2009; Liang et al., 2007; Quinn et al., 2018), such as severity (Pierce et al., 2021; 

Rengachary et al., 2009), quantitative and qualitative data regarding patient behaviour 

(Andres et al., 2019). Moreover, CB tasks can identify temporal, spatial, and non-spatial 

search strategy dynamics, helping to differentiate between different subtypes (Mizuno et 

al., 2016; Stigchel & Nijboer, 2017) with a relatively short administration time (Liang et al., 

2007; List et al., 2008; Pierce et al., 2021; Ulm et al., 2013; Vossel et al., 2010). 
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2.3.11. Limitations of the studies 

The majority of the studies reviewed had a relatively small sample size (e.g., less than 50 

participants) for demonstrating the clinical validity of the CB tests and control 

demographics among patients (Jee et al., 2015; List et al., 2008; Machner et al., 2018; 

Quinn et al., 2018; Ulm et al., 2013; Vaes et al., 2015). However some studies had smaller 

sample sizes (Andres et al., 2019; Bonato et al., 2013; Chiba et al., 2010; Deouell et al., 

2005; Mizuno et al., 2016; Morando et al., 2019; Pallavicini et al., 2015; Pierce et al., 2021; 

Rabuffetti et al., 2002) and a number of authors did not include an unimpaired control 

group (Andres et al., 2019; Bonato et al., 2013; Chiba et al., 2010; List et al., 2008; 

Marshall et al., 1997; Morando et al., 2019; Pallavicini et al., 2015; Quinn et al., 2018; 

Stigchel & Nijboer, 2017; Ten Brink et al., 2020). In specific studies, no clear attempt was 

made to compare with a PnP task (Ten Brink et al., 2016; Vaes et al., 2015) or only one or 

two comparison tasks were conducted (Chung et al., 2016; Jee et al., 2015; Marshall et 

al., 1997; Morando et al., 2019; Vaes et al., 2015). The reliance on unclear or limited 

conventional tasks may have contributed to inflated sensitivity results. Another key 

limitation is that most studies, except for three (Quinn et al., 2018; Rengachary et al., 

2009; Spreij et al., 2020), reported sensitivity without accompanying specificity, limiting the 

ability to fully assess diagnostic accuracy. Additionally, several studies relied solely on 

narrative descriptions to report sensitivity rather than formal analyses (Erez et al., 2009; 

Machner et al., 2018; Stigchel & Nijboer, 2017; Ten Brink et al., 2020; Ulm et al., 2013; van 

Kessel, Geurts, et al., 2013; Villarreal et al., 2020; Vossel et al., 2010). Practical issues are 

among the most important drawbacks for example, CB tasks can be impractical to perform 

in a clinical setting, especially where these require large/expensive equipment rather than 

a typical computer and monitor (Jee et al., 2015; Spreij et al., 2020; Ulm et al., 2013; Vaes 
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et al., 2015; Van Kessel, Van Nes, et al., 2013). Selection bias is another potential concern 

in cases where samples do not represent the entire stroke population (e.g., 

acute/subacute/chronic or RBD/LBD) (Chung et al., 2016; Deouell et al., 2005; Erez et al., 

2009; List et al., 2008; Quinn et al., 2018; Vossel et al., 2010). Other limitations include 

follow-up absence, covering only specific neglect component (Jee et al., 2015; Pallavicini 

et al., 2015; Vaes et al., 2015), not controlling demographics (Jee et al., 2015; Mizuno et 

al., 2016; Van Kessel, Van Nes, et al., 2013) and factors such as hemianopia (Spreij et al., 

2020; Stigchel & Nijboer, 2017; Vossel et al., 2010). Only 7/28 studies had a low risk of 

bias (Machner et al., 2018; Pierce et al., 2021; Rabuffetti et al., 2012; Rengachary et al., 

2009; Ten Brink et al., 2020; Ten Brink et al., 2016; Villarreal et al., 2020) the rest of them 

had moderate (Bonato et al., 2013; Chung et al., 2016; Deouell et al., 2005; Erez et al., 

2009; Liang et al., 2007; List et al., 2008; Quinn et al., 2018; Rabuffetti et al., 2002; Spreij 

et al., 2020; Stigchel & Nijboer, 2017; Ulm et al., 2013; Van Kessel, Van Nes, et al., 2013; 

Vossel et al., 2010) and unclear (Andres et al., 2019; Chiba et al., 2010; Jee et al., 2015; 

Marshall et al., 1997; Mizuno et al., 2016; Morando et al., 2019; Pallavicini et al., 2015; 

Vaes et al., 2015). Another key  

  













Chapter 2 

56 
 

2.4. Discussion 

In this review, the main objective was to provide a summary and critical analysis of the 

existing evidence around CB assessment of USN, by investigating the shortcomings and 

strengths of the approaches followed by previous studies. Another purpose of our review 

was to generate fresh insight into our understanding of CB tasks and enhance future 

designs by demonstrating essential indications regarding clinical applicability and utility of 

CB assessment of USN. 

One of our most important findings relates to the task type; most of the studies preferred to 

use CB versions of conventional tasks, however, it is revealed that CB tasks with more 

advanced designs such as RT and visual search tasks (e.g., feature and conjunction) can 

be more effective in detecting neglect symptoms. It was revealed that these types of tasks 

can capture more mild/chronic/subclinical cases than simple versions. Similarly, more 

complex designs, combining a variety of task types with different task demands, can 

maximize sensitivity by providing a wider data collection. These results are in line with 

existing evidence that presenting greater task difficulty can enhance sensitivity (Bonato, 

2012; Buxbaum et al., 2012). These findings also support the work of other studies in the 

area demonstrating that divergent tasks can capture distinct components of this 

multifactorial syndrome (Sacher et al., 2004) and diversity of task demands can highlight 

disparate deficits associated with USN (Dukewich et al., 2012).  

The results of this study explore the potential superiority of some outcome measures’ 

sensitivity for detecting spatial bias and visual search deficit, such as RT and accuracy for 

visual search and comparable target detection tasks. This has previously been observed in 

a variety of other studies exploring the advantages of these measures (Anderson et al., 
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2000; Bartolomeo et al., 1998; Schendel & Robertson, 2002). Similarly, it was revealed in 

our review that in cancellation tasks and other CB versions of PnP, the CoC was among 

the most sensitive. These results are also in accordance with a wide background of 

evidence highlighting the benefits of capturing CoC in cancellation tasks (Dalmaijer et al., 

2015; Rorden & Karnath, 2010; Suchan et al., 2012).  

One of our objectives was to investigate features that optimize CB task design, but we 

were unable to demonstrate how some factors such as task duration, size of the display, 

and apparatus affect the effectiveness of these tasks. However, we concluded that most of 

the tasks last between 10-20 minutes, use a display with a 13-19 inches diagonal screen 

size, at a distance of 40-70 from the subject depending on the task design. Previous 

studies have reported that a short administration time can be more practical for a clinical 

environment and can avoid fatigue effect which can affect the patients’ outcomes (Grattan 

& Woodbury, 2017; Pedroli et al., 2015). It was also observed that there are three main 

types of apparatus with the most used being a classic PC/laptop-monitor combination, the 

second most explored was the graphic tablet, and finally, the last decade has seen the 

introduction of touchscreen smartphone/tablet app tasks. It is important to consider various 

factors regarding hardware selection to enhance cost-effectiveness, feasibility and 

minimize practical issues affecting the clinician and patient (Bonato & Deouell, 2013; Tsirlin 

et al., 2009). The importance of minimizing motor and visuomotor task demands in order to 

avoid any contributing factors related to movement limitations is highlighted by the majority 

of the tests requiring a simple manual response either through a touchscreen, mouse, or 

response box/button. Previous research has established that increased motor demands 

can affect performance or cause motor bias to neglect patients with coexisting conditions 

such as directional hypokinesia (Mattingley et al., 1998; Sapir et al., 2007). One challenge 
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influencing the optimization of CB tasks design is finding the right balance between the 

quantity and quality of data. For instance, a wider data collection would provide more 

information about the patient but could also increase the task duration, which could cause 

fatigue and affect the quality of the data.  

As mentioned in the review most of the studies chose the CBS, cancellation, and line 

bisection tasks as a conventional comparison tool, these tests being among the most 

widely investigated existing neglect assessment tools with relatively high sensitivity scores 

(Azouvi, 2017; Bailey et al., 2000; Chen et al., 2012; Sarri et al., 2009). Several CB tasks 

were highly correlated with the CBS and cancellation tasks, and some studies reported 

varied results, which can be explained considering the lack of gold standard and the 

comparison with tasks requiring different demands and performance components. 

However, in order to accurately evaluate the diagnostic accuracy of a task, it is 

recommended to follow methodologies such as the ones summarized by Umemneku 

Chikere et al. (2019) in the absence of a golden standard. The CB tasks were overall more 

sensitive than conventional tools and could distinguish different patients groups (LBD, 

RBD+, RBD- etc.) from each other and from unimpaired control subjects, which 

corroborate the findings of a great deal of previous work (Bonato, 2012; Bonato & Deouell, 

2013; Dawson et al., 2008; Schendel & Robertson, 2002). In the course of this review, we 

also discovered that CB tasks can collect a broad spectrum of data and provide more 

information about the patient's profile and behaviour than PnP tasks. However, very little 

data were found in the literature around the specificity and reliability of CB tasks, and it 

was not possible to draw a conclusion regarding this. As presented in the review, CB tasks 

can provide greater flexibility than PnP (e.g., by projecting stimuli and testing neglect in 

near vs far space). However, they operate in extra-personal space, in a similar way to PnP 
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tasks, and cannot address all spatial representations relevant to the neglect syndrome 

(e.g., personal neglect). 

The results suggest that CB tasks show promise in several domains of USN assessment 

compared to conventional methods, particularly in their sensitivity to detect subtle deficits; 

however, conclusions about diagnostic superiority remain limited by the lack of 

comprehensive accuracy metrics. This outcome is not unexpected considering most 

conventional tasks were designed and revised many years ago (e.g., the widely used BIT 

created by Wilson et al. in 1987). In recent years, the global technological expansion and 

digitalization of everyday life have minimized the practical constraints of CB assessment 

concerning requirements for hardware access. Additionally, technological advances have 

allowed the creation of more accessible designs, with some authors reducing further the 

practical boundaries by providing access to online/offline software for analysis and 

assessment (Dalmaijer et al., 2015; Rorden & Karnath, 2010). While the reduction in 

barriers to implementing CB tasks and emerging evidence supporting their advantages, 

particularly in detecting mild and chronic neglect, highlight their potential, the current 

evidence is not yet sufficient to support widespread clinical adoption. Further rigorous 

validation studies are needed to establish diagnostic accuracy, clinical utility, and feasibility 

across diverse settings. Therefore, before CB tasks can be routinely introduced into 

clinical practice, more research is essential to confirm their benefits and address practical 

considerations related to implementation. We also do not suggest the total removal of 

conventional methods, since they can overcome practical restrictions (e.g., need for 

hardware) when CB methods are not necessary, such as in severe and acute cases. It can 

therefore be assumed that an optimized future model will include a combination of both 

conventional and CB assessment tools. 
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The evidence presented in this review suggest that CB neglect assessment methods show 

promise as feasible, valid, flexible, reliable, and user-friendly tools; however, more rigorous 

usability research is needed to confirm this. Our results are in accordance with the findings 

of multiple studies exploring the advantages of these methods (Donnelly et al., 1999; 

Guest et al., 2000; Halligan & Marshall, 1989; Hopfner et al., 2015; Kerkhoff & Marquardt, 

1995; Smit et al., 2013; Van der Stoep et al., 2013). 

Limitations 

Most of the included studies suffer similar limitations. In order to overcome these issues 

and minimize bias, it is recommended that future studies avoid selection bias by including 

a consecutive or random large sample of control subjects and patients from a wide stroke 

population with equivalent demographics (Chassé & Fergusson, 2019). A notable limitation 

across several studies is the frequent reporting of sensitivity without corresponding 

specificity, which restricts a full evaluation of diagnostic accuracy (Cohen et al., 2016; 

Shreffler & Huecker, 2025). Only 3/28 studies reported both measures, limiting the ability 

to make a balanced judgment on diagnostic utility and to determine whether results reflect 

accurate detection or potential overdiagnosis. Many studies used unclear or limited 

reference standards for comparison, which may partly arise from the lack of a well-defined 

gold standard for USN assessment (Demeyere et al., 2015; Ogourtsova et al., 2017); 

however, inconsistencies and variations in the choice or definition of reference standards 

likely contribute to inflated sensitivity values. Such variability suggests that some high 

sensitivity results may reflect limitations in the comparison criteria rather than true test 

accuracy. Future research should aim to include both sensitivity and specificity and 

emphasize using multiple sensitive conventional assessment tools as comparison 

measures, since there is no universally accepted gold standard for USN (Rutjes et al., 
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2007; Umemneku Chikere et al., 2019). Follow-up testing in order to explore effectively 

clinical validity, psychometric properties, and accuracy of the tasks would also be welcome 

(Umemneku Chikere et al., 2019). The main weakness of our study is that we could not 

perform a meta-analysis due to the high heterogeneity among index/comparison tests, 

study data types, and methodologies of analysis. However, we performed a vote counting 

analysis based on a direction of effect plot, which can be used to synthesize evidence 

when there is a lack of data consistency across the selected studies; this method is 

considered appropriate though less powerful than methods that include p values 

(McKenzie & Brennan, 2019). Even though the QUADAS-2 tool seemed like the optimal 

tool it was designed for diagnostic accuracy studies and the heterogeneity of the studies 

affected the risk of bias decision, since the authors could not answer the questions 

confidently. The reviewers did not expand the inclusion criteria to include VR assessment 

studies, which would have increased the quantity of data. However, this allowed a more 

distinctive focus to be applied to the review on CB assessment. VR-based assessment of 

USN has already been the focus of similar previous work (Tsirlin et al., 2009). 

Conclusion 

Our review of major studies indicates that CB assessment of USN may offer advantages in 

acceptability, flexibility, and feasibility compared to conventional methods. CB methods 

have been proved to provide a wider variety of data than PnP tasks which can be crucial in 

understanding patients’ profile and severity, as well as monitor progress and the effect of 

rehabilitation. There is a strong body of evidence demonstrating that CB assessment may 

be more sensitive and overcome conventional methods’ practical issues such as 

compensatory strategies and ceiling effects, especially with more complex designs and 

combinations of different task types. The results obtained here may have implications for 
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understanding essential features affecting the efficacy of CB tasks and indications can be 

implemented as a guide to improving future designs. The findings of this review 

complement those of earlier studies and suggest that CB tasks for USN assessment 

should be implemented in clinical settings. 
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and older adults: comparing 

performance on a series of 
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Abstract 

Background: The aim of the study was to investigate age-related effects on visual attention 

and provide a normative data for a set of four computer-based tasks, as a basis for future 

clinical studies. 

Methods: A cross-sectional observational approach was utilised in this study. A battery of 

four CB tasks, with previously demonstrated sensitivity, were employed to assess visual 

attention between young and older adults. The duration of each task was approximately 5 

minutes, gathering RT (ms) and accuracy (%) data. A feedback questionnaire was used to 

gather insights on participants' qualitative experience of the tasks.  

Results: 125 participants, 51 younger (aged between 18-30) and 74 older adults (aged 

between 65-90) took part. Older adults had significantly slower response times compared 

to younger adults, across all tasks, but accuracy results were comparable for most tasks. 

However, in the feature task, older adults demonstrated greater accuracy, especially on 

the right side. Although this pattern was evident in both groups across tasks, this result 

highlights the presence of a more pronounced leftward bias in the younger group, 

indicative of pseudoneglect. Increasing task demands, for example, by adding a dynamic 

component or introducing more complex or a larger number of distractors, had a greater 

impact on older adults' performance. Both age groups displayed adaptability in search 

strategies based on task demands and reported the tasks as user-friendly, easy to 

understand, and with an appropriate duration. 

Conclusion: The study provides valuable insights regarding the effect of age on visual 

attention and demonstrates the high sensitivity and feasibility of using computer-based 
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assessment in unimpaired populations. Data presented here provide a basis for future 

studies using the same task battery with clinical populations.  
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3.1 Introduction 

One key to healthy aging is the maintenance of cognitive function, a loss of which can 

have a significant negative impact on the quality of life and everyday activities for older 

adults (Gray et al., 2021; Lee et al., 2019; Stites et al., 2018). Visual attention, the ability to 

focus or selectively attend to elements of a visual scene, declines with age, affecting wider 

cognitive performance by diminishing a wide array of functions, including visual search, 

visuo-spatial attention and spatial working memory capacities (Madden & Monge, 2019; 

Müller-Oehring et al., 2013). Hence, age-related impairments of visual attention impact 

everyday activities including reading, locating objects, navigating and driving safely. The 

effects of aging on visuo-spatial attention have been investigated in multiple studies 

demonstrating that older adults interpret stimuli in their environment more slowly and in 

some cases less accurately compared to younger adults (Ebaid & Crewther, 2019; Pesce 

et al., 2005; Vallesi et al., 2021).  

Several lines of evidence on hemispheric lateralization have established a right 

hemisphere dominance for visuo-spatial attention networks (Corbetta et al., 2000; Heilman 

& Van Den Abell, 1980). Brain lesions in the right hemisphere, particularly in the attention 

network regions (e.g., fronto-parietal pathways, temporoparietal junction), can lead to 

severe attention impairments, such as USN (Corbetta & Shulman, 2011; Ptak & Schnider, 

2011). USN is a common post-stroke cognitive syndrome; patients with USN experience 

an ipsilesional attention bias with a concomitant difficulty in orienting and responding to 

stimuli displayed in space opposite to the BD (Heilman et al., 1997). Additionally, the right 

hemisphere is often associated with the pseudoneglect phenomenon, a leftward attention 

bias observed in healthy individuals. This bias is commonly attributed to the right 

hemisphere’s dominance in visuospatial attention, although this theory remains debated 
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(Bartolomeo & Seidel Malkinson, 2019; Gerrits et al., 2020). The age-effect on 

pseudoneglect is not yet fully understood; however some evidence suggest an increasing 

rightward perceptual shift in older adults, diminishing pseudoneglect characteristics 

(Benwell et al., 2014; Friedrich et al., 2018). This transition aligns with the Hemispheric 

Asymmetry Reduction in Older Adults (HAROLD) model (Cabeza, 2002), which suggests 

that older adults recruit bilateral brain regions to counteract age-related neural decline. 

Such compensatory mechanisms may account for the diminished leftward bias in older 

adults compared to younger adults. This pattern of leftward bias observed in healthy adults 

contrasts with the rightward bias detected in stroke patients with USN, signifying a distinct 

differentiation between these two lateralized attention mechanisms. 

Visuospatial attention is commonly assessed in clinical and research settings by using PnP 

tasks such as line bisection and star cancellation for both patient and unimpaired 

populations (Checketts et al., 2021; Learmonth & Papadatou-Pastou, 2022). The PnP 

subtests of the BIT and the functional assessment CBS are among the most common and 

sensitive standardized test batteries for USN assessment (Luukkainen-Markkula et al., 

2011; Marques et al., 2019). These conventional methods are effective at identifying major 

lateralised bias; however, they fail to detect mild cases, unlike more sensitive CB tasks 

(Bonato & Deouell, 2013; Bonato et al., 2013; Machner et al., 2018). CB tasks have a 

number of advantages over traditional USN assessment methods, including higher 

sensitivity and diagnostic accuracy (List et al., 2008; Rengachary et al., 2009; Vaes et al., 

2015; Villarreal et al., 2020), however they haven’t been adopted in clinical settings yet, 

possibly due to equipment requirements, familiarity or the wide variety of existing CB tools 

lacking a ‘gold-standard’ (Evald et al., 2021; National Clinical Guidelines for Stroke, 2023). 
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While the development of CB assessment tools is primarily driven by stroke-related 

neglect syndromes, establishing a standardized CB assessment tool that can accurately 

detect perceptual bias would not only be advantageous to the patient population but also 

essential for exploring age-related visuospatial attention changes. To address the 

challenge presented by the heterogeneity and diversity of the many CB tasks across the 

literature, we conducted a systematic review (Chapter 2). The review provides an overview 

and evaluation of the different task designs, and identified tasks with wider evidence for 

their efficacy (Giannakou et al., 2022). Following the review, the selected tasks were the 

Posner Cueing Task (Posner, 1980; Rengachary et al., 2009), the Starry Night task 

(Deouell et al., 2005) and the visual search Feature and Conjunction Tasks (Erez et al., 

2009). These tasks were also chosen because they explore different facets of visual 

attention. For instance, the Posner task utilizes cues to assess covert attention, where 

overt attention involves prior target fixation and eye movement, and covert attention does 

not (Van der Stigchel & Theeuwes, 2007). The Feature and Conjunction visual search 

tasks employ distractors to evaluate respectively bottom-up, stimulus-driven mechanisms, 

and top-down, goal-directed processes (McMains & Kastner, 2011). Collectively, these 

tasks, with the dynamic environmental features of the Starry Night task, address diverse 

aspects of visual attention. The four tasks were re-created in this study to form a battery of 

CB tasks, designed to provide a comprehensive assessment of perceptual bias by 

addressing a broad spectrum of attentional components. 

The primary aim of this chapter was to establish normative data to inform the development 

of impairment cut-offs for the computer-based tasks. While previous research has shown 

that age can influence visual attention, here we examined whether such differences 

emerge within the specific parameters of our tasks. Additionally, we explored possible age-
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related differences and aimed to identify any emerging patterns within the normative data, 

such as the presence of pseudoneglect. Exploring lateralized bias and understanding how 

healthy older populations respond to different task elements are crucial for developing 

effective tasks for patients. Therefore, this research has substantial clinical relevance, 

aligning with our ultimate goal of gaining valuable insights to enhance the application of 

CB tasks for visual attention assessment in stroke survivors.  

 

3.2 Methodology 

3.2.1 Study Design  

A cross-sectional observational approach was employed in this study. The major benefit of 

this approach is its efficiency in generating robust normative data from different age groups 

within one session, allowing one-point explorations of multiple variables related to age-

related variations in visual attention, offering valuable insights for designing future 

research involving patient data (Wang & Cheng, 2020). We determined that a minimum of 

50 participants in each group would provide a balanced sample size, consistent with 

similar studies exploring visual attention in younger and older adults (Erel et al., 2019; 

Langley et al., 2011; Olk & Kingstone, 2015). 

3.2.2 Participants 

The sample included unimpaired young and older adults. We recruited 125 participants, 51 

younger (aged between 18-30 years; M = 24.0 years; SD = 2.22; 31 female) and 74 older 

adults ((aged between 65-90); M = 76.5; SD = 6.38; 47 female). The demographic data are 

summarised in Table 3.1. Exclusion criteria included the presence of any impairments that 
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Demographic Questionnaire Form 

The questionnaire took 2-5 minutes to administer, requiring participants to provide basic 

demographic information (e.g., age, gender, handedness, level of computer experience).  

CB Tasks 

CB Task Selection: 

To address the challenge presented by the heterogeneity and diversity of the many 

computer-based tasks across the literature, a systematic review was conducted (see 

Chapter 2, also Giannakou et al., 2022). The review provides an overview and evaluation 

of the different task designs and identified tasks with wider evidence for their efficacy. 

Following the review, four well-established tasks with extensive use in the literature and 

demonstrated sensitivity to lateralised attentional deficits were selected. These were the 

Posner Cueing Task (Posner, 1980; Rengachary et al., 2009), the Starry Night Task 

(Deouell et al., 2005) and the Feature and Conjunction Visual Search Tasks (Erez et al., 

2009). These tasks were also chosen because they explore different facets of visual 

attention. For instance, the Posner task utilizes cues to assess covert attention, while also 

examining how spatial cues influence attention allocation and response speed (Van der 

Stigchel & Theeuwes, 2007). The Feature and Conjunction visual search tasks use 

distractors to assess selective attention, with the Feature task focusing on bottom-up, 

stimulus-driven mechanisms, and the Conjunction task examining top-down, goal-directed 

processes (McMains & Kastner, 2011). The Starry Night Task evaluates selective and 

sustained attention in a dynamic, cluttered setting, offering a sensitive measure of 

lateralized perception (Deouell et al., 2005; Erel et al., 2019). Collectively, these tasks 

assess spatial bias and address diverse aspects of visual attention. 



Chapter 3 

72 
 

Participants completed four versions of these tasks; (i) a Starry Night Task (Deouell et al., 

2005), (ii) a Feature Visual Search Task, (iii) a Conjunction Visual Search Task (Erez et al., 

2009) and (iv) a Posner Cueing Task (Hayward & Ristic, 2013; Posner, 1980). The four 

tasks employed are adapted versions of those previously developed to examine visuo-

spatial attention following stroke. The tasks required between 15 and 20 minutes to 

complete in total, with each task lasting no longer than five minutes each. The task order 

was pseudorandomized for each participant. The subsequent sections will delve into a 

comprehensive overview of the design and objectives of each task. 

Starry Night Task (Deouell et al., 2005): 

The dynamic Starry Night task (Figure 3.1) required participants to make a speeded button 

press when detecting targets (red stars) within a changing environment of distractors. 

During the pre-target period (see Figure 3.1 for timings) participants were exposed to a 

dynamic background with distractors varying in size (small or big) and state (visible or 

invisible). Our version of the task comprised a total of 100 trials, with 92 being target trials 

and 8 being catch trials (no target was presented in order to assess participants' ability to 

withhold a response, capturing attentiveness and response accuracy). Overall, the Starry 

Night task aimed to assess target detection in a dynamic environment of varying distractor 

conditions and locations, evaluating the ability to explore visual stimuli while managing 

multiple distractors and focusing on target detection. 
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Figure 0.1 Starry Night Task. A) The figure shows frames from a sample trial of the task. During the 
pre-target interval (1000-2000ms) distractors changed size (small and big blue stars, 
approximately 0.94° and 1.25° degrees of visual angle, respectively) and state (visible/invisible) 
every 250-500ms. B) The figure shows examples of target appearances in each spatial location: 
Far Left, Near Left, Middle, Near Right, and Far Right. The display had 28 potential locations for 
distractors and target placement, grouped into five screen sections: 8 Left (5%–25%), 4 Near Left 
(30%–40%), 4 Middle (45%–55%), 4 Near Right (60%–70%), and 8 Right (75%–95%) with 50% 
being the centre of the screen. Following the pre-target interval, a target (a red star, approximately 
1.57° visual angle) was presented against the changing background. The trial ended when a 
participant responded or after 2500-5000ms. 
 

Feature Visual Search Task (Erez et al., 2009):  

In Feature Visual Search Tasks, participants are required to identify a pop-out target 

characterised by a single feature (e.g., colour, shape) across 100 trials, including 75 target 

trials and 25 catch trials. In this version, participants were presented with a display 

consisting of static distractors (blue circles), with the number of distractors being either 5, 
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10, 15, or 20. Their goal was to detect the target (a red circle). The number of distractors 

and the target's location varied in each trial. The response requirements were two-fold: 

participants responded using the Chronos response box, pressing one designated button 

when they spotted the red circle among the distractors and another designated button 

when the target was absent (see Figure 3.2 for timings). 

 

 

Figure 0.2 Feature and Conjunction Visual Search Tasks. PowerPoint slides were created and 
saved as BMP (bitmap) images, which were then integrated into E-Prime for presentation in full 
screen on a 24-inch monitor. Stimuli in each section were spaced similarly along the horizontal axis 
and were 2.23 cm to 2.25 cm in size (approximately 81.25 pixels to 81.75 pixels. A) Representation 
of an example target trial for the Feature Visual Search task. At the beginning of each trial, a 
fixation point (a small black cross) appeared at the display centre for 250 to 2500ms. Following the 
fixation period, the target (a red circle) could appear at any of the 25 potential positions (grouped 
as far left, near left, middle, near right and far right). Distractors (blue circles) were randomly 
scattered, with the number of distractors ranging from 5 to 20 in each trial. In the example shown, 
the target is presented among 20 distractors B) Representation of Target and Catch Trials of the 
Feature and Conjunction Visual Search tasks. For the Conjunction Visual Search Task, the target 
remained a red circle, while the distractors consisted of both red squares and blue circles. This 
figure illustrates a trial example with 20 distractors. The stimulus display terminated by a response 
or after 4500ms if no response was detected. Both tasks consisted of 100 trials: 75 target and 25 
catch trials. C) The figure illustrates example target appearances at each of the five spatial 
locations in the Conjunction Task. Both the Feature and Conjunction tasks included 25 potential 
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target/distractor positions distributed across five screen sections: Left (5%–25%), Middle Left 
(25%–40%), Middle (40%–60%), Middle Right (60%–75%), and Right (75%–95%), with the screen 
centre at 50%. 
 

Conjunction Visual Search Task (Erez et al., 2009):  

Conjunction search involves identifying a target by the combination of two or more 

elements, prompting participants to perform serial search strategies, in contrast to the pop-

out nature of feature search where the target is typically more easily detected. The 

Conjunction task employed here shared a similar display with the Feature task and 

included 100 trials (75 target and 25 catch trials). Participants were required to respond to 

the presence or absence of the target (red circle) among two types of static distractors 

(blue circles and red squares). Both tasks involved varying number of distractors (5, 10, 15 

or 20), providing the ability to investigate how participants perform under different levels of 

complexity.  

  

Posner Cueing Task (Posner, 1980):  

Participants completed 100 trials, including 70 valid target trials, 20 invalid trials, and 10 

catch trials, in a display featuring two boxes (left/right) and a fixation cross. They were 

instructed to respond by pressing a button whenever they detected the target (a white star) 

appearing in one of the two boxes. Before the target appeared, a cue was presented. The 

cue-target interval (CTI), the time interval between the cue and the appearance of the 

target varied for each trial. The CTI is important because it allows for the examination of 

how cue timing influences the speed and accuracy of attentional shifts, providing insights 

into the dynamics of attentional control over time, and helps assess Inhibition of Return 

(IOR), a phenomenon where attention is inhibited from returning to a previously attended 
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location after a delay (Klein, 2000). The Posner Cueing Task aimed to investigate 

participants' ability to detect the target under different CTI conditions and assess the 

influence of the cue on their RT and accuracy. The Posner task is widely employed in 

diverse research settings to investigate visuospatial attention, by primarily measuring the 

capacity to focus, shift and disengage attention at specific spatial locations (Rengachary et 

al., 2009). (see Figure 3.3 for timings). 

 

Figure 0.3 Posner Cueing Task. The visual representation illustrates the Posner Cueing Task, 
featuring both trials with valid cues (target presented at the same side as the cue) and invalid cues 
(target appeared on the opposite side of the cue). This task is an exogenous version, where 
attention is automatically drawn to the cued location by an external stimulus, the cue (a bright white 
square), enabling the study of reflexive attentional shifts that occur and whether IOR is present. 
Two rectangles were presented on the screen, each occupying 25% of the display’s width (480 
pixels) and 25% of its height (270 pixels), based on a 24” monitor with a resolution of 1920 × 1080 
pixels. The rectangles were horizontally centered at 25% (left: 480 pixels) and 75% (right: 1440 
pixels) of the screen width, both aligned vertically to the centre of the screen. Each rectangle was 
outlined with a 5-pixel border. On cue trials, the border of the cued rectangle was increased to 9 
pixels to draw attention. A central fixation cross (Consolas font, 40 pt; ~53 pixels) appeared at the 
centre of the screen ([960, 540]). The target symbol (✷) was presented in Consolas font at 80 pt 
(~106 pixels) and was centrally located within the rectangle. The stimuli were white on a black 
background, with white having a luminance of 255 and the black background having a luminance 
of 0. The task includes random fixation durations (750 - 1150ms), followed by a 300ms display of 
the cue. The cue-target interval varied in each trial and with five different conditions (50ms, 150ms, 
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350ms, 650ms, and 1050ms). These varying CTIs are crucial for probing the time course of 
attentional shifts, allowing for the investigation of when attentional shifts occur and whether IOR is 
present. The trial ended after 3000ms of the target (a 3.14° white star) presentation or immediately 
following a response. This task consisted of 100 trials; 70 trials involved a valid target presentation 
20 invalid trials and 10 catch trials. This ratio closely aligns with the original 80-20 ratio by Posner 
et al. 1980, which facilitates a covert shift to the cue, with the addition of catch trials to assess 
attentiveness. 
 

Tasks Summary:  

Each task was chosen to target distinct components of visual attention and cognitive 

processing. The Feature Search Task examines feature-based attention, focusing on 

participants' ability to detect a target defined by a single visual feature (e.g., colour or 

shape), highlighting how attention is allocated to specific attributes in isolation. The 

Conjunction Search Task investigates conjunction-based attention, where participants are 

required to detect a target defined by a combination of two or more features, testing how 

attention integrates multiple features to identify a target in a more complex search. The 

Posner Cueing Task assesses spatial attention and the ability to shift attention, evaluating 

how participants' attention is directed towards a location based on an external cue, and 

how effectively they can adjust their focus in response to cue validity and different CTIs. 

Finally, the Starry Night Task probes dynamic attention, measuring participants' ability to 

detect targets in a constantly changing environment with shifting distractors, testing how 

attention adapts to new visual information. 

Feedback Questionnaire  

As a final step, participants were asked to complete a feedback questionnaire that typically 

required 5-10 minutes to complete. The questionnaire encompassed a combination of 

closed ended (quantitative) and open-ended questions for qualitative insights. The 

questionnaire was designed to capture how participants perceived the tasks in terms of 
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user-friendliness, comprehensibility and duration. Participants were also asked about their 

task preferences and which tasks they found most challenging, if any. Additionally, we 

investigated whether participants perceived specific search strategies and gathered their 

insights regarding practicalities to potentially improve the tasks. Capturing participants' 

experiences and preferences provided valuable input for designing future research utilising 

CB tasks for visual attention assessment. 
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3.3.1 Starry Night Task 

Mean accuracy data for each participant as a function of Target Location (far left vs. near 

left vs. middle vs. near right vs. far right) and group (younger vs. older) were entered for 

analysis. Accuracy across groups was comparable (F (1, 123) = 3.37, p = 0.073, 𝜂𝑝ଶ= 

0.026), suggesting that both groups performed similarly, with accuracy levels approaching 

the ceiling effect. Additionally, accuracy across target positions was comparable (F (4,492) 

= 1.04, p = 0.388, 𝜂𝑝ଶ= 0.008). There was also no Group x Target Location interaction (F 

(4, 492) = 1.04, p = 0.388, 𝜂𝑝ଶ= 0.008). 

In the analysis of RT, inaccurate responses and responses that were considered 

anticipatory (i.e. faster than 100ms) were excluded (0.19%). Median RT data for each 

participant categorized by Target Location and group, were subjected to analysis. As can 

be seen in Figure 3.4, RTs were slower for older adults with a resulting significant main 

effect of Group (F (1, 123) = 53.8, p < 0.001, 𝜂𝑝ଶ= 0.304). Targets distant from the center 

of the screen were also slower with a resulting significant main effect of Target Location (F 

(3.03, 372.68) = 49.8, p<0.001, 𝜂𝑝ଶ = 0.289). The ANOVA also revealed a Group x Target 

Location interaction, F (3.03, 372.68) = 10.9, p <0.001, 𝜂𝑝ଶ =  0.082. To explore the 

interaction, planned pairwise comparisons were conducted for the two groups individually, 

revealing similar patterns across screen locations in the two groups.  

Specifically, RTs to far left and far right targets were significantly slower (p<0.001) than 

those to the three central Target Locations (i.e. near left, middle, near right) for both 

groups. For older adults, these three central Target Locations elicited comparable RTs. 

However, for younger adults, while RTs to near left and center targets were comparable, 
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responses to near right targets were significantly slower (p = 0.011) than those to center 

targets consistent with the phenomenon of pseudoneglect in this age group. 

  

3.3.2  Feature Visual Search Task 

Feature Visual Search Task and Target Location 

Mean accuracy data for each participant, grouped by Target Location and age group, were 

analysed. Responses deemed anticipatory (i.e., faster than 100ms) were excluded from 

the analysis (0.01%). Accuracy across groups was significantly different (F (1, 123) = 3.94, 

Figure 0.4 Mean response times (ms) for older and younger adults as a function of Target Location 
(FL: Far Left, NL: Near Left, M: Midde, NR: Near Right and FR: Far Right) for the Starry Night Task. 
Error bars denote standard error. Significance markers represent the comparison between Target 
Locations: *p < 0.05, **p < 0.01, ***p < 0.001. 
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p = 0.049, 𝜂𝑝ଶ= 0.031) with young adults being less accurate, despite both groups 

achieving high levels of accuracy, with younger adults averaging 98% and older adults 

averaging 99%. Additionally, targets distant from the centre had lower accuracy scores 

resulting in a significant main effect of Target Location (F (1.90, 233.32) = 35.44, p = 

<0.001, 𝜂𝑝ଶ= 0.224). A Group x Target Location interaction (F (1.90, 233.32) = 3.38, p = 

0.038, 𝜂𝑝ଶ= 0.027) was explored with individual pairwise comparisons. Both groups 

exhibited comparable accuracy scores for the three central targets: however, older adults 

demonstrated significantly lower accuracy scores (p<0.001) for the far left and far right 

targets compared to central targets. For young adults, all Target Locations elicited 

comparable scores except for response for far right targets that were significantly less 

accurate (p<0.001), consistent with pseudoneglect in this age group.  

In the analysis of RT, inaccurate responses (1.26%) were excluded and median RT data 

for each participant categorized by Target Location and group, were subjected to analysis. 

As can be observed in Figure 3.5c, RTs were slower for older adults with a resulting 

significant Group main effect (F (1, 123) = 72.4, p < 0.001, 𝜂𝑝ଶ= 0.370). Responses to 

peripheral targets were also slower with a resulting significant main effect of Target 

Location (F (2.87, 353.20) = 167.7, p<0.001, 𝜂𝑝ଶ= 0.577). Individual group pairwise 

comparisons were conducted to explore the Group x Target Location interaction, F (2.87, 

353.20) = 18.1, p <0.001, 𝜂𝑝ଶ=0.129). Both groups exhibited significantly slower RTs for 

far targets and near right (p<0.001) compared to near left and middle targets, indicating a 

peripheral and pseudoneglect effect. Additionally, far right targets had significantly slower 

RTs compared to far left (p<0.001) in both groups. However, in younger adults, this 

pseudoneglect effect appeared more pronounced, with near right performance comparable 

with that for far-left targets. 
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Feature Visual Search Task and Number of Distractors 

Mean accuracy data for each participant, grouped by number of distractors (5, 10, 15 and 

20) and age group, were analysed. Again, older adults were shown to be significantly more 

accurate than the younger adults as indicated by a significant Group effect (F (1, 123) = 

8.59, p = 0.004, 𝜂𝑝ଶ= 0.065). A significant main effect of Distractors (F (2.82, 347.06) = 

5.34, p = 0.002, 𝜂𝑝ଶ= 0.042) was also observed. Additionally, the ANOVA revealed a Group 

x Distractors interaction, F (2.82, 347.06) = 2.77, p = 0.045, 𝜂𝑝ଶ=0.022). However, 

pairwise comparisons for distractor number conducted for each group indicated 

comparable accuracy.  

RTs were slower for older adults with a resulting significant main effect of Group (F (1, 123) 

= 76.2, p < 0.001, 𝜂𝑝ଶ= 0.383). Additionally, despite the absence of a clear pattern, RTs 

varied based on the number of distractors, as shown in Figure 3.5c, indicating a main 

effect of Distractors (F (2.66, 326.78) = 9.63, p = <0.001, 𝜂𝑝ଶ= 0.073). There was no 

Group x Distractors interaction (F (2.66, 326.78) = 1, p = 0.386, 𝜂𝑝ଶ= 0.008), suggesting 

that the influence of distractors on RT did not vary across the two age groups. In both 

groups, pairwise comparisons showed that RTs were significantly faster with 10 distractors 

compared to 5, 15, and 20. 
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Figure 0.5 Mean accuracy scores (%) for older and younger adults as a function of Target 
Location.(FL: Far Left, NL: Near Left, M: Midde, NR: Near Right and FR: Far Right) for Feature (a) 
and Conjunction (b) tasks. Mean RT (ms) for older and younger adults as a function of Target 
Location for Feature (c) and Conjunction (d) tasks. Mean RT (ms) for older and younger adults by 
number of distractors (5,10,15,20) for the Feature (e) and Conjunction (f) task. Error bars denote 
standard error. 
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3.3.3  Conjunction Visual Search Task 

The approach used to analyse accuracy and RT data for the Feature Visual Search Task 

(above) was also used to analyse Conjunction Visual Search Task data. 

Conjunction Visual Search Task and Target Location 

Responses that were considered anticipatory (i.e., faster than 100ms) were excluded 

(0.25%). The mean accuracy data for each participant, analysed based on Target Location 

and group, showed accuracy scores across groups were comparable (F (1, 123) = 2.16, p 

= 0.144, 𝜂𝑝ଶ= 0.017), as illustrated in Figure 3.5. Accuracy scores for peripheral targets 

were reduced, leading to a significant main effect of Target Location (F (3.35, 411.63) = 

6.41, p = <0.001, 𝜂𝑝ଶ= 0.050). Additionally, a Group x Target Location interaction was 

observed (F (3.35, 411.63) = 2.68, p = 0.041, 𝜂𝑝ଶ= 0.021). Pairwise comparisons showed 

comparable accuracy across at all Target Locations for older adults (p = 0.158), but for the 

younger group, while accuracy was comparable for central targets (near left, middle, near 

right), it was significantly reduced for peripheral targets (far left and far right, p < 0.05).  

Inaccurate responses (2.97%) were omitted and the median RT data for each participant 

were entered for analysis. RTs were slower for older adults with a resulting significant main 

effect of Group (F (1, 123) = 154.33, p < 0.001, 𝜂𝑝ଶ= 0.556). The ANOVA also revealed a 

significant main effect of Target Location (F (2.91, 358.35) = 223.5, p<0.001, 𝜂𝑝ଶ= 0.645) 

and a Group x Target Location (F (2.91, 358.35) = 17.8, p <0.001, 𝜂𝑝ଶ=0.127). Individual 

group pairwise comparisons revealed both groups had significantly slower RTs for far left 

and far right targets when compared to central targets (p<0.001). Further, near left and 

middle target were comparable, but near right was significantly slower in both groups 

(p<0.001). Additionally, for young adults, RTs were significantly slower in far right 
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compared with the far left location (p = 0.002), while in older adults this was comparable. 

The results suggest pseudoneglect is present in both groups and is more pronounced for 

younger adults.  

Conjunction Visual Search Task and Number of Distractors 

Mean accuracy data for each participant, grouped by number of distractors and group, 

were analysed. Again, no significant Group effect was observed F (1, 123) = 2.28, p = 

0.133, 𝜂𝑝ଶ= 0.018), with accuracy levels nearing the ceiling effect, as both groups 

performed similarly well. A resulting significant main effect of Distractors was revealed (F 

(2.19, 269.64) = 8.02, p < 0.001, 𝜂𝑝ଶ= 0.061), along with a Group x Distractors interaction, 

F (2.19, 269.64) = 5.02, p = 0.006, 𝜂𝑝ଶ=0.039). Pairwise comparisons were conducted for 

the two groups individually, indicating that younger adults had similar accuracy scores 

across all numbers of distractors. However, older adults demonstrated reduced 

performance as the number of distractors increased (p<0.001). Specifically, young and 

older adults showed comparable performance when there were 5 or 10 distractors, and 

similarly when there were 15 or 20 distractors. However, significant differences (p < 0.05) 

were found when comparing performance with fewer distractors (5 or 10) to performance 

with more distractors (15 or 20). 

RTs were significantly slower for older adults, resulting in a significant main effect of Group 

(F (1, 123) = 178.23, p < 0.001, 𝜂𝑝ଶ= 0.592). Additionally, the ANOVA revealed a 

significant main effect of Distractors (F (2.39, 293.92) = 366.80, p <0.001, 𝜂𝑝ଶ= 0.749) and 

a Group x Distractors interaction (F (2.39, 293.92) = 23.72, p < 0.001, 𝜂𝑝ଶ= 0.162). 

Pairwise comparisons were conducted, demonstrating a highly significant difference 

between each level of distractors (5, 10, 15, 20) for older (p < 0.001) and younger adults (p 
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≤ 0.001), with RTs increasing as the number of distractors increased, as depicted in Figure 

3.5.  

3.3.4 Posner Cueing Task 

In the Posner Cueing Task, the error percentage was 0.18% across both age groups and 

all conditions. As performance was at ceiling the accuracy data were not subjected to 

further analysis. Individual median RT data were analysed as a function of Target Location 

(Left, Right), Validity (Valid, Invalid), CTI (50, 150, 350, 650, 1050) and Age Group, 

excluding anticipatory responses (<100ms, 0.2% of data). Older adults showed 

significantly slower RTs than younger adults throughout (F (1,123) = 73.165, p<0.001, 

𝜂𝑝ଶ= 0.373). A main effect of Target Location was observed (F (1,123) = 5.421, p = 0.022, 

𝜂𝑝ଶ= 0.042), RTs for left targets were slower (mean = 376 ms) than right targets (mean = 

370 ms). There was no Target Location x Group interaction (F (1, 123) = 0.841, p = 0.361, 

𝜂𝑝ଶ= 0.007). 

Invalid targets had slower RTs, showing a significant main effect of Validity (F(1, 123) = 

82.562, p < 0.001, 𝜂𝑝ଶ= 0.402 and a Validity x Group interaction was found F (1,123) = 

7.909, p = 0.006, 𝜂𝑝ଶ= 0.060); pairwise comparisons revealed that both groups were 

significantly slower to respond to invalidly cued targets compared to validly cued targets 

(p<0.001). There was no Target Location x Validity (F (1,123) = 2.136, p = 0.114, 𝜂𝑝ଶ= 

0.017) or Target Location x Validity x Group (F (1,123) = 0.005, p = 0.944), interactions. 

A significant main effect of CTI F (4, 492) = 7.599, p <0.001, 𝜂𝑝ଶ= 0.058 and a Validity x 

CTI interaction was noted (Validity x CTI (F (4, 4932) = 13.391, p<0.001, 𝜂𝑝ଶ= 0.098. Even 

though there were no CTI x Group or Validity x CTI x Group (F (4, 492) =0.533, p=0.712,  

𝜂𝑝ଶ= 0.004) interactions, pairwise comparisons revealed distinct patterns IOR across age 
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Figure 0.6. Response Time Variation by Target Location, CTI and Validity. Mean RTs (ms) as a 
function of CTI (50, 150, 350, 650, 1050) and Validity (Valid, Invalid) for younger (a, c) and older 
adults (b, d) for Left and Right Target Locations respectively. Error bars denote standard error.  
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3.3.5 Feedback Questionnaire 

Task Preferences 

A combination of qualitative and quantitative data were gathered to determine task 

preference, providing a comprehensive understanding that combines participants' 

perspectives and numerical responses. Participants' preferences for tasks varied based on 

factors such as perceived complexity, engagement level, and personal preferences. As 

presented in Table 3.4, the Conjunction Visual Search Task was most favoured (44.8%), 

with participants attributing their enjoyment to factors such as increased challenge, 

interesting elements, and a sense of accomplishment. Similarly, the Conjunction Visual 

Search Task was also characterised as the most difficult to perform (72%) due to 

increased complexity associated with the presence of distracting elements, challenges in 

distinguishing between shape and colour, and requiring longer processing time. 

Conversely, most of the participants considered the Posner task (37.3%) their least 

favourite due to discomfort with flashing cues, a sense of mindlessness, difficulty adapting 

to the task's setup, repetitive stimuli location, and a perception of it being less engaging 

and more boring than other tasks. It was also identified as the least challenging (43.7%), 

citing factors like the simplicity of Target Locations, straightforward identification, easy 

colour distinctions, the lack of distractors, and clear cue visibility, making it less challenging 

and more relaxing than other tasks. 
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peripheral vision for the Posner Cueing and Starry Night task. In contrast, for the Feature 

task, participants exhibited variability, with some focusing on the screen and others 

employing scanning techniques. Participants predominantly used scanning techniques for 

the Conjunction task highlighting their adaptability based on specific task requirements.  

 

3.4 Discussion 

The primary aim of this study was to establish normative data for a battery of CB tasks 

assessing visual attention in both younger and older unimpaired adults. By evaluating 

performance across multiple tasks within the same sample, this study provides a 

foundation for identifying impairment cut-offs and offers insights into age-related 

differences in task performance that may inform future research and potential clinical 

assessment.  

The most obvious finding to emerge from the analysis was the observation that older 

adults were slower than younger adults. These findings are consistent with previous 

studies, which suggest that age-related slowing in RT may be attributed to a combination 

of factors and mechanisms, including reduced alertness (Ebaid & Crewther, 2019), 

decreased attentional capacity (Guest et al., 2015), slower stimuli perception and motor 

processes (Woods et al., 2015). Older adults demonstrated consistently slower RTs across 

all four tasks (Starry Night, Feature and Conjunction visual search tasks, and the Posner 

Cueing task), with a more pronounced effect observed as task complexity increased. 

Specifically, the difference in RTs between groups was less in simpler tasks such as the 

Posner or Starry Night task, and became more pronounced in the more complex tasks, like 

the Feature and Conjunction visual search tasks, see Table 3.2.  
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Accuracy scores remained near-maximum for both groups with no significant differences 

observed across most tasks, challenging the initial hypothesis predicting an age-related 

performance cost for both RT and accuracy. The high accuracy observed in both groups 

was perhaps not surprising, given the tasks were initially designed largely for assessing 

spatial attention in patients following BD. While some age-related differences were noted, 

the overall comparable accuracy between younger and older adults is valuable for clinical 

testing, simplifying interpretation and ensuring broad applicability without introducing 

significant age-related bias. 

The impact of Target Location was evident across all the visual search tasks (i.e. Starry 

Night, Feature Visual Search and Conjunction Visual Search). As anticipated, our analysis 

consistently demonstrated slower responses for peripheral targets compared to more 

centrally located ones. Additionally, slower RTs for targets presented on the right side of 

the screen (compared to the left) was observed consistent with the phenomenon of 

pseudoneglect in both groups; this appeared to become more prominent as tasks became 

more demanding. The underlying mechanisms of pseudoneglect remain poorly understood 

and literature suggests task-related variations (Learmonth et al., 2015; Mitchell et al., 

2020). Our results reflect those of Bartlett et al. (2020) supporting that more demanding 

tasks increase leftward bias, with the simpler Posner Cueing task showing no 

pseudoneglect trends, the Starry Night task revealing leftward bias only in younger adults, 

and both age groups exhibiting this bias in the more demanding Feature and Conjunction 

visual search tasks. 

Pseudoneglect was more prominent in younger adults, as they showed greater differences 

in performance between left and right targets compared to older adults, who demonstrated 

more balanced results across both sides. While no group showed pseudoneglect in the 
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Posner Cueing task, only younger adults demonstrated a leftward bias in the Starry Night 

task. In the Feature task, pseudoneglect was evident in accuracy only for younger adults, 

while both groups exhibited RT bias in the Feature and Conjunction tasks, with the effect 

being more pronounced in younger adults. These findings suggest a stronger 

pseudoneglect bias in young adults, aligning with previous studies suggesting a reduction 

in pseudoneglect mechanisms with age (Benwell et al., 2014; Learmonth et al., 2017). This 

age-related decline in spatial bias may be explained by the HAROLD model (Cabeza, 

2002), which suggests that older adults recruit bilateral brain regions to compensate for 

neural decline. However, age-related lateralised effects are not yet fully understood 

possibly due to diverse impact on multiple components (Friedrich et al., 2018). This age-

related decline in spatial bias may also reflect a trade-off between speed and accuracy, 

where older adults might prioritize accuracy at the expense of response speed. 

The impact of the number of distractors on RTs varied between the two visual search 

tasks, with the Conjunction task showing a substantial negative influence on performance 

as distractor numbers increased, while in the Feature did not show a clear pattern of 

influence. This observation aligns with Treisman and Gelade (1980) Feature Integration 

Theory, and is supported by subsequent studies utilizing more recent versions of visual 

search tasks (Ajana et al., 2023; Cosman et al., 2012). Our findings indicate an age-

related variation in the set size effect on accuracy, as only older adults demonstrated a 

decrease in accuracy with increasing number of distractors. This result suggests that older 

individuals are more affected by increased stimuli load, which could impact high-demand 

tasks requiring visual attention and accuracy, such as driving, operating machinery, or 

monitoring complex environments. These results are in line with previous studies 
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highlighting that the set-size effect and increased visual load predominantly impact older 

adults (Müller-Oehring et al., 2013; Swan et al., 2015). 

Age-related discrepancies were also observed in the Posner Cueing task, where both age 

groups showed significant RT effects of Cue Validity and CTI with older adults exhibiting a 

delayed IOR onset time compared to younger adults highlighting age-related differences in 

the temporal dynamics of attentional processes. These findings are consistent with the 

literature, suggesting that delayed disengagement from spatial cues is linked to altered 

attentional control mechanisms in older adults (Langley et al., 2011), and that delayed IOR 

onset time is associated with declines in cognitive function (Li et al., 2020) . 

Each task in this study provided distinct insights into visual attention across age groups. 

The dynamic Starry Night task effectively manipulated Target Location dynamics, shedding 

light on peripheral effects (Deouell et al., 2005); but offered limited additional insights. The 

Feature and Conjunction visual search tasks introduced varying distractor numbers, 

notably influencing performance, particularly evident in the Conjunction task. This 

underscored the role of distractor complexity in assessing cognitive load and task difficulty 

(Erez et al., 2009). Despite its simplicity with only left and right Target Locations, the 

Posner Cueing task, enhanced by the addition of the CTI (Rengachary et al., 2009), 

revealed significant age-related differences in attentional dynamics and disengagement 

processes. Together, these tasks contributed to understanding visual attention 

mechanisms, emphasizing the importance of task design in depicting cognitive processes 

across different age groups. However, among these, the Conjunction task revealed the 

most pronounced age-related differences, highlighting the role of distractor complexity in 

assessing visual attention across age groups. 
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This CB task battery was designed considering both age-related and stroke-related 

cognitive dynamics, demonstrated high acceptability receiving positive individual feedback. 

It proved effective in delivering a sensitive and comprehensive visual attention 

assessment, providing strong normative data and demonstrating potential for integration 

into broader applications in clinical settings with stroke and typical visual attention 

assessment.  

A major factor in cross-sectional aging research is the general slowing of processing 

speed in older adults compared to younger adults (Madden & Monge, 2019; Müller-

Oehring et al., 2013). Although our analysis did not control for general slowing, the greater 

impact on attentionally demanding tasks suggests that the observed effects are not simply 

due to overall cognitive slowing but reflect specific declines in attentional processing. 

However, this remains a limitation of this study, and future research could address it by 

applying methods such as z-score standardisation or log transformation of RT data to 

account for general age-related slowing (Hedge et al., 2018; Kray & Lindenberger, 2000). 

Another key limitation of this study is the lack of data on participants’ demographic and 

educational background, which is particularly important when establishing normative data. 

This limits the external validity of our findings (Andrade, 2021), reduces the 

representativeness of the sample and its suitability for establishing normative databases 

(Jager et al., 2017). Also, it is possible that our sample, particularly among older 

participants, included a disproportionately high number of individuals with higher education 

levels. This is important to acknowledge, as higher education is associated with cognitive 

reserve and may influence performance on attention tasks (Opdebeeck et al., 2016; Thow 

et al., 2018). Future studies should recruit more demographically diverse samples, 

including detailed information on education, socioeconomic status, and ethnicity, to 
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improve generalisability and clinical applicability (Sharghi et al., 2024; Webber-Ritchey et 

al., 2021). 

Conclusion 

In conclusion, our study explored age-related effects of visual attention using a 

comprehensive CB task battery, revealing consistently reduced RT for older adults. 

Pseudoneglect tendencies were identified in both groups, with a diminished leftward bias 

in older adults, suggesting age-related reduction of the phenomenon or a potential speed-

accuracy trade-off. Additionally, older adults were more susceptible to performance decline 

with increasing task demands. The study demonstrates the usability of these tasks across 

a relatively large number of participants, highlighting their adaptability of both unimpaired 

groups based on task demands. The positive feedback on the tasks' user-friendly design, 

clarity, and appropriate duration supports their adoption in clinical settings, providing 

valuable insights for optimizing visual attention assessment and addressing age-related 

and stroke-related cognitive dynamics. In future research, we will apply these tasks to a 

patient population in a clinical environment to assess the benefits and barriers of 

introducing this method, comparing it with conventional approaches. 
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Abstract 

Background: USN is a common post-stroke cognitive impairment, characterized by a lack 

of contralesional spatial awareness. Traditional PnP assessments, such as those included 

in the BIT, are widely used but have limitations, especially in detecting milder cases of 

neglect. A strong body of evidence has demonstrated that CB tasks may provide more 

sensitive and precise alternatives for USN detection. This cross-sectional study aims to 

investigate the efficacy of different CB tasks in identifying USN in stroke survivors, 

comparing them with the conventional subtests of the BIT, and evaluate their feasibility for 

adoption in practice. 

Methods: Twenty stroke survivors participated in the study, completing the BIT 

conventional subtests alongside versions of four CB tasks: the dynamic Starry Night task, 

the Feature and Conjunction Visual Search tasks, and the Posner Cueing task. The BIT 

total score served as the conventional method for assessing USN, while the CB tasks 

evaluated performance through accuracy (%) and RT (ms) for left- and right-sided targets. 

Quantitative data were analysed to compare the effectiveness of these tasks in identifying 

USN. Additionally, qualitative data were collected through patient feedback to capture their 

preferences and task acceptability.  

Results: CB tasks were effective in identifying USN in stroke survivors. The more complex 

Conjunction Task was the most sensitive, detecting USN in 14 cases, while the simpler 

Posner Task identified the fewest cases (n=10). The battery of CB tasks detected neglect 

in all participants with sub-threshold BIT scores (n=7), highlighting notable lateralized 

differences between left and right targets that were not always captured by the BIT. 

Additionally, RT proved to be a more sensitive measure than accuracy in detecting neglect 
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symptoms. Participant feedback favoured the CB tasks over the BIT, highlighting a positive 

user experience, rating highly their ease of use, comprehensibility, and duration. 

Conclusion: CB tasks, particularly the Conjunction Visual Search task, were more sensitive 

than traditional methods in detecting USN, with response time being a key indicator. These 

tasks offer a promising and user-friendly approach to more accurately assess USN in 

stroke survivors, with the potential to improve clinical diagnosis and rehabilitation planning. 
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4.1 Introduction 

USN is one of the most common cognitive impairments observed following stroke, 

characterized by the inability or difficulty in attending to the contralesional side of space 

(Heilman et al., 1987). The prevalence of USN varies across studies, with estimates 

reaching as high as 80% in the acute phase of stroke (Stone et al., 1993), though this 

prevalence decreases in the chronic phase (Beis et al., 2004). USN is often associated 

with a reduced quality of life and significantly impacts the lives and independence of stroke 

survivors , as it substantially affects their ability to independently carry out activities of daily 

living, including mobility and personal care (Chen et al., 2015; Sobrinho et al., 2018; Tiwari 

et al., 2021). The findings of Moore et al. (2022b) highlight that not only do patients with 

neglect experience poorer functional outcomes compared to those without neglect, but 

different subtypes of neglect also affect daily life in distinct ways, with a combination of 

neglect types leading to the most severe functional impairments. However, a major 

challenge in addressing USN is that it is often not diagnosed or is misdiagnosed, which 

can delay appropriate treatment (Kleinman et al., 2007).   

USN is heterogeneous disorder and varies in its presentation across patients, often 

coexisting with other conditions such as hemianopia, further complicating its detection (Li 

& Malhotra, 2015; Spaccavento et al., 2017). Several methods have been employed, such 

as the National Institutes of Health Stroke Scale (NIHSS), but found to have poor 

sensitivity, frequently failing to detect even severe cases of neglect and often misattributing 

neglect impairments to visual field deficits (Moore et al., 2019). Furthermore, there is no 

standardized method for assessing USN though it is commonly assessed using PnP 

methods, such as those found in the BIT (Halligan et al., 1991) or other batteries like the 

CBS (Azouvi et al., 2002). However, these traditional methods have limitations in their 
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ability to detect milder forms of neglect, especially in the chronic phase (Azouvi, 2017; 

Barrett et al., 2006; Williams et al., 2024).  

The NICE (2023) guidelines recommend that all stroke patients with lesions in the non-

dominant hemisphere be screened for USN, advising that assessments cover personal, 

reaching, and locomotor space, with particular emphasis on activities requiring spatial 

awareness, such as using wheelchairs, crossing roads, or returning to driving, and suggest 

using standardized batteries (e.g., the CBS). Similarly, members of the European 

Academy of Neurology Scientific Panel recommended cancellation tasks as the primary 

screening test for neglect, emphasizing the need to combine them with additional tests, 

such as line bisection and figure copying, as no single test was deemed sufficient (Moore 

et al., 2022a). However, while these assessments have many strengths, they often lack 

the sensitivity to detect more subtle forms of neglect, resulting in many mild cases going 

unnoticed, an issue that CB tasks can address (Bonato, 2012; Grattan et al., 2024).   

In the past three decades, substantial research has explored the use of CB methods for 

the assessment of USN. These tasks offer several advantages over traditional PnP 

methods, particularly in terms of flexibility and sensitivity (Giannakou et al., 2022). CB 

tasks, with their ability to tailor assessment and adapt difficulty levels to minimize 

compensatory strategies usually employed by post-acute patients with some awareness of 

their conditions demonstrate superior sensitivity in detecting neglect, particularly in cases 

where traditional assessments may be insufficient (Bonato & Deouell, 2013; Pedroli et al., 

2015). In contrast, CB tasks can adjust difficulty based on an individual's severity, while 

providing more detailed performance data, such as RTs and accuracy, and offering greater 

precision and reliability than fixed-condition PnP tests (Cavedoni et al., 2022; Massetti et 

al., 2023). 
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While CB assessments have been proven to be more sensitive and flexible, they still face 

significant barriers to widespread implementation in clinical settings. These barriers 

include the need for specialized equipment, the cost of implementing such systems, and 

the lack of familiarity with required technology among healthcare professionals (Bonato, 

2012; Williams et al., 2024). Despite these challenges, CB tasks have the potential to 

improve the early detection of USN, especially for milder cases that might otherwise go 

undetected using traditional methods. 

Over the years, efforts to enhance the accuracy, usability, and clinical relevance of CB 

tools for USN assessment have led to a wide range of tasks being developed. These tools 

vary in design, apparatus, and response modalities, as well as in cognitive and task 

demands, with some being more simple (e.g., computerized versions of PnP tasks) and 

others employing more complex paradigms (e.g., visual search or dual-task paradigms). In 

our systematic review (Chapter 2), we explored existing CB tasks for USN and identified 

the Posner cueing task (Rengachary et al., 2009), Starry Night (Deouell et al., 2005), and 

Feature and Conjunction (Erez et al., 2009) visual search tasks as among the most 

sensitive and well-supported. In this study, we adapted these tasks into a battery of CB 

assessments to evaluate comprehensively evaluate spatial attention biases, while 

ensuring practicality, with each task lasting no more than five minutes. We initially 

administered these tasks to unimpaired younger and older adults to establish normative 

data (see Chapter 3), and in this study, we have expanded the research to include stroke 

survivors, incorporating both CB and PnP tasks.  

Balancing clinical impact and practicality, our primary aim was to evaluate the 

effectiveness and feasibility of CB tasks for assessing USN following stroke, with CB tasks 

designed and adapted for routine clinical use by minimizing task duration while retaining 
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depth of information gathered. Specifically, we aimed to detect lateralised visuo-spatial 

attentional impairments that may be overlooked by traditional PnP methods, using the BIT 

as the reference standard for comparison. Additionally, we aimed to explore the associated 

barriers and benefits for their implementation in clinical settings and patient populations. 

We hypothesized that CB tasks would demonstrate greater sensitivity in detecting visuo-

spatial attention asymmetry in stroke survivors compared to the conventional method 

(BIT).  

 

4.2 Methods 

4.2.1 Study Design  

A cross-sectional observational approach was employed in this study to assess the 

efficacy and feasibility of CB tasks for detecting USN in stroke survivors. The study was 

conducted in collaboration with the Birmingham Community Healthcare NHS Foundation 

Trust. The application was submitted via IRAS, and relevant ethics documents and 

participant information sheets, are provided in Appendix 2 and 3 respectively. Ethical 

approval for this study was obtained from the Health Research Authority (HRA) and Health 

and Care Research Wales (HCRW) and granted by the Essex Research Ethics Committee 

(REC) (REC reference: 23/EE/0268, IRAS Project ID: 327816). Additional approval was 

provided by the University of Birmingham Research Ethics Committee (Reference: 

RG_23-051). 
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4.2.2 Participants 

As mentioned earlier, the prevalence of USN can range from 30% to 80%, depending on 

various factors such as lesion location, assessment method, and time post-stroke 

(Esposito et al., 2020; Stone et al., 1993). We conducted a power calculation for diagnostic 

accuracy based on prevalence ranges (30%-80%), and the suggested sample size varied 

from 129 to 273 participants respectively. This calculation assumed a sensitivity of 0.90 

(the ability of the test to correctly identify 90% of true cases) and a specificity of 0.85 

(correctly identifying 85% of individuals who do not have the condition), using a 95% 

confidence interval, and a margin of error of 0.10. These parameters were suggested in 

the literature for sample size calculation of diagnostic accuracy studies against a known 

gold standard (Buderer, 1996; Leeflang & Allerberger, 2019), as no gold standard currently 

exists for USN, we used the BIT as a reference due to its widespread use, while 

acknowledging its limitations in detecting lateralised deficits. Our final sample of 20 stroke 

survivors was underpowered, and this limitation should be considered when interpreting 

the results. 

A total of 20 participants were recruited, consisting of 18 inpatients and 2 outpatients, aged 

between 46 and 86 years (M = 67.15, SD = 9.37; 30% female). Demographic information 

for the participants is presented in Table 4.1 (summarized) and Table 4.2 (individual). 

Participants were recruited from inpatient and outpatient populations at Moseley Hall 

Hospital. Informed consent was obtained through a multi-step process. Clinical teams from 

Moseley Hall Hospital identified and referred eligible stroke survivors to the research team, 

providing them with the necessary materials to consider participation. Patients were 

recruited from inpatient services (Ward 8) and outpatient services (Birmingham 

Neurological Rehabilitation Team, Community Stroke Team, and Early Supported 
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Discharge Team). Healthcare staff screened patient records to identify potential 

participants and determine if they met the inclusion and exclusion criteria. These criteria 

included: 

Inclusion Criteria: 

 Adults aged 18 years or older 

 Formally diagnosed with stroke 

 Able to use one hand to push a button 

 Able to observe a computer screen for approximately 5 minutes at a time 

Exclusion Criteria: 

 Unable to follow simple instructions (e.g., one-stage commands), verbally or using 

gestures 

 Unable to provide informed consent 

 Unable to understand English or requiring translators  

For inpatient participants, clinicians approached eligible patients, provided a Patient 

Information Sheet (PIS) (Appendix 3), and asked if they would like to share their contact 

details with the research team. If the patient agreed, they completed a Permission to 

Contact form. The research team then provided further study details, obtained consent, 

and conducted the research intervention. For outpatient participants, the process was 

similar, with clinicians approaching eligible patients during routine appointments, following 

the same procedure for recruitment. Patient records were accessed solely by healthcare 

providers to screen for eligibility, and the research team only approached referred patients 

after receiving a completed Permission to Contact form. 
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Table 0.1 Summary of Demographic Data 
 

Variable Mean ± Sd / N (%) Range / Details 

Sample Size (N) 20   
Age (years) 67.15 ± 9.37 46–86 
Gender Male: 14 (70%)   
Lesion Location   
- Right Hemisphere 14 (70%)  
- Left Hemisphere 5 (25%)  
- Bilateral/Subcortical 1 (5%)  
Time Since Stroke (days) 56.75 ± 47.5 21–208 

Stroke Type   
- Ischemic 20 (100%)  
- Haemorrhagic 0 (0%)  
Behavioural Inattention 
Test (BIT) Scores 

125 ± 26.5 51–146 

Neglect Symptoms (BIT < 
129) 

7 (35%)  

Other Cognitive Scores   
- Addenbrooke’s Cognitive 
Exam (ACE-III) 

81.6 ± 12.5 42–97 

Functional Assessments   

- NIH Stroke Scale (NIHSS) 5.4 ± 3.6 2–17 

Handedness Right: 18 (90%) Left: 2 (10%) 
Level of Computer-based 
skills 

Basic: 16 (80%) 
Intermediate: 4 (20%) 
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4.2.3 Data Collection 

Participants completed both CB tasks and traditional PnP tasks, as outlined below. The 

session lasted approximately 90 minutes, with the option for breaks and the possibility of 

splitting the session into multiple parts if needed upon request by the participant.  

1. Demographic Information: A form was used to collect basic participant details, including 

age, sex, and stroke-related characteristics (e.g., lesion location, time since stroke, and 

stroke-related impairments). 

2. Stroke Assessments: Participants completed the NIHSS and the Addenbrooke's 

Cognitive Examination (ACE) to evaluate cognitive function and stroke-related 

impairments. 

3. CB Tasks: The core of the study involved completing four CB tasks that measured 

visuo-spatial attention. These tasks were conducted using E-Prime 3 software, with 

stimuli displayed on a 24” monitor at 1920 x 1080 resolution and a 60 Hz refresh rate. A 

Chronos (https://pstnet.com/products/chronos/) USB-based response box was used to 

respond and capture performance. For each task, both RTs (milliseconds) and 

accuracy (percentage) were recorded to evaluate participants' performance in visuo-

spatial attention. The tasks included: 

 Posner Cueing Task: A task assessing RTs and accuracy in detecting cued stimuli. 

 Starry Night Task: Designed to assess spatial attention and awareness of the visual 

field in a dynamic environment. 

 Feature Visual Search Task: Involved locating a target among distractors based on 

a single feature. 

 Conjunction Visual Search Task: A more complex task requiring participants to 

identify a target by combining multiple features. 
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While versions of these tasks have been developed and tested previously with stroke 

survivors, each task was adapted to be completed within five minutes. This time frame 

was chosen to accommodate the practical constraints of clinical settings, ensuring that 

the tasks remain both efficient and effective in real-world settings. For more detailed 

descriptions of these tasks, please refer to Chapter 3. 

4. PnP Tasks: Participants completed the conventional subtests of the BIT, widely used for 

many years in assessing USN.  

5. Feedback Questionnaire: After completing the tasks, participants provided feedback on 

their experience with the CB tasks. The questionnaire gathered both quantitative data 

(e.g., perceived difficulty, engagement) and qualitative data (e.g., preferences, 

perceived usefulness). This feedback provided valuable insights into the feasibility and 

acceptability of CB assessments in clinical settings. 

4.2.4 Data Analysis 

The primary goal of the data analysis was to determine whether individual task results 

were indicative of impairment, rather than focusing on group differences, as these tasks 

were specifically designed to detect deficits in individuals.  

 Descriptives: The average accuracy (%) and RT (ms) and CB tasks, along with 

standard deviations (SD), were calculated and tabulated. Left-right differences were 

also included where applicable. 

 Normative Data: Normative data were presented alongside patient data and 

corresponding cut-off thresholds. These thresholds were determined by calculating 

one and two SDs from the normative data for average accuracy and RT on both left 

and right targets. An individual was classified as showing signs of USN if their RT or 
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accuracy deviated from the normative range by one SD (mild) or two SDs (severe). 

Cases where the left-right difference in RT was less than or equal to 100ms or the 

accuracy difference was less than or equal to 3 percent were excluded and not 

reported as lateralized differences, as these values were deemed too minimal to 

reflect clinically meaningful USN symptoms.  

 Individual Performance: Individual performance measures for participants on the BIT 

and CB tasks were tabulated, categorized by lesion side. For each task, data were 

further divided by spatial location (Left vs. Right), with median RT and mean accuracy 

calculated as follows: 

- Starry Night Task: Data were categorized into "Left" (12 target positions: 8 for far 

left and 4 for near left) and "Right" (12 target positions: 8 for far right and 4 for 

middle right). 

- Feature and Conjunction Visual Search Tasks: Data were categorized into "Left" 

(10 target positions: 5 for far left and 5 for near left) and "Right" (10 target position: 

5 for far right and 5 for near right). 

- Posner Cueing Task: Data were divided into "Left" and "Right," with each group 

containing five SOAs (50, 150, 350, 650, 1050). 

Each data point represents performance from multiple trials within each task. For 

further details on the number of trials per task and target conditions, please refer to 

Chapter 3. For each participant, the median RT and mean accuracy were calculated 

for each task. To investigate lateralized biases in performance, a repeated measures 

paired t-test was conducted to compare performance between homologous locations 

on the left and right sides of the vertical meridian (e.g., Left vs. Right) for each task. 

The data pairs were entered as independent observations for the purpose of this 
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analysis. However, it is important to note that the paired t-test was supplementary to 

the other thresholding measures used in the study. Performance judgments were not 

solely based on these statistical comparisons, but rather integrated with the cut-off 

thresholds for identifying impairments, ensuring a more comprehensive assessment. A 

significance level of p = 0.05 (two-tailed) was used to identify statistically significant 

lateralized biases in RT and accuracy across tasks.  

 Case Studies: Detailed analyses of three participants were conducted and presented 

to highlight individual performance profiles across all tasks. 

 Diagnostic Accuracy: A diagnostic accuracy analysis was performed, with details 

including sensitivity, specificity, positive and negative likelihood ratios (LR+ and LR–), 

positive predictive value (PPV), and negative predictive value (NPV) tabulated. 

Additionally, a Receiver Operating Characteristic (ROC) curve analysis was 

visualised to illustrate diagnostic performance. 

 Spearman correlations were conducted between total accuracy and RT of each CB 

task and performance scores on the BIT, ACE-III, and NIHSS to assess whether the 

tasks specifically measure spatial attention rather than general cognition or stroke 

severity. 

 Feedback Questionnaire: Feedback data were analysed using both qualitative and 

quantitative methods to identify trends and areas for improvement. 
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4.3.3.1 Neglect Symptoms Identified by Task 

 Starry Night Task 

o 11 cases identified based on accuracy (7) and RT (11)  

o 6 with low BIT scores (P3, P7, P11, P12, P17, P19). 

o Left USN: P3, P5, P6, P7, P11, P12, P19 

o Right USN: P4, P17, P20, P21 (mild), 

 Feature Task 

o 12 cases identified based on accuracy (10) and RT (9)   

o 6 with low BIT scores (P3, P7, P11, P12, P15, P19). 

o Left USN: P3, P5, P6 (mild), P7, P10, P11, P12, P15 (mild), P19 

o Right USN:  P16, P20, P21 

 Conjunction Task 

o 14 cases identified based on accuracy (10) and RT (12)   

o  7 with low BIT scores (P3, P7, P11, P12, P15, P17, P19). 

o Left USN: P3, P5, P6, P7, P10 (mild), P11, P12, P15, P17, P19 

o Right USN: P4, P18, P20, P22 (mild) 

 Posner Task 

o 10 cases identified based on accuracy (8) and RT (7)   

o 5 with low BIT scores (P3, P7, P11, P12, P19). 

o Left USN: P3, P5, P6, P7, P11, P12, P19 

o Right USN: P2 (mild), P20, P21 
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4.3.3.2 Comparison of Computer-Based Tasks in Detecting Neglect 

Across the tasks, as expected, left-sided neglect was more commonly identified than right-

sided neglect. The Conjunction Task was the most sensitive task, identifying the highest 

number of cases (14) and demonstrating greater sensitivity overall, followed by the 

Feature Task (12). Additionally, the Starry Night task detected 11 cases, while the Posner 

task identified the fewest cases (10). In total, P3, P5, P6, P7, P11, P12, and P19 exhibited 

left-sided neglect across all tasks, while P4 and P21 exhibited right-sided neglect across 

most tasks. There were discrepancies between the tasks; for example, the Conjunction 

task identified participants P17 and P18, which were missed by the Feature task, while the 

Feature task identified P16 and P21.While the Posner Task and the Starry Night task failed 

to detect neglect in some cases with normal BIT scores (e.g., P10), and low BIT scores 

(e.g., P15), the Feature and Conjunction tasks successfully identified spatial biases in 

these individuals. Interestingly, P17 showed both right and left neglect, depending on the 

task; however, the participant showed a similar pattern on the BIT. Additionally, RT was 

found to be a more sensitive measure than accuracy in detecting neglect symptoms 

across the tasks. Overall, accuracy detected 35 cases across all tasks, RT identified 39 

cases, indicating greater sensitivity. While accuracy scores from CB tasks provided more 

insight than those from PnP tasks, RT demonstrated greater sensitivity overall. It 

effectively identified cases with high accuracy (above the cutoff threshold) or with 

lateralized differences below the limit set for this study (equal to or less than 3%), likely 

reflecting milder forms of neglect, as seen in participants P15, and P16. 

4.3.3.3 Comparison of Computer-Based Tasks with the BIT  

USN symptoms were identified in all participants with low BIT scores, with the Conjunction 

being the only task detecting neglect in all seven participants (P3, P7, P11, P12, P15, P17, 
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P19). In some cases, like P17 in the Feature and Posner tasks, neglect was not detected, 

possibly due to the BIT not showing a lateralized difference. This suggests that while the 

BIT identified neglect in most participants, its cut-off scores may not fully capture neglect 

symptoms, especially in cases where spatial bias is less pronounced. 

4.3.4 Case Studies 

4.3.4.1 Right Hemisphere Damage with Normal BIT Score 

Participant 5, with RBD and a BIT score of 138, showed no evidence of neglect according 

to conventional methods. However, significant deficits were observed in all CB tasks. In 

the Starry Night task, both accuracy and RT were severely impaired for left-sided targets, 

with significant lateralized differences. In the Feature Search task, accuracy was severely 

impaired for left-sided targets and mildly impaired for right-sided targets, while RT was 

severely slower for right-sided targets, with significant lateralized differences. In the 

Conjunction Search task, accuracy was mildly impaired, and RT was severely delayed for 

left-sided targets, with significant lateralized differences for both. In the Posner cueing 

task, accuracy was severely impaired for left-sided targets, and RT was significantly slower 

for left-sided targets, again with marked lateralized differences. The data for participant 5 

data are visualised in Figure 4.1. 
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Figure 0.1 Participant 5: Accuracy and Response time Deficits Across Left and Right Targets. RT 
(milliseconds) and accuracy (percentage) across left- and right-sided targets in CB tasks. Deficit 
severity is categorized as mild or severe based on normative cut-offs, with significant lateralized 
differences marked by asterisks (*p < 0.05, **p < 0.01, ***p < 0.001).  
 

4.3.4.2 Right Hemisphere Damage with Low BIT Score 

Participant 12, with RBD and a BIT score of 100, indicating neglect. More specifically, the 

Line Crossing score was 36, and the Figure and Shape Copying score was 3, both above 

thresholds. In the Letter Cancellation subtest, the participant scored 19, with 1 on the left 

and 18 on the right, showing a notable lateralized difference. The Star Cancellation score 

was 35 (12 left, 23 right), indicating a clear lateralized difference. The Representational 

Drawing score was 1, below threshold, and the Line Bisection score was 6, with a 

rightward bias. 

The CB tasks confirmed a lateralised deficit, as a clear asymmetry in performance was 

observed, even though impairments were also noted on the ipsilesional side relative to the 

control group. In the Starry Night task, accuracy was severely impaired on the left side with 

significant lateralized differences, and RT was severely impaired on the left side and mildly 

impaired on the right, both showing significant lateralized differences. In the Feature 
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Search task, accuracy and RT were both severely impaired on the left side, with significant 

lateralized differences. In the Conjunction Search task, accuracy was severely impaired on 

both the left and right sides, with significant lateralized differences, while RT was severely 

impaired on the left side. In the Posner cueing task, accuracy was severely impaired on 

the left side with significant lateralized differences, and RT was severely impaired on both 

sides, again with significant lateralized differences. Participant 12 presented with bilateral 

reductions in attention, with performance falling below the 2 SD cut-off on both sides in 

some cases. However, the presence of significant lateralised differences suggests a more 

severe impairment on the left side, indicating left USN coexisting with a general bilateral 

inattention or possible extinction. The data for participant 12 data are visualised in Figure 

4.2. 

Figure 0.2. Participant 12: Accuracy and Response time Deficits Across Left and Right Targets. 
The graph follows the same approach as for Participant 5, highlighting significant lateralised 
deficits in both accuracy and RT. 
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4.3.4.3 Left Hemisphere Damage with Normal BIT Score 

Participant 21, who had LBD, achieved a BIT score of 143, suggesting no neglect 

according to conventional methods. However, performance on the CB tasks revealed 

significant deficits. In the Starry Night task, accuracy was severely impaired on the right, 

and RT showed mild impairment for right-sided targets with significant lateralized 

differences. For the Feature Search task, accuracy was severely impaired for both sides, 

with greater impairment on the right, while RT was severely impaired for right-sided 

targets. Performance on the Conjunction Search task was normal, which is notable given 

its typical sensitivity in detecting neglect symptoms. This task relies more on top-down, 

goal-directed attention, while the Feature Search and Starry Night tasks depend on 

bottom-up, stimulus-driven processes, this pattern might suggest greater difficulties with 

bottom-up attention in this participant. For this participant, the task was completed last, 

and factors contributing to better performance could include familiarity with the procedure. 

Additionally, they reported finding it the most challenging among the others, which may 

have prompted increased concentration/vigilance. In the Posner cueing task, accuracy 

was severely impaired for both left- and right-sided targets, with greater impairment on the 

right, while RT showed severe impairment for right-sided targets, again with significant 

lateralized differences. The data for participants 21 are visualised in Figure 4.3. 
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Figure 0.3. Participant 21: Accuracy and Response time Deficits Across Left and Right Targets. 
The graph follows the same approach as for Participant 5, highlighting significant lateralised 
deficits in both accuracy and RT.  
 

4.3.5 Diagnostic Evaluation of the CB Task Battery 

4.3.5.1 Diagnostic Accuracy Against BIT Reference Standard 

To further evaluate diagnostic performance, a diagnostic accuracy analysis was conducted 

for each CB task using the BIT as the reference standard, with results summarised in 

Table 4.7 and ROC curves presented in Figure 4.4. The Conjunction task showed the 

highest sensitivity (1.00) and NPV (1.00), meaning it correctly identified all participants with 

neglect and had no false negatives. However, it had the lowest specificity (0.46), indicating 

more false positives. The Starry Night and Feature tasks both had moderate sensitivity 

(0.86), and higher specificity than the Conjunction (0.54). The Posner task had the lowest 

sensitivity (0.71), but with the Starry Night they presented the highest specificity (0.62). 

Area under the curve (AUC) values from ROC analysis ranged from 0.67 (Posner) to 0.74 
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(Starry Night), suggesting fair diagnostic accuracy across all tasks, with none reaching 

strong or excellent power. 

These findings suggest that while the Conjunction task is particularly sensitive in detecting 

neglect symptoms, it may also over-identify impairment in some cases when compared 

with the BIT. Conversely, tasks like Starry Night and Posner may be more conservative but 

risk missing subtler signs of neglect. While this process of considering diagnostic accuracy 

against the currently most common test used in practice may be of interest, as the latter 

has been extensively criticised for its lack of sensitivity (Azouvi et al., 2002; Bonato & 

Deouell, 2013), the associated lack of specificity shown by the CB tasks needs to be 

interpreted with this in mind. 

 

Figure 4.4. ROC Curves for CB Tasks Compared Against the BIT Reference Standard. Each curve 
represents the sensitivity (true positive rate) plotted against 1 – specificity (false positive rate) for 
the Starry Night, Feature, Conjunction, and Posner tasks. The AUC values indicate the overall 
discriminative ability of each task. 
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 STARRY NIGHT FEATURE  CONJUNCTION POSNER 

SENSITIVITY 0.86 0.86 1.00 0.71 

SPECIFICITY 0.62 0.54 0.46 0.62 

LR+ 2.23 1.86 1.86 1.86 

LR- 0.23 0.27 0.00 0.46 

PPV 0.55 0.50 0.50 0.50 

NPV 0.89 0.88 1.00 0.80 

AUC 0.74 0.70 0.73 0.67 

Table 4.7. Diagnostic Accuracy of CB Tasks Against the BIT Reference Standard.  
This table presents the diagnostic accuracy indices for each CB task when compared to the BIT, 
used as the reference standard. Reported metrics include sensitivity (the ability to correctly identify 
those with USN), specificity (correctly identifying those without USN), positive predictive value 
(PPV), negative predictive value (NPV), positive likelihood ratio (LR+), negative likelihood ratio 
(LR–), and area under the ROC curve (AUC) as a summary measure of overall diagnostic 
performance. 
 

4.3.5.2 Discriminant Validity Analysis 

A discriminant validity analysis was conducted to assess whether performance on the CB 

tasks was more strongly associated with spatial attention (as measured by the BIT) than 

with general cognition (ACE-III) or overall stroke severity (NIHSS). Average RTs and 

accuracy scores from the four CB tasks were correlated with total scores from the BIT, 

ACE-III, and NIHSS. As Shapiro–Wilk tests indicated non-normal distributions (p < 0.05), 

Spearman’s correlations were used. Results are presented in Table 4.8 (RT) and Table 4.9 

(accuracy). Strong negative correlations were observed between RTs and BIT scores for 

the Starry Night (ρ = –.678, p = 0.001), Feature Search (ρ = –.740, p < 0.001), and Posner 

(ρ = –.602, p = 0.005) tasks, indicating that slower RTs were associated with greater 

spatial neglect. Accuracy also showed strong positive correlations with BIT scores for 

these tasks: ρ =.689** (p < 0.001), ρ =.838** (p < 0.001), and ρ =.700** (p < 0.001), 
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4.3.6 Feedback Questionnaires 

4.3.6.1 Participant Preferences Across Computer-Based Tasks 

Participants rated their enjoyment of the tasks, revealing varying preferences. The Starry 

Night task was the most enjoyed (35%, 7/20), followed by the Posner task (25%, 5/20), the 

Conjunction task (20%, 4/20), and the Feature task (10%, 2/20). One participant (5%) had 

no preference. Starry Night was favoured for its engagement and challenge, while Posner 

was appreciated for its simplicity. The Conjunction Task was the least enjoyed (55%, 

11/20) due to its difficulty and repetitiveness, followed by the Posner Task (20%, 4/20) for 

being too simple. The Starry Night Task (15%, 3/20) was criticized for causing fatigue and 

being challenging, while the Feature Task was the least preferred (5%, 1/20) as it was 

found less engaging. Additionally, 5% (1/20) of participants had no preference. Overall, 

preferences were influenced by task complexity, with some participants valuing challenge 

and others favouring ease. 

4.3.6.2 Perceived Task Ease 

The Conjunction Task was identified as the most difficult by 75% (15/20) of participants, 

mentioning factors such as the need to differentiate between multiple shapes and colours, 

frequent target changes, and overall complexity, while the Starry Night Task was 

considered the most difficult by 20% (4/20) due to its dynamic nature and challenging 

contrasts. In contrast, the Posner Task was deemed the easiest by 60% (12/20) of 

participants for its simplicity and reduced complexity, followed by the Feature and Starry 

Night tasks, each identified by 15% (3/20) for their clarity and visual contrast.  
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4.3.6.3 User Experience Evaluation 

In terms of user-friendliness, the majority of participants rated the tasks highly, with scores 

mostly ranging between 7 and 10, and an average score of 8.3/10. When evaluating 

practicality, the tasks were positively received, with an average score of 8.5/10, indicating 

strong approval regarding their applicability. Regarding comprehensibility, the instructions 

were generally easy to follow, with an average score of 9.0/10. For task length and 

duration, around 60% (12/20) of participants felt the duration was "about right," while 35% 

(7/20) considered the tasks "too long". Additionally, 5% (1/20) had no opinion. This 

suggests that while most participants were comfortable with the length of the tasks, a small 

portion found them to be somewhat lengthy. 

4.3.6.4 Task Preference and Difficulty: Pen-and-Paper vs. Computer-Based 

When comparing the CB tasks to the traditional PnP tasks, 55% (11/20) of participants 

favoured the CB tasks. They cited reasons such as ease of use, the simplicity of pressing 

buttons instead of drawing. Some found the CB tasks more straightforward and 

manageable. In contrast, 40% (8/20) of participants preferred the PnP tasks, appreciating 

the familiarity and tactile experience of interacting with paper. One participant did not 

report a preference. Some also found PnP tasks more straightforward or offered a greater 

variety of tasks. Additionally, participants reported that factors such as comfort with 

technology and fine motor skills played a significant role in their enjoyment. 

Regarding task difficulty, 60% (12/20) of participants found the PnP tasks more 

challenging, primarily due to the drawing requirement, which posed difficulties for 

individuals with motor impairments. Others mentioned stroke-related challenges and the 

need for increased precision. On the other hand, 30% (6/20) found the CB tasks more 
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difficult, often due to the added focus required for managing buttons and visual stimuli. 

Some participants also mentioned the flashing lights and other visual effects in the CB 

tasks as contributing to the difficulty. The remaining 10% (2/20) of participants felt that both 

types of tasks were equally easy and similarly challenging. 

 

4.4 Discussion 

This study aimed to evaluate the effectiveness of CB tasks compared to traditional PnP 

methods, such as the BIT, in detecting USN following stroke. By analysing accuracy and 

RT across a battery of adapted versions of well-established CB tasks, we conducted a 

comprehensive assessment of spatial attention deficits in twenty stroke survivors. The 

findings highlight the potential of CB tasks to complement or improve upon conventional 

methods, particularly in detecting subtle cases of USN. These results offer insight into 

potential improvements in post-stroke spatial attention assessment. 

All CB tasks demonstrated an ability to identify participants with impaired performance 

where this was not captured by any of the BIT conventional tasks. Accordingly, the CB 

tasks demonstrated greater sensitivity. Among these, the Conjunction Task emerged as the 

most sensitive, identifying a greater number of cases of neglect compared to the other 

tasks, particularly the Posner Cueing Task. This finding is somewhat surprising given the 

foundational work by Posner et al. (1984) on the role of the parietal cortex in spatial 

attention, which established the Posner Cueing Task as a key paradigm for detecting 

attentional deficits. More recent studies, such as Rengachary et al. (2009), have further 

demonstrated its sensitivity in identifying USN. However, the Conjunction Task's superior 

sensitivity suggests that factors beyond basic attentional cueing, such as increased 
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demands on visual search and feature integration, may play a critical role in revealing 

spatial attention deficits. The task’s complexity and the increased cognitive demands it 

places on participants may explain its superior performance in detecting these deficits 

(Andres et al., 2019; Ricci et al., 2016). In contrast, the Posner Cueing Task was less 

effective at identifying neglect, potentially due to its reliance on basic covert attentional 

shifts, which primarily assess the ability to redirect attention rather than engaging the more 

complex processes involved in overt spatial exploration and feature integration that are 

captured by more demanding tasks. However, despite its overall sensitivity, the 

Conjunction Task failed to detect neglect in one case study where all other CB tasks 

identified a deficit. While this may partly reflect an order effect and increased concentration 

towards the end of the session, it is also possible that this participant experienced greater 

difficulty with bottom-up, stimulus-driven attention, rather than top-down, goal-directed 

search, which the Conjunction Task demands. This suggests that attentional systems can 

be independently affected, demonstrating variability in attentional mechanisms among 

individuals with USN, highlighting the complexity of USN and suggesting that different 

tasks may be more effective for different individuals (Pinto et al., 2013). These differences 

underscore the importance of task design, particularly the interplay between task 

complexity, target saliency, and cognitive load, in eliciting measurable USN symptoms 

(Bonato, 2012; Ptak & Bourgeois, 2024). Understanding how these elements affect the 

detection of neglect is critical for optimizing diagnostic tools (Karnath & Niemeier, 2002; 

Sarri et al., 2009). 

Among the two outcome measures, RT proved to be a more sensitive indicator of USN, 

revealing deficits that accuracy alone did not capture. For example, the Conjunction and 

Posner tasks identified lateralized RT differences even when accuracy was normal. This 
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supports previous research suggesting that prolonged RTs reflect delays in spatial 

attention processing or compensatory strategies (Bartolomeo et al., 2001). Unlike 

accuracy, which can approach normative values or maximum and may become less 

sensitive especially in detecting milder forms of neglect, RT offers a continuous measure 

of cognitive processing. Including RT in clinical assessments could enhance diagnostic 

precision, particularly for mild or task-dependent deficits (Rengachary et al., 2009; 

Schendel & Robertson, 2002). Furthermore, the discriminant validity analysis revealed that 

RTs and accuracy scores from the CB tasks were strongly associated with BIT scores, but 

not with general cognitive ability (ACE-III) or stroke severity (NIHSS). These results 

demonstrate the relevance of RT and accuracy as a spatially sensitive outcome, rather 

than generalised cognitive impairment or overall stroke severity.  

While the BIT remains widely used in clinical settings, its reliance on static stimuli and 

limited task variety, along with its total score not distinguishing lateralized differences 

(Azouvi et al., 2002; Deouell et al., 2005), can lead to the under-detection of subtle or 

chronic USN. In some cases, individuals were identified as having neglect based on a low 

BIT score, but there were no lateralized differences detected within the individual BIT tests. 

This suggests that the BIT can not fully capture the lateralized nature of attentional biases. 

The total BIT score, relies on six subtests, based on cutoff scores that do not account for 

left/right asymmetry. A scoring approach that incorporates lateralized differences could 

offer a more precise understanding of spatial attention deficits. The CB tasks can 

overcome this limitation, among others, such as the limited sensitivity of PnP tasks, which 

likely arises from their static, paper-based format. In our study we confirmed that tasks 

with dynamic and complex stimuli (e.g., Starry Night, Conjunction), are particularly 

effective at identifying lateralized attentional biases, further supporting findings from 
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previous research (Bonato & Deouell, 2013; Bonato et al., 2011). Unlike previous 

research, which has not directly compared different CB tasks, this study contrasts these 

tasks to demonstrate how each captures spatial attention, highlighting their unique 

strengths in identifying subtle neglect symptoms and revealing lateralized deficits that 

traditional methods like the BIT fail to distinguish. 

These findings suggest CB assessments may be a useful addition to current assessment 

tools. Our results support previous research, showing that rather than replacing 

conventional methods, they should be viewed as complementary tools that overcome the 

limitations of static, paper-based tests and enhance detection of subtle and chronic 

lateralised attentional deficits (Bonato & Deouell, 2013) By utilizing effectively four different 

CB tasks in clinical settings with stroke survivors, our study demonstrates that these 

assessments are not only feasible but they also offer a more sensitive and dynamic 

approach to spatial attention evaluation. 

Consistent with previous studies, left-sided neglect was more prevalent than right-sided 

neglect across all tasks, likely due to the right hemisphere's dominance in spatial attention 

processing and the more severe consequences of right-hemispheric lesions on attentional 

networks (Corbetta & Shulman, 2011). However, the sample was predominantly composed 

of patients with RBD, with 78.6% (11/14) showing signs of neglect in at least one task, 

comparable to the 80% (4/5) of LBD participants, aligning with Stone et al. (1991), who 

reported similar rates of neglect in both RBD and LBD patients early after stroke. These 

findings highlight the heterogeneity of USN and the need for assessment protocols that 

capture this variability. Given the variability in lateralization patterns, employing multiple 

tasks in USN assessment has been deemed essential by previous research. Tasks that 

vary in complexity, saliency, and attentional demands provide a more comprehensive 
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understanding of neglect symptoms, supporting tailored rehabilitation strategies (Bonato, 

2012; Guilbert, 2023). In our study, we demonstrated that the Conjunction task had the 

highest sensitivity (1.00), successfully identified all participants with USN and had the 

highest NPV across a range of patient profiles. This may suggest that a single task, as 

sensitive as the Conjunction task, can provide a robust and reliable measure of USN, 

challenging the need for multiple tasks to assess USN, which is valuable in clinical 

screening, where the priority is to minimise missed cases. However, its low specificity 

(0.46) albeit when pitted against the BIT, may suggest a higher rate of false positives, 

raising the risk of over-identifying USN. In contrast, tasks like Starry Night and Posner 

presented lower sensitivity (0.86 and 0.71, respectively), but higher specificity (both 0.62), 

indicating fewer false positives but a greater chance of missing milder cases. These 

findings reflect a common trade-off in diagnostic tools between accurate detection of all 

true cases and exclusion of non-cases (Parikh et al., 2008; Shreffler & Huecker, 2025). As 

discussed in Chapter 2, many previous studies have prioritised sensitivity without 

addressing the potential consequences of lower specificity. Additionally, the absence of a 

gold standard for USN diagnosis complicates the interpretation of specificity, as 

conventional PnP tasks like the BIT have been shown to have limited sensitivity, 

particularly for subtle or chronic neglect, potentially leading to underestimation of true 

impairment and increasing false positives when used as the reference standard (Bonato & 

Deouell, 2013; Deouell et al., 2005). 

Participants generally found the CB tasks to be user-friendly, practical, and appropriately 

timed, with clear and easy-to-follow instructions. These tasks received positive ratings for 

their ease of use and applicability. Participants reported that the CB tasks were generally 

easy to follow and complete, with some participants founding the CB tasks more enjoyable 
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and easier to perform compared to PnP, particularly appreciating the simplicity of pressing 

buttons over engaging in drawing tasks. This preference is consistent with prior research, 

which suggests that CB and VR assessments enhance patient engagement and 

compliance due to their interactive nature (Tsirlin et al., 2009). These advantages make 

CB tasks not only more appealing to participants but also well-suited for clinical settings, 

where they can improve assessment accuracy and reliability, especially for patients with 

diverse cognitive and motor impairments (Bonato et al., 2011). Additionally, the widespread 

use of computers in daily life makes these tasks not only appealing to participants but also 

relatively easy to implement in clinical settings. In our study, most participants had basic 

computer skills, making these assessments well-suited for individuals with diverse 

cognitive and motor impairments. 

The findings of this study may offer useful insights for clinical assessment of USN. 

Incorporating RT measures provides a more detailed assessment of cognitive processing, 

helping to guide personalized rehabilitation strategies. Furthermore, the engaging nature 

of these tasks, coupled with the positive feedback from participants regarding their 

usability and ease of use, may enhance patient compliance and reduce fatigue, improving 

assessment reliability compared to traditional methods. Finally, the adaptability of CB tasks 

makes them suitable for widespread use, with portable devices enabling assessments in 

diverse settings, including bedside, outpatient, and telehealth environments (Terruzzi et al., 

2024). The high sensitivity of CB tasks suggests they could be crucial for the early 

detection of USN, even when symptoms are mild or subtle enabling timely interventions 

(Giannakou et al., 2022). As discussed earlier, USN is not a degenerative condition and is 

often subject to spontaneous recovery, with most recovery occurring within the first three 

months post-stroke (Moore et al., 2021; Overman et al., 2024; Winters et al., 2017). 
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However, early identification remains important, including in cases where it may otherwise 

go unnoticed, as it could allow for more tailored and potentially more effective interventions 

during this critical window for recovery (Tsujimoto et al., 2020; Yoshida et al., 2022). 

In order to evaluate the presence of USN or attentional impairment, we used 1 SD (mild) 

and 2 SD (severe) cut-off scores based on normative data, applied separately to left and 

right performance. This approach was chosen to facilitate visualisation, tabulation, and the 

identification of performance patterns, considering the exploratory nature of the study and 

the small and heterogenous sample. While future studies may prefer the use of left–right 

difference scores as a more direct measure of spatial asymmetry in accuracy and RT, our 

approach allowed for the detection of both lateralised and bilateral reductions in 

performance. Additionally, using 1 SD as a cutoff aligns with previous studies aimed at 

detecting mild impairments. However, this approach has been criticised for potentially 

including cases that fall within the normal variability of performance (Busse et al., 2006; 

Dalrymple-Alford et al., 2011; Trittschuh et al., 2011). In our study, findings suggest that 

only a small proportion of older adults may exhibit lateralised differences using this 

approach, as across all tasks only 3.4% for accuracy and 3.7% for RT were below the 1 

SD cutoff.  

Another limitation of this study is the age differences between the normative control 

sample and the clinical group. Normative data were collected from unimpaired older adults 

aged 65 and over to provide an age-matched baseline for the stroke survivors. However, 9 

out of 20 stroke participants were younger than 65, which may affect the accuracy of 

comparisons and classification of impairment. Future studies should aim to collect more 

comprehensive demographic and normative data, including age-corrected norms closely 

matched to the clinical sample (Heaton et al., 2009) . 
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A limitation of the study is that the study was underpowered, limiting the generalisability of 

the findings, as we did not reach the required sample size as indicated by the power 

analysis for a diagnostic accuracy analysis. Future studies should replicate these findings 

with larger, more diverse populations, such as outpatients or chronic cases, and include 

patients with varying lesion locations and severities (Andrade, 2020). Longitudinal designs 

could provide valuable insights into performance changes over time (Farrington, 1991). 

Another promising direction for future research is integrating this battery of CB tasks with 

neuroimaging techniques, such as fMRI or electroencephalography (EEG). This approach 

could deepen our understanding of the neural mechanisms underlying USN. 

Conclusion 

This study is the first to our knowledge to compare different CB tasks for detecting USN in 

stroke survivors within clinical settings. Our findings highlight the superior sensitivity of CB 

tasks, particularly the Conjunction Task, in identifying subtle and chronic spatial attention 

deficits, offering a more dynamic approach compared to traditional PnP assessments like 

the BIT. We demonstrated that a single, sensitive task such as the Conjunction Task can 

reliably detect USN, challenging the need for multiple tasks. Additionally, our results 

showed that RT was a more sensitive indicator of neglect than accuracy, capturing deficits 

that accuracy alone missed. Participants reported that the CB tasks were user-friendly, 

engaging, and easy to use, improving compliance, reducing fatigue, suggesting their 

potential to complement traditional assessment approaches. These results emphasize the 

value of integrating these tasks into clinical practice to improve diagnostic precision, 

support personalized rehabilitation strategies, and ultimately enhance the quality of care 

for stroke survivors. By addressing the limitations of conventional method and utilizing 
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technological advancements, CB assessments may contribute to advancing the evaluation 

of USN.
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Does transcranial direct current 

stimulation (tDCS) of the right 

parietal lobe affect spatial attention? 
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Abstract 

Lesions of the right PPC are known to cause deficits in detecting contralateral stimuli as 

observed in USN and spatial extinction. The role of the PPC in differentiating between 

single and competing stimuli remains a subject of ongoing investigation. This study aimed 

to examine the effects of tDCS on spatial attention of unimpaired individuals by targeting 

the right PPC, partially replicating methodology reported by Filmer et al. (2015). Their 

study indicated that anodal tDCS disrupts the detection of single contralateral stimuli, while 

both anodal and cathodal tDCS impair bilateral stimulus detection. 

We recruited 63 neurologically healthy adults, randomised into three groups receiving 

either anodal, cathodal, or sham tDCS to the right PPC. Participants completed a staircase 

detection task to establish a 70% accuracy threshold before engaging in the three phases 

of the main task (pre-stimulation, immediate post-stimulation, and 20 minutes post-

stimulation). Our analysis revealed a significant effect of stimulus location (F (2, 110) = 

20.917, p < 0.001), with participants showing greater accuracy for single stimuli than 

bilateral stimuli. A significant phase effect was also found (F (1, 55) = 6.457, p = 0.014), 

indicating decreased accuracy immediately following stimulation in all groups. However, no 

significant effects of stimulation type or interactions were observed. 

In contrast to Filmer et al. (2015), the anticipated effects were not elicited. Our findings 

suggest that, under the present stimulation parameters and task conditions, tDCS over the 

right parietal cortex did not produce significant modulations in spatial attention in healthy 

participants and highlight the need for further research to demonstrate it’s effect. These 

results highlight the need for further research to clarify whether and under what conditions 

tDCS can reliably influence spatial attention mechanisms. 
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5.1 Introduction 

Spatial attention refers to the brain's ability to selectively focus on specific stimuli while 

disregarding others. This process is essential for effectively managing the brain's capacity 

to process information and prevent sensory overload (Kastner & Ungerleider, 2000; 

Petersen & Posner, 2012). Accordingly, spatial attention allows the brain to prioritize 

relevant stimuli in a busy environment and is essential for efficiently handling competing 

sensory inputs (Carrasco, 2018). Attention may be cued in two primary ways. Exogenous 

attention refers to when external stimuli capture our focus, functioning as a bottom-up 

process (Corbetta & Shulman, 2002). In contrast, endogenous attention is goal-directed 

and operates through a top-down approach (Nguyen et al., 2020). The balance between 

these two systems is influenced by intention and the environment, allowing the brain to 

adaptively shift between them as required (Chica et al., 2013). 

The brain's limited attentional capacity makes it challenging to process multiple stimuli 

simultaneously (Marois & Ivanoff, 2005). Research has shown that multitasking or 

managing several stimuli negatively impacts performance compared to focusing on a 

single stimulus (Koch et al., 2018; Schumacher et al., 2018). This effect is evident in 

studies showing that participants become slower and less accurate when presented with 

two target stimuli simultaneously rather than sequentially, primarily due to increased 

competition, cognitive load and divided attention (Butcher & Cavanagh, 2008; de Haan et 

al., 2015; Hilgetag et al., 2003). Additionally, the concept of visual clutter suggests that 

excessive information may overwhelm the brain, increasing the difficulty of processing 

stimuli (Beck et al., 2010; Still, 2019). 
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The ability to shift attention is a crucial cognitive skill, allowing us to transition our focus on 

different stimuli, especially in environments with competing inputs (Lindsay, 2020). Posner 

(1980) introduced a model of attention shifting comprising three key steps: disengaging 

from the initial focus, redirecting attention, and engaging with the new target. The study 

demonstrated that RTs were faster when the target stimulus followed a cue in the same 

location; however, delays in cues reinitiate the attention shift, resulting in longer RTs; This 

phenomenon, later termed IOR, indicates a bias against returning attention to previously 

attended locations (Klein, 2000). Numerous subsequent studies have supported these 

findings in unimpaired and patient populations (Feher da Silva & Baldo, 2015; Hayward & 

Ristic, 2013). 

Key brain regions involved in attention include the frontal and parietal lobes, with the 

fronto-parietal network playing a crucial role in voluntary allocation of attentional resources 

(Corbetta, 1998). The posterior parietal cortex is particularly important for processing 

spatial attention signals (Malhotra et al., 2009) and studies show that PPC neurons 

respond more strongly to targets compared to distractors (Gottlieb & Snyder, 2010; Murray 

et al., 2017). Damage to the PPC can result in spatial attention deficits, such as difficulties 

in disengaging or shifting attention (Posner et al., 1984). 

Spatial attention disorders can result from lesions in one hemisphere of the brain, 

commonly due to conditions such as stroke. Among the most prevalent disorders are USN, 

where individuals completely ignore or have difficulty detecting stimuli on the 

contralesional side of space (Gammeri et al., 2020), and extinction, where a contralesional 

stimulus is not reported when presented alongside an ipsilesional stimulus (Rorden et al., 

2009). These disorders are known to be more severe following right hemisphere damage 
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and may coexist, although have been considered to occur independently (Li & Malhotra, 

2015). 

tDCS is a non-invasive technique that modulates neural excitability by applying a small 

electrical current through scalp electrodes. It can depolarize neurons (anodal stimulation) 

to increase firing or hyperpolarize them (cathodal stimulation) to decrease excitability, 

often resulting in temporary behavioural effects (Thair et al., 2017). The approach has 

become popular for enhancing learning, memory, and skill acquisition due to minimal side 

effects, low cost, and ease of use in clinical and home settings (Medeiros et al., 2012). 

The exact mechanisms by which tDCS induces longer term behavioural changes remain 

unclear. However, repeated sessions may enhance synaptic plasticity by strengthening 

neural pathways through long-term potentiation or weakening them via long-term 

depression (Vestring et al., 2024). Clinical studies have focused on tDCS applications in 

treating psychiatric disorders, showing benefits for depression, schizophrenia, obsessive 

compulsive disorder (OCD), and attention deficit hyperactivity disorder (ADHD) (Fregni et 

al., 2021; Tortella et al., 2015), as well as alleviating pain in conditions like fibromyalgia 

(Moshfeghinia et al., 2023).  

Recent studies examining tDCS in the context of spatial attention have yielded promising 

results, particularly regarding stimulation targeting the PPC. Evidence suggests that 

bilateral stimulation of PPC, utilizing right cathodal and left anodal tDCS can induce 

neglect-like symptoms in healthy individuals, underscoring the PPC's critical role in spatial 

attention (Tsujimoto et al., 2022). 

Other research investigating unilateral stimulation of the PPC demonstrated that tDCS of 

the right PPC can affect participants' performance on visual detection tasks (Filmer et al., 
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2015; Lo et al., 2019). In contrast, stimulation of the left PPC in these studies did not yield 

such effects. These findings indicate a greater involvement of the right hemisphere in 

spatial attention, consistent with evidence showing more severe and persistent attention 

deficits following damage to the right hemisphere (Malhotra et al., 2009). 

tDCS applied to the ipsilesional hemisphere in stroke survivors has been shown to have 

functional benefits, improving motor and learning skills when applied safely (Allman et al., 

2016; Fritsch et al., 2024; Hamoudi et al., 2018). Additionally, studies exploring tDCS 

effects on USN have employed inhibitory cathodal stimulation to the contralesional 

hemisphere, anodal stimulation to the ipsilesional hemisphere, or bilateral protocols aimed 

at rebalancing interhemispheric activity, or anodal ipsilateral (Allman et al., 2016; Kim et 

al., 2013; Sunwoo et al., 2013). Evidence from stroke populations demonstrates that both 

unilateral and bilateral parietal tDCS protocols can reduce USN symptoms, typically 

measured via tasks such as line bisection and cancellation (da Silva et al., 2022; Yi et al., 

2016) 

While tDCS has shown promising findings in treating disorders like USN, results are 

inconsistent. Some reviews suggest moderate efficacy, especially when tDCS is combined 

with other therapies. However, optimal treatment parameters, such as current polarity, 

intensity, and timing, remain unclear (González-Rodriguez et al., 2022). Additionally, 

concerns about publication bias and small sample sizes highlight the need for replication 

and perhaps more rigorous studies evaluating the impact of tDCS in modulating cognitive 

functions (Medina & Cason, 2017). 

The present study, while conducted in healthy participants, used a similar approach by 

targeting the right PPC, similar to the ipsilesional hemisphere in typical cases of USN 
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following right hemisphere stroke. The rationale aligns with clinical protocols where right 

PPC stimulation has been investigated for the rehabilitation of spatial deficits in stroke 

survivors. The objective of the study was to explore whether right parietal stimulation could 

enhance spatial attention mechanisms under controlled conditions with the potential of 

informing the development of future interventions in clinical populations.  

The aim of this study was also to partially replicate Filmer et al. (2015) work by 

investigating the effects of tDCS on spatial attention, specifically targeting the right PPC. 

The study aimed to determine whether tDCS influences the detection of both single and 

competing visual stimuli in neurologically unimpaired participants. Findings may then 

provide insights into potential outcomes for patients with spatial attention deficits, 

particularly in understanding how tDCS may be tailored to enhance attention mechanisms 

in clinical settings. 

In 2015, Filmer and colleagues explored the role of the PPC in processing visual stimuli by 

applying tDCS to either the left or right PPC. Their study found that stimulation of the left 

PPC had no significant effect on detection. Conversely, right PPC stimulation significantly 

disrupted detection of contralateral and bilateral stimuli, particularly when anodal 

stimulation was applied. Specifically, anodal tDCS impaired the detection of both 

contralateral and bilateral stimuli, while cathodal tDCS affected only bilateral stimuli. These 

findings highlight the critical role of the right PPC in visual attention and suggest that it may 

employ different mechanisms for processing single versus competing stimuli. 

Building on these findings, this study hypothesized that anodal tDCS applied to the right 

PPC would disrupt detection of both contralateral and bilateral stimuli, while cathodal tDCS 

would mainly affect the detection of bilateral stimuli, consistent with Filmer et al. (2015). 
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However, while Filmer et al. did not report overall poorer performance for bilateral stimuli, 

we expected to see a greater decline in performance when detecting competing stimuli 

compared to single stimuli , aligning with broader evidence on attentional capacity limits 

and competition effects in visual processing (Han & Marois, 2014; Hilgetag et al., 2003). 

The study protocol was registered on DOI: 10.17605/OSF.IO/HVS8F. 

 

5.2 Methods 

5.2.1 Participants 

Sixty-three neurologically healthy adult participants with normal or corrected-to-normal 

visual acuity were recruited to the study (thirty-two women, average age 28 (SD =12.54)). 

The study was approved by the University of Birmingham's Science, Technology, 

Engineering and Mathematics Ethical Review Committee (ERN 18-2077P). All participants 

completed a health and safety questionnaire and provided written consent. Participants 

were equally and pseudo-randomly divided into three groups (twenty-one in each group) 

based on the type of stimulation they received; anodal, cathodal, or sham. The sample 

size was selected to achieve sufficient statistical power based on the power calculation, 

with the goal of achieving an 80% probability of detecting an effect size comparable to that 

of the original study (Filmer et al., 2015), using a repeated measures ANOVA with a 

between-subject factor, and controlling for a 5% Type I error rate. 

5.2.2 Procedure  

We closely adhered to the procedure followed by Filmer et al. (2015) study to ensure 

replication integrity. While modifications were made, we maintained consistency by using 



Chapter 5 

145 
 

the same procedures, software for stimuli presentation and task design (courtesy of 

Filmer; Filmer et al., 2015). The outline of an experimental session is shown in Figure 5.1. 

At the beginning of each session, participants completed a thresholding block using a 

parameter estimation by sequential testing (PEST) staircase (Taylor & Creelman, 1967) to 

determine the noise contrast required to achieve ~70% accuracy in detecting and 

localizing single stimulus events. On average, participants required a contrast of 49.2 

(SD=17, with 0 representing minimum contrast and 100 maximum contrast). Following 

thresholding, participants completed the main experimental task, consisting of three blocks 

conducted sequentially: one before, one immediately after, and one 20 minutes after 

stimulation. Each block included 150 trials (50 trials for each of the three stimulus 

locations: left only, right only, and bilateral stimuli). The trial outline completed is depicted 

in Figure 5.2. Stimuli were presented on a 24.5” Liquid Crystal Display (LCD) monitor with 

a refresh rate of 100 Hz, against a mid-grey background (RGB: 128, 128, 128).

Figure 0.1 Experimental Session Outline. 
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Figure 0.2 A. Stimuli and noise patch displayed at the average contrast level (49.2), as determined 
by the staircase task. B. Trial Outline. Participants were presented with a fixation square and two 
circular disks (6° in diameter) containing static noise (randomly generated grey squares within a 
specified contrast range) in both visual hemifields located 12° to the left and right of fixation. 
Participants were instructed to keep their gaze on the fixation square throughout each trial. Each 
trial began with a green fixation square accompanied by static noise patches presented for 600 
ms. After this period, the fixation square turned black, and the noise patches began to change 
every 10 ms. After 1, 1.5, or 2 seconds, target gratings (same size as the noise patches) appeared 
for 70 ms (20 ms ramp-on, 30 ms full opacity, 20 ms ramp-off). Targets could appear on the left, 
right, or both sides simultaneously. Following the target display, the noise patches continued to 
change for an additional 1300 ms before the next trial began. During this period participants had to 
press a key to indicate whether the target stimuli appeared on the left only (B), right only (M), or 
both sides (N). If participants failed to respond within this timeframe or pressed the wrong key, the 
trial was marked as inaccurate. 
 

5.2.3 tDCS  

As with the original study (Filmer et al., 2015), ours was conducted in a single-blind 

manner, with the experimenter aware of the stimulation type but participants blinded. 

Electrode placement followed the 10–20 system (Klem et al., 1999). In each session, the 

target electrode was positioned over P4 of the right posterior parietal cortex, while the 

reference electrode was placed over CZ. Electrodes were 5×5 cm² in size. For anodal and 
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cathodal tDCS sessions, we applied nine minutes of tDCS (including 30 s ramping up and 

30 s ramping down) at an intensity of 1.5 mA. For the sham session, the same stimulation 

procedure was used, but the constant current lasted for only 15 s. 

5.2.4 Methodological differences from the original study  

To ensure coherence to the original study's methodology we aimed to minimise 

adjustments and potential influences from the protocol modifications. However, several 

methodological adaptations were made to the original study design, which may have 

influenced comparability and outcomes. These adjustments were implemented to address 

practical limitations and align the study more closely with broader methodological 

standards in the field. Below, we outline each key difference and consider its potential 

impact. 

One of the main differences was implementing stimulation type as a between-subjects 

factor, dividing participants into three groups (anodal, cathodal, and sham stimulation) and 

deviating from the original within-subject factor approach comprising three sessions per 

participant. This modification was employed to facilitate the recruitment process by 

reducing the number of sessions and to minimise carry-over, and order effects. However, 

this approach does not incorporate the within-subject approach's benefits of controlling 

individual differences and increasing statistical power, making it more difficult to detect 

subtle stimulation effects (Charness et al., 2012).  

Another key difference was that we chose not to stimulate the left PPC due to the lack of 

significant effects previously observed. Filmer et al. (2015) recruited twenty-eight 

neurologically healthy participants (22 female, average age 22 years), divided into two 

groups of left and right PPC stimulation, with 14 participants receiving stimulation to the 

right PPC. In contrast our study included 21 participants in each of the three groups (n=63 



Chapter 5 

148 
 

in total). While this decision was made to enhance feasibility and focus on the hemisphere 

more consistently associated with spatial attention, it limits the ability to directly replicate 

and compare hemispheric effects. 

Another distinction was the 1.5 mA tDCS intensity applied in our study compared to the 

original 0.7 mA. This change ensured greater comparability with most other studies in the 

field, 1.5 mA being considered a moderate intensity with the majority of studies using 

between 1.0 and 2.0 mA (Bikson et al., 2016; Smucny, 2021). Although moderate 

stimulation intensities like 1.5 mA are widely considered safe and effective, this difference 

may have influenced the neural response and limits the direct comparability of findings. 

Finally, the experiment was conducted on a larger monitor (24.5" compared to the original 

19"). While the refresh rate remained the same (100Hz), and both the target and noise 

sizes were scaled according to the monitor size to maintain visual angles, slight perceptual 

differences cannot be entirely ruled out. However, we expect the impact of this change to 

be minimal. 

5.2.5 Data Analysis 

The primary analysis focused on changes in response accuracy from pre- to immediately 

post-tDCS, following the approach used in Filmer et al. (2015). Additionally, we examined 

changes in RT, which was not included in the original study. Both accuracy and RT were 

explored in relation to stimulation type and stimulus location using a consistent data 

analysis approach. 

Outliers were handled using standard procedures, including investigation, data 

transformation where needed, and, in rare cases, exclusion of extreme outliers. 

Performance in the pre-tDCS phase varied greatly across participants, with scores ranging 
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from 41% to 98% and a mean accuracy of 81.7% To remove outliers and reduce variability, 

participants with pre-tDCS accuracy of 60% or less were excluded from the analysis to 

ensure a baseline level of competence. This led to the exclusion of 5 participants (4 from 

the Cathodal group and 1 from the Sham group), increasing the average pre-tDCS 

accuracy to 84.1%. Inaccurate responses (19.13%) were excluded from the RT analysis, 

including non-responses (11.99%) and incorrect key presses (7.14%). Additionally, 

responses faster than 200ms (0.14%) were excluded from the analysis as they were 

considered anticipatory.  

To investigate the change in response accuracy from pre- to immediately post-tDCS, 

ANOVA was conducted in the original study, utilising the Stimulation Hemisphere (Left, 

Right) as a between-subjects factor. In our analysis, Stimulation Type (Anodal, Cathodal, 

Sham) functioned as a between-subjects factor instead of a within-subjects factor and 

there was no Stimulation Hemisphere factor as only the right PPC was stimulated. 

A mixed-design ANOVA was conducted; mean accuracy data were analysed as a function 

of the Phase (Pre- and Immediately post-tDCS), Stimulus Location relative to stimulated 

hemisphere (Contralateral, Ipsilateral, Bilateral) and Stimulation Type (Anodal, Cathodal, 

Sham). The same analysis was conducted for median RT data. 
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5.3 Results 

5.3.1 Stimulation Type  

Across the study, accuracy was comparable for the different stimulation groups no 

resulting significant main effect of Stimulation Type (F (2,55) = 1.155, p=0.323, ηp2=0.40). 

This was also the case for the RT analysis (F (2,55) = 0.127, p=0.881, ηp²=0.005).  

5.3.2 Phase Effect 

There was a significant main effect of Phase was found for accuracy (F (1, 55) = 

6.457, p=0.014, ηp2=0.105), with accuracy decreasing by 2.7%, and similarly observed for 

RT (F (1,55) = 5.981, p = 0.018, ηp² = 0.098), with RT increasing by 11ms post-stimulation. 

However, no significant Stimulation Type × Phase interaction was found for either 

accuracy or RT.  

5.3.3 Stimulus Location Effect 

A significant effect of Stimulus Location was detected for both accuracy (F (2, 110) = 

20.917, p<0.001, ηp2=0.276) and RT (F (2,110) = 99.121, p<0.001, ηp²=0.643). Pairwise 

comparisons revealed that both single stimuli conditions, resulted in significantly faster and 

more accurate responses compared to bilateral stimuli (p<0.001 for both). 

5.3.4 No Stimulus Location x Phase x Stimulation Type Interaction 

A significant three-way Stimulus Location x Phase x Stimulation Type interaction was not 

demonstrated in our analysis for accuracy (F (4, 110) = 0.529, p=0.715, ηp2=0.019) or 

observed in the additional analysis of RT (F (4,110) = 1.111, p=0.355, ηp²=0.039).  
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Figure 0.3 Mean accuracy (% correct) of responses both before and immediately after tDCS over 
the right PPC. Stimulation conditions are visualised as follows: Anodal (red line), cathodal (blue 
line), or sham (black line). (A) Performance for single stimuli presented contralateral to tDCS. (B) 
Performance for single stimuli presented ipsilateral to the tDCS. (C) Performance for bilateral 
stimuli presented across the two hemifields. 
 

5.3.5 No Differential effects of tDCS over right PPC for single versus 

bilateral stimuli 

To investigate the differential effects of tDCS on single and bilateral visual stimuli, we 

conducted three separate two-way ANOVA analyses, each corresponding to a different 

stimulus location (Contralateral, Ipsilateral, Bilateral). The factors in these analyses were 

Phase (Pre- and Immediately post-tDCS) and Stimulation Type (Anodal, Cathodal, Sham). 

The Phase x Stimulation Type interaction was not significant for ipsilateral (F (2,55) = 

0.069, p=0.933, ηp²=0.003), contralateral (F (2,55) = 1.428, p=0.249, ηp²=0.049), or 

bilateral stimuli (F (2,55) = 1.246, p=0.296, ηp²=0.043). Similarly, the RT analysis revealed 

no modulation of performance with no Phase x Stimulation Type interaction for ipsilateral 

(F (2,55) = 0.027, p=0.973, ηp²=0.001), contralateral (F (2,55) =0.222, p=0.802, 

ηp²=0.008), and bilateral stimuli (F (2,55) =1.379, p=0.260, ηp²=0.048). For mean 
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5.4 Discussion 

The present study aimed to investigate the effects of tDCS on spatial attention by targeting 

the right PPC, partially replicating the work of Filmer et al. (2015). Our main hypothesis 

was that anodal tDCS over the right PPC would impair the detection of both contralateral 

and bilateral stimuli, while cathodal tDCS would primarily affect bilateral stimuli. 

Additionally, we anticipated a greater performance decline when detecting competing 

bilateral stimuli compared to single stimuli.  

A significant phase effect was observed, indicating a decline in both accuracy and RT from 

pre- to immediately post-tDCS across all groups may simply reflect participant fatigue 

rather than a temporary tDCS effect, given this was the case across all stimulation types, 

including sham. This contrasts with Filmer et al. (2015), who did not observe such an 

effect. Previous research has similarly found that prolonged cognitive tasks can lead to 

performance drops due to fatigue and reduced engagement (Mangin et al., 2022; Meier et 

al., 2024). These findings underscore the impact of cognitive load and task duration on 

performance outcomes. 

An important finding in this study was the absence of a three-way interaction between 

Stimulus Location, Phase, and Stimulation Type, contrasting with the central finding of 

Filmer et al. (2015), who reported that anodal tDCS impaired detection of single 

contralateral stimuli, while both anodal and cathodal tDCS affected bilateral stimulus 

detection. This failure to replicate raises questions about the consistency of tDCS effects 

on attention and suggests that the conditions under which tDCS produce reliable effects 

need to be more clearly defined in future research (see Table 5.3 for a direct comparison 

of results between the current study and Filmer et al. (2015)). 
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Several methodological differences may explain these discrepancies and require 

consideration. Our study employed a between-subjects design, with distinct groups for 

each stimulation type (anodal, cathodal, and sham), in contrast to Filmer et al.'s within-

subjects design, where each participant experienced all stimulation types. This change 

was made to minimize carry-over and order effects, and to facilitate recruitment logistics. 

However, this design increases inter-individual variability and reduces the statistical power 

to detect subtle effects, potentially not revealing true stimulation effects (Charness et al., 

2012).  

Another significant deviation from the original study was the increase in stimulation 

intensity, chosen to align with common standards in current tDCS research (Bikson et al., 

2016; Smucny, 2021). Although this change aimed to improve comparability with broader 

literature, it may have altered the neuromodulatory impact, influencing outcomes differently 

than in the original study. 

Minor differences in monitor size could have influenced task performance by affecting the 

visual properties of the stimuli, though stimuli were scaled accordingly, could also have 

minimally affected visual perception and task performance. However, overall consistency 

of the experimental design makes it unlikely that this had a substantial impact to the 

observed discrepancies. 

Additionally, achieving a consistent threshold at the beginning of the experiment proved 

challenging, and there was high variability in pre-tDCS task performance, a difficulty not 

reported in the original study. While these methodological factors may contribute to the 

observed differences, it nevertheless offers caution to the confidence with which tDCS 
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may be considered to reliably modulate cognitive performance in tasks requiring attention 

to multiple stimuli. 

Participants responded more quickly and accurately to single stimuli (whether contralateral 

or ipsilateral) compared to bilateral stimuli, in line with our prediction but in contrast to the 

findings of Filmer et al. (2015). This aligns with attentional competition theories, which 

suggest that the brain’s limited capacity forces multiple stimuli to compete for attentional 

resources, leading to slower and less accurate responses (Marois & Ivanoff, 2005). 

Research has consistently shown that multitasking or managing multiple stimuli impairs 

performance compared to focusing on a single stimulus (Koch et al., 2018; Schumacher et 

al., 2018). This results also align with previous studies, demonstrating that RT and 

accuracy both decline when two stimuli are presented simultaneously due to increased 

cognitive load and divided attention (Butcher & Cavanagh, 2008; de Haan et al., 2015).  

Our findings contribute to the literature on the right PPC's role in spatial attention, 

revealing a decline in performance following tDCS, especially in bilateral trials. However, 

the similar decline observed in the sham group suggests that task demands, rather than 

tDCS effects may explain the performance drop, highlighting the limited nature of 

attentional resources and the strain of stimulus competition suggesting that attentional 

resources are limited, and that stimulus competition can strain cognitive processing 

(Carrasco, 2018). Clinically, while our results did not replicate those of Filmer et al. (2015), 

they indicate the need for further exploration of tDCS in relation to attention deficits, such 

as USN. Future studies should further explore tDCS's potential applications, emphasizing 

the importance of standardized protocols in stimulation intensity, electrode placement, and 

task design. 
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In conclusion, our study investigated the effects of tDCS on spatial attention in the right 

PPC revealing a significant stimulus location effect, where single stimuli were processed 

more efficiently than competing bilateral stimuli. Additionally, we observed a phase effect, 

with performance declining from pre- to post-tDCS across all groups. However, we did not 

replicate the expected tDCS effects reported by Filmer et al. (2015), and the absence of a 

significant interaction between Stimulus Location, Phase, and Stimulation Type in this 

study raises doubts about tDCS's reliability in affecting attentional mechanisms. 

Furthermore, the lack of residual effects post-stimulation suggests that any cognitive 

benefits may be temporary. These findings underscore the need for further research to 

explore the efficacy of tDCS, particularly in clinical populations with attention-related 

deficits, and to optimize stimulation protocols for better outcomes.
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6.1 Summary of experimental chapters  

In recent years, there has been growing recognition of the need for more sensitive and 

clinically applicable diagnostic tools for assessing USN, particularly following stroke. 

Traditional PnP assessments, while widely used, face limitations in detecting subtle 

symptoms of neglect and often lack ecological validity. This thesis aimed to address these 

shortcomings by developing and testing a CB task battery designed to enhance diagnostic 

accuracy and improve the detection of mild and chronic neglect cases. 

The first stage of this process explored the advantages of CB tasks over traditional 

methods for assessing USN, specifically through a systematic review of existing research 

on CB tasks and their effectiveness in capturing neglect-related deficits (Chapter 2). Based 

on the insights gathered, Chapter 3 focused on establishing normative data by testing 

unimpaired individuals using the newly developed CB task battery, which combined well-

established tasks identified in Chapter 2. The goal was to define performance benchmarks 

and assess age-related differences in task performance, which would serve as a 

foundation for understanding performance in stroke survivors. 

In Chapter 4, the CB task battery was tested on stroke survivors. The chapter aimed to 

evaluate the battery's clinical utility and its potential to enhance diagnostic accuracy by 

comparing the performance of stroke patients against conventional PnP methods. 

Additionally, patient data were compared with the established age-matched normative data 

from Chapter 3. In Chapter 4, the objective was to evaluate whether the CB task battery 

could not only confirm cases identified by traditional assessments but also uncover more 

subtle neglect symptoms that might be missed by PnP methods, ultimately enhancing 

diagnostic accuracy and supporting early intervention strategies. 
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Finally, Chapter 5 explored the potential of tDCS applied to the right PPC as a tool for 

modifying spatial attention in unimpaired individuals, as a basis for developing a related 

intervention for potential use in patients with USN.  

 

6.2 Main findings  

The strengths and limitations of CB assessments for USN were highlighted in Chapter 2. 

While CB adaptations of conventional tasks are common, more advanced designs, such 

as incorporating controlled exposure, cueing and dynamic stimuli, offer greater sensitivity 

and improve diagnostic accuracy. Outcome measures like RT and accuracy were reported 

to be particularly effective. Additionally, the systematic review highlighted variability in task 

duration and apparatus, and the optimal parameters remain unclear. However, minimizing 

task duration and motor demands may make tasks more tolerable for a broader range of 

patients while preventing biases related to other impairments. CB tasks offer greater 

flexibility, richer data, and improved sensitivity compared to conventional methods. 

However, challenges in standardization, equipment requirements, and limited evidence on 

specificity remain. Despite these issues, CB methods are feasible, valid, and should be 

integrated into clinical settings alongside conventional assessments, which remain highly 

effective for acute and severe cases. 

Building on insights from Chapter 2, where existing CB tasks were identified by the 

systematic review, we developed a CB task battery comprising modified versions of four of 

these validated tasks: the Posner Cueing task, the dynamic Starry Night task, and the 

Feature and Conjunction visual search tasks. In Chapter 3, after testing younger and older 

adults, we found that older adults exhibited slower response times across all tasks, with 
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the difference being more pronounced in the more complex tasks like the Conjunction 

visual search task, although accuracy remained similar across groups. Pseudoneglect was 

observed in both groups, with a stronger leftward bias in younger adults, especially in 

more demanding tasks. Older adults were more affected by increasing distractor numbers, 

particularly in the Conjunction task, indicating greater vulnerability to visual load. The 

Posner Cueing task revealed delayed IOR onset in older adults, highlighting age-related 

differences in attentional control. Overall, the computer-based task battery effectively 

detected age-related changes in visuospatial attention, with the Conjunction task showing 

the most pronounced differences. The battery received positive feedback from participants 

regarding its design, clarity, and duration, supporting its potential for clinical integration in 

assessing visual attention in both unimpaired and stroke populations.  

Chapter 4 evaluated the effectiveness of a CB task battery in detecting visuospatial 

attention deficits following stroke, comparing it to the widely used traditional PnP method 

via BIT conventional subtests. Patient data were compared to age-matched unimpaired 

data (Chapter 3), and the results highlighted the CB tasks' high sensitivity in detecting 

neglect, particularly the more demanding Conjunction task. This task outperformed others, 

such as the Posner Cueing task, by identifying a higher number of neglect cases. RT was 

found to be a more sensitive indicator of USN than accuracy, with RT often revealing 

lateralized deficits even when accuracy remained within normal limits. All cases identified 

by the BIT were also verified by the CB tasks, further validating the effectiveness of these 

tasks in detecting neglect, both as a battery and independently. The BIT, although widely 

used, failed to capture lateralized attentional biases in many cases, likely due to its 

reliance on a non-lateralized total score, static stimuli, and limited task variety. In contrast, 

the dynamic nature of CB tasks allowed for a more detailed assessment of attentional 
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biases, suggesting these tasks have valuable complementary utility in clinical settings. 

Additionally, participants found the CB tasks more user-friendly, suggesting greater patient 

engagement and improved compliance compared to traditional methods. These findings 

support the integration of CB assessments into clinical practice to enhance diagnostic 

precision, provide more personalized rehabilitation strategies, and ultimately improve 

stroke care.  

Finally, in Chapter 5 we aimed to partially replicate the study by Filmer et al. (2015), which 

reported that anodal tDCS over the right PPC impaired detection of contralateral stimuli, 

while both anodal and cathodal stimulation affected bilateral stimulus detection. Our 

findings indicate that tDCS over the right PPC did not produce a noticeable impact on 

visuospatial attention, as participants performed similarly under anodal, cathodal and 

sham stimulation. While we observed a decline in performance from pre- to post-tDCS 

across all groups, this was likely due to participant fatigue rather than a direct tDCS effect. 

Despite the decline in performance observed in the bilateral trials, similar drops were also 

seen in the sham group, suggesting that task demands, rather than tDCS effects were 

responsible. These results highlight the complexity of tDCS effects and suggest that 

further research is needed to define the conditions under which tDCS may reliably 

modulate spatial attention, particularly in clinical contexts, such as its potential use as a 

rehabilitation tool for USN in stroke survivors. 
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6.3 Discussion of findings from the thesis  

6.3.1 Beyond the Results: What They Mean and what they tell us? 

The findings presented in this thesis provide valuable insights into the use of CB 

assessment for USN, their advantages and limitations, and their role alongside traditional 

methods. This research is strengthened by the large number of participants tested, 

allowing for a comprehensive evaluation of CB tasks across different populations. Rather 

than reiterating the results, this section explores their broader implications, both 

theoretically and clinically. 

Theoretical Implications 

The results contribute to our understanding of visuospatial attention, age-related 

differences, and the effectiveness of CB tasks in capturing attentional biases. The 

observation that older adults exhibited slower response times, particularly in tasks with 

greater visual load (e.g., the Conjunction task), aligns with theories of age-related declines 

in attentional control (Müller-Oehring et al., 2013). Similarly, the presence of 

pseudoneglect across all groups, with a stronger leftward bias in younger adults, suggests 

that pseudoneglect declines with age, reflecting a potential shift in hemispheric asymmetry 

(Benwell et al., 2014). In the context of USN, the greater sensitivity of CB tasks, 

particularly RT measures, emphasizes the importance of dynamic assessments over static 

paper-based methods (Bonato et al., 2013). The failure of the BIT to capture lateralized 

attentional deficits in some cases further supports the idea that neglect is not a singular 

deficit but a complex, task-dependent phenomenon (Bonato, 2012). These findings 

highlight the need for more sensitive assessment tools that can detect subtle attentional 

biases beyond those identified by conventional methods. 
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The results of the tDCS study further underscore the complexity of neuromodulation 

effects. While prior studies (e.g., Filmer et al., 2015) suggested that anodal tDCS over the 

right PPC could modulate spatial attention, our findings did not replicate these effects. 

Instead, performance declined across all groups, likely due to fatigue rather than direct 

stimulation effects. This highlights the challenge of translating tDCS findings into clinically 

meaningful interventions and raises questions about the reliability of non-invasive brain 

stimulation in modulating attention (González-Rodriguez et al., 2022). 

Clinical Implications 

From a clinical perspective, these findings suggest that CB tasks could serve as valuable 

complementary tools in the assessment and monitoring of USN. While traditional methods 

like the BIT remain effective for detecting severe neglect, they may lack the sensitivity 

needed for identifying milder deficits. CB tasks, particularly those incorporating RT 

measures, offer a more detailed picture of attentional biases and can improve diagnostic 

accuracy. The positive feedback from participants regarding the usability of the CB battery 

also suggests that these tasks are well tolerated and engaging, potentially increasing 

compliance in clinical settings. The study also reinforces the importance of task design in 

ensuring accessibility and feasibility for stroke survivors. While CB tasks offer richer data 

and improved sensitivity, challenges such as standardization, equipment availability, and 

potential training requirements must be addressed before widespread clinical adoption. 

Furthermore, making the tasks open source with immediate access to results for clinicians 

and practitioners will be essential for facilitating their use in clinical settings. Additionally, 

minimizing task duration and motor demands remains a crucial consideration to 

accommodate patients with varying levels of impairment. 
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The tDCS study further complements the behavioral findings by exploring potential 

neuromodulatory approaches to alter spatial attention. Although the expected stimulation 

effects were not observed, the exploration of brain stimulation effects bridges the gap 

between cognitive assessment and intervention. Clinical population like stroke survivors, 

could potentially benefit from the combination of sensitive assessment tools like CB tasks 

with targeted interventions like brain stimulation to manage spatial attention deficits. 

6.3.2 Context within Existing Research 

Understanding the impact of our findings would benefit from placing these in the broader 

context of visuospatial attention and neglect research. This section explores how our work 

aligns with previous research. 

Previous research highlights the complexity of USN, with variations in symptoms, severity, 

and underlying mechanisms (Durfee & Hillis, 2023). As discussed earlier, conventional 

assessments like cancellation tests and line bisection are widely used but often lack 

sensitivity to subtle deficits (Deouell et al., 2005; Kaufmann et al., 2020). In contrast, CB 

assessments have been shown to offer greater precision through measures like RT and 

more dynamic task design (Rengachary et al., 2009). Our research builds on these 

insights by developing a CB task battery with modified versions of validated tasks 

designed to detect attentional biases and spatial deficits with potentially wide application to 

clinical practice. Contributions include: (i) confirming age-related differences in visuospatial 

processing, which informs normative baselines for future clinical comparisons; (ii) 

demonstrating CB tasks' superior sensitivity in detecting lateralized attention deficits 

compared to traditional assessments, and (iii) assessing the feasibility and usability of CB 

tasks in large samples of both unimpaired adults and stroke survivors. These contributions 
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reinforce previous findings on the advantages of CB methods while addressing the need 

for standardised tests to be readily available and applicable for use in clinical practice 

(Vaes et al., 2015; Van der Stoep et al., 2013). 

Additionally, the tDCS study, targeting the right PPC, although using unimpaired 

individuals instead of stroke survivors, aligned with clinical protocols using anodal 

stimulation over the ipsilesional hemisphere to promote recovery (Allman et al., 2016; da 

Silva et al., 2022; Yi et al., 2016). Chapter 5 explores these effects by testing right parietal 

stimulation in a controlled setting, with the aim of enhancing our understanding of 

stimulation effects and variability, which could inform protocols to clinical populations. 

6.3.3 Current Guidance & Practical Considerations 

The growing body of research on USN has led to various assessment guidelines and 

recommendations. However, despite these efforts, challenges remain in determining how 

best to integrate different assessment approaches into clinical practice. This section 

explores the current state of guidance, the role of CB assessments alongside traditional 

methods, and key practical considerations for their implementation. 

Several reviews have highlighted the potential of CB methods for assessing USN due to 

their sensitivity (Bonato & Deouell, 2013; Gammeri et al., 2020). However, current formal 

clinical guidelines not yet explicitly recommend CB tasks, and no widely available, 

standardised CB battery is currently in routine clinical use (NICE, 2023; Canadian Stroke 

Best Practice Recommendations, 2019). However, a significant challenge remains in 

translating these recommendations into practical, clinically feasible assessments. While 

CB methods are gaining recognition for their enhanced sensitivity and richer data outputs, 

their integration into routine clinical practice is still limited (Young et al., 2022). This raises 
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an ongoing debate about how clinicians and researchers can best take advantage of 

existing guidance to optimize USN assessment in a way that is both effective and feasible 

in clinical settings. Addressing this requires a balanced approach that considers the 

strengths of CB methods, the need for standardization, and the practical constraints of 

clinical environments (Guilbert, 2023). 

A key consideration is how CB batteries align with current guidelines. While conventional 

PnP tasks remain the standard, their limitations, raise concerns about relying solely on 

such tasks in clinical assessments. Existing recommendations often lack detailed guidance 

on incorporating newer, more sensitive CB measures. Addressing this gap requires a 

structured approach that outlines how CB tasks can complement traditional assessments 

while ensuring practical feasibility in clinical settings. 

PnP tasks, such as those used in the BIT, provide a well-established method for 

diagnosing severe cases USN. However, as highlighted in previous chapters, their reliance 

on static stimuli and total scoring methods often results in missed cases. Unlike CB tasks, 

which can capture RT and dynamic attentional shifts, PnP assessments often lack the 

sensitivity needed for early detection or detailed deficit profiling (Rengachary et al., 2009; 

Schendel & Robertson, 2002). Despite these limitations, PnP tasks remain highly effective 

for severe cases and serve as a practical option in resource-limited settings (Azouvi et al., 

2002). To bridge this gap, CB methods should be standardised and incorporated into 

assessment protocols where possible. Their ability to provide richer data and improved 

sensitivity makes them valuable complementary tools, particularly in cases where PnP 

tasks are not effective. However, challenges such as standardisation, equipment 

requirements, and accessibility must be addressed before widespread clinical adoption. 
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6.3.4 Role of Computer-Based Assessments 

CB assessments have gained increasing recognition as valuable tools for evaluating USN. 

While traditional PnP methods remain widely used and clinically accepted, CB tasks offer 

unique advantages that can enhance both assessment accuracy and patient monitoring. 

We explored the role of CB assessments, their integration with existing guidance, and their 

application in both diagnostic and rehabilitative settings.  

Complementing traditional methods 

PnP assessments, such as those included in the BIT, have long acted as a gold standard 

for USN diagnosis (Marques et al., 2019). They are accessible, easy to administer, and 

provide a well-established method for identifying severe neglect. However, as highlighted 

in earlier chapters, PnP tasks have limitations, particularly in their ability to detect subtle or 

even distinguish lateralized deficits.  

Our results confirm that CB assessments can address the limitations of traditional PnP 

tasks by offering several advantages. They provide increased sensitivity, especially 

through the use of RT measures allowing for a more precise evaluation of attentional 

biases, even when accuracy may remain intact. CB tasks also generate richer data 

outputs, capturing detailed response patterns that are difficult to measure with PnP tasks 

(Andres et al., 2019). Additionally, they offer dynamic and adaptive testing, where task 

complexity and stimuli presentation can be manipulated, providing a more tailored 

assessment (Ten Brink et al., 2020; Van Kessel, Van Nes, et al., 2013). Given these 

strengths, we believe that CB assessments should not replace PnP tasks but rather 

complement them. Integrating CB assessments into clinical workflows would create a 

more comprehensive approach to evaluation, utilizing the strengths of both methods. 
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Fitting CB Assessments Within Existing Guidance 

Current guidelines for USN assessment emphasize the need for standardized, evidence-

based tools (NICE, 2023). However, many recommendations primarily focus on 

conventional methods, with limited guidance on incorporating CB approaches. Given their 

demonstrated validity and feasibility, CB assessments should be included more in future 

revisions of assessment guidelines, particularly in cases where PnP tasks produce unclear 

results. For example, if a star cancellation task shows no impairment or borderline 

impairment, the Conjunction visual search task could be used to compare accuracy and 

RT between the left and right sides, providing additional insight into spatial attention 

deficits. To ensure effective integration, guidance should address several key points. First, 

it should define when to use CB tasks, such as in cases of mild neglect or for tracking 

recovery over time. Second, standardized scoring and interpretation should be 

established, with clear criteria for understanding CB-obtained data, especially RT-based 

measures. Finally, practical implementation should be considered, with recommendations 

on how CB tasks can be feasibly introduced into various clinical settings, considering 

resource availability and patient needs. By refining existing guidance to include CB 

methods, clinicians will have clearer protocols for incorporating these tools into both 

research and practice. 

Assessment in Practice and Monitoring Response to Intervention 

Beyond initial diagnosis, CB tasks offer significant potential for monitoring neglect 

progression and response to intervention. Their ability to provide continuous, detailed data 

allows for more precise tracking of recovery, making them valuable for evaluating 

rehabilitation strategies (Bonato & Deouell, 2013). CB tasks can detect small changes over 
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time, unlike static PnP tasks, enabling the capture of gradual improvements in attentional 

control (List et al., 2008). For instance, if initial PnP tasks show minimal impairment, CB 

tasks could identify subtle lateralised differences, such as slower RT or accuracy. This 

indicates that CB tasks are appropriate tools for detecting short- and long-term effects of 

neuromodulatory interventions, like tDCS. Additionally, by identifying specific attentional 

deficits, interventions may be tailored to the patient’s individual needs. The interactive 

nature of many CB tasks may also improve patient engagement and compliance, 

potentially enhancing motivation throughout long-term rehabilitation (Ulm et al., 2013). 

Given these benefits, CB assessments should be considered not only for initial diagnosis 

but also as ongoing tools for evaluating treatment efficacy. Integrating them into clinical 

practice could enhance patient care by providing more detailed insights into neglect 

recovery. 

 

6.4 Future Directions 

As research on USN continues to evolve, it is crucial to reflect on the current state of 

assessment and intervention strategies. While existing guidance provides a foundation for 

clinical practice, there remain gaps in standardization, sensitivity, and implementation that 

must be addressed. This section outlines key areas for future research, evaluates whether 

current guidance is optimal, and explores the potential trajectory of USN assessment over 

the coming decades. 
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6.4.1 Evaluating Current Guidance: Is It Optimal? 

Current recommendations for USN assessment rely heavily on traditional PnP tasks, 

which, while clinically effective for severe neglect, may lack the sensitivity needed for 

detecting more subtle impairments (Cavedoni et al., 2022; Halligan et al., 1989) . While CB 

assessments have demonstrated their feasibility, they are not yet fully integrated into 

clinical guidelines. The absence of clear protocols for incorporating CB tools means that 

many clinicians continue to rely on conventional methods, potentially missing many cases 

of neglect (Checketts et al., 2021). 

To optimize current guidance, future work should focus on several key areas. First, clear 

criteria should be established for selecting assessment methods based on the severity of 

neglect, the clinical context, and factors such as time constraints (Evald et al., 2021; Fisher 

et al., 2024). Second, CB assessments should be recognized as complementary tools to 

PnP tasks, rather than alternatives. Third, addressing the challenges of standardization is 

crucial to ensure consistency across various CB platforms. By refining guidance to 

integrate CB assessments and emerging technologies more effectively, assessment 

strategies can be made more comprehensive, adaptable, and clinically impactful, 

ultimately enhancing patient care.  

Additionally, the lack of the expected effects in the tDCS study suggests that future 

research focusing on clinical protocols, should consider the potential impact of fatigue, 

individual variability in responsiveness, and the importance of optimising task design and 

stimulation parameters when aiming for clinical applications.  
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6.4.2 Key Recommendations for Advancing USN Research 

To improve assessment and rehabilitation approaches, future research should focus on 

several key areas. Future directions for CB Integration are illustrated in figure 6.1. First, 

refining CB task design is essential to create tasks that balance sensitivity, practicality, and 

ease of use in clinical settings. Based on our findings, the Conjunction visual search task 

appears best suited as a frontline CB assessment, particularly in cases where PnP tasks 

produce inconclusive results. Second, standardization and validation of CB assessment 

protocols should be prioritized to ensure consistency in data interpretation. Third, exploring 

the integration of CB tasks with rehabilitation strategies will be crucial, as they can serve 

not only for diagnosis but also as interactive tools for rehabilitation. Additionally, conducting 

longitudinal studies that utilize CB tasks will provide valuable insights into how neglect 

symptoms progress over time and how various interventions impact recovery trajectories 

(Farrington, 1991). Finally, investigating the neurophysiological and neuroimaging 

correlates of CB task performance will provide deeper insights into the underlying neural 

mechanisms, further refining diagnostic precision and treatment approaches (Corbetta & 

Shulman, 2011). 
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Furthermore, VR applications could create more immersive and ecologically valid 

environments for assessments and rehabilitation, improving patient engagement and 

treatment effectiveness (Pedroli et al., 2015; Salatino et al., 2023). If these technological 

advancements are successfully integrated, the future of USN assessment and treatment 

could be more precise, accessible, and tailored to individual needs, ultimately improving 

outcomes for patients. 

Current guidance offers a foundation for USN assessment but does not fully address the 

complexity of the syndrome or incorporate all available tools, particularly CB methods. 

Future research should focus on refining CB assessments, improving standardization, and 

exploring innovative technologies that could transform how neglect is diagnosed and 

treated. With continued advancements, the next 40 years could see a transformative shift 

in USN assessment, transitioning toward more dynamic, data-driven, and patient-centred 

approaches. 

 

6.5 Final Remarks  

Together, the findings of this thesis provide strong evidence for the efficacy of CB 

assessment tools in improving the detection of USN, particularly in mild or subclinical 

cases. These results contribute to bridging the gap between research and clinical practice, 

offering new opportunities for better diagnosing and treating USN in stroke survivors. 
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APPENDIX 2. Integrated Research Application System (IRAS) 
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APPENDIX 3.  
 
Participant Information Sheet (PIS) Outpatients CBASS 
 
Study title 
Computer-Based Assessment of visuo-Spatial attention following Stroke (CBASS). 
 
Invitation and brief summary 
 
You are invited to take part in this study that is being undertaken as part a PhD. You 
have been approached due to your history of surviving a stroke. Before you decide to 
take part or not, it is important that you understand why the study is being conducted 
and what you are being asked to do.  
 
Please take time to read this information leaflet and ask any questions you may have.  
 
In this study we aim to explore visual attention in stroke survivors in order to gain a 
better understanding of the applicability, challenges, and acceptability of computer-
based assessment tasks. 
 
What’s involved?  
 
It has been shown that computer-based tasks have many benefits when employed to 
assess different aspects of human performance. In this study, participants will 
complete a series of computerized tasks that are designed to measure visual 
attention, gathering data relating to the speed and accuracy of performance. The aim 
of the study is to compare pen-and-paper tasks to computer-based tasks to explore 
their effectiveness. 
 
We are interested in testing adults who have suffered a stroke and are thought able to 
complete these computer-based tasks. You have been invited to take part as we 
believe you meet these broad criteria. All participants should be able to use one hand 
to push a button and observe a computer screen for approximately 5 minutes at a 
time. Overall, you will be required to look at a computer screen for approximately 15-
20 minutes. You will also be asked to complete some pen and paper tasks. With 
breaks in between the different tasks, we anticipate the whole session lasting 
approximately 60–90 minutes. 
 
Do I have to take part? 

It is up to you to decide whether or not to take part. If upon reading this information 
you decide not to take part, you can do so without giving reason; your care will not be 
affected.  If you think you might be interested in taking part, please sign a permission 
to contact form. The research team will then provide you with more information and 
be available to answer any queries you may have. If you then decide to take part, you 
remain free to withdraw at any time (without giving a reason) up to the point that all 
tasks are completed.  
 
What would taking part involve? 
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If you choose to participate, you'll have the option to complete the study either at the 
University of Birmingham, or in the comfort of your own home. If you opt for the 
latter, you'll be asked to provide your address to the researcher and all usual 
safeguarding procedures will be followed in relation to home visits. The study session 
will be scheduled at your convenience, and before it commences, you'll be required to 
complete a consent form.  
The assessment session will take place in a quiet room. You will be asked to complete 
a questionnaire, including questions about your age, gender, stroke history, and other 
relevant topics. This will also involve a brief stroke-based assessment of impairments 
and function (the National Institutes of Health Stroke Scale Stroke Scale and the 
Addenbrooke's Cognitive Examination). You will then be asked to complete a series of 
four computer-based tasks that includes approximately 15-20 min of screen time. All 
these tasks have previously been completed by other stroke survivors. As part of the 
study, you will be required to respond to different targets on a computer screen.  
Responses may include touching a screen, pressing a key, or responding verbally into 
a microphone. After the computer-based task, you will be asked to complete six pen 
and paper tasks that require you to find targets and copy simple figures. Following the 
tasks, you will be asked to complete a brief feedback questionnaire about your 
thoughts regarding the tasks. The whole session is anticipated to take approximately 
60 minutes and no more than 90 minutes. In some cases (for example if the 
participants are not able to complete the research in one session) they might be 
asked to schedule a second session.  
 
What are the possible benefits of taking part? 
 
There are no obvious benefits of taking part, but you may find the research 
interesting. We can provide you with an indication of your results should you wish.  If 
this is the case, we will liaise with the stroke care team who will explain any 
implications that arise from these. Additionally, the study aims to enhance stroke care 
in the future and by taking part, you will be contributing to this. Once the study is 
completed, a summary of the study including the overall findings will be made 
available to the stroke care team.  Participants may then contact the team should 
they wish to receive this summary. 
 
What are the possible disadvantages and risks of taking part? 
 
You may feel tired or fatigued during the study. If so, you can take a break before 
continuing or even stop the session if necessary. We will prioritize your comfort and 
well-being during your participation in this research. You can take a short break at 
any point you wish. You may also take a longer break and continue the tasks at 
another appointment scheduled at your convenience if you wish to do so. 
The researcher is an HCPC registered physiotherapist, experienced working with 
individuals who have had a stroke.  
We are committed to safeguarding your privacy and security, with robust data 
protection measures in place.  
We want you to be aware that we’ve implemented measures to minimize these 
potential risks. We are ready to adjust the assessments to meet your specific 
requirements and offer support to mitigate any potential challenges. 
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Will there be any payment or reimbursement for taking part in this study? 

If you choose the option of attending the University of Birmingham to complete the 

study, reasonable travel expenses will be covered up to a limit of £50. 

What if there is a problem? 

If you have any concerns about this study, please speak to a member of the research 

team in the first instance; contact details can be found towards the end of this sheet. 

If you remain unhappy with their response and wish to make a complaint, please 

contact the Patients Advice and Liaisons Service (PALS) at your treating NHS Trust on 

< Address: Alcester Road, Birmingham, B13 8JL Phone: 0800 917 2855 >. 

If you have any concerns or wish to make a complaint about how your information is 

being used, please contact the University’s Data Protection Officer via email: 

dataprotection@contacts.bham.ac.uk 

How will we use information about you?  

We will need to use information from you and from your medical records for this 

research project. This information will include: 

 your name 

 contact details 

 basic details including your age, gender, and stroke history. 

People will use this information to do the research or to check your records to make 

sure that the research is being done properly. People who do not need to know who 

you are will not be able to see your name or contact details. Your data will have a 

code number instead. We will keep all information about you safe and secure. Once 

we have finished the study, we will keep some of the data so we can check the 
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results. We will write our reports in a way that no-one can work out that you took part 

in the study. 

What are your choices about how your information is used? 

You can stop being part of the study at any time, without giving a reason. If you 

choose to withdraw from the study after a certain point when your data has been 

anonymized, please be aware that the data collected about you may be retained 

within the study. We will keep information about you that we already have. We need 

to manage your records in specific ways for the research to be reliable. This means 

that we won’t be able to let you see or change the data we hold about you.  

Where can you find out more about how your information is used? 

 You can find out more about how we use your information at

www.hra.nhs.uk/information-about-patients/

 by asking one of the research team

 by sending an email to  or 

 by ringing us on

 by contacting the University’s Data Protection Officer via email:

dataprotection@contacts.bham.ac.uk

What will happen to the data and results of the study? 

At the conclusion of this study, we place a strong emphasis on the secure 

management of your data, maintaining the utmost privacy and confidentiality. Your 
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data will be carefully stored and managed. Electronic data files will be stored on a 

password-protected computer and paper-based data on a locked cabinet for a period 

of 10 years, at which point they will be destroyed/deleted. Only the authorized 

personnel will have access to these data. Data from the research may be published 

but you will not be recognizable from this. The results will be analysed and used to 

write a research report. Furthermore, the results could form part of a paper submitted 

for publication in a scientific journal or presented at a conference.  

How can you access publications? 

If you are interested in accessing publications related to this study, please feel free to 

contact our study team. We are here to assist you in obtaining the relevant 

publications or guide you to their sources. 

How will your data be shared? 

In some instances, your anonymised data may be shared with collaborative partners 

in institutes, within the UK or abroad for future use in ethically approved research. 

You will be given the option to consent to your anonymised data being shared for this 

purpose. Any shared data would be governed by comprehensive data protection 

measures and confidentiality agreements. 

Who is sponsoring, insuring and funding the study?  

This study is sponsored by and has received financial support from the University of 

Birmingham. 

The University of Birmingham has in place Clinical Trials indemnity coverage for this 

study which provides cover to the University for harm which comes about through the 

University’s, or its staff’s, negligence in relation to the design or management of the 
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study and may alternatively, and at the University’s discretion provide cover for non-

negligent harm to participants.  

With respect to the conduct of the study at Site and other clinical care of the patient, 

responsibility remains with the NHS organisation responsible for the clinical site and is 

therefore indemnified through NHS Resolution. The NHS have a duty of care to 

participants whether or not the participant is taking part in a clinical trial and the 

normal NHS complaints mechanisms will still be available to you. 

Who has reviewed the study? 

This study has been reviewed in line with NHS Research Ethics Committee and given a 

favourable opinion. A group of participants who have not had a stroke have already 

completed this research in a study reviewed by The University of Birmingham’s 

Research Ethics Committee and also given a favourable opinion. Young and old 

unimpaired adults who have completed the study as part of this research have 

confirmed its acceptability and feasibility. 

Contact details. 

Should you have any questions regarding the study or what is asked of you please do 

not hesitate to contact Ioanna Giannakou (Student Researcher) or Dr. David Punt 

(Project Supervisor): 

Ioanna Giannakou 
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Dr. David Punt 

Thank you for considering taking part in this study. If you wish to take part, please 

inform the researcher and you will be provided with your own copy of this information 

sheet and asked to sign a consent form. 




