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Abstract 
  

Cerebral palsy (CP) is the most common form of childhood disability, affecting approximately 2-3 
out of 1000 births per year. CP is an umbrella term describing a group of movement and posture 

disorders, caused by damage to the foetal or infant developing brain. Due to the severity of their 
physical impairment, it is difficult to gain access to technology that can enable them to 

communicate. Brain-computer interface (BCI) technology has been proposed as a new access 
method for individuals who have little to no motor control. This type of technology is unique as it 

does not require any physical capability on behalf of the user. Instead it functions through direct 
communication via neural activity produced by the brain with a computer, enabling even 

individuals with no muscular control with a means of communication and interaction.  Although the 
technological components of BCIs have been researched heavily for over 50 years, they have not 

transitioned from research labs to the real world. The focus of the research was to apply an 
exploratory, user-centred approach to understand the contextual and usability factors that may 

influence the potential of BCIs for individuals with severe CP and those who care for them. This 
thesis that incorporates publications, includes the results of three main studies. The first study 

was a focus group that aimed to gain an understanding of the context of assistive technology (AT) 
use in New Zealand, through the experiences and perspectives of different stakeholders in the 

technology adoption process. Initially this study was inclusive of questions regarding user 
requirements for a BCI to be used as AT. However, participants noted that they did not hold 

adequate knowledge of the technology and wished for more experience before they felt 
comfortable addressing such questions. For this reason the next phase delved into the testing 

and evaluation of an existing commercial BCI by individuals with CP.  A final study was completed 
to gain a more detailed understanding of the perceptions of special education staff and 

caregivers who took part in the trials, both observing and acting as proxies to our participants 
with CP. Participants were interviewed following the user testing process and to gain information 

on their experiences with the different components of the BCI system. Our results indicated that 
this commercial BCI was not suitable for independent use outside clinical/laboratory settings. 

Prior to use within an ecological environment, the hardware needs to be configurable, comfortable 
and accommodate physical support needs. The training approach needs to be less cognitively 

demanding, more motivating and support personalised mental tasks. For BCIs to transition into 
the real world, there should be adequate technological support, improved reliability, and a 

systemic assessment of how the technology will fit into the lives of end users. Participants 
emphasised the on-going need to involve users and individuals who support them, to create a 

system that truly meets the needs of the users. 
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Chapter 1. Introduction 
  

The sensual eye is just like the palm of the hand 

The palm has not the means of covering the whole of the beast 

The eye of the sea is one thing and the foam another 

Let the foam go, and gaze with the eye of the sea 

Day and night foam-flecks are flung from the sea 

Oh amazing! You behold the foam but not the sea 

We are like boats dashing together; 

Our eyes are darkened, yet we are in clear water. 

-Rumi 

Problem-solving is an inherently difficult task to do well. Over the past few centuries researchers 
have adopted a reductionist approach to finding solutions (Vicente, 2002). This means that 

problems have been broken down into their smallest parts, and studied in relative isolation. 
Although this process makes it easier to tackle otherwise unmanageable questions, dividing what 

we know into categories has formed rigid disciplinary boundaries. In the technical sciences, such 
as engineering, researchers adopt a mechanistic view, focusing primarily on hardware and 

software components (Vicente, 2002). This results in a failure to understand the human needs; 
characteristics, capabilities and desires of the people who are to interact with these systems. As 

the 13th century Persian poet, Rumi, illuminates “the eye of the sea is one thing and the foam 
another.” We need to consider research problems from all angles, to “let the foam go, and gaze 

with the eye of the sea.” 
  

The field of assistive technology (AT), designed to increase and maintain a person’s functional 
abilities, has suffered gravely from the mechanistic view of technological development, thus 

holding back the potential of millions of people who experience disabilities to access self-
expression, community participation, education and employment. Brain-computer interface (BCI) 

technology is posited to become a revolutionary new form of AT.   

BCIs are particularly important for people who live with severe physical disabilities, such as 
spastic quadriplegic CP, that cause them to have limited control over their physical abilities. They 
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are unique relative to other existing technologies, in that they do not require any physical 

capability on behalf of the user. Instead, they function through direct communication via neural 
activity produced by the brain with a computer. Due to the non-muscular modality, BCIs can 

enable individuals with an effective means of communication to improve their quality of life, even if 
they have no muscular control.  Existing research has demonstrated the potential of real world 

applications of BCIs beyond the ‘proof-of-concept’ phase. Current and future studies need to 
focus on these real world applications of BCIs outside of the highly controlled environments of 

research laboratories and clinical settings.  

Although the interest in BCI research has grown exponentially over the past decade, less than 10 
percent of the published research has involved people with severe physical disabilities (Kübler, 

Holz, Kaufman & Zickler, 2013; Mason, Bashashati, Fatourechi, Navarro & Birch, 2007). This 
highlights the overwhelming gap between empirical research and the transfer of the gained 

knowledge in application to target populations. This is known as a “translational gap”, where there 
are few studies which investigate the problems that emerge when BCIs are used by people with 

disabilities in a natural context (Kübler et al., 2013). Keates, Clarkson and Robinson (1998) 
provide a number of reasons for why there are limited studies engaging individuals with 

disabilities. For instance, there are few end-users with disabilities available to participate in 
research, and are difficult to locate/recruit; they are usually a very heterogenous group, making it 

difficult to generalise results; the trials are more expensive, require strict ethics and are known to 
progress at a slower rate. 

  
This research aimed to address the predominantly neglected piece in the puzzle- the human 

needs - of individuals who are to interact with BCIs in their everyday lives. The focus of the 
research was to apply an exploratory approach to understand the contextual and usability factors 

that may influence the potential for BCIs as AT. Nijboer and colleagues suggest that qualitative 
methods, which champion the understanding of experiences and interactions are needed 

(Nijboer, van de Laar, Gerritsen, Nijholt & Poel, 2015). Therefore, this project used a mixed-
methodology design, inclusive of quantitative and qualitative research.  

To move BCIs out of clinical and research settings and into the real world, requires an integrated 

approach that incorporates the needs of the individuals who will use and interact with the system, 
and the contexts in which they will be used. User-centred design (UCD) is a methodology in 

which users of a proposed product influence how it takes shape (International Organisation for 
Standardisation, 2010). The approach has been shown to ensure a comprehensive understanding 

of the needs of the products’ users, increase acceptance, improve product quality/reliability and 
reduce product abandonment (Mao et al., 2005; Peterson, 2008). Commercially available 
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assistive technologies currently have a high abandonment rate of up 75%, which further highlights 

the need for a methodology that can increase technology adoption (Riemer-Reiss & Wacker, 
2002). UCD provides agency for end users to be a part of identifying and shaping important 

research that would positively impact on many lives and empower them in the change making 
process (Peterson, 2008). It offers a framework that allows for translation research, inclusive of all 

users that will allow researchers to study, create solutions for emerging and evaluate the effect of 
the technology when used outside of research settings. Furthermore, due to the problems of AT 

abandonment, and a lack of translational research on BCIs, we felt compelled to employ UCD as 
an overarching framework to help guide our research process.  

In UCD, the ‘users’ are separated into three categories: end-users (primary) are people who 

actually use the product (i.e. individuals with disabilities); secondary users are those who may 
occasionally use the product or use it through an intermediary (i.e. family members, caregivers); 

and tertiary users are those who will be affected by the use of the product and make decisions 
about its usefulness in order to fund/purchase the product (i.e. speech and language therapists, 

occupational therapists, special education teachers) (Damodaran, 2001). Applying this lens to 
BCIs, a UCD approach would involve individuals with disabilities, caregivers (formal and 

informal), therapists, and health care providers. 

A typical UCD process is iterative, where the understanding and specification of user needs, in a 
given context of use, precedes the evaluation of the proposed system relative to defined 

requirements (see table 1.1). After the context of use has been established, the iterative process 
follows three stages until a user-adapted product can be released: firstly, the user requirements 

are specified; secondly, design solutions are produced to meet the requirements; and lastly, the 
designs are evaluated against the requirements. A number of methods have been proposed to 

collect user requirements, such as surveys, questionnaires, interviews and focus groups. These 
methods should involve participation from all system stakeholders, who affect or are affected by 

the product. 

Accordingly, our first step was to develop a contextual understanding of AT in New Zealand 
(stage 1 of UCD). To achieve this, a focus group study was conducted, looking at the perception 

of AT from the perspectives of those who interact with them on a daily basis. This qualitative 
method was employed as it enabled access to individual experiences of AT, as described in the 

participants’ own words. The study brought together individuals with CP, their caregivers, as well 
as health specialists (speech and language therapists, and occupational therapists) and a 

technology professional (biomechanical engineer). 

 
�3



Table 1.1. Principles and stages of the user-centred design process (adapted from Kübler et al., 2014) 
(note: due to resource restrictions and the nature of some studies, only the principles and stages that are 
italicised were included in this project).

What followed was an investigation into the effectiveness and usability of a commercial BCI to 
access a computer and communication software (stage 2 and 3 of UCD). This was a small-n 

design, consisting of a number of case studies, involving seven participants (including one pilot 
study participant) with spastic quadriplegic CP who were also non-verbal. We employed a 

commercial BCI, as it is more reflective of what these systems will look like in the future, thus 
providing valid insights. Due to our participants’ complex needs, their caregivers and teachers 

were present throughout the trials.  
  

When the trials ended, the caregivers and teachers were interviewed, to provide an 
understanding  and evaluation of their experiences with the overall system (stage 4 of UCD, which 

iterated on stage 2). We interviewed caregivers and teachers as “proxies” to the end users. Firstly, 
this approach was taken due to the limited language abilities (predominantly limited to ‘yes’ and 

‘no’ responses) of our participants with CP.  Secondly, because they are secondary users of AT, 
and therefore their perception of BCIs will influence their usability and adoption in everyday life. 

From this study we distilled the user requirements for BCIs as AT.  

In a final reflective chapter, we discuss the ethical and practical issues we faced when 
conducting research with individuals who live with severe disabilities and complex health issues. 

Principles of User Centred Design

1.Understand the user, the task and the environmental requirements

2. Encourage early and active involvement of users

3. Be driven and refined by user-centred evaluation

4. Include iteration of design solutions

5. Address the whole user experience

6. Encourage multi-disciplinary design

Stages of User Centred Design

1. Understand and specify the context of use

2. Specify the user requirements

3. Produce design solutions to meet user requirements (prototypes available for testing)

4. Evaluate the designs against requirements (evaluation metrics of effectiveness, 
efficiency and satisfaction)
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We discuss issues around gaining sustained participation in our project, participant burden, 

dissonance between consent of caregivers/guardians and assent from our participants and 
obtaining feedback from proxies. The aim was to be reflexive in our conduct and provoke thinking 

around possible avenues to overcome issues which are commonly encountered, to create more 
reliable and valid participatory/inclusive  research opportunities. 

Our results indicate the dire need for BCI researchers to take into account the various practical 

and human problems users face in daily life, rather than concentrating solely on technological 
problems. The usability of a given technological solution is not merely an attribute of the device 

itself, but is the fundamental outcome of human-device-environment interaction. From the user’s 
perspective, the usability of BCIs need to be in line with their needs, abilities and context of use. 

In this sense, a commercial BCI AT will require compatibility between the designer/engineer’s 
blueprint of the product and the end-user’s perception of the product’s inherent value. This 

research placed the end users at the heart, in order to address potential incongruities among user 
needs and abilities, and contextual factors which can hinder the adoption of AT. The novelty of 

this research, and others similar, will drive the transition of this innovative technology from the 
laboratory and into the hands of individuals for whom the technology will most benefit.  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Chapter 2. Background 
  

It’s the early hours of August 2nd 1999 and Sally, a young woman 24 weeks into her pregnancy, 

starts feeling what seem to be labour pains. She looks down on her bed-sheet, and it’s painted 
red with her blood. “This can’t be!”, she yells, “am I going to lose my child?!”. Her husband, 

Isaac, wakes up to the horror and phones for help. 

An ambulance arrives, and she’s rushed to the nearest hospital. Through the excruciating pain, 
she tries to fathom what is going on. Isaac holds her hand, praying that both his wife and child 

survive. 

It could be due to a miracle, advancements in medicine, or both, but they survive. They name 
their son Charlie, after Sally’s grandfather who fought in World War II- a brave man who also  

survived against all odds.  

A year passes and Sally notices that Charlie isn’t quite meeting his developmental milestones. 
Most babies at this age would at least be shuffling or crawling, and babbling. Charlie smiles and 

cries, but this is as much interaction as he can display. When Sally picks him up, his body stiffens 
and she wonders if her touch causes him pain. 

A visit to his paediatrician confirms that indeed, this lack of physical and verbal expression is 

abnormal.  Charlie is referred to a Child Neurologist, who after many tests and scans, diagnoses 
him with CP. Something went wrong during his childbirth and the months following that went 

undetected, causing irreversible damage to Charlie’s developing brain. Sally and Isaac are 
devastated and fearful of their future. 

It’s now 2016, and Charlie is 17 years old. He’s a huge fan of Astrophysics and Cosmology. His 

room is covered in space decor and opposite his bed hangs a large framed poster of his hero, 
the renowned Cosmologist, Carl Sagan with the “pale blue dot”, planet Earth in his hand.   

Sally and Isaac’s eyes light up when they talk about him, and how fiercely intelligent Charlie is. 

But no one else can see this. The type of CP Charlie has affects every muscle in his body, 
meaning he is essentially locked-in. Although his mind is sharp and lucid, his only reliable form of 

communication is his beaming smile.  
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Years of physical and speech therapy, numerous assessments, and surgical procedures have 

done little to improve his functional abilities. Even the most sophisticated forms of technology 
cannot enable him to speak his thoughts, to communicate everything from his basic needs to his 

most profound insights.  

At his special education school he and his peers learn nursery rhymes and the basic concepts of 
language usually taught to toddlers. His teacher knows that there is more than meets the eye with 

Charlie. But the guess work involved in deciphering his coded communication, in addition to 
being in an environment that doesn’t fulfil his potential, leads to ever increasing frustration.  

Sometimes the stress is too much for the family. Sally and Isaac felt traumatised and overwhelmed 

by their experiences that they decided not to have any more children. They changed their lives to 
adjust to the high demands of care. Sally was a ward manager at a large hospital, but now she 

works as a part-time nurse while Charlie is at school. Isaac was a scientist, working as a lead 
researcher at a university chemistry lab. He became a high school teacher to enable more 

flexibility in looking after Charlie, and cater to his complex needs. The couple say that the fact that 
he can’t tell them his basic needs causes a lot of distress.  

They recall an incident a few years back when Charlie spent two days in respite care. The 

caregivers who looked after him had placed him in a slightly odd position in his wheelchair. Little 
did they know that this seemingly minor change would have such major repercussions.  

Charlie grew increasingly sick. Mucus was building up in his respiratory tract, but he had no way 

to tell his parents what he was experiencing. By the end of the week, he was coughing up blood; 
that was when they realised something serious was going on. Charlie was admitted to hospital 

and, luckily, regained his health. When they analysed the situation, they realised that his 
positioning in his wheelchair was the cause. Something that could have been completely avoided, 

if only he had an effective means to communicate.  

Charlie, Sally and Isaac (not their real names) were all participants in this research. Their stories 
became integral to the path, enabling a glimpse into their day to day experiences- experiences 

that cannot be separated from the design of products and services made to improve the quality of 
their lives and functional abilities. 

Researchers in the field of BCI technology proclaim that their efforts are focused towards 

designing a communication and interaction system that bypasses all physical needs on behalf of 
a user. This would mean that in the near future Charlie will have a more fulfilling life and his 
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parents a less stressful one. We are now at a stage where decades of technological development 

can allow researchers and AT designers to test BCIs in real world settings, to distil the 
requirements and changes necessary for their everyday, practical use.  

With this in mind, we begin this chapter with a description of one of the potential groups of people 

who may benefit from BCIs, individuals like Charlie who live with severe, quadriplegic CP. We 
chose to work with individuals with CP, as it is the most common form of childhood disability, 

where 20 percent of individuals are nonverbal (Andersen, Mjoen & Vik, 2010). Due to the severity 
of their physical disability, a further 46 percent of this population have no access to any form of 

communication, thus significantly impacting their future, their development and their ability to 
access basic human rights, such as education and employment (Andersen, Mjoen & Vik, 2010).  

We then progress to an introduction to AT, funnelling down to the important role BCIs will play in 

this field. Lastly, this chapter will explain the existing literature where BCIs have been used and 
assessed by individuals with various disabilities. The purpose is to provide the reader with the 

necessary background knowledge, before delving into the specific studies carried out in this 
project. 

2.1. Cerebral palsy	 	  
	 	  
Cerebral palsy (CP) is an umbrella term covering non-progressive motor impairment syndromes 

caused by damage occurring in the developing brain (prenatally, postnatally and up to three 
years of age) (Krigger, 2006). Seventy to 80 percent of CP cases occur prenatally, and from 

predominantly unknown causes (Bass, 1999). Approximately six percent of cases are due to birth 
complications, including asphyxia (Krigger, 2006). Neonatal risk factors for CP are associated 

with premature birth (less than 32 weeks gestation), intracranial haemorrhage and trauma.  
Postnatal causes of CP account for between 10-20 percent, and are often attributed to brain 

damage from bacterial meningitis, viral encephalitis, and trauma caused by falls or child abuse 
(Krigger, 2006). 

In some cases, the associated symptoms can significantly hinder access to normal activities of 

everyday life. Individuals with CP experience associated disabilities related to cognitive 
impairments, epilepsy, abnormal growth, behavioural problems, as well as sensation, vision and 

hearing impairments (Krigger, 2006; Odding, Roebroeck & Stam, 2006). CP can also affect 
muscles required for effective feeding and gastroenterological health, including muscles required 

for speaking, resulting in speech and language problems (Sankar & Mundkur, 2005).  
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Advances in medicine have enabled the long-term survival of children with CP, making it the most 

common form of childhood disability in the world  (Rosenbaum et al., 2006). Through the 
development of neuroimaging techniques, more precise definitions of cerebral lesions have 

enabled researchers and clinicians to characterise the differences in the types and locations of 
brain damage in children who develop CP (Lou, 1998). Diagnosis of CP uses a testing strategy 

based on the clinical picture, pattern of symptoms and how they have developed, family history, 
and other components that may guide differential diagnoses (Krigger, 2006). Laboratory tests are 

also run, using neuroimaging techniques such as computed tomography (CT), magnetic 
resonance imaging (MRI) and ultrasound. Clinicians and parents monitor associated disabilities 

such as problems with hearing, vision, seizures, perceptual issues, and problems with physical 
touch, to help form a complete assessment of the diagnosis (Rosenbaum et al., 2006). 

2.1.1. Classifications of cerebral palsy 

The aim of this section is to provide the reader with an overview of the different types of CP, and 
literature around neuropsychological and cognitive function. Addressing neuropsychological and 

cognitive functioning may have important implications on the usability and design of BCIs, which 
are driven by neural activity. 

CP is classified according to the clinical presentation of primary motor impairments, segregated 

into three classifications: spastic cerebral palsies, extrapyramidal cerebral palsies and hypotonic 
cerebral palsies. Individuals can also present with mixed CP, where there are overlaps between 

impairments associated with the different types (Rosenbaum et al., 2006).  

Spastic CP is the most common type, accounting for between 66 to 85 percent of all cases. It is 
caused by a dysfunction in the corticospinal tracts (white matter motor pathways starting at the 

cortex that terminate on motor neurons in the spinal cord, controlling movements of the limbs and 
trunk) which causes an increase in muscle tone, hyperreflexia (overactive or over responsive 

reflexes) and continuance of primitive reflexes (Menkes & Sarnat, 2000). The increased muscle 
tone often leads to contractures of the wrist joints, arms, ankles, hips and knees (Menkes & 

Sarnat, 2000). There are three types of spastic CP: spastic diplegia, spastic quadriplegia and 
spastic hemiplegia.  

Individuals with spastic diplegia present with bilateral spasticity, generally more pronounced for 

the legs than the arms (Lou, 1998, as cited in Fennell & Dikel, 2000). Magnetic resonance images 
(MRI) of the brains of individuals with spastic diplegia show periventricular leukomalacia (PVL), 

damage and softening of the white matter of the brain which transfers information between nerve 
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cells from one part of the brain to another and through the spinal cord (Lou, 1998, as cited in 

Fennell & Dikel, 2000). There is also evidence of a lack of blood supply to the vascular border 
zone of the internal capsule and thalamus, which are important for motor and sensory processes. 

Seizures are common in this subtype, affecting 16- 27 percent of those diagnosed (Cohen & 
Duffner, 1981). Furthermore, the white matter tracts connecting prefrontal and posterior brain 

regions, the basal ganglia, and related dopaminergic pathways may be compromised, which may 
affect other functions of the cerebral system (Christ, White, Brunstrom, & Abrams, 2003).  

Spastic quadriplegia is the most severe subtype, affecting both upper and lower extremities 

(Menkes & Sarnat, 2000). Similar to diplegia, the MRIs of individuals with spastic quadriplegia 
involve very severe PVL (Lou, 1998, as cited in Fennell & Dikel, 2000). Cortical lesions, involving 

the outer grey matter of the brain, are also common and involve the parasagittal watershed 
distribution of the cerebral vessels, reducing blood flow to the major arteries of the brain.  MRIs 

have shown cystic lesions and polymicrogyria- abnormal development of the brain, manifesting in 
excessive small folds of the brain that make the cerebral cortex much thicker than normal. This 

suggests that earlier adverse events may have affected normal growth processes in the 
developing brain (Lou, 1998, as cited in Fennell & Dikel, 2000).  

Individuals with spastic hemiplegia typically present with unilateral spasticity of the arm and leg 

contralateral to the lesion, with greater involvement of the arms (Menkes & Sarnat, 2000). Similar 
to the other subtypes, individuals with hemiplegia also present with flexion contractures of the 

affected limbs (Menkes & Sarnat, 2000.  

Extrapyramidal CP (also known as dyskinetic CP) accounts for 5-22 percent of cases (Menkes & 
Sarnat, 2000). It is marked by a range of abnormal motor patterns and postures caused by an 

inability to regulate muscle tone and coordinate movements, involuntary athetoid movements of 
the limbs or dystonic posture of the trunk and limbs (Menkes & Sarnat, 2000). This type of CP 

involves damage to the basal ganglia and extrapyramidal pathways in the brain, which cause 
involuntary movements of the muscles (Tomlin, 1995, as cited in Fennell & Dikel, 2000).  

Lastly, hypotonic CP (also known as ataxic CP) is characterised by generalised decrease in 

muscle tone that remains from infancy beyond 3 years (Krigger, 2006). This type is characterised 
by frank cerebellar symptoms including uncoordination, gait disturbances and impairments in 

rapid successive movements (Menkes & Sarnat, 2000). The causes of this form of CP remains 
unclear. However, researchers suggest that it may be the result of delayed development of the 

cerebellum or in the maturation of different types of muscle fibres. A number of MRI findings show 
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that the cerebellum can be smaller than normal, individuals may have enlarged ventricles and 

gyral atrophy  (Melherm et al., 2000).  

2.1.2. Cognitive functioning in cerebral palsy 

The heterogeneous nature of CP makes it difficult to generalise about the relationship between 

these disorders and cognitive functioning. There is currently limited literature on cognitive 
functioning in individuals with CP, and more often than not, they do not differentiate between types 

of CP (Fennel & Dikel, 2000; Straub & Obrzut, 2009). For this reason we cannot present a 
comprehensive literature review on the neuropsychological functioning of the different types of CP. 

What is evident, however, is that cerebral lesions associated with CP impose biological 
constraints which affect cognitive development, resulting in a range of impairments. 

Neuropsychological testing measures psychological functions known to be linked to the anatomy 

and physiology of the brain. It provides a valuable, objective measure of evaluation of baseline 
function and changes in cognitive ability over time for individuals with CP.  Most studies 

investigating the cognitive effects of CP have reported either global IQ scores or vocational 
outcomes (Fennel & Dikel, 2000). At present, there is insufficient research to identify the sites of 

brain lesions associated with neuropsychological functioning. Better definition of these functional 
brain-behaviour relationships would allow us to understand how to develop more specific 

educational, psychological, technological and vocational interventions to enhance or maximise 
the abilities and participation of individuals with CP. Below we discuss the major findings in the 

literature around neuropsychological functioning in individuals with CP.  

Intellectual tests

Research employing intellectual tests to estimate cognitive functioning suggest that there is 

significant intellectual impairment in individuals with CP, where between 50 and 70 percent have 
IQ scores below 69, and 18 percent above 100 (Nelson & Ellenberg, 1982). However, the rates 

are thought to vary significantly between levels of physical disability and types of CP. There is 
evidence that people with spastic quadriplegia (the focus of this thesis) in most cases have 

severe intellectual impairments (Nelson & Ellenberg, 1982).  

Due to delayed or deficient language skills, and gross motor impairments, many individuals with 
CP may not be able to complete or respond accurately to cognitive tests, thus leading to an 

underestimation of their intelligence (Kaufman, 1990 as cited in Fennell & Dikel, 2000). Therefore, 
in some cases motor function may be more impaired that cognitive abilities. The use of standard 
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measures of intelligence for assessing individuals with CP poses a number of challenges, as test 

results must be interpreted in the context of the motor, speech, visual and auditory difficulties (Ito, 
Araki, Tanaka, Tasaki & Cho, 1997). For instance, the Wechsler Performance Scale subtests 

require adequate vision and visual discrimination, visual-motor coordination, gross and fine motor 
skills and the ability to work quickly and efficiently to communicate responses to a professional 

psychologist (Ito et al., 1997). In summary, there is evidence that intellectual impairments are 
common amongst individuals with CP. However, due to the testing methods employed, physical 

impairment may confound the results.  

Language and verbal abilities

Language functions are inclusive of receptive and expressive language, such as phonological, 

syntactical, and semantic processes, reading, spelling, and writing abilities (Temple, 1997, as 
cited in Bottcher, 2010).  Many children with severe spastic CP experience communication 

problems due to dysarthria (disturbed neuromuscular control of speech mechanisms) that 
impacts comprehendible speech. Severe dysarthria is commonly found in children with severe CP 

and intellectual impairments, while children with mild or moderate CP and cognitive functioning 
are likely to have normal expressive language and articulation (Pirila et al., 2007). More 

specifically children with right-hemiplegic spastic CP (lesions in the left hemisphere) have 
demonstrated spared language skills, as the brain is thought to rewire itself, shifting the language 

areas of the brain to the right hemisphere (Pirila et al., 2007).  

Dahlgren-Sandberg and Hjelmquick (1997) investigated the language skills of nonverbal children 
with CP, assessing phonemic awareness, verbal memory, verbal comprehension, reading, and 

spelling. Results showed impairments in reading, spelling, and verbal comprehension skills when 
compared to controls (one group was matched for mental age and gender, while the other 

matched for mental age and chronological age). However, phonemic awareness was not  found to 
be significantly different to the control groups.  

Language use and verbal abilities seem to vary according to an individual’s level of impairment. 

In general, verbal abilities have been shown to be more developed than nonverbal abilities in 
children with less severe CP. However, children with more severe CP, including associated 

deficits, such as IQ below 70 and dysarthria, show greater difficulties with verbal and language 
abilities when compared to children without these associated impairments (Straub & Obrzut, 

2009). 
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Visual-perceptual and visual spatial abilities

Visual-perceptual abilities encompass the complex processes that enable the comprehension of a 
wide range of visual qualities such as movement, depth, spatial relations, facial expressions, and 

the recognition of objects (Abercrombie, 1964 as cited in Bottcher, 2010). The normal 
development of the visual system is contingent on the integrity of the areas promoting visual-

perceptual processes in the brain and an individual’s early visual experience (Gilmore, 2003, as 
cited in Bottcher, 2010).   

Research suggests that visual-perceptual impairments are associated with a reduction in the 

white matter in the parietal and occipital lobes of the brain (responsible for visual processing) in 
groups of children with spastic CP (Fazzi et al., 2004; Goto, Ota, Iai, Sugita, & Tanabe, 1994). 

There is also evidence that ventricular enlargement and damage to the posterior body of the 
corpus callosum contributes to visual-perceptual impairment (Fedrezzi et al., 1996).  Such 

impairments are further impacted by a high incidence of strabismus (abnormal alignment of the 
eyes), amblyopia (dimmed vision), nystagmus (rapid involuntary movements of eyes) and optic 

atrophy in individuals with CP (Fedrezzi et al., 1996).  

In a study on the visual spatial abilities of adolescents with CP, it was found that proprioceptive 
function (the ability to know where one’s body is in space) was not enhanced by visual cueing, 

whereas typically developed participants showed an advantage with proprioceptive tasks aided 
by visual cues (Wann, 1991). This study indicates that individuals with CP may face difficulties 

mapping between the visual system and proprioceptive system. Wann (1991) suggests that 
individuals with CP might have cortical damage such that the neural structure necessary for 

mapping between the visual system and the proprioceptive system may be impaired. These 
visual perceptual deficits can affect other areas of functioning. Children with such impairments 

have concomitant visual skill deficits that lead to reading difficulties (Kozeis et al., 2006), and 
slower rates in processing visual imagery compared to participants without visual perceptual 

deficits (Courbois, Coello & Bouchard. 2004). 

Learning and memory

Due to the broad limitations children with CP experience, learning and memory problems are 

prominent. Ostensjo et al. (2003) reports that 44 percent of individuals with CP encounter 
difficulties learning, memorising, and applying attained knowledge.  
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A longitudinal study by Dahlgren-Sandberg (2006) examined literacy learning in nonverbal 

children with severe quadriplegic CP compared to a group of normal children. Although the 
participants with CP showed some development in phonological skills, their short-term memory 

abilities did not improve when compared to the control group. Additionally, the initial tests of short 
term memory showed significantly impaired abilities, and difficulty acquiring reading and writing 

skills compared to the control group. 

Another study examined short and long-term memory in children with spastic quadriplegic CP, 
using the California Verbal Learning Test (White & Christ, 2005). Results revealed that the group 

with CP had more difficulty learning words over five testing sessions, thus reflecting compromised 
learning and short-term memory. However, long-term memory performance was comparable to 

that of the control group.  

Executive functioning and attention

Traditionally, attention and executive functions have been studied separately. However, these two 

aspects are now increasingly being merged due to the overlap in areas of working memory, self-
regulation, and ability to inhibit and control actions (Korkman, 1999; Manly et al., 2001). 

Encompassing five parallel frontostriatal circuits that receive information from different areas of the 
brain, the executive system is inclusive of several higher order functions associated with self-

regulation in cognitive, behavioural, and emotional realms (Powell & Voeller, 2004). Disruption to 
this system manifests in attention deficit, impaired working memory, and impulsive behaviour.  

Attention is reflective of the processes that facilitate the selection and processing of information, 

despite resource limitations in our information-processing abilities (Mirsky, 1989, as cited in 
Bottcher, 2010). It has been hypothesised that in individuals with CP, higher order executive 

abilities might be impaired due to damage to the white matter tracts, which connect the prefrontal 
and posterior brain regions (Christ, White, Brunstrom & Abrams, 2003). For example, a study by 

White and Christ (2005) suggested that there were deficits in executive functioning in children 
with quadriplegic spastic CP. Specifically, it was found that the participants with quadriplegic CP 

demonstrated less evidence of a “clustering” strategy in recalling a list of words when compared 
to the performance of the control group. The authors suggest that these results indicate prefrontal 

lobe dysfunction caused by PVL damage. 

In another study, Christ et al. (2003) examined inhibitory control in 13 children with bilateral 
spastic CP and 20 control participants. The participants completed three measures of inhibitory 

control where they were required to respond appropriately to presentation of coloured words; a 
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stimulus-response task, in which children were required to respond to peripheral circles on a 

computer; and an anti-saccade task, in which the participants’ eye movements towards a stimulus 
were recorded.  Reaction time and error data were analysed, revealing slower reaction times and 

more errors in participants with CP than the control group. Poor performance in these tasks were 
still existent even after controlling for reaction time, suggesting that inhibitory control may be 

affected beyond delayed processing speed in children with CP.  

There is evidence that sustained attention (the ability to be vigilant) may be reduced in individuals 
with CP, particularly in individuals with right hemisphere lesions (Mirsky 1989, as cited in Bottcher, 

2010). One study investigated the relationship between sustained attention and a group of 
children with right or left hemiplegia and unilateral lesions that were identified by CT or MRI scans 

(Kolk & Talvik, 2000). The results showed that participants with hemiplegia have significantly lower 
sustained attention when compared to a control group. Additionally, the presence of seizures 

were found to be a significant predictor of problems with both focused and sustained attention. 

Conclusion 

Although CP is the most common form of childhood disability, there remains a paucity in the 
literature regarding the neuropsychological effects of the disorder on one’s functioning. Based on 

these summarised results, it is clear that children with CP experience functional difficulties in 
several domains. It would be beneficial to utilise findings from neuropsychological assessments to 

guide technology development to improve the lives of individuals with CP, especially when 
considering that 46 percent of individuals with spastic quadriplegia have no access to any form of 

technology to enable communication or improvement in their functional abilities (Andersen, Mjøen 
& Vik, 2010).  

2.2. Assistive technology 

The expression of choice, communication, autonomy, access to education and employment are 

facets that impact our quality of life. Individuals with severe CP often face barriers to these 
dimensions, due to insufficient motor control, complex communication needs, and a lack of 

alternative means of interacting with their external world (United Nations, 2006). Present-day 
technological advancements can offer a route towards deconstructing these barriers and pave an 

innovative path towards equal human rights. 
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Assistive technologies (AT) are designed specifically to increase and maintain an individual’s 

functional abilities (Campbell, Milbourne, Dugan, & Wilcox, 2006). These include wheelchairs, 
augmentative and alternative communication systems. The past three decades have seen an 

exponential growth in the availability and production of various types of AT. This growth reflects 
the increasing number of people with disabilities, and rapid advances of technology where new 

generations of AT have become more affordable, customisable, portable and easier to use and 
maintain (Scherer, 1996). Even though these technologies are designed to improve functioning, 

they continue to face high rates of abandonment. The percentage of abandonment is reported to 
range from 30-75 percent (Parette, Peterson-Karlan, Smith & Gray, 2006; Riemer-Reiss & Wacker, 

2002). 

Although there is a paucity of research that looks into the efficacy and usefulness of these 
technologies (Parette et al., 2006), Dawe (2006) explains that breakdowns in the adoption 

process can occur due to conflicting perspectives of those involved in the selection and 
implementation of AT, or due to the length of time it takes to train and fully utilise the technology. 

Furthermore, research indicates that when collecting requirements for new AT, designers must 
make the effort to understand and gather input from the various individuals who will be involved in 

the adoption process (Dawe, 2006; Waller, Balandin, O’Mara, & Judson, 2005). The design 
process should include bringing awareness to the perceptions, and goals among the users, 

caregivers and healthcare practitioners. 

AT evaluation is usually used to test the feasibility of a potential solution, namely to determine how 
well the user can use the device in repeated trials across multiple days (Leung, Brian, & Chau, 

2013). These evaluations are kept brief, limited to a few sessions and are clinical in nature 
(Edyburn & Smith, 2004). However, the clinical nature of these evaluations is not necessarily 

reflective of their long term use. Although the evaluation may show a promising fit between the 
user and AT, the problem of AT abandonment still remains. 

Copley and Ziviani (2004) identified 6 prevalent factors from the literature, that can impede the 

adoption of AT: 
1.  Insufficient training of staff 

2.  Issues with assessment and matching the user with the proper technology 
3.  Problems with planning for integration of technology into the user’s day to day life 

4.  Funding challenges 
5.  Difficulties with timely technical support 

6. Increased time demand from people who are supporting an AT user 
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Upon examination of these factors, it is evident that they focus on issues that are external to the 

end user. Recent studies on user perspectives of AT indicate that attitudes and experiences, 
particularly of the immediate benefits of the technology are significant determinants to their use 

(Hemmingson, Lidstrom & Nygard, 2009).  Furthermore, these initial perspectives may override 
the long-term advantages that are only realised through continued use of the technology. To 

obtain a complete picture of AT adoption, there is a need for more research that incorporates the 
perspectives and experiences of the AT user as a risk factor- thus requiring processes like UCD. 

2.2.1. Access technology 

For individuals with multiple and severe physical disability, even access to AT can be limited. For 
instance, how does someone with spastic quadriplegic CP drive a wheelchair, or communicate 

through augmentative and alternative communication systems?  Many individuals require a bank 
of AT called “access technologies/interfaces”, which offer alternative pathways of interaction, 

where physical disability imposes restrictions on conventional methods. These technologies 
translate the intentions of physically impaired users into functional interactions with their external 

environment (Tai, Blain, & Chau, 2008; Leung, et al., 2013). 

Access technology solutions are designed with careful consideration of the varying levels of 
impairment, capabilities and preferences of the users. This is inclusive of the types of activities 

that will be performed by the technology and the environments in which they will be employed 
(Cook & Hussey, 2002; Fager, Beukelman, Fried-Oken, Jakobs & Baker, 2012). As such, a variety 

of access technologies have been developed to meet different physical needs. This section will 
provide an overview of existing access technologies, before providing a more comprehensive 

review on research into BCIs.   

Mechanical switches

A mechanical switch includes two or more contacts and an actuator which controls the activation 

and deactivation of the switch (Lancioni & Lems, 2001). The activation mechanisms can respond 
to different stimuli, but all require explicit physical movement, such as force from head movements 

to activate “Jelly Bean” switches or air pressure in the case of “sip and puff” switches (Wilson, 
1998). Mechanical switches are very commonly used by individuals with severe physical 

disabilities, are widely available, affordable, robust and simple to operate. However, a 
disadvantage of switches is the requirement to have control of motor activity of one body part or 

area. In reality, a given access site, such as movement of a hand or the head, has been shown to 
vary significantly over time due to cognitive and physical fatigue (Evans, Drew & Blenkhorn, 2000; 
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Lancioni & Lems, 2001) or changes in functional abilities (that may be due to injury, changes in 

secondary conditions or progression of disease) (Borasio & Miller, 2001; Ditunno & Formal, 1994). 
      

Electromyography

Access methods using electromyography (EMG) employ electrodes that record electrical activity 
generated by muscles at rest and during contraction (Gryfe, Kurtz, Gutmann  & Laiken, 1996). 

This method requires the application of an electrolytic gel to establish a conducting path between 
the electrode and skin (Gryfe, Kurtz, Gutmann  & Laiken, 1996). An individual who has voluntary 

control over at least one muscle would be able to use this access method. A number of studies 
have shown the success of EMGs as an access mechanism for individuals with disabilities such 

as spinal cord injury and amyotrophic lateral sclerosis (Chen, Lai, Luh & Kuo, 2002). However, 
there are a number of variables that affect the long-term usability and feasibility of these systems. 

For example, the strength of muscle contraction can affect the signal-to-noise ratio reducing 
detection of the signal (Merletti & Parker, 2004, as cited in Tai et al., 2008), and excessive 

perspiration which can cause the sensors to shift and degrade (Clancy et al., 2002).    
      

Eye tracking

Eye tracking systems enable computer access by emitting invisible infrared light towards the 
surface of the eye, causing a distinct reflection on the user’s pupil which can be tracked by 

cameras (Fager et al., 2012). Accompanying software programs then correlate the light and the 
computer mouse with information gathered through a calibration process (Fager et al., 2012). 

Selections of content on a computer screen can be made by the user dwelling his/her eye gaze 
on a location or blinking (similar to clicking). Although this method has been shown to be effective 

within a relatively controlled environment (indoors), its use in an outdoor environment is limited 
due to interference caused by natural light on the tracking of infrared light on the pupil (Majaranta 

& Bulling, 2014). Furthermore, it requires good level of head control to maintain calibration, and 
control of eye muscles, which is not possible for all individuals with disabilities (Zhu & Ji, 2005).  

      

Head tracking

Head tracking technologies translate head movements into mouse/ cursor movements on the 

display of a computer (Betke, Gip & Flemings, 2002). This access method usually employs 
infrared cameras that track a reflective dot/configuration of dots placed on the forehead or 

glasses (Betke, Gip & Flemings, 2002). The cursor follows an individual’s head movements 
allowing them to make selections by using a preset dwell time or by activating an external switch 
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to speak the message out loud. A range of head, neck and hand movement control is required for 

this method.  However, advances in the development of the technology now allow for extraneous 
head movement, thereby enabling use by individuals with conditions such as spastic CP (Fager, 

Bardach, Russell & Higginbotham, 2012).   

2.3. Brain-computer interfacing 

For individuals who have little-to-no motor control, such as those with quadriplegic CP, operation 

of existing access technology may be difficult or impossible. An alternative is a BCI, which uses 
brain/neural activity as control signals for computers, thus bypassing the need for voluntary 

physical movement (Wolpaw et al., 2002).  

There are three main processes involved in using a BCI (see figure 2.1) (Wolpaw et al., 2002): the 
BCI transducer acquires the signals from the user’s brain. These signals reflect the user ability to 

modulate information and generate specific brain/neural patterns by engaging in cognitive tasks 
(for instance, focusing attention to an oscillating stimulus or  imagined movement of a limb) . 

Secondly, feature extraction and translation/classification algorithms convert this neural activity 
into control signals. Finally, these control signals are used as functional outputs (e.g. using a 

computer application for communication).  Apart from functional outputs, feedback may also be 
provided based on the detected brain signals, and whether the system was able to interpret them 

to complete a given task. In this sense, successful operation of a BCI is dependent on how the 
user and the system interact with each other (Wolpaw et al., 2002).   

              Figure 2.1. Three main processes involved in using a BCI. 
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2.3.1. Measuring brain activity 

The human brain is made up of a network of approximately 100 billion nerve cells called neurons 

(Allison & Neuper, 2010). Each neuron can communicate with thousands of others to regulate 
physical and cognitive processes. The way the neurons communicate is through electrical signals 

or by exchange of chemicals called neurotransmitters. This process requires an increase in 
oxygen and glucose, causing an increase in blood flow to areas of the brain where neurons are 

highly active (Halder et al., 2011).  

Technological advances allow for the observation of electrical, chemical or blood flow changes as 
the brain processes information and reacts to stimuli. This makes it possible to produce images of 

brain structure and activity, inferring specific cognitive processes that occur inside the brain at a 
given time (Wolpaw et al., 2002).  

There are two classes of technologies that measure brain activity; invasive and non-invasive. 

Invasive technologies place sensors directly on the surface (electrocorticography) or inside the 
brain (intracortical neuron recording) (Moghimi, Kushki, Guerguerian & Chau, 2012). This class 

provides high temporal and spatial resolution, usually investigating specific and small areas of the 
brain. They require surgical procedures that can lead to medical health complications. Research 

using invasive methods is an emerging field, but due to the high risk of complications and cost, it 
remains in experimental settings (Pasqualotto, Federici, Belardinelli & Birbaumer, 2012).  

Non-invasive technologies can measure brain activity through imaging techniques (functional 

magnetic resonance imaging) or external sensors placed on the surface of the scalps (functional 
near infrared spectroscopy, magnetoencephalography and electroencephalography).  

One method uses functional near infrared spectroscopy (fNIRS), that projects near infrared light 

onto the brain through the surface of the scalp (Sitaram et al., 2007). Different physical and 
cognitive process that activate areas of the brain create changes in blood oxygenation and 

volume. fNIRS can measure the optical changes at different wavelengths when light is reflected 
back out (Sitaram et al., 2007). This method offers high spatial resolution at the cost of lower 

temporal resolution, caused by the amount of time it takes for blood to flow to a specific area of 
the brain (Sitaram et al., 2007). For BCIs that will be used for computer control, temporal 

resolution is of critical importance, as users need to adapt their brain activity based on immediate 
feedback from the system.  
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Functional magnetic resonance imaging (fMRI) uses electromagnetic fields to detect changes in 

the local cerebral blood volume, flow and oxygenation levels during brain activation (Pasqualotto, 
Federici, Belardinelli & Birbaumer, 2012). This method produces high spatial resolution, and can 

be applied to localising active regions inside the brain. Unfortunately, fMRIs have very poor 
temporal resolution, making them unsuitable for rapid interaction required to operate BCI systems 

(Tan & Nijholt, 2010). Furthermore, the technology itself requires large, bulky and expensive 
hardware, making it inapplicable for non-clinical use (Tan & Nijholt, 2010).  

Magnetoencephalography (MEG) is a technique that measures the magnetic fields generated by 

brain activity (Mellinger et al., 2007). It achieves this by measuring the intracellular currents that 
flow through neurons, which create magnetic fields outside of the head (Mellinger et al., 2007). 

Magnetic fields are detected by superconducting quantum interference devices, that are sensitive 
to changes caused by neural activity. These costly machines are housed in locations that are 

protected against other magnetic interferences from external sources, that can interfere with the 
detection of changes caused by the brain (Mellinger et al., 2007). In this sense, MEG is 

inapplicable for everyday use outside of the laboratory.  

The focus of this thesis, and the most widely used form of neural signal acquisition for BCI uses 
non-invasive electroencephalography (EEG) (Nijboer, Plass-Oude, Van Wijk & Farquhar, 2014). 

EEG measures the electrical signals produced by neural activity, from electrodes placed on the 
surface of the scalp. Depending on the level of consciousness, actions and thoughts, an 

individual’s brain activity will show different rhythmic waves in different areas of the brain. One of 
the greatest limitations of EEG is that the signals can be difficult to process, as they are 

susceptible to noise and interferences, such as ocular and muscular artefacts (Daly et al., 2013). 
However, even with its restrictions, it is the most practical and affordable method when compared 

to the options described above (Kübler, Holz, Kaufmann, & Zickler, 2013). 

2.3.2. EEG Brain Patterns for BCIs 

Two common brain patterns used as control mechanisms for BCIs are those based on external 

stimuli (evoked potentials) and those based on self-induced patterns (spontaneous brain 
patterns).  

Evoked potentials 

Evoked potentials measure the electrical activity in the brain in response to an external sensory 
stimulus (Wolpaw, Birbaumer, McFarland, Pfurtscheller, & Vaughan, 2002). One example is the 
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P300 event related potential. When an auditory, visual, or somatosensory stimulus that is 

uncommon or significant, is separated by frequent or routine stimuli, it evokes a positive peak in 
the EEG signal at 300 milliseconds after the stimulus has been presented (Farwell & Donchin, 

1988) .  The P300 speller, first described in 1988 by Farwell and Donchin, is a well researched 
BCI. This system highlights columns and rows of an alphabet matrix on a computer monitor. The 

P300 brain response is evoked when the row or column that contains the user’s desired letter is 
highlighted, and the row/column is then selected (Nijboer et al., 2008). Researchers have shown 

that the P300 method is highly accurate, where participants without disabilities are able to use the 
BCI with 89 percent accuracy (Guger et al., 2009). However, the P300 speller may not be as 

effective for individuals with disabilities. One study showed that around 30 percent of individuals 
with Amyotrophic Lateral Sclerosis (ALS) were unable to operate this form of BCI, due to 

impairments in auditory processing and the muscles that control vision (McCane et al., 2014).   

Another heavily researched form of evoked potential is the steady state visual evoked potential 
(SSVEP). When presented with repetitive visual stimuli, EEG recordings from electrodes placed in 

the parieto-occipital sites measure the change in amplitude of the brain signal (Birbaumer, 2006). 
The usual experimental setting presents participants with four boxes, that flash at different 

frequencies. When the participant gazes at the box they wish to select, a brain response is 
triggered that matches the frequency of the flashing box (Daly et al., 2013). SSVEP-based BCIs 

can infer intent by measuring the EEG activity at a frequency over the occipital areas of the brain. 
This achieves high information transfer rates, and classification accuracies. Zhang et al., (2010) 

showed accuracy of 72.6 percent after only three days of use for 30 minutes, when used by 
people with no disabilities. Successful use has also been shown by individuals with ALS, CP and 

spinal cord injury (Birbaumer, 2006; Daly et al., 2015; McCane et al., 2014). However, because 
they are dependent on the control of muscles that move the eyes, they may not be appropriate for 

individuals who lack this kind of muscle control (Chen, Chen, Gao & Gao, 2013).  

Although BCIs that use evoked potentials do not require any training, as they detect the brain’s 
involuntary response to a stimulus, research suggests that they may be susceptible to habituation 

and signals can be influenced by user fatigue and motivation (Sellers & Donchin, 2006). These 
systems often use low-frequency flickering stimuli to prompt responses, which have the potential 

to induce photo-epileptic seizures in those who are photosensitive (Fisher, Harding, Erba, Barkley 
& Wilkins, 2005).  

 
�22



Spontaneous brain patterns 

The focus of this research was on BCIs that are driven by self-induced ‘spontaneous’ brain 
patterns. This method requires the user to control specific features of their neural activity. The 

EEG activity consists of a variety of rhythms that are recognised based on their frequency and 
location on the scalp, and are linked to different brain functions (Pfurtscheller & Lopes da Silva, 

1999). Sensory and cognitive processing, as well as motor behaviour, cause shifts in the 
potentials of electrical activity produced by the the brain (Pfurtscheller, 2001). Two heavily 

researched spontaneous brain patterns are slow cortical potentials (SCPs) and the mu-rhythm 
(Birbaumer, 2006; Schalk et al., 2008; Wolpaw et al., 2003).  

SCPs are shifts in the electrical activity of the cerebral cortex, lasting from hundreds of 

milliseconds to several seconds (Birbaumer, 2006). Negative SCPs reflect the processing of 
behavioural or cognitive preparation, whereas positive SCPs represent a reduction in cortical 

excitation, reflecting a more relaxed state (Birbaumer, 2006). Through operant conditioning, 
people can learn to control the SCP amplitude and use this as a control signal to operate a BCI. 

Usually, the amplitude is represented as a vertical position of a cursor on a computer screen, and 
the participant experiments with increasing or decreasing the SCP amplitude to move the cursor 

up and down (Elbert, Rockstroh, Lutzenberger & Birbaumer, 1980).  

The mu-rhythm is a specific type of brain activity that is elicited by actual, observed or imagined 
movement (motor imagery). A mu-rhythm based BCI asks the participant to perform a motor task 

(real or imagined), which induces a desynchronisation (a reduction in EEG spectral power) that 
occurs within specific EEG frequency ranges (alpha 8–12Hz and beta 18–26 Hz), above 

sensorimotor cortical regions contralateral to the part of the body (Pfurtscheller & Lopes da Silva, 
1999). Sensors located on the sensorimotor strip measure the amplitude of the mu-rhythm, which 

is used as a control signal for computer operation, following a similar protocol to SCPs (Schalk et 
al., 2008). The mu-rhythm signal was the focus of this thesis research.  BCIs based on mu-rhythm 

have also been trialled by individuals with CP (Scherer et al., 2015), spinal cord lesions 
(McFarland et al., 2008; Pfurtscheller et al., 2003) and ALS (Kübler et al., 2005).  

The majority of these studies required the modulation of two brain states associated with motor 

imagery of the right hand/foot v.s. left hand/foot or one type of motor imagery and relaxation, for 
the application of cursor control. This method has been successfully used to control spelling 

(Neuper et al., 2003, 2005), environmental control (Babiloni et al., 2009; Cincotti et al., 2008), and 
assistive mobility applications (Leeb et al., 2013).  
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The human user can influence the reliability of these systems, where successful BCI operation 

may be influenced by how well users can voluntarily control their neural activity  (Lotte, Larrue & 
Muhl, 2013). Learning to control neural activity for spontaneous BCIs is not an entirely intuitive 

process, and can be complex, repetitive and time consuming (Kübler et al., 2013). User training 
is of particular importance in operating BCIs that are driven by self-induced, spontaneous neural 

activity. The ability to modulate this activity voluntarily is thought to be a learned skill, similar to 
learning motor tasks. Research has shown that task performance increases with practice, and 

that users transition from a very deliberate cognitive approach to nearly automatic execution 
(Wander et al., 2013; Wolpaw & McFarland, 2004).  

Neuper and Pfurtscheller (2010) stipulate that self-driven BCI operation is analogous to 

neurofeedback. Neurofeedback has roots in operant conditioning, where visual feedback of the 
EEG is presented in a game-like format (Yu, Kang & Jung, 2012). These environments are utilised 

to increase user motivation and engagement in order to achieve the goal of creating specific 
changes in EEG activity (Pineda, Silverman, Vankov & Hestenes 2003). When the user is able to 

produce the required brain activity, their behaviour is positively reinforced through a reward 
schedule (Yu, Kang & Jung, 2012). Thresholds are adjusted based on the user's capabilities, to 

ensure that the task at hand is challenging enough to motivate the user to continue training until 
they reach a stage of ‘mastery’. This approach enables the user to automatically reproduce 

specific frequency components that are reflective of the mental task (Pineda, Silverman, Vankov & 
Hestenes 2003). 

The impact of the type of feedback and instruction provided in BCI training is not clearly 

understood, but it is known to be an integral part of learning (Neuper & Pfurtscheller, 2010). From 
early behavioural and neurofeedback studies it is known that immediate feedback is superior to 

delayed feedback (Mcfarland, Mccane, & Wolpaw, 1998). The most popular form of feedback in 
BCI research has been cursor control. In a typical session, an individual attempts to move a 

cursor from the centre of a computer screen, towards a target, through modulation of their brain 
activity. Once the individual has successfully reached the target, it flashes to indicate a successful 

outcome. This is sometimes followed by positive reinforcement, in the form of a smiley face saying 
“very good”, with the assumption that this type of reward is reinforcing the behaviour (Wolpaw et 

al., 2000). 

Ecologically valid feedback in a virtual environment may provide better training than traditional 
two-dimensional feedback, as described above (Krepki, Blankertz, Curio & Muller, 2007). Virtual 

reality and video-games are tools that can improve the neurofeedback process, by creating an 
immersive and engaging environment (Lecuyer, Lotte, Reilly, Hirose & Slater, 2008). Several 
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studies have shown that using gaming tools and virtual reality can shorten the BCI learning 

process, as well as increase user motivation (Krepski et al., 2007; Lecuyer et al., 2008; Leeb et 
al., 2007; Ron-Angevin, Estrella & Reyes-Lecuona, 2005). For example, Ron-Angevin and 

colleagues (2009) found significant differences in BCI control depending on the type of feedback 
people received. Their research found that novice BCI users who received conventional feedback 

(a horizontal bar that moved across a vertical line based on the type of mental task used) had 
more difficulty reproducing the desired mental task (reflected in a 10-15 percent increase in error), 

than those who received a virtual reality type feedback (driving a car on a road). These studies 
demonstrate the need for rich and motivating feedback to enhance the learnability of the system 

and increase the mental state classification performance. 

2.3.3. Usability of BCIs 

A number of studies have demonstrated that users with and without disabilities can use a BCI. 

However, the transfer of BCIs from the lab to the daily life of people is slow and it has been 
argued that BCIs need to improve significantly in terms of usability in order to achieve technology 

transfer (Blain- Moraes et al., 2012; Brunner et al., 2011; Huggins et al., 2011; Kaufmann, Volker, 
Gunesch, & Kübler., 2012; Nijboer, Plass-Oude Bos, Van Wijk & Farquhar, 2014, 2015; Nijboer et 

al., 2014; Zickler et al., 2009).  

In 2012 at the start of this PhD research, there were very few studies that incorporated or 
acknowledged user needs in the design and development of BCIs (Huggins, Wren & Gruis, 2011; 

Blain-Moraes et al., 2012). However, in recent years the scope has changed, and an increasing 
number of studies are evaluating the usability of BCI systems and investigating user needs, 

beyond accuracy and the development of sophisticated algorithms. These studies have used a 
range of methods, from surveys, small-n designs (Geronimo et al., 2015; Huggins et al., 2011; 

Nijboer, 2015) to focus groups (Blain-Moraes et al., 2012; Liberati et al., 2015).  

Usability is a major component of UCD and encompasses effectiveness, efficiency and user 
satisfaction. Effectiveness refers to the accuracy and completeness with which the intended goals 

are achieved. This component of usability has been the dominant focus of BCI research. 
Efficiency is the amount of human, economic and temporal resources that are expended in 

obtaining the effectiveness. In their current state, BCIs are a much slower alternative access 
methods, and therefore there is minimal literature around this aspect of usability. User satisfaction 

is a measure of the immediate and long-term comfort and acceptability of the overall system (ISO, 
2010). In aggregate, these components of usability aim to establish the acceptability of BCI 
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prototypes to bridge the gap between research and real world applications. This section will 

discuss some of the research that has covered usability aspects of BCIs.  

Effectiveness

The majority of studies on communication involving potential end-users have evaluated P300-

based BCIs. Thompson, Gruis and Huggins (2014) saw the potential to integrate P300-BCIs with 
existing communication software to decrease the learning curve for use by individuals with ALS. 

In this study, all participants could operate the P300-BCI to access a communication application 
with an average of 74 percent accuracy rate. This suggests that familiarity with a given 

technology may improve the usability.  

Another study looked at effectiveness, of a P300-BCI by eight individuals with ALS over one week 
(Schettini et al., 2015). In this study they compared access to a communication software using 

traditional AT input systems (a switch-based button or mouse using residual physical ability), 
access to communication software using a P300 BCI, or simply using the P300 speller. Their 

results found no significant difference for effectiveness, meaning all methods were equally 
accurate.  Although a 74 percent accuracy rate is high, Blain-Moraes and colleagues (2012) 

found that for BCIs to be used out of laboratories, an acceptable level of accuracy should not be 
70 percent, but rather 90 percent to enable reliable and consistent communication. Therefore, for 

daily use, the accuracy rate of BCIs are much lower than existing access technologies. 

Sellers and colleagues (2014) reported a case study regarding an individual with locked-in 
syndrome due to a brainstem stroke. They showed how he was able to control an adapted P300-

BCI speller to independently access a computer application. After 40 sessions, spanning 13 
months, the participant was able to spell words accurately and initiate dialogue with his family. 

The authors tested several paradigms to optimise his performance based on variations in the 
number of flashes and stimulus onset asynchrony. Similar long-term results for the P300 method 

have been found in two case studies on individuals with ALS (Sellers, Vaughan & Wolpaw, 2010; 
Holz, Botrel, Kauffman & Kübler, 2015). 

Researchers have investigated the types of stimulation (visual, auditory and tactile) to elicit the 

P300 (Nijboer et al., 2010; Riccio et al., 2013). A number of studies have found evidence that the 
performance of the P300 speller is dependant on eye gaze on an intended letter (Brunner et al., 

2010; Treder & Blankertz, 2010). As impairments to oculomotor control and visual function are 
prominent in individuals with neurological impairments and neurodegenerative diseases, this is 

cited as a cause of decreased effectiveness of the P300-BCI. Eye gaze-independent BCIs have 
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been explored, however many of these have been tested on individuals without disabilities, 

therefore the the effectiveness of these modalities still require further study (Hohne et al., 2010).  

An SCP study by Kübler et al (1999), looked at the ability to control a cursor in training sessions 
consisting of between 100-200 trials (4 seconds in duration). Although 10 out of 13 able-bodied 

participants achieved significant SCP control (70-80 percent accuracy) in a single training 
session, three patients with ALS recruited for the same study, required several months (more than 

100 sessions) to gain a similar level of SCP control (Kübler et al., 1999).  

A number of studies have included end users with advanced ALS (Hinterberger et al., 2003; 
Kübler et al., 1999; Neumann et al., 2003). By employing different mental tasks to create changes 

in SCPs, over the space of three weeks (3 sessions per week), two individuals with ALS were able 
to control the movement of an object on a computer screen, to select letters that were presented 

dichotomously (Kübler et al., 2001). In this paradigm, the alphabet was gradually split into two 
subsets of letters, successively presented in five levels, until the single intended letter was 

presented for selection, and thus effective communication. Although this study appears to be 
more effective than the one completed by Kübler et al. (1999), the authors did not compare the 

two studies to uncover the potential reasons. Reasons could reflect the presentation of the 
communication user interface, the training paradigms, or individual differences (such as 

progression of the disease). This lack of comparison makes it difficult to gauge the efficacy of 
BCIs that employ SCPs for use by individuals with disabilities.  

Scherer et al., (2015) looked at the usability of a mu-rhythm BCI for communication for individuals 

with CP, over 11 sessions (consisting of 12 trial runs per session). During the training phase of this 
study (prior to the commencement of the sessions for computer control), the authors modelled 

EEG parameters specific to each user to gauge the best type of signal for computer control. 
Through this method, they found that seven out of 11 participants were able to use a motor 

imagery based BCI to switch and scan through the Grid Augmentative and Alternative 
Communication software (Sensory Software international, Malvern, UK). This unique approach 

may help address the issue of BCI illiteracy in some individuals with disabilities, to help identify 
appropriate mental tasks and develop adjacent training exercises. Similarly, Neuper and 

colleagues reported a case study, where over several months an individual with spastic 
quadriplegic CP was able to attain self-control over specific frequency components of 

sensorimotor rhythms (Neuper, Muller, Kübler, Birbaumer & Pfurtscheller, 2003). At the end of the 
reported training procedure, this patient was able to voluntarily produce two distinct EEG 

patterns, that were associated with defined mental states- motor imagery versus relaxation, with 
70 percent accuracy.  
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In another study participants with ALS and brainstem stroke were able to achieve the same 
average accuracy level (80 percent) in a motor imagery task as their able-bodied counterparts 

(Bai et al., 2008). Although these results appear promising, the participants only completed two 
sessions with the BCI in a single visit. Therefore, the long-term usability implications cannot be 

ascertained. Furthermore, topography measures showed marked differences in brain activity 
among the able-bodied participants (contralateral left hemisphere and ipsilateral right 

sensorimotor cortex), the participant with stroke (mid-central and ipsilateral right sensorimotor 
region), and the participant with ALS (bilateral sensorimotor cortex). The differences in brain 

activity of individuals with disabilities warrant more usability testing to gauge the variables that 
may influence long-term effectiveness. 

There is some evidence that BCI performance declines with physical impairment (Lee et al., 

2013). Kübler and Birbaumer (2008) found that when data from patients in a completely locked in 
state were removed from analysis, the relationship between physical impairment and a decline in 

BCI performance disappeared. Another study on a motor imagery based BCI included 20 
individuals with various types and levels of disabilities (myopathy, spinal cord injury, tetraplegia, 

amputation, spinocerebellar ataxia, multiple sclerosis and CP) (Leeb et al., 2013). Only 50 percent 
of the participants were able to gain control of the BCI, indicating that those with more severe 

impairments had the most difficulties in using the technology.   

Not all individuals are able to operate BCIs using either evoked potentials or spontaneous brain 
patterns. The phenomenon of BCI-illiteracy has been reported to be as high as 20 percent and 

there is much speculation regarding the underlying reasons (Blankertz et al., 2010; Guger et al., 
2012). Hill and colleagues (2014) were unsuccessful in obtaining classifiable signals from 

completely locked-in patients. The authors suggest a number of reasons as to why BCI 
applications may fail to work for individuals with such severe physical disabilities. Firstly, problems 

may arise due to the fact that BCI use is based on the self-regulation of mu-rhythm or SCP is a 
skill that needs to be learned and maintained, through operant conditioning. When the correct 

brain signals are detected (the necessary behaviour), this results in successful BCI control (a 
reward) which is thought to reinforce the individual's ability to reproduce that brain signal. 

However, when no classifiable signal is detected, then this behaviour is not rewarded and leads to 
extinction of the behaviour. In BCI training situations, that can take weeks if not months to master, 

then the chance of extinction is high. Moreover, Birbaumer (2006) notes that individuals who have 
lived most, if not all of their lives in a locked-in state, have had little chance of gaining rewards 

through interaction with their environment. This may lead to the extinction of the ability to 
voluntarily produce brain signals for this purpose.  
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Efficiency

The majority of BCI literature that includes measures of efficiency focus on the information transfer 
rate (ITR), where they measure how many selections a user can make over a given time frame. 

For instance one case study reported that a user could use a BCI controlled by the mu-rhythm to 
access a spelling device, allowing him to write with a rate of approximately one letter per minute 

(Neuper et al., 2003). In their current form, BCIs have very low ITRs and very few studies have 
compared this technology to existing AT.   

One recent study has included comparisons. Schettini et al., (2015) included measures of 

efficiency in their study that compared three technologies (the P300-BCI speller, the P300-BCI to 
access a commercial communication software, and existing AT). As expected, efficiency was 

higher using traditional AT input methods, but the BCI methods were not perceived to have a 
higher workload by the participants. Participants reflected satisfaction in all three conditions, 

albeit unexpectedly higher with the two BCI approaches. The authors concluded that this may be 
due to the novelty and challenging nature of this technology, indicating that longer-term use may 

elicit different results.  

Indeed longer-term testing does reveal design flaws not evident in short term testing. Holz et al., 
(2015) conducted a long-term study (14 months, 200 sessions) to assess the perceived efficiency 

and satisfaction with a P300-based BCI by a participant with ALS, revealing a number of issues. 
The design of the employed EEG cap was found to affect her performance, as the electrodes 

moved during performance and the electrode gel dried quickly. The unreliability of the system 
and poor learnability decreased her satisfaction with the BCI. These results highlight the 

limitations of research such as those employed by Schettini et al. (2015). Results from brief 
engagements are not necessarily reflective of the usability of BCIs for continuous, daily use. A 

number of reliability problems may arise in long term trials caused by factors such as non-
stationarity of brain-signals, performance differences due to illness and fatigue and environmental 

noise. These results suggest that assessments of efficiency should extend beyond ITR, as has 
been the focus within the literature. As Nijboer et al., (2014) point out, the hardware requirements 

also influence efficiency, with regards to the setup and amount of time a user can reliably interact 
with the system.    

   
Another popular means of measuring efficiency is through the NASA Task Load Index (Hart & 

Staveland, 1988). This measure encompasses six sub-scales of mental, physical and temporal 
demands of using technology, as well as subjective performance, effort and frustration that the 

participant may experience. Participants rate their subjective experiences of each dimension on 
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twenty step bipolar scales with scores between 0 to 100. Studies that have utilised this measure 

suggest that BCIs have very low efficiency with high mental and temporal demands, as well as 
high effort with low levels of subjective performance (Zickler et al., 2011; Holz et al., 2015).  

Efficiency may also be affected by the design of the software interfaces, as they often require split 

attention. Thompson et al’s (2014) study pushed for more researchers to include assessments of 
access to existing AT software when studying BCIs, and user needs in the development of these 

systems, arguing that unique interaction problems arise when these systems are used to access 
existing systems.  Attention must be split between the AT device and the BCI display, even though 

one or both devices may be designed for uninterrupted attention. Tasks that require split attention 
may also influence effectiveness, as they may affect the amplitude and shape of brain signals, 

making it difficult for the BCI to determine which option the user wishes to select. Another barrier 
is task difficulty associated with timing requirements of text entry, where shifting attention between 

devices takes twice the time compared to shifting attention between areas on the same device.  
These studies highlight important considerations that need to be explored to enable the transfer 

of BCIs into the market. The needs of a commercial AT are different to the testing of system 
accuracy and efficiency in controlled research settings.  

Satisfaction

For end users, psychological factors, such as anxiety, fatigue, motivation and attention are 
barriers to the successful use of BCIs (Liberati et al., 2015; Nijboer, 2015). Nijboer, Birbaumer and 

Kübler (2010) looked at how motivational factors may affect BCI control. They looked at four 
facets of motivation: mastery confidence is the belief that they will succeed in mastering a task; 

incompetence fear is associated with anxiety about failing in the task; challenge refers to a 
balance of difficulty with the ability to achieve a task; and lastly interest in the task. Six 

participants with ALS took part in the study over a 1.5-3.5 month period. User performance 
improved with higher mastery confidence, and faltered with higher ratings of incompetence fear. 

Due to the steep learning curve, participants reported feeling frustrated or unsatisfied with the 
lack of achievement and BCI control during the first 10 sessions. As a contribution to their lack of 

progress, they explicitly felt bored during the training. Similarly, a case study by Holz and 
colleagues (2015) reported the need for high levels of concentration for long-term effective use, 

which is tiring for someone with a severe physical disability. Furthermore, users may become 
increasingly frustrated and unsatisfied when facing unreliability and system error on a daily basis, 

and slow information transfer rate (decreasing the perceived efficiency).  
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For caregivers and health professionals who support individuals with disabilities, psychological 

aspects can influence the acceptance and integration of this technology in everyday use. Liberati 
et al. (2015) ran a focus group with individuals with ALS, their caregivers and health professionals. 

They found that users felt dissatisfied by the lack of information on BCI technology and its 
capabilities, highlighting the need for consideration of personal emotions, and experiences which 

could influence the acceptance of BCIs as AT. If users have had negative past experiences with 
AT, and view BCIs as complex and/or unreliable, this may create a significant barrier to their 

everyday use.  

Some research shows that even though a BCI system works effectively, other factors can 
significantly impact the perception of the technology. For example, participants in a study by Holz 

et al. (2013) felt dissatisfied with the aesthetics of the BCI hardware employed, in particular its 
cumbersome setup, discomfort caused by electrode gel, its poor accuracy, and inefficiency due 

to low ITR. All participants agreed that significant improvements need to be made before these 
systems can be used independently in home environments.  

A survey of 40 people with spinal cord injuries relays similar needs regarding their priorities for 

BCI technology (Huggins, Moinuddin, Chiodo & Wren, 2015). Questions explored respondent 
preferences of hardware design, setup and training time, and desired BCI performance. 

Regarding hardware, participants felt that dry electrodes would be more comfortable and suitable 
for long term use, over gel/wet sensors. The system should take between 10-20 minutes to 

assemble and allow independent use for between 6-8 hours.  

A recent study incorporated the perspectives of multiple-stakeholders in the design, development 
and evaluation of a BCI (Daly Lynn, Armstrong & Martin, 2016). This research aimed to outline the 

vital role of individuals who will use, support the use and prescribe the use of this type of AT for 
independence, autonomy and choice for those living with acquired brain injury. The authors used 

a variety of methods, such as focus groups and usability questionnaires, through a UCD 
approach to gather rich insights into usability needs from multiple perspectives.  Their results 

mirror those previously discussed, where dry or non-gel based electrodes are preferred and the 
setup of the system needs to be simple and user-friendly so that expert guidance is not 

necessary. To show value to end users, BCIs need to offer a range of applications for everyday 
use, and enable people to customise the interface. Currently, BCIs were seen to be cognitively 

taxing with a demanding learning curve, which participants felt would affect the everyday use of 
the system.  
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Existing BCIs can often times take months to learn to use, and this was seen as a barrier to their 

adoption. The Huggins et al. (2015) study showed that users preferred under 10 training sessions, 
whereas anymore may cause discontent with the system. Due to the low ITR, BCIs in their current 

form are only useful for people with low function, who find it impossible to use other existing 
methods (Blain-Moraes et al., 2012).  

It should be addressed, that the majority of participants in these studies were able to access 

computers and all were able to communicate verbally. These characteristics are not reflective of 
the primary user group for BCIs. Furthermore, often participants only knew about BCI through 

description, rather than hands-on personal experience, over time. Actual satisfaction and needs 
may differ with hands-on, long term experience with a given system. 

Conclusion 

The BCI usability findings follow similar themes, indicating that these issues are prominent across 
different BCIs and different user groups. These studies highlight a shift in the field of BCI to bring 

the end-users into the focus of developing this unique innovation. The utilisation of the UCD 
framework has provided researchers with a means towards developing BCIs together with the 

end-users allowing for a delineation of initial user needs, creating a basis to take BCIs outside of 
laboratories. As can be seen in the few studies included in this section, this shift in thinking and 

execution is very much in its infancy. The aim of this research project was to contribute to this 
movement, to explore and understand the full spectrum of usability issues that all users (primary, 

secondary and tertiary) may face.  

Some points of difference can be found in our approach. Firstly, knowing that the BCIs used for 
research are not reflective of those that will be available in the market, we employed a 

commercially available system, the Emotiv EPOC. Several universities and companies are 
currently developing new headsets that are designed for ease of setup and appealing design 

(e.g. Emotiv’s Insight, Interaxon’s Muse, Neuroelectric’s Enobio). The extent to which these 
headsets will accurately measure brain activity and produce good quality outputs remains to be 

seen, and our first objective was to test the feasibility of this commercial device. This approach 
enabled us to present our participants with a system that is closer to what they may use in the 

future, and the portability meant that we were able to transport the system to our end users, and 
test it in the real-world. Our second objective, was to understand all possible barriers to the use of 

BCIs, including contextual factors, such as how these systems are supported once they are 
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available in the wild, as well as caregiver, family and individual needs. Lastly, we engaged all 

stakeholders long-term, with the aim of discovering usability problems that unfold over time, rather 
than over a single session or short term interaction. The next five chapters tell the story of this 

thesis journey. 
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Chapter 3. Multiple 
stakeholder perceptions of 

assistive technology in New 
Zealand 

Preamble 

The research presented in Chapter two of this thesis provides evidence that there are a multitude 
of influences on the adoption of AT. Such knowledge of the potential barriers and facilitators to the 

successful use of AT is imperative to designing new technological solutions.  

A requirement of UCD is to address the needs of people who will use a product, system and/or 
service. This is inclusive of those who may be directly or indirectly affected by their use. 

Therefore, all relevant stakeholder groups must be identified and included in the research 
process.  

There is currently a gap in the literature regarding AT use and the perceptions of AT held by 

multiple stakeholders, particularly in New Zealand. The objectives of this study were to gain an 
understanding of these users’ involvement in the AT adoption process, to establish the context of 

AT in New Zealand and understand the perspectives and experiences that stakeholders from 
diverse backgrounds have faced.  

To establish the context, it is necessary to address the whole user experience, inclusive of prior 

experiences, attitudes, skills and habits of all users. It is a common misconception that usability is 
confined to making products simple to use. However, usability is much broader, and 

encompasses the perspectives of users, personal goals, emotional aspects, preferences, and 
expectations of how a system should perform (ISO, 2010). 

In this sense, context addresses the characteristics of users, the tasks facilitated by the proposed 

technology, as well as organisational, societal and physical aspects of the environment in which it 
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operates. Gathering information on the existing AT context in New Zealand will allow us to 

understand and specify the context that will apply to new technologies. 
  

Initially this study was inclusive of specific questions around the features that would be important 
for a BCI, to establish user requirements for our first prototype. However, our participants noted 

that the technology was too “alien", and some were confused by the prospect of controlling 
computers with their mind. They wanted to see it in action and use it, in order to give meaningful 

feedback on these systems. This finding is reflected in a number of other BCI studies that have 
incorporated users in the assessment of needs and evaluation of BCIs (Daly Lynn, Armstrong & 

Martin, 2016; Liberati et al., 2015). Ghulam Sarwar Shah and Robinson (2006) also note that due 
to the novelty and complexity of some technologies, users may not hold sufficient knowledge and 

understanding to provide valuable information for their development and evaluation.  Due to the 
lack of depth in their knowledge and experience with this technology, we chose to remove these 

questions from the study and focus solely on our participants’  experiences with existing AT.  

This chapter has been published in “Disability and Rehabilitation: Assistive technology”. Please 
see appendix A for the the Participant Information Sheet and Consent Form. 
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Abstract 

This study sought to gain an understanding of the experiences and perspectives of assistive 

technology (AT) from different stakeholders involved in technology adoption in the New Zealand 
context. A focus group was held with individuals with cerebral palsy (n=5), service providers 

(n=4), caregivers (n=3) and a biomechanical engineer. The data recordings from the focus group 
were transcribed and coded using thematic analysis. Themes emerged around barriers imposed 

by the assessment process and training in AT procedures, the influence of family members, the 
environment in which AT is used, and psychosocial aspects of being able to participate and 

integrate into society. The results are similar to other literature, suggesting new innovations and 
changes are in dire need, to improve AT experiences for all stakeholders.  

3.1. Introduction 

Technology plays a crucial role in our daily lives and has essentially redefined the way modern 

society operates (Mihailidis, Boger, & Hoey, 2011). In particular, AT has the potential to transform 
the lives of people with disabilities, enabling them to live more fulfilling lives. AT refers to any item, 

or system that can be used to enhance and maintain functionality of people with disabilities, 
enabling them to access education, employment and social interaction (Lenker, Harris, Taugher, & 

Smith, 2013). While the rapid growth in the available technological options for individuals with 
disabilities has been a positive movement, service providers face challenges in successfully 

implementing these assistive solutions.   

AT research has looked into a number of limiting factors stemming from service provision. Some 
examples of these are; lack of consumer consultation, inappropriate device selection, poor device 

performance, and changes to user needs (Baxter, Enderby, Evans, & Judge, 2012; Martin, Martin, 
Stumbo & Morrill, 2011; Shinohara & Wobbrock, 2011). Scherer’s (2000) research into AT 

abandonment highlighted the strong relationship between user perspectives, expectations, and 
their predisposition to AT, as indicators of the success or failure of technological engagement.  

Clearly, there are many variables that need to be assessed and considered before an AT solution 
can be of benefit. Despite the potential benefits of using AT, including self expression and access 

to education, there are significant barriers to their adoption. 
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Adoption of AT devices, especially the newer, sophisticated, computer-based access 

technologies often require significant time, patience and skill. Difficulties arise as users and 
people in their caregiver network (such as, teachers, caregivers, family members) must learn how 

to operate and further implement new technologies to enable interactive participation (Light, 
1997; McNaughton et al., 2008). Frustration and lack of technical support often results in the 

under utilisation and abandonment of AT (Baxter et al., 2012; Martin et al., 2011). It is evident that 
there are a number of variables that affect aspects of the network of people involved in successful 

adoption of AT.  These variables make way for complex interactions. 

The perception of multiple stakeholders in the process of adopting AT in New Zealand is a topic 
rarely evaluated. Only one study appears to exist in which speech and language therapists (SLTs) 

(n=214) were surveyed using mailed questionnaires. The questions were qualitative in nature, 
concerning their perceptions of services for people with complex communication needs.  

Specifically they were asked about their clients who use AT as augmentative and alternative 
communication systems and the demographics of these individuals, the professional needs of 

SLTs who provide AT services, and the current issues that these professionals face  (Sutherland, 
Gillon & Yoder, 2005). This study found that therapists faced problems around the availability of 

AT systems for new patients to pilot, negative attitudes of family members, the administration and 
funding process to acquire AT, and learning the skills necessary to assess and teach people to 

use technology. 

Based on the lack of available information regarding perceptions of AT use, the purpose of this 
study was to gain a better understanding of the perspectives and experiences that stakeholders 

from diverse backgrounds have faced in the New Zealand context.  To explore the many facets 
that AT influences, it is essential to look through the lens of the individuals who have the most 

interaction with the technology. This approach requires a qualitative methodology that permits 
insight into individual experiences with AT. Qualitative methods, such as focus groups, allow 

researchers to understand how people perceive their own experience within context, to illustrate 
significant issues they have encountered. 

3.1.2. Acquisition of Assistive Technology in New Zealand 

To put the research results in context, this section will provide a summary of how people with 
disabilities acquire AT in New Zealand. 

In New Zealand, costly AT is funded by the Ministry of Health (MoH) and Ministry of Education 

(MoE), based on the specific needs of the technology. AT services encompass a complex 
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combination of assessment and problem solving. Their processes are designed in a holistic 

manner, looking at different facets of quality of life that will improve the participation of individuals 
with disabilities (Ministry of Education, 2016). 

Both the MoE and MoH employ service professionals (usually SLTs or Occupational Therapists 

(OTs)) to run provisional assessments and provide support for AT use by individuals with 
disabilities and their caregiver network. The support aims to provide the necessary skills, training 

and confidence to all individuals involved with the AT adoption process.  Identification of the most 
suitable AT occurs using a decision-making process during which the MoH and MoE emphasise 

the importance of involving family members. Both are aware that effective use of AT relies on the 
caregiver network understanding how they will interact with the technology when influenced by a 

variety of factors. 

MoE and MoH provide the funding for training services for individuals with disabilities and the 
network of people who will implement the technology for everyday use. This includes school staff, 

specialists, students and family. However, funding for training is based on the needs of the end 
user and is provided on a case-by-case basis. Although the MoH and MoE state that training 

needs should always be considered during the AT assessment process for new devices, the 
integration of AT into an end user’s life is multifaceted and dynamic. Therefore, not all of the 

potential needs can be identified before the AT has been trialled. This is concerning, given that 
adequate training is deemed as one of their success factors of AT adoption. 

The assessment follows three steps based on the Student Environment Tasks and Tools (SETT) 

framework, devised by Zabala and Korsten (2004). 

The first step identifies the end user’s abilities and barriers. It is noted that assessors collect both 
qualitative and quantitative data from all the prominent people involved in the life of the end user 

(teachers, therapists, family, caregivers). An assessment of environmental factors is also critical to 
the successful uptake and ongoing use of AT. The end user’s personal preferences and 

environmental factors are known to complicate the task of prescribing adequate AT. Any one 
factor that may initially appear unimportant may render the AT device unacceptable. When 

considering learning environments, the assessor describes both the physical and social factors.  
These data are inclusive of the end user’s interests, learning ability, physical skills, attitude, as well 

as their family and teacher’s perspectives, while also addressing staffing needs for support (such 
as teacher aides). 
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The second phase involves setting up the goals and outcomes for which the AT should benefit the 

user. Implementation and integration of AT into a user’s life has been found to be one of the most 
challenging and least understood parts of ongoing AT service delivery. In an educational setting, 

this involves detailing an Individual Education Plan and identifying the areas of the curriculum that 
will be the student's priority.  It outlines the plan for a variety of interventions, strategies and tools 

to help the individual meet their learning outcomes. Outside of the educational setting, the end 
user’s skills and challenges, the environments in which they are expected to learn and grow, and 

their everyday tasks are considered. Using this process the assessor(s) gathers and organises 
their thoughts, observations and experiences of each player, so that appropriate tools can be 

considered, selected and integrated into the user’s life. In this sense, the SETT framework 
considers all aspects that will support the use of AT for participation and achievement. 

Within the SETT framework, ‘tools’ are inclusive of everything that might be needed to enable the 

end user to succeed. It places importance on looking into the multiple changes that AT may 
impose on the lives of the user, their family members and professional staff. By thorough 

evaluation, all parties understand their part in supporting the adoption and integration of the 
technology. 

The selection of the AT is the third stage of the assessment. At this stage, the assessors do not 

immediately select a specific AT device, instead they create a list of features for the hypothetical 
“perfect tool”. The features are based on the three aspects of the assessment: the tasks that need 

to be achieved; the environments in which the student will interact; and the end user’s 
preferences, culture and abilities. These features are then prioritised to assess the best fit 

between the user and available AT(s).   

Once the AT(s) have been selected, they are trialled (usually a two week time frame in New 
Zealand) to ensure that the technology meets the user's needs and contains access to all critical 

features. Prior to beginning the trial, all those involved in the implementation of the AT specify the 
outcomes that will provide an indication of success. Thus, they determine what trial information 

and data will be collected, and by whom. Once the trial is complete, the team evaluates progress 
and collates the trial data. If the AT has made an improvement based on earlier identifiers of 

success, then the assessor will proceed to the application stage to acquire the technology for the 
end user. If it did not, then a different type of AT will be trialled (still based on the earlier 

assessment).  
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Assessors conduct a follow up and review of the AT three months after the allocation date to 

ensure that the AT is working and meets the end user’s needs. At this point in time, if the 
technology is a mismatch, it can be returned and another assessment can be conducted. If the 

AT is shown to meet a user’s needs, then a formal AT review is undertaken six months after the 
initial allocation. However, if at any stage the AT appears to be mismatched, then assessors may 

be approached to review the system. 

3.2. Method 

A focus group design was followed to obtain a comprehensive understanding of different 

stakeholder perspectives on AT.  Focus groups collect data through group interaction on a topic 
determined by the researcher(s). They are useful as they give a voice to marginalised groups 

where there is a difference in perspective between researchers, service providers and service 
users (Parette, Brotherson & Huer, 2000). Furthermore, as can be seen in section 3.1.1, AT 

decisions are made collaboratively with multi-disciplinary teams. Using a focus group enabled us 
to gain an understanding of different experiences, within group dynamics, and provide 

opportunity for peer support and validation of experiences in a non-threatening, safe environment. 

3.2.1. Participants 

Potential participants were requested to participate based on their particular knowledge and 

experience with AT- where they had experience in designing the technology, assessing the need 
for the technology or were users of AT themselves. These participants represented AT service 

providers (SLTs, occupational therapists (OT)), technologists/engineers, caregivers and end users 
(see table 3.1 for participant demographics). Key representatives from two AT and disability 

organisations in New Zealand were invited to forward the study details onto individuals who would 
be interested in taking part. Apart from requiring participants from multiple-stakeholder groups, 

we did not sample for any other characteristics, such as age, gender or ethnicity. All participants 
were provided with an information sheet that discussed the objectives of the study and informed 

consent was obtained (see appendix A). 
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Table 3.1.  Participant Demographics

3.2.2. Procedure 

The focus group discussion consisted of open-ended questions designed to collect information 
on current AT use, what changes were perceived as necessary to improve successful use, and 

experiences with learning/training how to use AT systems (see table 3.2 for the full list of 
questions). The focus group was video recorded using a mounted hand-held camcorder to 

enable transcription in full.  

The exploratory nature of this research suggested a qualitative method, which requires 
involvement and interpretation from the researcher. Thematic data analysis was employed as it 

focuses on identifying and describing both implicit and explicit ideas within the data. These ideas 
are then coded to represent themes. 
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Participant Gender Age 
Group

Relationship with Assistive 
Technology

1 Female 20-29 Cerebral palsy, AT user (verbal)

2 Female 30-39 AT Specialist and Biomechanical 
Engineer

3 Female 20-29 Speech and language therapist

4 Female 20-29 Speech and language therapist

5 Female 40-49 Caregiver/parent

6 Female 15-19 Cerebral palsy, AT user (non-
verbal)

7 Female 30-39 Cerebral palsy, AT user (non-
verbal)

8 Female 40-49 Caregiver/parent of child with 
disability

9 Female 20-29 Cerebral palsy, AT user (non-
verbal)

10 Male 15-19 Cerebral palsy, AT user (verbal)

11 Male 50-59 Occupational therapist/ AT 
Specialist

12 Male 20-29 Speech and language therapist

13 Male 30-39 Caregiver/parent  of child with 
disability



Thematic analysis of qualitative data has been posited as the most useful and commonly used 

method for interpreting the intricacies of meaning within a textual data set (Braun & Clarke, 2006).  
This qualitative method was chosen due to the subjective nature of the study which encompassed 

multiple perspectives. Rather than confirming any existing hypothesis, this study sought to 
identify themes and categories that emerged from data, with the intent of developing an 

understanding of current perspectives on AT. 

Table 3.2. Questions used to guide the focus group discussion 

The data were first transcribed and coded by the principal investigator. The transcripts were 

coded manually by writing notes on the transcripts, and quotes were highlighted throughout. We 
used acronyms for recurring themes and to code data that were relevant to multiple themes. To 

form themes from the coded data, we sorted out the codes into groups that shared similarities. If 
there were multiple codes per section, then we photocopied these and arranged them into piles.  

We then considered how different the codes were, to assess any overlaps that could be 
converged into a single theme. We then re-read the data set as a whole, to “sanity check” the 

themes that had emerged through coding, and to see if there were any new insights.  

The themes were revised twice by both authors, where we found that some themes had 
contradicting experiences. This meant that we had to review the categories so that it was possible 

to capture all the dimensions within an overarching theme. At this point we also checked the 
content to ensure that we were not simply paraphrasing the data, but rather identifying interesting 

components, beyond their descriptive value.  

3.3. Results 

There were three overarching themes that emerged from the focus group data, with two sub-

themes under each category (see table 3.3). The results will be discussed in detail under their 
respective headings. 

What pops into your head when you think about AT?

What features do you look for with AT, what aspects are important to you?

How do you think AT helps people with physical disabilities?

How can we make learning to use AT more effective?
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3.3.1. Service level barriers 

Service providers required more resources, namely in the form of time and money, to successfully 
train and integrate AT. The majority of the participants felt that more education is needed for 

service providers around what type of AT is available, how the technologies work and for whom, 
what upgrades are available to ensure the best solution is provided and all the functions of the AT. 

Many ATs are seen to be technically difficult and people can be hesitant to upgrade/change 
systems (even if the system is better), as they are accustomed to their existing solutions. 

Table 3.3. Summary of the themes extracted from the focus group data. 

High cost of implementation (time and money)

Becoming a skilful user of AT can be a lengthy process, often taking upwards of six months 
before users feel competent. Funding restrictions prevent effective service.  AT service providers 

have limited time allocated (due to their high workloads) for providing their clients with the 
necessary skills and opportunities to explore the technology.  One therapist remarked that “some 

of our training can last a long time, and we don’t necessarily put in a timeframe. Yes, we have 
funding restraints, and there is a limited amount of time we can spend on training.” Often AT 

service providers will work overtime, and devise “creative solutions.”  Service providers agreed 
that they “can only provide what we have been provided with.” This makes the implementation of 

AT difficult, especially when they are often required to teach themselves and multiple others to use 
the prescribed AT. 

  
Caregivers, both formal and informal, are part of the network of secondary users that need to 

learn how to use AT.  The caregivers in this study felt that the limited time spent introducing and 
becoming acquainted with the technology was a great barrier to the use of AT in their households.  

Theme Sub-Themes

Service Level Barriers High Cost of implementation  (time and money)

Inadequate education and training

Effects of Interrelationships  Family and caregiver perceptions

Technology-environment fit

Psychosocial Aspects Independent Participation

Social Integration
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One parent noted “I’ve found coming into these devices a bit daunting. And also, you go into this 

rushed sort of atmosphere and you overload. You leave with very little knowledge.” All caregivers 
lamented that the limited amount of time allocated to training causes stress rendering feelings of 

incompetence in adopting the technology in the long term.   

In New Zealand, high-tech AT are only available for two-week trials. They are expensive and the 
government cannot afford to purchase a sufficient number of systems to meet the number of 

people who wish to trial them. During this two-week timeframe, all stakeholders collectively have 
to establish the suitability for the end user. This is a very short time frame for people with complex 

needs, to test the compatibility and feasibility of the AT in various environments. Two of the 
participants with CP had a shared experience of falling ill during their trial period for an eye-gaze 

system. The tightly scheduled trial period resulted in only one session with the system after which 
they both had to go back onto the long waiting list. For one participant it was 12 months before he 

was able to get another trial with the eye-gaze. 

A father of an AT user expressed the importance of having on-going access to the AT in 
conjunction with support from service providers, “probably the best training we’ve encountered is 

where [user] has had weekly exposure to a new process managed by the people implementing 
the piece of technology. Then we got success, once we get success happening we got the 

caregivers coming on board with that successful process. So we’re using expertise to get an 
outcome that is stable and reliable, rather than everybody learning. We get [user] to learn it 

successfully, then get others on board.” This comment reveals the demanding nature of 
successful AT implementation. It also highlights the lack of time and funding that is available to 

support a process that can improve the adoption and adherence to AT. 

Inadequate education and training

Having adequate knowledge of AT starts from the technology vendors, and trickles down to the 

therapists who are responsible for effectively implementing an AT intervention. A commonly 
expressed problem was the lack of professionals trained in AT use, and this often resulted in 

delayed or ineffective interventions. One AT user highlighted this point by saying “nothing works if 
you don’t have a competent therapist, they need persistent dedication.” 

An engineer and AT specialist commented “the basic things like accessibility options on Microsoft 

word- all of these options are available in mainstream technology, are not known by a lot of the 
therapists…it’s just training with the therapists to get that information through to the clients. Trying 

to keep the knowledge up is really difficult and it’s hard to keep up with everything.” This 
 

�44



knowledge gap was thought to cause technophobia, as people perceive the technology to be too 

complex for their level of understanding. One OT and technologist commented, “technophobia is 
ripe out there. Even getting people to use mainstream technology is very difficult…it’s like rocket 

science for some people, unfortunately. We need to get this knowledge into the training of 
professionals, such as OT schools.” 

Training provided by device manufacturers was described as an important resource for all 

participants. However, this is not easy to access nor comprehend. Participants did not know 
where or how to find the information and support and when they did, the instructions were difficult 

to follow, some features were hard to find, or instructions were not written in layman's terms.  As a 
result, participants confessed to only having a superficial understanding of the capabilities and 

usefulness of the technology. 

Furthermore, because technology grows and changes rapidly, many service providers and 
therapists felt that they could not keep up with the changes and this affected the usability of 

technology for end users. All SLTs and two participants with CP agreed that sometimes they prefer 
to keep older equipment and ignore new upgrades. Newer equipment had a tendency to render 

previous competence and expertise gained through practice obsolete, thus affecting mastery, 
confidence and the identity of the end user. 

3.3.2. Effects of interrelationships 

It is imperative to investigate the holistic relationship among members of a caregiver network, 
different environments, the end users, and their prescribed technology. Members of this focus 

group emphasised the importance of understanding the AT perceptions held by secondary users 
that form the caregiver network. It was evident that a non-systemic approach, where only the 

needs of the end user (rather than those engaged in the implementation) are considered in AT 
implementation creates critical barriers for successful adoption of AT. Furthermore, if a solution is 

not tested in multiple locations (such as the home, school, outdoors), all potential problems that 
can affect adoption and adherence cannot be identified. 

Family and caregiver perceptions

With regards to family members and caregivers, an SLT highlighted that, “perception is key.  Too 
often we come across people who are working with those with physical disabilities, who think, Ah! 

It’s fine, we don’t need to use this system or that system because we know them really well and 
know what they want”. This perception limits the individual’s power to achieve independence 

 
�45



through technology, as they are restricted to their ability to express themselves through their 

family members.  To highlight further, an  OT explained how he faced backlash from families when 
there were discrepancies between desires of family members and desires of the child “parents 

might be motivated by their child asking for food or going to the toilet. But for the child, this isn’t 
motivating. They want to be able to ask for more of something, more food, more bubbles or say 

‘that’s awesome!’, I want to watch TV, I want my iPad.”  These examples reveal “communication 
breakdowns” between family members, end users and service providers, where conflicting 

perspectives and misunderstandings form barriers toward AT adoption for the end user. 

A suggestion was made which might potentially overcome this barrier. A number of parents, 
emphasised the importance of assessing how the AT would fit into the household; “for us it was 

looking at how this tool fits in with the bigger picture, and for us the picture was to develop a tool 
that had the relevant support and back up behind it.” This was expressed as a crucial 

contribution to the adoption of AT “the difference between it just sitting there and us using it, is the 
support behind it so we know how to use it, what features it has, what to do when it doesn’t work.” 

Furthermore, AT users and caregivers want to understand the immediate benefits of the AT “I 
need to understand it without all of the fancy terms. It needs to be applied to practical everyday 

things that I would use it for.” 

Service providers should consider the adaptations that families have developed over the years to 
communicate and provide quality of life for their family member with a disability, “if you go into the 

environment, like the home, it’s something that has shaped up over the years and we’ve gotten 
used to it. So introducing this new concept is actually really hard.” In addition, a father noted 

“we’ve gotten so quick and used to how we do things that I think if the people come into the home 
and don’t respect things- sure this new thing could introduce us to so many opportunities, but that 

change is huge.” The intricacies of family interactions and routines need to be taken into 
consideration and service providers should emphasise the benefits of adopting the technology to 

counteract the feelings of it being a burden. In this sense, it is not only the end user that needs to 
be the focus of decision making, but service providers need to address ecological factors that 

may be barriers to successful adoption of the AT. 

Technology-environment fit

The different physical environments in which the systems are used should play a role in selecting 

a suitable solution since factors such as noise, light and temperature can affect AT. This means 
that in some cases, more than one device/system needs to be implemented. An SLT noted that 

the ideal situation is “entirely personalised and meets the needs of the user” and usually these 
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optimal solutions are multimodal, as all AT providers agreed that “there will never be a one size fits 

all” or “silver bullet.” Often end users will need to trial different forms of technology to determine 
what works, what does not, and what to change. One example included a client who used both 

direct access, in the form of a head-wand and an indirect access mechanism, an eye-gaze 
device, to interact with her communication system. This multimodal approach was assembled to 

decrease the client’s fatigue levels throughout the day. The eye-gaze device was used indoors, as 
this method requires very little physical input. However, due to the nature of the technology, it 

cannot be used under certain lighting conditions. She therefore, still required her head-wand to 
use her communication system in different environments. 

Another component of the environment included the amount of “human resource” available to set-

up and interact with an AT. A number of participants with CP noted that if a system tended to be 
unreliable, or required constant support from a family member, teacher or teacher aide, then they 

used the AT less often. In one case, a student had begun to learn switch access to use 
educational software for school. However, the staff in the classroom supervised multiple students 

and could not afford the time to program the software and tend to the communication needs 
required to support that individual’s learning. It’s very important that all environments within the 

student’s life are fully understood such that different technology needs are met.  

3.3.3. Psychosocial aspects 

The biggest benefit of AT for our participants was the ability  to fulfil psychosocial needs. AT 

enabled them to express themselves, make choices, participate within society, and form 
meaningful relationships with peers. Although AT can be an enabler in this sense, participants felt 

that their physical design attracted unwanted attention and made the public perceive them as 
being outcasts or incapable. Participants voiced the need for AT design to match that of 

mainstream technology to change the misperception of people with disabilities. 

Independent participation

Being able to participate and engage with others requires the ability to communicate effectively.  

This was seen as the significant contribution of AT “being able to communicate with your 
environment, and in social situations as well…it comes down to functional effective 

communication.” 

A number of participants with CP noted that they disliked being reliant on others, and often looked 
for assistive equipment that enabled them to increase their independence and participate in daily 
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activities without the need for constant monitoring or interpretation by members of their caregiver 

network.  One parent emphasised that for her daughter “ it needs to increase her independence, 
[with this device] she can do everything for herself. She hates waiting for other people to do 

things for her.”   
  

AT allowed users to participate by making their own choices “we’ve seen AT as an opportunity to 
say “yes and no”, to make a choice”, rather than caregivers making assumptions about what it is 

the individual wants and needs “we want to say things for ourselves, we don’t want others to 
guess what we want to say.” In this sense, AT enabled users to express themselves and 

experience meaningful engagement with their families and peers. One mother stated that “it gives 
them a chance to think, and to express their needs and wants”, her daughter responded “it opens 

my world.”  AT can offer a means of sharing interests and developing more meaningful deep 
relationships with others “I have lots of interests. I’m obsessed with music and I want to share this 

with others and connect.” 

Being able to communicate independently means that individuals with disabilities can express 
who they are, rather than responding to questions regarding only their basic needs. One mother 

spoke about how much she had learned about her daughter's unique personality after being 
introduced to her AT system,“expressing who you are, I think that’s a great point. I found it 

wonderful with her device, because she can write things to us that she has no other way of 
communicating.  And she writes such wonderful things.” Prior to obtaining a communication 

system, her daughter would laugh at jokes and television shows, but had no way of 
communicating her thoughts. The technology enabled her to be “more human and to 

communicate that she has feelings and can think.” 

The notion that AT can increase independence was user specific. Some participants found that 
existing AT simply did not work for them. One participant who hoped to achieve more 

independence through AT- accessing smart home applications, a computer for educational tools, 
and social media, remarked “you know I can’t do anything by myself and I guess that’s the 

biggest tackle- I’ve had to accept the fact that I don’t have the power to do what I want, when I 
want. I have to depend on other people…it takes so long to do anything.” Therefore, although AT 

can increase user independence, not all systems/devices are entirely reliable, practical and 
accessible for all users. 
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Social integration

The idea that AT can increase independent participation and self expression, means that there 
are more opportunities for individuals with disabilities to become socially integrated within their 

wider community groups. However, the poor physical design of AT was viewed as an influential 
aspect of how society negatively perceives individuals with disabilities, and therefore a limitation 

to this psychosocial need. With the development of aesthetically appealing mainstream 
technology, it was puzzling for participants to understand that AT still “looks like it’s just come out 

of the hospital.” One participant explained, “it’s really not cool. Why does it all have to be beige-
brown and look like it’s out of the infectious disease ward? You know, we already stick out enough, 

we don’t need anything else added.” Similarly, a parent remarked on the displeasing aesthetics “it 
would be good to have AT that is more pleasing to the eye, to get rid of all of this paraphernalia 

would be nice.”  AT users and their caregivers agreed there needs to be a shift in the design of AT 
systems to make them more acceptable to use in public, without drawing unwanted attention and 

even more societal segregation. 

Two other hindrances to social integration were the amount of time it took to communicate using 
AT and the unnatural voices used in speech synthesisers. One participant noted “it changes 

public perception if you can bridge that gap of getting whatever is in your head, out. To show that 
we are human, not robots, and have feelings even if they are expressed through communication 

devices.” The focus group participants who live with disability, agreed that people in their 
communities are often surprised when they are eventually able to express themselves, and show 

they can understand and engage with their social groups. 

Another participant recalled a situation where she and a group of friends, including one who used 
AT to communicate, went out for coffee “we started talking about Justin Timberlake [a famous pop 

singer], and my friend (who uses a speech synthesiser) came out with this amazing one-liner 
about how good he looks without his shirt on, as she found out from attending his concert. If you 

could see the reaction on the others faces! They were like WHAT THE?! Because a) my friend in 
the wheelchair actually had those thoughts, and actually went to concerts, but also b) because 

she was following the conversation, she wasn’t in her own little world of unicorns and fairies.  She 
was right there with the age appropriate comments.” 

An SLT noted “quite often we go into a situation where people say “oh no they can’t do that”, 

whereas they actually can. So, I guess it’s creating those opportunities where they can try things 
and not underestimate them.”  An AT user responded, “We need to create an even playing field 

with regards to speech generating devices and communication.” These excerpts highlight the 
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misrepresentation of people with disabilities in their social environment and the general lack of 

understanding by peers and the public of their abilities. However, through technology, they have 
the opportunity to express themselves independently, and participate in age appropriate activities 

with their peers. In aggregate, these aspects function as a force to change the perception of 
people with disabilities and initiate social integration. 

There is evidence that AT researchers and developers are taking these shortcomings on board. 

Many AT applications can now be accessed on mainstream technology devices such as the 
Apple iPad © or Windows© tablets, and this was seen as a virtue “because everyone has them, 

or wants them. They are cool for everyone.” An AT engineer noted that public perception is a 
tremendous barrier to the adoption of AT, where researchers and developers are now taking into 

consideration the external design of these systems to make them more acceptable.  She provided 
an example of a researcher/engineer who takes mini-cars that can be purchased directly from toy 

stores and modifies them "so rather than having a child in a power wheelchair, he’s got them in 
these cars that every other kid wants. And it makes a huge difference in the perception and social 

status within the community, because he has this great car!”.  As design of AT changes from 
"medical devices" to mainstream technology that does not discriminate, acceptance and 

adherence increases. 

3.4. Discussion 

The results of this focus group resonate with prior research on the perception of AT, in particular 

researchers who have used qualitative methods to gather more in-depth understandings of the 
relationship between AT and individuals who interact with them. Qualitative studies play a critical 

role in discovering the ways people apply meaning to their interactions with AT, which affect 
technology adoption, ease of use, as well as self-identity and social relations. Focus group 

participants held a collaborative view that AT provides individuals with disabilities with freedom 
and allows them to feel more connected and independent. However, participants also expressed 

that AT has room for improvement in terms of practical, real-world situations. Interpreting the 
themes from our focus group in the context of other studies allows interpretation of the results to 

better gauge general perceptions of AT use. 

3.4.1. Service level barriers 

Caregivers and family members in this focus group perceived a major barrier to adoption as the 

limited training provided to become acquainted with AT.  This limitation on time was due to the 
lack of available funding to therapists who administered the AT.  A number of authors, with 
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research spanning decades, corroborate this finding (Light, 1989; Johnson, Inglebret, Jones & 

Ray, 2006; Scherer, 1993). Jinks and Sinteff (1994) found that AT users received thousands of 
dollars worth of equipment, but minimal funding for training. Funding only permitted new 

technology users with between two hours and up to half a day to understand the basic operations 
of the AT. 

Existing research emphasises the importance of thorough training for people using AT and 

trialling them in application so that their long-term efficacy could be gauged  (Smith, 2002, as 
cited in Johnson et al., 2006), but changes in the funding scheme are required to allow for longer 

trials.  In New Zealand, change to government policies and processes would be required, which 
in itself is a difficult, long, and arduous process. 

Alternatively, to decrease the learning curve and the need for extensive training, AT device 

manufacturers could consider building innovative training and support into their products and 
services; a “pick up and use” approach.  This would decrease the workload for therapists and AT 

specialists and enable end users to access and learn to use their technology without external 
constraints.  As Murphy (2004) explains, technology augments our abilities as human beings, but 

learning to use it and to teach others can cause people to feel overwhelmed.  Families are often 
left with instruction manuals from which to learn, but research shows that these tend to be too 

technical, complicated, difficult to follow and users cannot source relevant information within large 
documents (Murphy, 2004). 

Funding constraints also impact on the time it takes to acquire technology. This study showed that 

potential wait times can exceed a year before end users gain their prescribed technology. A 
survey by Sutherland and colleagues (2005) found that over 500 clients who were still at school in 

New Zealand were awaiting initial or follow-up evaluations for AT trials. Within this group, 22 
percent of them had no access to any form of communication system (Sutherland et al., 2005). 

This waiting time significantly impacts on many areas of a user's life- from being able to express 
their basic needs, to advancing their education and social integration. There is a dire need for AT 

designers and service providers to devise more innovative and timely training/trial pathways for 
systems. 

In general, it is known to be the responsibility of the therapists and AT professionals to be 

educated in AT and stay up to date with new developments. However, there are limited 
opportunities for continuing education in this area, particularly in New Zealand (Sutherland al., 

2005).  This impacts the quality of information passed onto AT users, and individuals who support 
them. In New Zealand, for users who require funding to purchase AT, health professionals control 
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the type of technology the end user will receive. If the clinicians do not have appropriate 

knowledge of AT, this can limit the quality and fit between the user and the AT (Beukelman & 
Cumley, 1992; Costigan & Light, 2010). In Sutherland et al.’s (2005) survey, less than half of the 

therapists felt they had adequate knowledge and competency to provide AT services.  However, 
they also reported having the desire to develop their skills, predominantly in the form of attending 

training courses. These results are not unique to New Zealand; a survey of 71 SLTs in the United 
States revealed that 83 percent perceived their educational background to enable them to 

provide AT services to be ‘fair–poor’. They instead relied on receiving informal training on-the-job 
or through self-study/seminars (Marvin, Montano, Fusco & Gould, 2003). 

Researchers suggest that a synthesis of the availability, characteristics, and effectiveness of 

preservice AT training practices for therapists is needed, so that universities and professional 
organisations can mandate, design and implement high-quality training programs to ensure 

improved service provision (Marvin et al., 2003). Individuals with complex needs are at risk of 
receiving inadequate solutions if service providers are not prepared with basic AT competencies 

upon graduating from preservice programs.  Of concern are findings that show even in preservice 
university AT training, the courses are not taught by AT experts. University staff with little 

experience in AT leads to graduates with lower levels of knowledge, experience, and limited 
exposure to AT in practice (Ratcliff & Beukelman, 1995). 

Another recommendation is the incorporation of problem-based learning within AT contexts 

(Reeves et al., 2004).  In problem-based learning, a problem is posed at the commencement of 
learning to drive and contextualise the knowledge/skill required and has recently been shown to 

increase clinical knowledge/skills, problem- solving skills, and teamwork skills in entry-level OTs 
(Reeves et al., 2004). Furthermore, online resources and platforms may enable AT experts to 

efficiently and cost-effectively address large, geographically dispersed audiences and enable 
flexible training schedules for students and practitioners, who experience numerous demands on 

their time with little funding (Schreuer et al., 2006). Further research is required to link suggested 
instructional approaches to competent AT service provision (Costigan & Light, 2010). 

3.4.2. Effect of interrelationships 

The perception of AT by individuals who support people with physical disabilities can affect 
adoption or abandonment. Palette and Angelo (1996) indicated that when family members do not 

follow through with instructions on how to incorporate AT it should be seen as a failure on the part 
of professionals, who did not adequately understand the family’s needs, preferences, dynamics 

and priorities. These results mirror our findings, where participants were less likely to adopt 
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technology that impeded current methods, or further complicated their tasks of daily living.  AT 

would have had a better chance of adoption, if service providers had discovered these barriers 
and devised ways of overcoming them. 

Using focus groups and structured interviews with families in America, Parette, Brotherson and 

Huer (2000) found that families desired better partnerships with service providers built on trust, 
respect and recognition for how they care for their loved one. Our study supports this finding as 

parents said they were less likely to use technology that interfered with their existing systems and 
methods of communication. If members of an individual’s caregiver network do not see the value 

in using a system, while simpler, faster methods exist, then AT will not be adopted (Inglebret, 
Jones & Ray, 2006). This means that an end user will be dependent on the people around them to 

help them communicate and interact with their environment. However, this perpetuates the 
negative impact of caregiving on primary caregivers, creating a cycle of stress, and dependency, 

caused by a lack of understanding of the impact AT could have. Furthermore, if a primary 
caregiver is no longer available, or new caregivers come on board to support an individual with a 

disability, it results in added stress and misunderstandings, as the end user has no universal 
method of communication. Therefore, by increasing family involvement at the early stages of 

prescribing technology, one would expect a decrease in non-engagement and abandonment of 
AT devices. AT should be considered as an interactive process, where it will always affect the end 

user and the individuals who support them (Angelo, Kokosa & Jones, 1996). 

Parents’ and caregivers’ perceptions of technology have been shown to be linked to complexity- 
how quickly they are able to understand its functionality, navigate the provided documentation, 

the process and time required to set it up, configuring and customising the layout of the software 
interface, and recovering from failures (Dawe, 2006). As with therapists who have difficulty 

obtaining funding for training, parents and caregivers are generally ‘time-poor’ and cannot 
allocate the extensive time required to become acquainted with AT. Dawe (2006) suggests that if 

ATs can demonstrate value before requiring a major investment in time and effort, they will have a 
better chance at successful adoption and integration into the household. To achieve this, 

incremental configuration changes may be received more positively than the expectation to learn 
everything that an AT can do from the beginning. These findings are reflected in our results, where 

parents emphasised the need to see how the AT fits in with the bigger picture, to understand the 
functions in non-technical terms, and to have on-going support from experts.                                     

                                                 
The heart of the process of assessment and implementation should begin with the end user’s 

caregiver network. Judge (2002) refers to this process as a family-centred approach, where 
service providers assess the roles and responsibilities of those who support the end user, while 
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concurrently developing effective AT support behaviours and attitudes that promote family 

competencies and decision making abilities. Traditionally, during AT assessment and 
implementation evaluation, family members and caregivers are constrained to the role of provider 

and trainer, rather than decision maker. The use of partnerships has been shown to encourage 
mutual responsibility and collaboration between families and service providers (Parette & Angelo, 

1996). The collaboration allows an end user’s caregiver network and service providers to work 
towards mutually agreed-upon goals and roles. These take into consideration important factors, 

such as knowledge, skills and past experiences with AT, the resources they may require and how 
the AT will be integrated within their day-to-day routines (Judge, 2002). 

Environmental factors should also be taken into consideration. Our results showed that in some 

circumstances, environmental factors can prohibit a person from successfully using their device. 
Kintsch and DePaula (2002) proclaim that an end user is only considered successful when they 

can use AT to enhance their abilities with ease, in a variety of environments, and feel empowered 
by their technology as an extension of who they are. When an AT user can use their system in 

different environments, it means that they can interact with people outside of their family or 
caregiver circle, enabling them to become socially integrated within their community, can 

undertake formal schooling or can enter the workforce. Researchers suggest that an 
environmental plan needs to be woven into the adoption process for AT (Kintsch & DePaula, 

2002) that is expansive, tests the skills of users and evaluates the capability of AT to complete 
various tasks in less familiar environments. Not only does this test the suitability of AT, but it fast 

tracks the learning process and builds confidence so that the end user can employ their 
technology in new situations. 

The results of this focus group found that if an AT requires significant ‘human resource’, in the 

form of extensive supervision from a caregiver, they are less likely to be used.  In particular, we 
found that teachers and teacher aides found it too demanding to set up and monitor the use of AT 

for computer access in their classrooms, as they had to simultaneously attend to different 
students. Hemmingson and colleagues (Hemmingson, Lidstrom & Nygard, 2009) found that 

despite special education students requesting the use of ATs in class, they were not used if there 
wasn’t a program in place to integrate their use in everyday school activities. Often the students 

had no ability to influence decisions about when, where and how to use their ATs. Results indicate 
that social support in the student’s immediate environment was lacking. For this reason, service 

providers need to consider how best to cooperate with schools to ensure that the ATs provided 
are integrated into teaching to increase students’ access to equal learning opportunities. 
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Recommendations based on traditional assessments may be narrowly focused on AT to facilitate 

specific tasks, rather than a tool to enable independent functioning in multiple environments 
(Hemmingson et al., 2009). Service providers could work with an end user’s caregiver to establish 

appropriate times and places to best begin using AT. Creating a supportive environment could 
build end user competency before venturing out and using the technology in more restrictive 

settings (Lahm & Sizemore, 2002). Employing AT in a natural setting, such as homes, schools or 
in the community can further assist service providers in distilling and constructing interventions 

that are sensitive to the functional demands of a given environment.            

3.4.3. Psychosocial aspects 

Our finding that the most direct benefit of AT for our participants related to psychosocial fulfilment 

is well established in the literature. Lenker et al.’s (2013) focus group on the consumer 
perspectives of AT outcomes also found that end users felt their devices improved their 

independence, participation and overall wellbeing.  Users highly regarded their ability to be more 
self-reliant, participate in various daily activities, enjoy social and vocational integration and 

access to education. In aggregate, these aspects improved their wellbeing by increasing their 
self-esteem, personal fulfilment and sense of control over their lives.  Lupton and Seymour (2000) 

describe AT as a means to constructing selfhood and interaction with others. It augments and 
substitutes physical limitations to transcend time and place, offering people with disabilities entry 

and participation into previously inaccessible areas of life, such as education and the workforce. 
In particular, these authors found that the most important aspects of facilitation were 

communication with others, personal autonomy, independence, participation within their wider 
community and control over their life.         

Other research has discussed the effect of independence through AT for family members. Caring 

for individuals with disabilities has additional responsibilities, such as severe secondary health 
problems, feeding, toileting, advocating for basic rights and access to education. These are 

added stressors, resulting in detrimental consequences for families (Nicolson, Moir & Millsteed, 
2012). Family members who are primary carers report higher levels of stress, depression, anxiety, 

guilt and burnout, due to the demands of their caregiving duties (Cheshire, Barlow & Powel, 2010; 
Sen & Yurtsever, 2007). With the utilisation of technology that can increase self-reliance, there will 

be fewer demands on family members, therefore reducing these negative consequences. This is 
an area that needs to be looked into with more detail in the New Zealand context.        

                                                                                        
Similar to our results which showed the physical design of AT can lead to unwanted attention, 

Lupton and Seymour (2000) also found that more “invisible” AT would facilitate integration and a 
 

�55



sense of being part of the social norm. They provided an example of individuals with visual 

impairments and their experiences with using a cane or ultrasound sensor versus a dog.  
Interestingly, the cane or ultrasound sensor made them feel alienated, as they tend to frighten 

people, whereas people are open and accepting of dogs- the less obtrusive the AT, the more 
acceptable it is within society. In general, the authors emphasised that technologies designed for 

people with disabilities are highly stigmatising, whereas technology that is designed for all, such 
as iPads©, are not only accepted but also relished. 

In another study, Hemmingson and colleagues (2009) conducted semi-structured interviews with 

OTs and youth with severe physical disabilities to uncover their perspectives of AT use in the 
school environment. Their results showed that the adoption and integration of AT was associated 

with how the AT impacted on the student's’ self-image and how their peers viewed them. If the 
technology made them feel like outsiders or they threatened their social interaction (participation 

in real-life situations), they were less likely to be used or outright rejected, even if they improved 
functionality. 

An AT specialist/Biomedical Engineer who participated in this focus group, discussed the 

research of Professor Cole Galloway from the University of Delaware, who adapted toy cars into 
wheelchairs. Professor Galloway’s approach, where he takes off- the-shelf toys, and adapts them 

to create more affordable, easy to access, and socially acceptable systems for people with 
disabilities has opened up new opportunities for children. They are able to access educational 

tools, communication aids, as well as adapted play activities. These components help develop 
their social, emotional and cognitive skills, as the adapted technology breaks down socialisation 

barriers (Ragonesi, Chen, Agrawal & Galloway, 2010).         
                                

Taking into consideration the results of this study and existing literature, it is evident that the field 
of AT is beginning to integrate with mainstream technological development. This is a much 

needed movement as people who interact with, and rely on AT to live fulfilling lives, continue to 
face unnecessary barriers. The new generation of technological systems needs to be designed in 

a way that everyone, regardless of physical impairment, can use and interact with them. This is 
exactly the philosophy behind the movement of Universal Design, and why the World Health 

Organisation supports it as a priority to reduce the negative impacts of disability (World Health 
Organisation, 2002). Devices that are universally designed can be used by everyone, to the 

greatest extent without the need for adaptation or specialised design. Instead of referring to AT as 
a way of improving accessibility for people with disabilities, it is possible to change attitudes to 

minimise the need for AT (Story, 1998).             

 
�56



3.5. Limitations 

While this focus group highlighted some important findings, there were a number of limitations.  
Firstly, the number of participants and specific location limit the generalisability of the findings.  

Studies that include larger sample sizes and contexts outside of Auckland are recommended. For 
instance, different experiences may emerge and vary by region (rural versus urban living), such 

as attitudes, and access to health and disability services. 

Half of the participants in this study used speech output systems to communicate, therefore it 
took a while for these individuals to communicate their thoughts through AT. This study may have 

obtained more in-depth results if the focus group questions were delivered to the participants 
prior to the meeting, giving them more time to program in their response. Some of the participants 

had working relationships with one another (as their SLTs or OTs), and this may have affected their 
willingness to be completely open and honest about their experiences. It may have been 

beneficial to have held interviews prior to the focus group discussion to reveal any differences in 
the discussion. 

Lastly, the focus group themes were reviewed and iterated on by both authors but only analysed 

by the principal investigator, therefore the interpretations may have been influenced by 
subjectivity and the personal experiences of the principal investigator. Braun and Clarke (2006) 

argue that inter-rater reliability is unnecessary in thematic analysis, as it is underpinned by the 
assumption that there is an accurate reality in the data that can be captured through coding. 

However, data coding is understood to be an active and reflexive process that is inevitably 
influenced by the investigator.  With no one ‘accurate’ way to code data, the logic behind inter-

rater reliability becomes void. They argue that inter-rater reliability simply shows that two 
researchers have been trained to code data in a similar manner, rather than a reflection of 

accuracy in interpreting the data. 

Conclusion 

This study investigated the perceptions of assistive technology, held by multiple stakeholders, in 

the New Zealand context. The results reveal the complexities involved in adequately assessing 
and prescribing technology that is beneficial to individuals with disabilities, and those who care 

for them. In this sense, it highlights how AT is beneficial- but also the barriers that need to be 
addressed. The process of successfully acquiring and adopting AT is a result of understanding 
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the needs and relations of these multiple entities. To effectively improve the lives of individuals 

with disabilities, more innovative progress is needed to lessen the burden on clinicians and 
service providers, as well as caregivers and end users,.  
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Chapter 4. Training to use a 
commercial brain-computer 

interface as access technology 
for communication: A case 

study 

Preamble 

According to the UCD framework, designers of new technology should incorporate into the 

technology capabilities, characteristics and experiences that reflect those for whom the system is 
being designed. Feedback and evaluation from users is a critical source of information in UCD as 

it reduces the risk of a system not meeting user or organisational needs (including those that are 
hidden or difficult to explicitly specify). It allows for preliminary design solutions to be tested 

against real-world scenarios, to help refine user needs and changes to the system.   

The feedback received in our focus group study revealed the difficulties novice users of BCIs may 
face when specifying user requirements. Therefore, we changed our research approach, and 

decided to use a commercial BCI that our participants could interact with to increase their 
familiarity. 

This chapter describes a pilot study we conducted using a commercial BCI. Although it is a case 

study, presenting the results of one participant, we initially engaged three individuals with severe 
CP. Unfortunately, after the first session with our BCI prototype, one participant chose to 

discontinue as she found the device to be uncomfortable. Another participant required botox in 
her neck to treat dystonia (uncontrolled shaking) in her neck muscles. After two sessions with the 

BCI, the botox had started to wear off and her shaky movements returned, making it impossible 
for her to use the device. Thus, the rest of the chapter discusses the results of one participant. 

Our first objective was to test the feasibility of employing a commercial BCI in this environment, 

focusing predominantly on the training aspect. A number of these systems exist and claim to have 
the capability to control computers, but there is little evidence to support this claim (Lievesly, 
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Wozencroft & Ewins, 2011). The second was to gather information about of user requirements to 

design a BCI prototype for a larger trial. 

It is important to note that at the beginning of a project, the requirements that can be captured are 
not likely to be exhaustive. Some facets emerge once the proposed solution is available. 

Therefore, initial design solutions rarely satisfy all user needs as it is difficult to ensure all parts of 
the system are considered in an integrated manner. Evaluation and testing of rough prototypes, 

such as the BCI employed in this study, will help obtain a deeper understanding of user needs as 
well as providing initial feedback of design for the iterative process.  

This chapter was published in Disability and Rehabilitation: Assistive Technology. The only 

difference is a more detailed discussion which was cut short for publication due to word 
restrictions. 

Please see appendix B for the the Participant Information Sheets and Consent Forms. 
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Abstract 

This case study describes how an individual with spastic quadriplegic cerebral palsy was trained 
over a period of four weeks to use a commercial electroencephalography (EEG)-based brain-

computer interface (BCI). The participant spent 3 sessions exploring the system, and 7 sessions 
playing a game focused on EEG feedback that trained left and right arm motor imagery and a 

customised, gamified training paradigm was employed. The participant showed improvement in 
the production of two distinct EEG patterns. The participant’s performance was influenced by 

motivation, fatigue and concentration. Six weeks post-training the participant could still control the 
BCI and used this to type a sentence using an augmentative and alternative communication 

application on a wirelessly linked device. The results from this case study highlight the 
importance of creating a dynamic, relevant and engaging training environment for BCIs. 

4.1. Introduction 

Cerebral palsy (CP) is an umbrella term used to describe a group of disorders of movement, 

posture and motor control (Rosenbaum et al., 2006). It is commonly caused by injury or damage 
to the foetal or infant brain and although it is non-progressive, specific symptoms may change 

over time as the individual ages (Badawi et al., 2008; Rosenbaum et al., 2006). Motor control 
impairments include problems with executing intended movements (motor planning), posture, 

and muscle tone regulation. In more severe cases, individuals may be unable to control and/or 
regulate a wide range of muscles, which result in near complete paralysis and spasticity. Motor 

impairments in individuals with CP can be accompanied by disturbances in perception, cognition, 
communication, and behaviour (Krigger, 2006). Furthermore, as muscle control over the face and 

vocal cords may be impaired, communication can also be restricted (Badawi et al., 2008; Krigger, 
2006)]. 

  
Technology can be used as a tool to assist with a range of challenges individuals with CP 

encounter in their everyday lives. Assistive technologies (AT) constitute any equipment or systems 
designed specifically to increase and maintain a person’s functional abilities (Campbell, 

Milbourne, Dugan & Wilcox, 2006). These include devices such as wheelchairs, augmentative 
and alternative communication (AAC) systems and touch screen tablets. 

  
AT can increase an individual’s ability to participate in education, communication, social 

interaction, recreational activities as well as employment (Cook & Hussey, 2000). Research has 
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shown that increasing communication with family and friends has a significant positive effect on 

quality of life, by providing pathways to self-expression, community integration and a sense of 
independence (Badawi et al., 2008). Although the benefits of access to AT are well known, the 

challenges of finding a practical method can be overwhelming, often resulting in abandonment 
after a few interactive sessions (Copley & Ziviani, 2004).  Such barriers include the need for 

reliable motor control, the service provider’s limited awareness or experience of the diverse 
collection of devices, lack of user engagement and the cost of customised solutions 

(Hemmingson et al., 2009). 
  

Certain forms of CP, such as spastic quadriplegia, can make access to AT near impossible due to 
severely compromised motor control. For such individuals, alternative input methods can be used 

to access and control the devices. These are designed to address the varying needs of 
individuals, and are sensitive to motor function needs (Tai, Blain & Chau, 2008). Input methods 

range from simple mechanical devices like head-wands and eyebrow twitch switches to more 
sophisticated electrical systems including electromyography (EMG) and electroencephalography 

(EEG) (Fager, Beukelman, Fried-Oken, Jacobs & Baker, 2012). 
  

Brain-computer interfaces (BCIs) have been proposed as a potential tool to help meet some of 
the needs of individuals with severe motor impairments. A BCI is a form of human-computer 

interface technology that enables control of a computer by modulating neurophysiological 
processes (Blain-Moraes, Schaff, Huggins & Wren, 2012). BCIs can be used as a form of access 

technology, where with training, the user can gain self-control over specific neural activity which 
can be used as commands to aid in communication and movement control (Neuper, Muller, 

Kübler, Birbaumer & Pfurtscheller, 2003). In this sense, BCIs can allow severely disabled 
individuals the opportunity to control a computer, communicate (through AAC systems) and 

interact without having to rely on the activation of the peripheral nervous system (or physical 
control). 

  
Signal acquisition from the brain to allow for interaction with BCIs can be difficult. Researchers 

most often use EEG to allow for BCI control (Neuper et al., 2003). This is a non-invasive and 
affordable method for acquiring electrical potential differences recorded from various areas on the 

surface of the scalp. Different mental processes such as relaxation, and motor imagery have been 
shown to produce distinct changes to the EEG (Neuper et al., 2003). EEG signals are measured in 

frequencies from 0.1 Hz to 100 Hz. Within this band, there are specific sub-bands that are 
reflective of different cognitive states, and mental processes- delta (0.1-3.5 Hz), theta (4.0-7.5 

Hz), alpha (8.0-13.0 Hz), beta (14.0-30.0 Hz) and gamma (30.0-100.0 Hz) (Teplan, 2002). 
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BCIs rely on the detection of patterns of neurological activity, which can be modulated by the user 

to achieve control of external systems, such as AAC devices (Daly, Billinger, Scherer & Muller-
Putz, 2013). The sensorimotor rhythm (SMR) is a brain response used frequently to control BCIs 

(Neuper et al., 2003). SMRs are observed as changes in relative band-power (7-13 Hz) over the 
sensorimotor cortex, and relate to planning and execution of movement, as well as other cognitive 

tasks (Pfurtscheller, Brunner, Schlogl & Lopes da Silva, 2006). Particular cognitive tasks such as 
mental rotation, and spatial navigation exhibit different patterns of SMR changes over different 

cortical regions and at different frequency bands. These brain responses have been shown to 
vary between subjects and within subjects over different recording sessions (Daly et al., 2013). 

Therefore making it difficult to establish reliable results from individual cases and single-trial 
experiments/studies.  

  
Before providing BCIs as a form of AT it is important to evaluate the extent to which users can 

gain control of a BCI, what influences the learning process, and what method(s) of control can be 
used. The objectives of the present case study were to investigate the usability of a commercial 

grade BCI as a form of AT, and to describe how an individual with CP was trained over a period of 
4 weeks to use this system to access her AAC software. A training paradigm that incorporated 

game-design elements was applied to guide the participant in developing control of neural 
activity associated with motor imagery. 

4.2. Methods 

4.2.1. Participant 

The participant in this case study was a 21-year-old female, referred to as Suzy in this paper. Suzy 

was diagnosed with spastic quadriplegic CP (Manual Ability Classification System, Level 4), 
which indicates that she can handle a limited selection of easily managed objects in adapted 

situations (Eliasson et al., 2006). With modifications, she was able to perform parts of her daily 
activities (for instance getting in and out of her wheelchair, asking for assistance, and going to the 

bathroom) with effort and limited success, and required continuous support and assistance 
(technological and human) for partial achievement of these activities. 

  
She was unable to walk (GMFCS 4/5), meaning she locomoted using a power wheelchair, and 

had limited ability to maintain trunk postures, control arm and leg movements, and her speech 
was profoundly affected and unintelligible.  She had a small amount of voluntary control over her 

right arm, which she used to switch her power wheelchair on and off. She drove a power 
wheelchair by using a switch located in her head support. 
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Suzy had age appropriate receptive and cognitive skills (based on observations and informal 
assessments by her therapists), and was completing her last year at a special education unit 

located in a mainstream high school in Auckland, New Zealand. She came from a monolingual 
English speaking family. Suzy used a multimodal approach to communication. She used a high-

tech Dynavox AAC device accessed via a head-wand to select and navigate through the cells 
and pages on a touch screen. She also used head gestures to communicate with family/friends, 

as well as verbal attempts and vocalisations. 

Suzy was a very social individual, who enjoyed communicating with her peers, teachers and 
therapists. She enjoyed pop music, art, playing games on her iPad tablet and writing about her 

daily activities- all of which she completed using her head-wand. 
  

Suzy and the head SLT at her school sought to trial a BCI as part of her individual education plan, 
as they were interested in the technology and felt that it may be a viable option for Suzy in the 

near future. Although Suzy finds her current access method reliable, easy to use and fast, she 
also finds it uncomfortable, aesthetically displeasing/stigmatising and tiring. 

  

4.2.2. BCI technology for access 

The BCI technology used in this case study was a commercially available 14-channel headset 
called “Emotiv EPOC.”  The organisation of the electrodes followed the international 10-20 system. 

This is a standardisation for electrode placement and designation of electrodes on the scalp. The 
head is sectioned into proportional distances from distinct locations on the scalp, which provide 

coverage of all areas of the brain (Teplan, 2002). The Emotiv EPOC headset was placed on the 
participant’s head and shifted back to cover the sensorimotor region of the brain (C3 and C4 in 

the 10-20 International System of Electrode Placement). The headset used wet electrodes with 
contact lens solution (saline) instead of conductive gel. The Emotiv EPOC was employed due to 

the portability of the headset, the fast and simple set up methods, and affordability of the 
technology. In this sense, it is reflective of the type of systems that may be employed by Suzy in 

the future. 
  

Thought-Wired Limited, an AT software company, developed the software used in this study using 
Emotiv’s software development kit (SDK). The software was readily available, and therefore saved 

time, as well as technical and monetary resources for this study. No EEG data were recorded or 
analysed for the purpose of this study, as this SDK did not allow for access to the raw EEG data. 
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The system came with software that recorded and analysed the raw EEG data, and translated 

these into functional commands on a computer. The signal acquisition and classification 
algorithms were patented, therefore the exact methods were unknown. 

  
The Emotiv software contained a “cognitive suite” that enabled the user to see visual feedback 

representations of cognitive tasks associated with their ability to manipulate a virtual cube on a 
computer screen (for example imagining moving the cube up, down, left, or right). Emotiv claim 

that their patented pattern recognition and classification algorithms can detect specific signals 
that are associated with different cognitive tasks (Lievesly, Wozencroft & Ewins, 2011). Any user 

must be trained by repetition of cognitive tasks to enable clearer signals to be detected and for 
the Emotiv software to learn these with increasing accuracy. The user starts off with a “skill level” 

of “0” and can train until they reach a skill level of “1.” In this study, a minimum skill level of 0.7 
was used as the required standard to complete the training of a cognitive task. 

4.3.3. Training and Feedback Paradigm 
  

During the training, the participant sat approximately 90-100cm in front of the laptop computer, 
which encompassed the BCI training program. In the first session the participant was asked to 

focus her attention on her left arm and visual feedback was provided by the virtual cube moving 
towards the left, similarly when she focused her attention on the right arm the virtual cube would 

move right. Based on previous studies, imagining movement of body parts on different sides of 
the body yield distinct EEG patterns on contralateral sensorimotor regions (Guger, Edlinger, 

Harkan, Niedermayer & Pfurtscheller, 2003; Pfurtscheller, Neuper, Flotzinger & Pregnenzer, 1997). 
Motor imagery of the left and right foot were also tested. 

  
Each session was 30 minutes in duration, and trials within a session were recorded for 8 seconds 

each. The first recorded trial in the introductory session was a calibration phase that recorded 
how the participant imagined moving the cube left or right. No visual feedback was presented 

during the first trial. In the proceeding trials, the participant was asked to repeat the tasks and 
continuous visual feedback (the cube moving left or right) was provided to see if he/she was able 

to repeat the tasks and if Emotiv’s classifier was able to recognise the related EEG characteristics. 
The first week of training (consisting of 3 sessions) was used to establish whether these motor 

imagery tasks were consistent, and to allow the participant to explore and become acquainted 
with the novel BCI technology. 

  
A gamified training protocol was constructed, which asked the participant to train two motor 

imagery tasks by playing a puzzle game, or complete a collection of items. Emotiv’s virtual cube 
 

�65



was used to provide continuous visual feedback. When the participant was able to produce the 

motor imagery tasks with accuracy, he/she was rewarded with a piece of the puzzle/collective 
item, and given a performance score. The thresholds were increased as he/she became more 

proficient, thus making the game more difficult (challenging). We used gamification as we thought 
it would be an engaging method of teaching people the novel task of modulation brain activity to 

control computer applications (Li, Lam-Damji, Chau & Fehlings, 2009). If the new-recorded motor 
imagery task was significantly different from the previous (if the skill level decreased by more than 

20 percent) then it was discarded. 
  

To demonstrate the application of the participant’s learned cognitive tasks, a media player was 
built into the training game application where the participant was able to select, play and pause 

videos of their choice. This was intended to show how these tasks could be used to control other 
applications on a computer, not just to play games. 

  
This study was conducted over a 4-week period, with 3, 30 minute trainings per week (Monday, 

Wednesday, and Friday). They were all held in the mornings (between 9am and 10am) in a private 
office located at Suzy’s school. 

  
The participant’s performance scores from each trial were logged to track progress, and the 

principal investigator wrote case notes after every session, to annotate important observational 
occurrences, relating to hardware, software, environment and Suzy’s experiences. Before session 

we would ask Suzy how she was feeling and after each session we would ask her how she felt the 
session went and whether she had any feedback regarding the Emotiv headset, the training 

protocol and interactions with the principle investigator. Suzy would use her speech generating 
device to provide us with feedback. The content of these case notes were used to gauge 

emerging usability insights that would not have been captured through the training protocol logs.  

A follow up session was held 6 weeks post training to assess whether the participant was still able 
to produce the motor imagery tasks. During this session the BCI was connected to the 

participant’s AAC system to see if it was possible to use the BCI as an access method. 

4.3. Results 
  
The skill scores and case notes from the BCI training sessions enabled monitoring of the progress 

and effectiveness of the training paradigm. The results showed that Suzy was able to gain control 
over her neural activity and motor imagery tasks through this training paradigm. 
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Figure 4.1 describes her skill development of imagined right arm movement with visual feedback 

of the virtual cube, where during the first few weeks, it was evident that she found the task 
difficult, but an overall positive trend is present. Similarly, figure 4.2 describes her skill 

development of imagined left arm movement; again there is an overall positive trend that displays 
gradual improvement in her ability to produce this cognitive task.  Note that data are presented 

from session 4, when the formal training sessions began. The sessions were kept to 30 minutes in 
duration, however the number of trials varied. This was due to a number of factors, which will be 

explained below. 

During session 4 and session 5, Suzy was recovering from an illness, and therefore was tired and 
unable to focus on the training. Her physical state is also reflected in a decline in performance 

(figures 4.1 and 4.2) during these sessions. 

 

Figure 4.1. Skill development of imagined right arm movement over a 4-week period (sessions 4-10)
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Figure 4.2. Skill development of imagined left arm movement over a 4-week period (sessions 4-10)

Session 6 contained the most trials. Her case notes showed that one of her physiotherapists was 

present during the session, and this may have provided motivation. It was during this session that 
Suzy interacted with media player application, and successfully selected and played a music 

video. However, there were 3 occasions during the song play, where she accidentally paused the 
video due to false activations (see table 4.1). From this experience we learned that we needed to 

ask Suzy to “relax” after making the selection, to limit the occurrence of these false activations. 
This method was easy and simple for Suzy, and limited the presence of false activations in 

subsequent interactive sessions with the media player. 
  

During session 7, Suzy showed continuous increase in her skill development. For imagined right 
arm movement she improved from 0.27 to 0.61 (0.31 increase), and for imagined right arm 

movement she improved from 0.37 to 0.54 (0.17 increase). She then selected and played two 
videos. This time we asked her to relax after playing a song to limit false activations. Suzy took 

complete control of the media player during this session, and decided to cycle through the 
different videos (12 videos in total) to play the two music videos that she enjoyed the most. Five 

false activations were logged in this session (see table 4.1). 
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Table 4.1. Number of false activations logged during media player task

At session 8 Suzy reported that she was very upset due to significant changes at home, and 
found it difficult to maintain her focus during this session. She showed a rapid decline in skill from 

0.61 to 0.5 for imagined right arm movement. We decided to focus the training on imagined left 
arm movement, as she was able to produce this cognitive task with more ease and her skill level 

for imagined left arm movement improved from 0.38 to 0.56. Suzy was able to select and play 
three different videos and with only 4 false activations during this interaction. 

  
It was during session 9 that Suzy commented on becoming “bored” with playing the puzzle and 

collection games. She noted that she was more motivated to use her learned skills to access the 
media player, as this was better suited to her interests. Therefore, most of this session was spent 

exploring the videos in the media player. 
  

After session 9 we added 4 new videos with ambiguous labels, so that Suzy would have to seek 
out these videos to discover what they were. For session 10 we specifically asked Suzy to focus 

on improving her performance so that she would be able to access the new videos with even 
fewer false activations. She appeared to be more engaged, and interested in discovering what 

the new videos were. 
  

As can be seen in both figure 4.1 and 4.2, Suzy’s performance varied over session 10. For both 
motor imagery tasks, she gradually increased her skill level, showing that she was trying to focus 

on her skill development, however towards the end of the training, her skill levels dropped. For 
imagined right arm movement, her skill decreased by 0.16 points, and for imagined left arm 

movement, her skill decreased by 0.18 points. This may have been attributed to fatigue, due to 
increased concentration (as she wanted to increase her skill level), and/or curiosity to discover 

Session 
Number

Number of 
Videos played

Number of False 
Activations

Average number of 
false activations per 
video

6 1 3 3

7 2 5 2.5

8 3 4 1.3

10 4 3 0.75
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what the new videos were. During session 10, Suzy successfully selected and played the 4 new 

videos, with 3 false activations. 
  

Six weeks after session 10, follow up occurred to observe if Suzy was still able to use the BCI, and 
whether she could use the BCI to access her Dynavox AAC software to type out a sentence. This 

was a new skill, as Suzy had not used the BCI for communication before. The BCI was used as a 
2-switch scanner, where one motor imagery task selected a cell, and another moved the scanner 

to the next cell. 
  

Suzy was able to successfully move the virtual cube on screen towards the left, and then right. 
The media player experiment was not used in this instance. Her Dynavox software was then 

launched on the laptop computer and she was asked  to attempt to type out a sentence. This was 
her first attempt, with no practice sessions. Although it was a slow process, taking approximately 

2 minutes, Suzy completed the sentence “I like boys.” Using her head-wand, the same sentence 
would take approximately 15 seconds. The process was particularly slow due to the set-up of her 

Dynavox cells. These were not optimised for the 2 switch scanning option we used. Furthermore, 
there were pre-programmed “prediction” cells, which moved the scanner to another cell, based 

on the previous selection, and resulted in a malfunction of the scanner. 
  

Additional observations from case notes

The case notes identified that signal quality was affected by the gradual drying of sensors, and 

they needed to be rehydrated at least once during the 30-minute session. If there was 
pronounced head movement, the BCI would lose connection with the laptop computer. This also 

affected signal quality. Suzy also mentioned that the headset could be more comfortable, but was 
accustomed to wearing something uncomfortable on her head. 

  
After the follow up session we asked Suzy if she would like to continue working with us so that we 

can develop a more suitable scanning method using the BCI for her Dynavox. At that point she 
declined, saying that she was “not sure.” This is further evidence that the learning process and 

rejection of technology occurs if ease of use is not readily apparent. 
  

4.4. Discussion 

The results indicate that a new BCI-based access method for a communication device is possible 

for those with severe CP. This is an important, practical achievement, but also one that highlights 
the infancy of this type of technology. Studies such as this case study can only be viewed as pilot 
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research efforts that would need to be replicated and extended to allow definite conclusions 

about the validity and generalisability of the findings. Even with such constraints, a number of 
considerations about the study and its outcomes could be put forward. 

  
At the end of the study, Suzy was able to produce voluntarily two distinct EEG patterns associated 

with imagined movement of the right and left arm. Furthermore, she was able to use these to 
access her AAC system, and select cells to construct a simple sentence at the rate of 

approximately 1.5 words per minute. These results are similar to a previous case study by Neuper 
et al (2003). These researchers showed that they were able to teach an individual with severe CP 

to use a BCI using a motor imagery task and a relaxation task. The type of training interface was 
basic cursor control, where a dot on the screen moved up or down based on the mental task. 

Their participant trained for 22 weeks, with a total of 178 sessions (15 minutes in duration, up to 
10 times per week). After 67 sessions of training to select letters on a virtual keyboard, the 

individual was able to select letters on a computer screen at the rate of one letter per minute, with 
70percent accuracy. The technology used in the study was a research grade BCI (Standard Graz-

BCI), and therefore had a more complex setup. The researchers needed to train a caregiver to set 
up the BCI system, and the data collection system, thus imposing an additional learning 

component. 
  

Studies such as Neuper et al., (2003) differ significantly from the present research. Firstly, the 
present study employed a commercial grade BCI, which has a relatively quick and simple set up 

(10 minutes setup time). It is more reflective of what a BCI AT will resemble in the near future, and 
can also decrease perception of technological complexity on behalf of end users and their 

caregivers. 
  

Furthermore, user engagement and motivation were taken into account, and an enjoyable training 
paradigm was sought to encourage allegiance to learning to use the BCI. As shown by a number 

of researchers, this is often a downfall of BCI training paradigms (Graimann, Allison & Graser, 
2007; Leeb et al., 2007). Furthermore, Suzy was able to show application of the mental tasks after 

two training sessions, and could apply these to control her communication system 6 weeks post 
her 7 sessions of BCI training. The amount of training required for this study is significantly less 

than other reported methods, and appeared to be enduring for this particular participant. 

Wolpaw et al., (2000) based effective BCI practice on three requirements: 
1. It is possible to take sensitive and reliable measurement of aspects of human brain activity 

on a non-invasive basis. 
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2. These aspects of human brain activity can be controlled systematically and dependably 

by the individual. 
3. These measurements of human brain activity can be readily used to control or 

communicate with interactive systems or to communicate with other people. 

This case study shows that [compared to BCIs in laboratory settings] a relatively simple and 
affordable commercial BCI can adequately detect reliable readings of brain activity, which are 

controlled by the individual and can be used to control an AAC application for communication. 
  

However, the communication rate was significantly slower than the participant’s current access 
method. Suzy had over 10 years of experience using her head-wand, and her AAC software was 

optimised for this access method. It may be the case that more training with the BCI would speed 
up the process. Another option would be to optimise her AAC software so that it is more suitable 

for a switch-scanning system, rather than direct access.   
  

Furthermore, mental states and cognitive processes such as motivation, engagement, 
concentration, and stress appeared to influence Suzy’s ability to use the BCI. Neuper et al., (2003) 

also noted that concentration might have influenced their participant’s performance. However, the 
act of learning to modulate neural activity has been shown to be similar to learning a motor task, 

such as learning to ride a bicycle (Wander et al., 2012). As such, if Suzy had more practice with 
the BCI, modulating her neural activity may have progressed to automatic execution. Techniques 

that improve concentration, and decrease workload, such as meditation practice, could also be 
incorporated to improve BCI usability (Eskander & Erfanian, 2008) 

  
The results provide further support for the use of games as motivational tools for skill 

development. Suzy initially found the puzzle/collection completion game motivating; however the 
novelty did not endure. Research in the use of games for rehabilitation, particularly for difficult and 

repetitive tasks have been positive, both from the caregivers and end-users perspectives (Li, 
Lam-Damji, Chau & Fehlings, 2009). Similar to this case study, Golomb and colleagues (2011) 

found that even for short-term trials, upholding motivation and interest is difficult once the game is 
no longer perceived as novel.  When Suzy’s decline in interest was addressed, we adjusted the 

training, which reflected in an increase in her performance during training. 
  

This implies that BCI training needs to be dynamic, motivating, and appeal to individual interests. 
Furthermore, it needs to show users how their learned skills can be applied early in the process 

(in Suzy’s case, access videos in a media player, and use of a communication application). This 
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may reveal the positive impact the technology can have to a person’s everyday life, and increase 

a sense of self-efficacy and confidence (Reid, 2002). 
  

As with other studies in the rehabilitation sector, this study has shown that the entertainment value 
of games is important for long-term adherence to a rehabilitation program (Golomb et al., 2011; Li 

et al., 2009). Future research needs to place greater emphasis on game quality, entertainment 
value and engagement of participants (Henschke, Hobbs & Wilkinson, 2012). Developing 

accessible games would require a different approach to developing games for the able-bodied 
audience, where designers need to address potential perceptive and/or motor capabilities of the 

intended users. 
  

4.4.1. Implications of research 
  
Due to the unique needs of individuals with severe disabilities, when designing new access 

solutions it is important to consider the individual as a partner in the design process. It can be 
difficult to predict the behaviour of a novice user and individual learning curves. If the end user’s 

preferences, opinions and needs are not considered, the ensuing solution may not meet his/her 
expectations and needs, cause frustration and disappointment, as well as device abandonment. 

For this reason a user-centred approach would be beneficial. This would optimise the integration 
of the client’s opinion, empowering them as an active decision-maker about the tasks they wish to 

perform and the context within which the technology will be used. 
  

A unique aspect of this study, and also a limitation, was that no raw EEG data were recorded or 
analysed to detect exactly what kind of signals were being used to control the BCI. Excluding the 

analysis of raw EEG data shows that this may not be an entirely necessary process, and therefore 
taking a step towards a system that is more practical. In this sense, the skill and complexity 

around EEG signal detection is not required, and therapists, teachers and caregivers can 
implement this type of access solution for their clients/students without the need for 

comprehensive training. 
  

4.4.2. Limitations 

The first limitation of this study was that it focused on the improvement and care of one individual. 

Therefore, we cannot generalise the results and draw conclusions that may apply to other groups 
or individuals. 
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No raw EEG data were recorded to confirm the type of signal that was being used to drive the 

BCI.  We don’t know whether artefacts may have disrupted signal acquisition and thus affected 
training results. EMG may have been confused with high power EEG. However, due to the 

unstable nature of our participant’s ability to consistently control her muscle activity, it may be 
unlikely that EMG was used for control. 

  
Furthermore, there are a wide range of differences among individuals with CP. Symptoms may 

range from very mild to very severe, may involve one or both sides of the body, and may involve 
different body parts, more or less severely.  It may be useful to investigate further EEG signal 

acquisition from individuals with CP. Depending on the nature of the impairment, there may be 
specific challenges presented in attempting to obtain clean signals. 

  
The user interface that was constructed by Thought-Wired for the training game was rudimentary. 

This may have affected the novelty and entertainment value of the game-play, and influenced 
Suzy’s BCI skill development. 

  
The training sessions had a varied number of trials, and this rendered the results inconsistent. 

Although they were all of the same duration (30 minutes), based on Suzy’s motivation, 
psychological and physical states, the contents of each session were tailored to keep her 

engaged and comfortable, at the stake of adhering to the training paradigm. 
  

Training sessions were only conducted in the mornings and in a small isolated office. Because 
fatigue affects performance, using BCI in the evening may be more difficult. The location of the 

study was also a limitation because we experienced very little distraction compared to her 
classroom situation, where there would be a number of different events taking place. 

  
Suzy did not have any practice sessions with using the BCI to control her Dynavox 

communication device. Had she been given the opportunity to become acquainted with the 
logistics then her performance may have improved. Unfortunately, she chose not to continue with 

using the BCI after the 6-week follow-up, therefore it was not possible to measure any further 
progress. It would have been beneficial to practice accessing her Dynavox device earlier in the 

training process. 
  

We did not implement any formal measures of mastery or engagement/motivation, and only asked 
Suzy how she felt about the training. If a proper measure was employed, the results could have 

been correlated with her skill levels to investigate a relationship. 
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Conclusion 

Successful BCI operation requires users to develop and maintain control of specific brain 
patterns. Training is therefore an integral part of BCI applications, requiring careful design that 

supports learning. Over 7 sessions, Suzy learned to control her neural activity associated with 
imagined movement and could use these to access her communication device. Although her 

training period was short compared to previous studies, there were a number of obstacles that 
affected her learning process. 

  
The results from this study show that when constructing a training protocol it is important to 

address user attention, physiological factors, and motivation, as well as implementing appropriate 
feedback of performance. Moreover, the training environment should be customisable in order to 

adapt to the user’s preferences (i.e. adhere to their unique interests, perceptual/cognitive 
differences). Present-day BCIs seldom provide suitable feedback within a stimulating and 

engaging training environment that can also be customised to relate to the unique interests of 
different people. Addressing such factors can decrease the amount of time spent learning to use 

BCIs and increase commitment to using this technology. It may also be important to introduce the 
user to practical applications earlier on in the training process, to provide the user with more 

insight, confidence and competence if they are able to practice these skills at an earlier phase. 
  

Current and future studies need to focus on real world applications of BCIs that are outside the 
highly controlled environments of research laboratories and clinical settings. Case studies such 

as this, will reveal the intricacies ingrained in the practical aspects of BCI technology. These 
studies will require system testing in the environments in which they will be employed and long-

term operation by individuals with severe physical disabilities.   
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Chapter 5. Are we there yet? 
Evaluating commercial grade 
brain-computer interface for 

control of computer 
applications by individuals 

with cerebral palsy 

Preamble 

This chapter can be seen as an extension of Chapter four. It describes the results of a larger 

study to see if the results from our pilot study could be replicated and to gather the second 
iteration of user requirements for the design of BCIs. As will be revealed, results from this larger 

group of participants refute the findings of our pilot study. A number of well cited research groups 
corroborate this finding where tremendous inter-, and intra-subject variability is observed in the 

control of BCIs (Allison & Neuper, 2010; Kübler et al., 2013;  Wolpaw & Wolpaw, 2012).  

Based on the positive results from the pilot study, we integrated a number of software applications 
that included access to communication and educational software with which our participants were 

familiar.  We wished to expose our participants to these additional applications earlier  in the BCI 
training process to enable them to gain more value from their participation in the research and 

gauge whether these meaningful interactions improved the training process. Unfortunately, none 
the participants in this study could reliably and consistently control the BCI and this aspect of the 

study was dropped.  

We also wanted to follow the UCD framework put forward by Kübler et al., (2014) to methodically 
evaluate the usability of the BCI prototype. This was an important outcome from the pilot study, 

where we failed to comprehensively measure usability. We aimed to measure effectiveness 
through the accuracy of correct selections within the educational software application (Clicker 6) 

and efficiency based on the number of false activations during this interaction. To measure 
workload we employed the NASA Task Load Index (Hart & Staveland, 1988), which measures the 
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mental, physical and temporal demands of using technology, as well as subjective performance, 

effort and frustration that the participant may experience. The Quebec User Evaluation of 
Satisfaction with AT was the questionnaire with which we sought to quantify satisfaction with 

general aspects of the BCI, such as reliability and learnability (Demers, Weiss-Lambrou & Ska, 
2002). However, not all participants could provide reliable feedback on these measures due to the 

severity of their condition and fatigue experienced during the trial sessions. This led to the 
decision to remove these measures from the study.  

This study reveals the inherent difficulties of non-laboratory/clinical research with people who 

have complex needs, and points towards a need to better design processes of engagement and 
working with them. The number of changes that were made to this study reflect the need to have 

an agile, flexible approach to working with people with disabilities, who are nonverbal and have 
complex health conditions.  

This paper has also been published in the journal Disability and Rehabilitation: Assistive 

Technology. This chapter differs from the published version, where the methods section has been 
simplified due to repetition of information in Chapter four.  

Please see Appendix B for the the Participant Information Sheets and Consent Forms. 
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Abstract 

This study evaluated the training and testing protocol for six individuals with spastic quadriplegic 
cerebral palsy who were learning to use a commercial electroencephalography (EEG)-based 

brain-computer interface (BCI). A customised, gamified training paradigm was employed.  Over 
three weeks, the participants spent 2 sessions exploring the system, and up to 6 sessions playing 

the game which focused on EEG feedback of left and right arm motor imagery. All participants 
showed variable inconclusive results in the ability to produce two distinct EEG patterns. 

Participant performance was influenced by physical illness, motivation, fatigue and 
concentration.The results from this case study highlight the infancy of BCIs as a form of AT for 

people with cerebral palsy. Existing commercial BCIs are not designed according to the needs of 
end-users. 

  

5.1. Introduction 

The expansion of technology has been transformational for individuals with severe physical 
disabilities (Stumbom, Martin & Hedrick, 2009). Assistive technologies (AT), which refer to any 

equipment or systems designed specifically to increase and maintain a person’s functional 
abilities, have been able to increase access to education, communication, social engagement, 

and vocational opportunities (Stumbom et al., 2009). Although the benefits of access to AT are 
well known, the challenges of finding a practical method to enable effective computer access can 

be overwhelming, often resulting in AT abandonment (Copley & Ziviani, 2004; Hemmingson et al., 
2009). 

  
More recently, for people who have no means of physical or voice access to technology, there has 

been an interest in brain-computer interface (BCI) technology as a form of AT. A BCI is a human-
computer interface technology that allows for the control of electronic devices by modulating 

neurophysiological processes such as the electrical activity of the brain (electroencephalography) 
(Blan-Moraes et al., 2012). With self-driven BCIs, the user can practice reproducing thoughts 

(such as motor imagery) to gain self-control over specific neural activities, that can then be used 
as commands to control applications on a computer (Neuper et al., 2003). In this sense, BCIs can 

enable computer interaction without having to rely on the peripheral nervous system, i.e. a 
completely physical-free access solution. 

  
Although the development of BCI technology for computer access has been confined to research 

laboratories, there are a number of companies who have produced commercially available, 
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consumer-ready BCIs. These have mainly been devised as alternative game consoles or for 

measuring brain states (e.g. detecting when you are relaxed or focused) (L’ecuyer et al., 2008). 
However, for people with disabilities, these BCIs should be useful in providing an alternative 

access solution.  For this research, the Emotiv EPOC has been adopted.  This commercial system  
is a wet sensor, 14-channel BCI headset. Due to the portability, quick and simple set up 

procedures as well as the affordability of this technology, it is reflective of the type of BCIs that 
ideally should enable access to individuals who cannot otherwise access computers.  It is also 

representative of other systems that will be available as AT in the future. The purpose of this 
research was to utilise the Emotiv EPOC device to enable computer access by individuals with 

cerebral palsy (CP) at the Gross Motor Function Classification System (GMFCS) and Manual 
Ability Classification System (MACS) levels IV and V. 

5.2. Methods 

5.2.1. BCI technology and training paradigm 
  
The same software and hardware used in the pilot study (see section 4.2) was implemented in this 

study.  
  

5.2.3. Participant recruitment 

Based on the albeit limited success of the pilot study, ethics approval was granted from the 

University of Auckland Human Participant Ethics Committee to undertake a larger study to 
evaluate the effectiveness of teaching participants to control brain signals using the Emotiv EPOC 

with a gamified training protocol for the purpose of computer access (see appendix B). Although 
other research has shown that it can take several months to train to use a BCI for computer 

access (Neuper at al., 2003), our pilot study showed that it might be possible within a four-week 
period. Furthermore, AT trials that are funded by the New Zealand government last only two 

weeks. We wanted to assess how much progress our participants could make in a short time 
period. 

  
A presentation to parents/caregivers and potential participants allowed them to observe and test 

the device.  A novice parent (who had never used the technology before), was asked to wear the 
technology for the presentation. During the presentation, the parent was requested to “move the 

cube” on a computer by thinking about using their right arm to “push” the cube. When the cube 
moved, there was a noticeable positivity gained in parental support for the study. As a result, eight 

individuals volunteered to participate. All participants under the age of 16 gave assent with 
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parental/caregiver consent, and participants over the age of 16 provided informed consent. Table 

5.1 displays the specific participant characteristics. 

Table. 5.1. Participant Characteristics

 
�80

Participant Gender Age Characteristics

1 M 17 Spastic quadriplegic CP 
Vision Impairment 
Took anti-epileptic medication 
Used eye-gaze to look at “yes/no” 
cards- interpreted by communication 
partner

2 M 17 Spastic quadriplegic CP 
Head support required Vision 
Impairment 
Limited ability to use switch access, 
Communicated “yes” and “no” by 
moving his left arm up and down

3 F 18 Spastic quadriplegic CP 
Head support required Used eye-gaze 
to look at “yes/no” cards- interpreted by 
communication partner

4 M 7 Spastic quadriplegic CP 
Head support required Was beginning 
to learn to use “yes/no” communication 
cards with eye-gaze, interpreted by 
communication partner

5 F 9 Spastic quadriplegic CP 
Had daily episodes of epileptic seizures 
and took anti-epileptic medication 
Head support required Used eye-gaze 
to look at “yes/no” cards- interpreted by 
communication partner

6 F 9 Spastic quadriplegic CP 
Head support required Used eye-gaze 
to look at “yes/no” cards- interpreted by 
communication partner

7 M 43 Spastic quadriplegic CP 
Head support required Limited vocal 
communication 
Used low-tech AAC (stylus to access 
A4 sheet of paper with the English 
Alphabet)

8 F 34 Spastic quadriplegic CP 
Head support required Used a head 
wand to access a touch screen tablet 
computer and to access Minspeak AAC 
software.



5.3. Results 
  

Attempts were made to successfully obtain brain signals of all volunteers.  However, participant 3 
was unable to continue training after the first session as her unique head-shape meant that the 

electrodes on the BCI could not gain contact with the surface of her scalp. Participant 4 was also 
unable to continue testing, as he was unresponsive during the first couple of sessions. We could 

not be certain about his developmental and cognitive levels. 

As each participant responded differently, results are presented independently. Although attempts 
were made to have a consistent number of test sessions and trials, the differing needs of the 

users resulted in varying numbers of trials and sessions. 

5.3.1. Adolescent participants 

Figure 5.1 shows the skill development of left and right arm motor imagery for participant 1. 

Between trials 1-8, the participant displayed some learning of right arm motor imagery. His 
performance scores for left arm motor imagery shows minimal ability to reproduce this neural 

signal. After session one, he fell ill and was absent for two days. After his absence, figure 5.1 
indicates an inability to also reproduce right arm motor imagery. In sessions two (trials 9-12) and 

three (trials 13-17) he only completed 3 minutes of training as he was tired and could not focus 
his attention on the laptop screen.  

His special education teacher commented during the beginning of the training that he may face 

difficulties with focusing on visual tasks due to his visual impairments. Sessions 4-6 (trials 18-56) 
were held at the participant’s home. Initially there was evidence of learning, however performance 

was inconsistent and did not show reliable improvement. During these trials, he had a number of 
serious seizures and was taking medication to help control them. These in effect made him tired 

and unable to focus and the decision to stop training sessions was made. 

Participant 2  (see figure 5.2) found it difficult to reproduce the neural signals for left and right arm 
motor imagery, with performance scores averaging below 0.1. However, these are results from 

only three days of training for no more than 10 minutes per session. It is not possible to draw a 
clear conclusion on this participant’s ability. The sessions with participant 2 had to be kept short 

due to his anxieties about people touching his head, and severe discomfort from having his head 
support removed to allow for the Emotiv EPOC to fit on his head. Of note, participant 2 initially did 

not want to continue with the trials after initially trying the BCI device on his head during the first 
session. However, after another demonstration he chose to continue.It was important to set aside 
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approximately 20 minutes during each training session to make him feel relaxed, and position him 

in a way that he felt as comfortable as possible.  

  

Figure 5.1. Skill development of left and right arm motor imagery for Participant 1.  

Figure 5.2. Skill development of left and right arm motor imagery for Participant 2
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5.3.2. Child participants 

For participant 5 (figure 5.3), sessions 1-3 (trials 1-16) were held at her special education school. 

She was very interested in the novelty of using the BCI technology at the beginning. However, 
sessions 4-6 were held at her home, and here it was almost impossible to engage her in the tasks. 

She was upset about having to do these exercises at home and was very unsettled during these 
sessions.  Similar to participant 2, she also suffered from epileptic seizures, and this significantly 

influenced her ability to concentrate. Figure 5.3 shows that she was not able to adequately control 
and repeat neural activity associated with motor imagery. 

Figure 5.3. Skill development of left and right arm motor imagery for Participant 5.

After only four sessions, participant 6 (figure 5.4) wished to discontinue involvement in our study. 

Similar to participant 2, the results indicate that she was not able to control neural activity 
associated with motor imagery. She found the headset too uncomfortable and did not enjoy 

playing the game. 
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Figure 5.4. Skill development of left and right arm motor imagery for Participant 6. 

5.3.3. Adult participants 

The results for participant 7 (figure 5.5) show variable progress, where there are sessions that 
show learning, however these are met with periods of steep decline in performance. The case 

notes for this participant indicate that he found it frustrating when trying to interact with the puzzle 
game, as it would often not react according to his cognitive tasks (false activation or no 

movement of the cube). He often commented, “it’s not moving, check the settings”.  

Similar to participant 5, participant 8 (figure 5.6), showed some initial learning throughout 

sessions 1-3 (trials 1-13). Subsequently, she fell very ill and was absent for four days. Upon 
continuing with the trials, her performance continued to deteriorate. She commented that she was 

still not feeling 100percent and could not concentrate. Her case notes also reveal that while she 
performed the cognitive tasks and was trying to focus, the lower half of her body would move 

around uncontrollably. 
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Figure 5.5. Skill development of left and right arm motor imagery for Participant 7. 
 

Figure 5.6. Skill development of left and right arm motor imagery for Participant 8. 
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All six participants found the BCI headset uncomfortable to wear for longer than 15 minutes, this 

was further perpetuated by the fact that head-supports could not be worn during the test session 
because the device would not accommodate the support, thus head supports had to be 

removed. In addition to attempting to focus on the signal, the participants felt physically strained 
to keep their head up. Upon reflecting on the lack of success, the staff at the special education 

school noted that this study was a “double red light” task, meaning that it was both cognitively 
and physically demanding for their students. Initially, all the participants found the puzzle game to 

be engaging, but this was not enduring. Collectively, they found that the act of repeating cognitive 
tasks was mentally tiring, and sometimes difficult to comprehend, particularly when they 

attempted to perform a specific cognitive task and the system did not respond accordingly. 

5.4. Discussion 
  

There are a number of studies that have shown remarkable results on the use of BCI for 
communication by people with various types of disabilities (Daly et al., 2013; Holz, Kaufmann, 

Desideri, Malavasi & Hoogerwerf, 2013; Nijboer, Birbaumer & Kübler, 2010). These studies are 
conducted within the highly controlled environment of research laboratories, followed by very 

strict experimental/research protocols. Furthermore, this research is conducted using 
sophisticated and complex technologies that are not reflective of the type of systems that will be 

affordable/available for use as AT.  The purpose of this work was to take a relatively inexpensive 
BCI that is commercially available and test it with those individuals who would benefit most from 

this type of access. 
  

However, a combination of the physical design limitations of the Emotiv EPOC for use with people 
with disabilities, uninteresting and ineffective software design, concentration and physical illness 

may have resulted in an inability to effectively utilise the BCI.  
  

The physical design aspects caused problems that resulted in fitting issues.  First, the design of 
the Emotiv EPOC did not allow sufficient flexibility to manipulate the electrodes into the correct 

positions. This meant that for some participants the sensors did not sit snug, or at all on the head. 
If the BCI sensors have insufficient contact with the scalp, they cannot detect the electrical activity 

of the brain, and this also increases the amount of noise detected by the electrodes. 
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The second greatest difficulty was the inability to use the Emotiv in conjunction with a head 

support. All of our participants required head support on their wheelchair to allow for head 
control. However, the Emotiv EPOC has a large, hard polycarbonate and acrylonitrile butadiene 

styrene plastic band that juts out behind the back of the head, (see figure 5.7) that required 
removal of the participant’s head support to allow the device to fit. This caused great discomfort, 

pain and frustration for all participants. Furthermore, because there was no support, head 
movement was very common causing the BCI to shift and lose connection with the scalp. This 

required recalibration and repositioning of the device regularly (as often as every 3 attempted 
trials within a session).  In consultation with the participants’ OT, different methods of neck support 

were provided including neck braces and mouldable pillows, but none worked effectively. 

Commercial BCIs for people with CP must be designed to be highly adjustable with increased 
flexibility of positioning the device on the head as well as electrode placements that can be 

readily manipulated.  Softer materials must be used for the actual headset to ensure comfort and 
less obstruction. The positioning of the electrodes may also be affected by pressure from the 

head support, therefore it is important to investigate the positioning of BCI electrodes and the 
influence of artefacts. 

 

Figure 5.7. A bird’s eye view photo of the Emotiv EPOC, highlighting the electrode positioning and the 
polycarbonate and acrylonitrile butadiene plastic band. 

 
�87



The user interface design of the training software was found to be difficult to use by two 

individuals who had visual impairments.  As the system was laptop based with a screen size of 15 
inches it was difficult for some participants to see the visual feedback of their performance.  There 

was also insufficient auditory feedback that was presented when the participant was able to 
unlock boxes to collect rewards and the special education teachers who were present during 

these trials commented that hearing the feedback would significantly improve their performance. 
On a cautionary note however, this will have to be evaluated more carefully as the auditory 

processing may affect signal detection. 
  

As a means of motivation, the training software was gamified such that when participants were 
able to produce the required neural activity, they would unlock puzzle pieces, with the aim of 

completing a puzzle. For all participants it appeared that the game was boring and did not 
motivate them to want to continue to train. This reveals the importance of customising the training 

paradigm to suit the needs and wants of users. 
  

Existing research has demonstrated the potential real world applications of BCIs beyond the 
‘proof-of-concept’ phase. Current and future studies need to focus on real world applications of 

BCIs that are outside the highly controlled environments of research laboratories and clinical 
settings. To truly gauge the appropriateness of BCIs as AT and their impact, more longitudinal 

studies or studies that include follow-ups are crucial. We do not yet know the long-term suitability 
of BCIs as AT. 

  
Although the interest in BCI research has grown exponentially over the past decade, less than 

10percent of the published research has involved those with severe motor impairments (Holz et 
al., 2013; Mason, Bashashati, Fatourechi, Navarro & Birch, 2007). This highlights the 

overwhelming gap between empirical research and the transfer of the gained knowledge in 
application to the target population. This is known as a “translational gap”, where there is a lack of 

translational studies which investigate the problems that emerge when BCIs are to be applied to 
end users in their natural environment (Holz et al., 2013). This type of research is of utmost 

importance if we are to see the transition from a research device to a user-friendly commercial 
device. BCI technology can be complex, and as we’ve learned, the perception of researchers on 

the user-experience of these systems is highly biased, and does not reflect the perception of 
actual end users. If we do not consider the opinions of multiple-stakeholders (people with 

disabilities, their support network and health professionals) on the user-experience and usability 
of these systems, we run the risk of creating a solution that is difficult to use and fails to meet 

critical needs. In recent years, more researchers are adopting the user-centred design process to 
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better understand the requirements and improvements needed to create a truly usable BCI-AT for 

communication (Holz et al., 2015; Scherer et al., 2015). 
  

The research results that show the degree of AT abandonment is of grave concern. Studies report 
that between 30-75percent of systems are abandoned (Parette et al., 2006; Riemer-Reiss & 

Wacker, 2002). With this knowledge at hand, it is possible ensure that BCI assistive devices are 
created with principles of universal design and input from the people who will be using them in 

their everyday lives. From this point of view, research that is done in the natural environment, such 
as schools and homes, will open the doors towards understanding the real-life problems people 

may face when implementing and integrating BCIs to help improve their quality of life. 
  

5.4.1. Limitations 

This research sought to identify the ability to effectively train users with a commercially available 

BCI device.  As a result, there were some limitations of the study.  
  

First, no raw EEG data were recorded to measure the types of signals and whether artefacts may 
have disrupted signal acquisition and thus affected training results. It may be useful to investigate 

further EEG signal acquisition from individuals with CP. Depending on the nature of the 
impairment, there may be specific challenges presented in attempting to obtain clean signals. 

Individuals with CP have been known to produce large muscle artefacts that are caused 
uncontrollable movement (Nijboer et al., 2010) and the system we employed may not have 

adequate artefact reduction methods, which would significantly affect the classification of the 
signals. 

  
Another key limitation is that Emotiv’s signal acquisition; feature extraction and classification 

algorithms are all a commercial secret. We cannot ascertain how exactly they work, and what 
would be the optimal approach to training their classifiers. In effect, the pattern of performance 

decline shown from the results of each participant could be due to the lack of the ability of the 
software to evolve with the user. Therefore, the changes in brain activity due to learning how to 

perform specific cognitive tasks (Krusienski et al., 2011; Wander et al., 2012) could result in their 
classifier being unable to recognise the cognitive tasks. Another consideration would be the 

system’s signal to noise ratio, which may not have been high enough for motor imagery, and 
therefore not useful for classification. 

  
Due to the severity of their conditions and limited communication capabilities, it was very difficult 

to gain deep insight into potential usability issues with the BCI. We initially sought to implement a 
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variety of usability and AT satisfaction measures in this study. However, upon running the 

participants through the first few sessions it was evident that these questionnaires would be 
difficult, and tedious. Furthermore, in most cases, their responses would have needed to be 

interpreted through a communication partner, which could influence the validity of the results. 
  

Lastly, although we aimed to conduct 30-minute training sessions, in reality this was near 
impossible with our participants. Again, this was due to the severity of their conditions and the 

difficulties with the technology we employed. As a result, it is likely that we were unable to collect 
enough EEG data to adequately train the classifiers, and our participants were unable to learn to 

reproduce specific motor imagery tasks within the set timeframe. However it is important to note 
that despite technical advances, even with laboratory-grade systems, performance variation is 

prevalent, particularly with motor imagery based BCIs (Allison & Neuper, 2010). This is evident 
within and between subjects, where performance is variable and fluctuates greatly over time. 

Approximately 20 percent of BCI users are labeled as “BCI illiterate”, as they cannot generate 
classifiable brain signals with any form of BCI (be it motor imagery, visual P300 or SSVEP 

(Blankertz et al., 2010; Guger et al., 2012). 

  

Conclusion 

There is evidence to suggest that it is possible for some people to control a brain computer 
interface, but devices and software are not at the stage of universal acceptance.  Prior to testing 

individuals for a brain computer interface the following must occur: an assessment of 
appropriateness of fit, interests and needs of the end user, the perception and acceptance of the 

technology by their caregivers and support network, and the applications that the user will want to 
access. Design of BCIs should take into account that there will be differences between people in 

all aspects and must seek to increase flexibility of the system to ensure that usability is effective 
for all users. 
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Chapter 6. Caregiver and 
special education staff 

perspectives of a commercial 
brain-computer interface as 

access technology: a qualitative 
study 

  

Preamble 

In Chapter 3 we learned the importance of considering the perspectives of the multitude of 
stakeholders in the design of AT as they can positively or negatively influence the successful 

adoption of technology.  Assistive technologies are not only used by individuals with disabilities, 
but those who support them in their everyday lives.  

Presently, there are few studies that have evaluated BCIs from the perspective of an individual's 

support network, consisting of caregivers, teachers, and health professionals/service providers 
(Blain-Moraes et al., 2012; Liberati et al., 2015).   

Although these studies have used qualitative methodologies that enable richer information to be 

collected,  the participants had very little, if any, experience interacting with BCIs. This is a major 
point of difference in the research detailed in this chapter. We conducted semi-structured 

interviews with caregivers and special education staff who took part in the BCI trials described in 
Chapter five. These participants assisted us by observing the interactions between the 

technology and individuals with CP, and therefore had unique insights into the overall experience 
with the BCI, the design of the hardware and training software, as well as the biggest barriers to 

adoption.  

As we showed in Chapter five, the BCI used in this project did not provide any value for our 
participants, but was a useful talking point that enabled us to gain deeper insights through 
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qualitative methods. Rather than having preconceived hypothesis testing on what should be 

important, we let the participants tell us what worked, what did not, and what needs to change.  

The results that emerged may not have been possible without the experience of trialling a BCI 
system over time. Soken (2016) notes that people have difficulty envisioning something that does 

not exist in their world, which is what we learned from the focus group (Chapter 3). Before a new 
experience exists, people usually use concrete operational thinking rather than try to imagine the 

hypothetical or abstract. It is beneficial for stakeholders to interact and become acquainted with a 
system (whether an actual object or a prototypic experience), in order to awaken new ways of 

thinking and explore the potential possibilities and limitations of a given system (Soken, 2016). As 
the famous saying goes “people don’t know what they don’t know”, therefore it is critical that 

participants understand the new reality that is being proposed by BCIs in concrete terms.  

The discussion section of this chapter can be seen as a collection of the user requirements for 
future development. Due to being an independent project, rather than being a part of a larger 

multidisciplinary team, it was not possible for us to address all the required changes and research 
some critical themes that emerged in this thesis. This meant that it was not possible to complete 

another iteration on the BCI design (hardware and software), which would be the usual process 
following UCD. However, the feedback reveals the strengths and weaknesses in the design 

prototype and can provide new information about user needs, as well as where the design can be 
improved in the future.  

This chapter is has been accepted for publication in the journal “Brain Computer Interface” and is 

currently in press. Please see Appendix B for the the Participant Information Sheets and Consent 
Forms. 
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Abstract 

This study sought to understand the perceptions of special education staff and caregivers (n=6) 
who took part in a brain-computer interface (BCI) technology trial for individuals with severe 

cerebral palsy. Participants were interviewed after the completion of the piloting regarding the 
different BCI components (hardware, software and training). The transcripts were coded and 

analysed using thematic analysis. Results showed that BCIs are not suitable for independent use 
outside of clinical/laboratory settings. The hardware needs to be configurable, comfortable and 

accommodate physical support needs. The training approach needs to be less cognitively 
demanding, motivating and support personalised mental tasks. For BCIs to transition into the real 

world, there should be adequate technological support, improved reliability, and a systematic 
assessment of how the technology will fit into the lives of end users. Participants emphasised the 

on-going need to involve users and individuals who support them, to create a system that truly 
meets the needs of the users. 

6.1. Introduction 

Over the last two decades evidence has emerged to support the use of BCIs as AT for people 

with disabilities (Moghimi, 2012). However, the majority of the research has tested the technology 
with able-bodied, typically developed participants using sophisticated, costly, research-grade 

technology in controlled environments. Only a few studies have investigated the feasibility for 
people with CP (Daly et al., 2014; Scherer et al., 2015). As a consequence, the efficiency, 

usefulness and effectiveness of BCI systems may not transfer from research settings to real world 
situations.   

  
BCI researchers and developers are not necessarily familiar with the daily life of people with 

disabilities and those who support them. A survey among attendants of the largest international 
BCI conference showed that respondents identified themselves as computer scientists, 

neuroscientists, electrical engineers, cognitive scientists or artificial intelligence researchers 
(Nijboer et al., 2011). All respondents indicated in this survey that they believed BCIs as access 

technologies will be available on the market and all were very positive about the prospects. 
However, a workshop and focus group by Nijboer et al., (2014) showed the opposite perspective 

was held by rehabilitation professionals (SLTs and OTs, AT consultants). Among their concerns, 
rehabilitation professionals argued that considering the often concurrent cognitive, attention and 
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sensory impairments in target users, great care should be taken to lower the mental resources 

needed to control BCIs, and they should use more intuitive strategies. 
  

Developers need to involve users in the BCI design and consider user characteristics and 
concurrent neuropsychological symptoms.  To understand some of the factors that impact on the 

transfer of BCI technology out of the research labs and into the hands of end users, it may be 
necessary to include the perspectives of caregiver and industry professionals, or recruit them as 

co-designers in the research and development process. Current approaches to the research and 
development of BCIs are too narrow, focusing predominantly on the improvement of technological 

components, rather than in application with individuals with disabilities (Nijboer, 2015). 
  

Assistive technologies are not only used by individuals with disabilities, but those who support 
them in their everyday lives, such as family members, therapists and formal caregivers. Therefore, 

the development of new innovations should be seen as an interplay between a number of actors 
taking place within networks. Understanding user needs determines the success or failure of 

technology development (Shaw, 1998) and the quality of the product (Keiser & Smith, 1994). 
Multiple perspectives can positively or negatively influence the successful adoption of technology 

(Parette & Angelo, 1996). Johnson et al., (2006) consider that when clinicians (SLT and OTs) 
underestimate the influence of family members and caregivers, it results in a misunderstanding of 

the needs, preferences and priorities of the end user and individuals who support them. This 
becomes a critical factor to consider in the design of AT for individuals who have severe 

disabilities and complex communication needs.  To help make decisions about which system is 
most suitable and then to further implement the technology, these users will be dependent on 

caregivers and others in their support network. 
  

There are currently only a few studies that look at the specific needs of BCI users, particularly 
from the perspective of caregivers and health professionals/service providers. Using focus 

groups, Blain-Moraes et al., (2012) reported on the psychological and usability aspects of BCIs 
for individuals with ALS and their caregivers. They found that relational factors have a significant 

influence on technology acceptance and that it is critical to investigate user experiences, 
priorities and opinions of multiple users. Liberati et al., (2015) also conducted a BCI focus group 

inclusive of individuals with ALS, their caregivers and health professionals. They found that users 
felt uninformed of BCI technology and its capabilities. Participants highlighted the need for 

consideration of personal emotions and experiences which could influence the acceptance of 
BCIs as AT. The authors also noted that emotions may disturb the signals detected by the BCI, 

creating noise that can diminish the performance of the system as reliable AT. An important 
design requirement was the need for a modular design of BCIs as AT, that could be flexible based 
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on the progression of the disease and changes in user needs. All of these insights are important 

for the transition of BCIs from the realm of protected research environments to commercial, 
everyday use. 

  
Although these studies have used effective qualitative methods to gather rich insights, an 

important limitation is that the participants had very little, if any, experience in adopting the 
technology either as an end-user or a caregiver/assistant working with the user. For this reason, 

the following study aimed to uncover the perspectives of caregivers and special education staff 
who took part in a three-week study of BCI use. By assisting in the sessions and observing the 

interactions among the technology, the users with disabilities and the staff, the researchers sought 
to understand what special education staff, caregivers and therapists thought of the overall 

experience with the BCI, the design of the hardware and training software, as well as the biggest 
barriers to adoption.   

6.2. Method 

Due to the complex needs and coded communication methods used by the trial participants, 
there were a number of school staff members and caregivers who accompanied each participant  

in every session. Apart from helping to position participants, provide insight on customisation 
needs, and interpret communication gestures, these assistants observed all aspects of the 

usability trials throughout the three week period. They were then able to provide meaningful 
feedback on their experiences. 

  
A series of semi-structured interviews with six individuals who assisted our participants during the 

BCI trials were conducted. The participants included: two special education teachers, one 
teacher aide, one OT, and two parents. These interviews sought to explore the perception of BCI 

technology; both the hardware and software/training components to understand the required 
design changes needed to allow computer access. 

  
The semi-structured interview method was employed, as it is more flexible than standardised 

methods. The aim of this study was to explore the different aspects of the BCI technology that 
may be important for computer access from the perspectives of an end user’s support network 

(see table 6.1 for the interview questions). Therefore, it was important to implement a more open 
method, which semi-structured interviews allow. This method enabled us to explore emergent 

themes and ideas, rather than rely only on concepts and questions defined in advance of the 
interviews. 
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The interviews took approximately one hour and were conducted either in family homes or the 

special education school to make it as convenient as possible for the participants. We also 
allowed participants to contact us via telephone or email, with any further comments/feedback. 

   Table 6.1. Semi-structured interview questions

6.2.1.Data analysis 
 

Individual interviews were recorded and transcribed for analysis. Notes were also taken during 
the interviews. The transcriptions were then analysed for patterns and themes. We used thematic 

analysis as it is a structured approach to qualitative data analysis that allows concepts to emerge 
from the data rather than an analysis based on predetermined categories. A coding scheme was 

developed based on the interview questions and themes that emerged during the interviews, and 
followed the same procedure as outlined in section 3.2.2. 

6.3. Results 

The key themes that emerged in relation to the interview questions are summarised in table 6.2. 
Participants’ overall experience with the trialled BCI system showed that they are open to 

participation in the research and development of this technology, but they feel that it currently has 
no commercial value as AT. The commercial hardware chosen for this study was not suitably 

designed for ease-of-use and could not be adjusted to suit the varying needs of people with 
disabilities. Similarly, the training approach was impractical as it was not engaging, lacked 

suitable feedback and required sustained focus which was cognitively demanding. Interestingly, 

What was your overall experience like with brain-computer interface 

technology over the past three weeks?

What did you think of the brain-computer interface hardware?
Prompts: How practical was it?; What would you change?

What did you think of the brain-computer interface training component?  
Prompts: Instructions given to participants, Software interface design; What 

kind of changes would you make?

What would be the biggest barriers to adopting this type of technology for 
everyday use?
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three out of the four biggest barriers for technological transition included the wider service and 

support elements, such as technological support, financial cost, and assessment. 
 

Table 6.2. Themes that emerged from the Semi-structured interviews 

6.3.1. Overall experience 

A lack of inclusion during the development and technology transfer process was identified as the 
main hindrance to acceptance. Participants commented on the importance of being involved 

early in the development of BCI systems, to ensure that the needs of all stakeholders are met. 
Furthermore, they emphasised how other high-tech AT systems that are commercially available 

(eye trackers for example) are also difficult to use and still need more research and development 
to make them fully functional. There was a clear consensus that researchers should consider 

longer-term trials with end users and their families in environments where the technology would be 
used on a daily basis. 

  

Inclusive information loop for new technology developments

It is important for individuals who have family members with disabilities and those who work in the 
disability sector to stay up-to-date with what is happening in the field of research. Participants 

commented that being able to test new technology enabled them to 1) plan better for their 
students and 2) look at ways in which they can contribute to the research field and improving the 

Category Theme

Overall experience with the BCI trial Inclusive information loop for new technology developments
High-tech ATs follow similar development paths
BCIs require further ‘real world’ research

BCI Hardware Accommodate physical support needs
Socially acceptable design
Simple and modular configuration
Improve comfort

BCI Training Software Feedback
Multi-modal
Motivation
Personalised mental tasks
Reduce cognitive demands

Biggest Barriers for Technology 
Transition

Technological support
Funding process and financial cost
Systemic assessment
System reliability
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lives for whom they care. One participant commented that 'for people like our students, there are 

no AT solutions that can enable independent communication. Before you reached out to us, we 
didn’t have any idea that this sort of technology existed and how close it is to being available as 

AT’. 
  

Others noted that their participation in this study made them excited about what the future of AT 
would look like. They could anticipate the potential to enable independent communication. 

Members of the end user’s support network are interested in being part of the design and 
development process. However, researchers need to learn to better optimise the time and 

contributions of members in the support network who already have busy schedules. 
  

High-tech ATs follow similar development paths
  
Although none of the end users who trialled the BCI system were able to use it as an access 

method for computer use, all participants commented that this was not surprising as they had 
similar experiences with other high-tech systems ‘we understand that this technology is currently 

quite clunky, it isn’t easy to use and not that reliable from what I experienced. But to be honest, 
the same goes for other forms of technology that we’ve trialled. The eye-gaze has been around for 

decades…I can think of only two or three [students] that I’ve encountered who can use it. None of 
the students you’ve worked with can use eye-gaze.’ Some of the common problems with eye-

gaze technology included: understanding and reproducing cause and effect tasks, transferring 
the learning in training games to access communication software, inability to use them in multiple 

environments, and inadequate head/trunk support to maintain calibration. However, participants 
did acknowledge that despite these shortcomings, eye-gaze ‘has still come a very long way even 

over the past few years we’ve seen rapid improvements’. Even though they did not perceive the 
trials to go well, nor that BCI technology is currently at a stage where it can be used in everyday 

life, because of their experience with other high-tech ATs, they understand that the technology will 
improve in the future and their current interactions did not taint their excitement for future 

developments. 
  

BCIs require further ‘real world’ research
  
There was a consensus that there is a disparity between research and ‘real world’ usability. 

Designers and engineers must spend time understanding the variables that impact usability. One 
parent, who has a background in scientific research noted ‘I saw some things in the media about 

how this technology can be used to steer flight simulations and access communication aids, but 
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we’re not seeing the fruits of the research in the real world. And the real world is nothing like a 

controlled lab environment’. 
  

A special education teacher provided an example of how familiarity with real world learning 
should be considered during the design process to better understand the users. In this case, the 

use of the BCI system was labelled a ‘double red light task’, meaning it was cognitively and 
physically demanding. Usually when a novel technology is introduced, caregivers try to ensure 

that one component, either physical or cognitive, is a ‘green light task’ (a task that is easy for the 
individual to perform or causes no discomfort), which allows for a reduction in the learning curve 

or an increased comfort level, enabling the students to engage longer in the activity. Designers 
must be familiar with these hurdles and seek to overcome them. Participants recommended that 

more effort be put towards figuring out how to achieve this, through longer-term engagement with 
end users, otherwise it is unlikely that BCIs will have positive outcomes. 

  

6.3.2. BCI headset hardware 

Compared to other existing AT, the Emotiv EPOC was visually more socially acceptable and very 
portable. However, the Emotiv EPOC was not a suitable BCI headset for these individuals with CP. 

It did not allow for the use of head-support (which is typically mounted on the wheelchair to assist 
the user, but had to be removed) and tended to move around on the heads of our participants. 

Additionally, the setup of the overall system seemed complicated, and our participants felt the 
need to enable customisation to meet the different needs of end users. 

  

Socially acceptable design
  

The physical design of the Emotiv EPOC headset was said to be ‘socially acceptable’. 
Participants commented ‘it looks really cool and sci-fi, which is rare for an assistive device’.  

Furthermore, being a wireless system, it was perceived to be portable and minimalistic. One 
participant commented that ‘the more invisible you can make it, the better’. However, the 

aesthetics were viewed as secondary to the robustness and reliability of the overall system. This 
is reflective of existing access methods. For example, the head-wand is very effective, efficient 

and reliable, but was said to be ‘rather uncomfortable and attracts unwanted attention from the 
general public’. 
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Accommodate physical support needs

From a physical perspective, typical target users will have head/trunk instability which can 
compromise the electrical brain signals detected by the BCI. Individuals with severe CP often 

require head support which makes it difficult to apply electrodes at the back of the head. If the 
head is not supported, energy by the user is required for stability, (creating the red light task) but 

the head also moves around causing artefacts in the EEG or shifts of the electrodes. These 
physical  instabilities all significantly impact the reliability of the BCI signal requiring an observer 

to consistently monitor the hardware. However, special education classrooms often place high 
demands on the staff resulting in little opportunity to constantly monitor a user and their AT. 

  

Simple and modular configuration
  

Participants in this study felt that the setup of the BCI could be simplified. An OT noted ‘I’m not 
entirely sure how practical the wet sensors are. From watching you (the researcher), it seemed 

like you needed to rehydrate them a couple of times within the brief testing periods [20-30 
minutes], and this sometimes required you to take the headset off.’ Participants felt that it was an 

inefficient use of time to have to monitor the impedance of the BCI sensors, and the requirement 
to remove and replace the headset as inconvenient. However, at the same time participants were 

grateful that the entire setup of the hardware took less than ten minutes. 
  

BCI hardware must be customisable to fit different head shapes and sizes. A special education 
teacher commented ‘it’s a shame, as you saw, a couple of our students could not continue in your 

research simply because the device wouldn’t fit properly on their head, that’s really not practical.’ 
The OT agreed that both hardware and software should be as customisable as possible to meet 

the diverse needs of individuals with disabilities, as ‘no two people are the same’. 

Improve Comfort
  
It is also important to evaluate comfort over extended periods. The physical design of the Emotiv 

EPOC did not allow for even pressure distribution across the scalp. This impacts usability as it 
limits the time available for use before pain and potentially pressure sores affect usage.  

Furthermore, it is important to consider that the individual may be sensitive to pain on the head 
and/or neck, and may feel vulnerable. Researchers and designers need to consider these factors 

especially when first introducing users to the hardware. 
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6.3.3. Training 

Overall, the training software was a major limitation to the usability of BCI as AT. Learning to 
control brain activity is a difficult concept to grasp, and instructions should be broken down into 

small steps with feedback showing clear cause and effect. Creating a motivating and immersive 
learning environment within the software will ensure that users are interested in learning to use the 

system. Lastly, participants emphasised the need for multimodal feedback, in the forms of visual, 
auditory and tactile, as users will have varying sensory impairments. 

  

Feedback
  

Participants commented that the concept of training was understandable in that it clearly showed 
responses as a result of specifically elicited brain activity (i.e. when the participant thought about 

moving their left arm, the avatar on the screen would respond by moving to the left of the screen). 
However, there were concerns around whether all potential end users, including the trial 

participants, could comprehend the mapping between the screen response as a response to the 
elicitation of their brain signals. Participants agreed that the use of this type of the BCI paradigm 

was abstract ‘you’re essentially thinking about thinking, and that’s not an entirely intuitive process, 
especially when this thinking is used to control something else. It is a bit complex.’ In this sense, it 

was deemed essential to ensure that instructions are broken down into small, incremental steps, 
to make interaction easier to comprehend and decrease the perceived steep learning curve. 

  
During the training, the first and second sessions usually went relatively well, however for all 

participants, the system often failed to respond, even when they believed that they were 
producing the same type of brain activity to drive the BCI. The OT highlighted that she thought 

‘there was clearly some sort of error in the type of brain activity being produced, because the 
system wasn’t responding as it should have. There needed to be something on the screen to 

show them why it wasn’t and what to do to change it to achieve the task’.  Another participant 
emphasised this where ‘the program needed to show them what they’re doing wrong or how far 

away they are from doing it right’. The software should have provided the necessary feedback to 
show our participants where errors may have occurred- be it the incorrect brain activity, too much 

noise or a system error- so that they could understand why it was not responding. These were 
particularly interesting comments given the complexity required to program a system to actually 

meet these needs. 
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Multi-modal

Individuals for whom this technology will be most beneficial, are more likely to have multiple forms 
of impairment, especially people with severe CP ‘many of our students have concurrent sensory 

impairments. For CP, the more physically disabled they are, the more likely it is that they will have 
visual and/or auditory impairments. That’s why the training in this study was flawed. Although 

there was some auditory feedback, it was still heavily visual, and two of the students had difficulty 
focussing on the screen’. Therefore, all training needs to be multimodal and incorporate auditory, 

visual or tactile feedback. 

Motivation

Motivation was seen as imperative to engage users for on-going BCI training. During the design 

phases of the training modules, attempts were made to customise the training puzzle game to suit 
the interests of our participants. Caregivers and special education staff appreciated that an 

attempt was made to customise the game. However, these customisations were too superficial 
and quickly lost motivational power as they were not engaging and had no storyline. Instead, it 

may have been beneficial to create more interesting storylines ‘for example, it would have been 
better if that avatar was Dora the Explorer, instead of a cube, unlocking Dora related puzzle 

pieces. And if she was going on a journey, collecting things that she needs to complete it’.  One 
teacher commented that if users are disengaged and bored, then this could affect the brain-

activity being detected and make the system more difficult to use. 
  

Being able to access applications was thought to be important for motivation. In this case, the 
BCI was able to access their educational software ‘Clicker 6’ and a media player. The students 

were already familiar with the software environment, reducing the need to learn another complex 
task. Furthermore, participants noted that the motivation was lost on the end users who did not 

realise the potential benefits of the technology. Game play did not sufficiently provide a context 
and ultimate goal. Access to a variety of different tasks (play a game, access a media player and 

practice communication) would provide a diverse learning environment, and enable more 
sustained interest ‘although they are essentially repeating the same task [producing the same 

brain activity], they are getting different feedback and doing something meaningful for 
themselves’. This highlights the need for multiple training interfaces to motivate people to learn to 

use the technology and the importance of employing comprehensive game elements for 
sustained interest in the training paradigm. 
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Personalised mental tasks
  

Providing participants with specific instructions on which brain signals to produce was thought to 
negatively impact usability. The BCI researcher asked users to elicit motor imagery (left and right 

arm motor imagery) as a control signal, but this was clearly problematic for the participants. One 
parent commented ‘you’re giving her specific instructions on how to think, but maybe it would be 

better for her to come up with that herself…figure out for herself what works more effectively, what 
if she isn’t able to produce the thoughts you are suggesting? This is frustrating and will make her 

give up if she keeps failing’.  A more personalised task, based on self experimentation may be an 
effective means of training the system, especially if motor imagery, or other empirically supported 

mental tasks are not intuitive as control signals, or are difficult to produce for people with CP. 
  

Reduce cognitive demands
  
The design of the BCI training was seen as cognitively demanding, which is impractical for 

individuals with severe CP. A special education teacher commented ‘all of our students have 
fatigue and some take medication that affects their level of alertness; the way the training is 

designed requires a lot of sustained concentration and mental effort’. The training was so 
challenging that fatigue affected some of the participants to the extent they fell asleep during the 

trials. 
  

The OT highlighted how difficult it is to truly gauge the cognitive abilities of individuals with very 
severe CP who also have complex communication needs ‘our students have complex needs. I 

think that this technology might be better suited for people who aren’t born with disabilities. If you 
think of the brain, it develops as a hierarchy, so with CP, there is some form of damage to the 

developing brain and this affects the whole brain and causes other types of cognitive 
impairments. I think this makes it tricky for us to understand if they can truly grasp and use your 

technology.’ In this sense, more understanding and testing of cognitive abilities, prior to BCI trials 
may be necessary to ensure that this would be a practical and useful AT for end users. 

6.3.4. Biggest barriers for technology transition 

Four themes emerged as barriers to technology transition: technological support, systemic 
assessment of usability, financial cost and system reliability. Participants looked beyond the 

technology to emphasise the importance of an ecological understanding of how AT is 
successfully adopted. Well designed AT hardware and software still need to be assessed in the 
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context of final use and within that environment to gauge the impact on the end user and their 

support network. 

Technological support

People within the user’s support network need to understand how the technology works, be 

trained in its use, and understand the need to follow certain methods. However, they noted that 
‘this can’t be too technical, you have to somehow make it accessible to anyone’. A parent 

commented ‘remember that there is more than one kind of user of this technology. You will need to 
consider personal factors, who will be there to support them…it would be great if you could make 

it something that’s plug and play’. 
  

Teachers mentioned that it would be great to have technical support available to help with any 
problems, but they also emphasised how they disliked being dependent on others to fix these 

issues ‘when it comes to tech-support sometimes it can take [them] weeks to get a response and 
fix. I’d rather have access to the knowledge to fix it myself, so I don’t need to rely on others’.   

Furthermore, the time required to follow a regulatory process of requesting support in order to fix 

an AT system can have detrimental effects on an end user’s life.  If the technology is an important 
communication tool, it is understandable that special education teachers would express their 

frustration with this process and voice the need for timely support. It not only affects their ability to 
teach their students, but their student’s ability to learn and participate.  

  
The results show that multiple forms of accessible, technical support are required for successful 

acceptance of BCIs. For example, there should be a way of accessing help via a physical 
manual, online videos, a forum, as well as customer service to suit the different needs of people 

within the support network. 

Systemic assessment
  
In this study, the two teachers expressed concerns about the AT assessment process. It was 

perceived that only the SLTs make AT decisions, with little input from caregivers, and no 
discussion with the teachers. The teachers thought that it was crucial to have their voices heard 

throughout the assessment process as they have daily interaction and intricate relationships with 
the end users. Therefore, they have more functional knowledge of the potential benefits and 

downfalls of different ATs for these individuals. 
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Trialling and training with this type of technology requires more time than insurers will allow ‘we’ve 

trialled the eye-gaze system before but only had two weeks with it, and it was only used at certain 
times at school, it couldn’t be taken home. That’s not really enough time to gauge whether it is 

going to work, and I can see parallels with BCIs’. There needs to be a system in place that 
enables more time and access to the technology to be used in multiple contexts. 

Funding process and financial cost

In New Zealand, the Ministry of  Health and/or Ministry of Education can fund the purchase of 
expensive AT solutions. One teacher commented ‘usually things like this cost tens of thousands of 

dollars, which make them out of reach for most families, but we can put an application through to 
the Ministry to trial and maybe purchase a device.’ However, this is a very lengthy process, and 

end users are required to trial multiple systems before being able to apply for funding ‘in reality it 
can take up to two years to acquire one of these systems. This can negatively impact the child's 

development, and by the time we actually get the technology, we’ve already developed other 
ways to communicate’. Future developers of AT need to also consider business models that can 

support the purchase of these systems, so that end users can benefit as soon as possible. 

System reliability

The Emotiv EPOC was perceived as unreliable, and therefore impractical for everyday use. 

Special education teachers noted that there is not enough support in the classroom to ensure the 
technology is working properly ‘at the moment, the state the [brain-computer interface] 

technology is in, it wouldn’t really enable effective, independent communication. To be honest, we 
would probably resort to low tech [symbol based, paper communication] as it is more reliable and 

doesn’t need constant monitoring and set-up’. Pilot testing of BCIs in real world settings, with end 
users and members of their support networks, would elucidate some of the important changes 

required to BCIs to significantly improve their performance. 

6.4. Discussion 

This study sought to gain insights into the design of BCIs from the perspective of family members 

and special education staff who care for individuals with severe CP. The themes that emerged 
from the semi-structured interviews echo those that exist in current BCI literature. A point of 

difference in this research, compared to other qualitative BCI studies, is that the themes looked 
beyond the technical aspects, and included wider contextual elements such as technical support, 

funding needs and on-going involvement in research and development. Considerable work is still 
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required to progress the field of BCI before these systems can be employed in everyday use. For 

ease of understanding, the themes will be discussed separately under their respective headings. 
  

Inclusive information loop for new technology development

Until recently, the field of AT research and service delivery has been ‘technology-centred’, where 

they have focused on how AT devices perform under ideal conditions, such as those in 
laboratories or testing facilities (Bernd, Van Der Pijl & De Witte, 2009). An alternative approach is 

‘user-centred’, which focuses on consumer collaboration in designing, acquiring, testing and 
evaluating devices in real-life environments under normal, daily, task-intensive demands (Lenker 

& Paquet, 2003). Research has shown that keeping consumers well informed and involving them 
in the decision making process improves satisfaction with technology and leads to a decrease in 

abandonment (Martin, Martin, Stumbo & Morrill, 2011; Riemer-Reiss & Wacker, 2000). Peterson 
(2008) emphasises the main reason why products fail is due to little involvement in product design 

by individuals with disabilities, and those who support them. In this study, members of the support 
network felt that increased involvement and being well informed would improve future outcomes 

for the end user, especially those who struggle with existing AT. 
  

Although it is important to include consumers and professionals who work in the disability sector, 
researchers need to employ methods that will optimise their time and contributions. Taherian and 

Davies (2015) found that special education staff who were involved in the research and design of 
a BCI prototype felt burdened by the responsibilities of their participation. Some research 

methods that are less time consuming and intrusive include focus groups, workshops and 
ethnographic studies. 

High-tech ATs follow similar development paths

An interesting finding within this study was the parallel participants drew between BCIs and other 
high-tech ATs, such as eye-gaze technology. This could mean that BCI researchers and 

developers could leverage the results of research on high-tech ATs, and use these to inform 
important research and design elements. 

  
Connecting with the previous theme of ‘inclusive information loop for new technology 

developments’, this particular theme indicates the similarities could be due to a ‘technology-
centred’ design process, rather than being informed by user needs. Therefore, this theme is 

important as it highlights potential flaws in the processes that AT researchers and developers 
currently employ. Some evidence suggests there are barriers to communication between the 

 
�106



development organisation and the intended users, and between different teams within the 

development organisation (Vincent, Li & Blanford, 2014). A review of these processes may open 
doors for the production of more innovative AT solutions. 

  

BCIs require further ‘real world’ research

One of the themes that emerged was the need for more ‘real world’ research. The BCI used in this 
study was not as technically advanced as those used in research environments, which would 

have affected the results of the trials. In this sense, it may be necessary for manufacturers of lab-
quality BCIs (those that have higher signal to noise ratios, and use advanced signal processing 

and classification algorithms) to develop more user friendly hardware and software to allow for 
independent use/testing in real world contexts. This will allow for further innovation in the field. It 

may also enable discovery of usability problems that different groups of people may experience. 
Again, this will require more engagement with end users and members of their support network to 

conduct longitudinal usability and user-experience research. 
  

If researchers and developers fail to conduct rigorous real world research, then it will be difficult to 
measure the full spectrum of usability issues surrounding BCIs. For instance, BCI research on 

healthy individuals will not be reflective of usability in individuals with disabilities who are likely to 
have complex health needs and take medication that can affect the BCI training process. A ‘green 

light’ task for an individual with no disabilities may be a ‘red light’ task for others. 

Accommodate Physical Support Needs

BCI users with CP will likely have head/trunk instability, which inevitably affects the design of 

headsets. The results of this research were echoed in a recent study by Scherer et al., (2015). The 
authors reiterated how EEG  sensor placement can be  problematic due to body posture or head  

and neck support systems. Therefore, BCI designers need to investigate novel materials and 
sensor processes that are more user-friendly. If users do not have adequate head/trunk support, 

there will be an increase in involuntary movements and spasms. Such movements create 
bioelectrical activity that lead to artefacts, which can produce misleading EEG signals or destroy 

them altogether. Therefore, designing the BCI headset to accommodate head and neck support 
will also ensure high signal quality. 
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Socially acceptable design

Participants thought that the aesthetic design of the headset was less stigmatising than existing 
devices and therefore more socially acceptable. However, improving the reliability and robustness 

of the device was of critical importance. A number of researchers who have surveyed individuals 
with disabilities on important components of BCIs have also found reliability of the technology is 

ranked higher than appearance (Zickler et al., 2011; Huggins, Moinuddin, Choido & Wren, 2015). 
  

When it comes to the commercialisation of these systems, addressing the aesthetic design of the 
hardware can influence the adoption of the device (Parette & Scherer, 2004). A lack of 

consideration of user’s perception on how the device looks can have strong implications for one’s 
self-esteem and social participation (Parette & Scherer, 2004). Furthermore, it has been shown 

that family members will disregard AT devices due to perceived increased visibility or unwanted 
attention when in public settings (Brooks, 1998, as cited in Parette & Scherer, 2004). 

  

Simple and modular configuration

Devices that do not have direct usefulness ‘out-of-the-box’ before configuration or customisation 
are less likely to be adopted (Baxter, Enderby, Evans & Judge, 2012). Individuals with severe 

physical disabilities have complex needs and caregivers are generally very busy with the 
demands of care. Technology that can demonstrate value before requiring a major investment in 

time and effort to learn how to configure the device have a better chance at successful adoption. 
This was observed in our study, as we could not show enduring value for the end users. In its 

current state, none of those interviewed thought it was worth investing time in learning to use the 
BCI. 

  
Another issue with the BCI configuration was the presence of wet sensors and inconvenience 

resulting from the need to rehydrate the material to improve impedance. Rupp (2014) suggests 
that BCIs as AT must use dry sensors that can be quickly mounted and adapted to individual 

needs. This would remove the need for re-mounting sensors and checking their moisture level. 
The first technical implementations of dry or ‘one drop’, gel-less electrodes are available, but 

evidence that they achieve the same signal acquisition quality, particularly in electrically noisy 
environments is still required (Grozea et al., 2011; Zander et al., 2011). 
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Improve comfort

Overall, the comfort of AT is something that is difficult to achieve but significantly contributes to 
device abandonment (Phillips & Zhao, 1993; Hemmingson et al., 2009). Designers and health 

professionals must consider the positioning of the user and numerous attachments that are 
required for comfort to ensure they can reliably use a system. It is usually difficult to ensure a 

balance between long-term comfort and consistency with regard to the usability of a system. 
  

The issues around comfort and BCI hardware do not appear to be unique to the Emotiv EPOC, 
nor to people with disabilities. Van Erp and colleagues (2012) note that users will have high 

demands regarding the usability and comfort of an assistive solution using BCI. They will not 
tolerate having to wash their hair after use, or wear a headset that is too tight, or cause friction. 

The authors recommend further research into dry sensors and designs that are lightweight and 
unobtrusive. Similar research on BCI usability reported that the EEG technology feels like a 

‘foreign body’ on the scalp, and people would not feel comfortable using the device outside of 
research settings (Zickler et al., 2011). 

  

Feedback

The impact of feedback was difficult to assess in this study, as we could not ascertain whether the 
inoperability/unresponsiveness was due to inconsistent human behaviour or the system. An 

explanation for the lack of response to brain inputs during the trials may have been from non-
stationary brain signals, which is often reported as affecting the reliability of BCIs (Kindermans et 

al., 2012; Samek et al., 2012). Sollfrank and colleagues (2016) also identified this as a challenge. 
They found that existing paradigms provide no information about the quality of the performed 

mental task- feedback is only provided on when the system has been able to classify the brain 
signals. It is essential to extract robust, relevant information from EEG signals in the presence of 

noise sources, signal non-stationarity and to provide meaningful feedback to the user. 
Incorporation of the study of human-computer interaction and novel algorithms that can 

adaptively cope with non-stationarity need to be tested and validated. As our participants 
suggested, the system needs to be able to recognise what type of errors or changes are 

occurring to provide the correct feedback to users. 
  

The quality of feedback during the learning process can influence understanding and motivation 
(Shute, 2008). Hattie and Timperley (2007) note that good feedback needs to show the user how 

to improve the task, rather than simply showing whether it was right or wrong. The user needs to 
understand their current level of performance and their desired level of performance. This 
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reduces the uncertainty around their performance. In contrast, BCI feedback satisfies few of such 

requirements. Training protocols, such as the one employed in this study, only indicate whether 
the user has performed the task correctly. To date, no existing BCI training protocols explain why 

or what was good or bad about the task performed by the user. 
  

Working with a non-verbal population, it can be very difficult to ascertain what mental task was 
performed and whether the user felt it was performed with accuracy. Therefore, BCI feedback 

might also be unclear and meaningless if it is based on a classifier trained on incorrectly 
performed mental tasks. Furthermore, novice users are likely to experiment with the way they do 

mental tasks, so they cannot be expected to perform the required mental tasks repeatedly from 
the start (Lotte, Larrue & Muhl, 2013). 

  
It is important to acknowledge that up to one third of people who have participated in BCI 

research, have found that the system is unable to detect classifiable task related EEG patterns. 
This might have been the case for our participants who were unable to use the BCI. For these 

individuals, even extensive training does not result in successful operation of a BCI (Guger et al., 
2003; Gourab & Schmidt, 2010). The causes for the inability to control a BCI have not been 

extensively researched (Kübler et al., 2004; Blankertz et al., 2010; Halder et al., 2011; Holz et al., 
2011). Research by Halder et al., (2013) suggests that differences in BCI performance using 

motor imagery is correlated with the quality of white brain matter and different brain structures, 
such as the corpus callosum, cingulum and superior fronto-occipital fascicle. There is evidence 

that these areas of the brain are affected in people with CP (Nagae et al., 2007). Systematic 
analyses on how different neurological/cognitive conditions affect BCI performance are required 

to establish factors which contribute to BCI illiteracy. A method of screening is also required to 
determine the brain signals suitable for a given user. 

  

Multimodal

BCIs of the future will need to provide fast, salient, and informative feedback signals to users with 
varying levels of disability and sensory impairments. Although we sought to include auditory and 

visual feedback, our participants reported that the software interface was still heavily visual, and 
all of our users had some vision impairments. Akin to this study, existing BCI research has heavily 

focused on visual forms of feedback, and only in recent years have started to explore the 
importance of incorporating a combination of tactile/haptic and auditory feedback (McCreadie, 

Coyle & Prasad, 2014; Jeunet et al., 2015; Sollfrank et al., 2016). As with most research, there 
have been mixed results regarding BCI performance with regards to both auditory and visual 

feedback. Using a combination of audio and visual feedback has shown to decrease BCI usability 
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(Hinterberger et al., 2004), whereas there is evidence that incorporating visual and haptic/tactile 

feedback improves overall performance of BCIs (Gomez Rodriguez et al., 2011; Ramos-
Muriguialday et al., 2012). The decrease in usability for the combined modality is thought to be 

caused by competition between attentional resources of the visual and auditory senses, or poorer 
learning due to the distracting properties of auditory feedback (changing melodies causing 

changes in brain waves) (Hinterberger et al., 2004). 
  

Reduce cognitive demands

Currently all forms of BCIs, whether based on evoked potentials or mental tasks, are fatiguing and 

require prolonged concentration (albeit the latter is known to be more cognitively demanding). 
This is well established in the literature, but no innovative and enduring solutions have been 

developed (Grüber et al., 2014). Wander et al., (2012) suggest that BCIs driven by mental tasks 
have the potential to become automatic (following a learning pathway similar to riding a bicycle), 

where initially it requires a lot of cognitive effort but eventually transitions into automatic execution. 
However, there is very little research to support this claim. Furthermore, this would imply that there 

would be vast changes in brain activity as the mental tasks become more automatic, thus 
requiring less brain activation. BCI classification algorithms would need to be evolving to adapt to 

these changes. 
  

This research used a BCI training protocol that was demanding for all those involved. Apart from 
learning a new task, there could have been a number of reasons as to why the training process 

was so cognitively taxing. All of our participants were on medications for seizures, muscle 
tightness and pain. Although no research has specifically looked into the effects of medication on 

BCI effectiveness, the types of medication taken to relieve secondary symptoms of disability 
could have impacted on their cognitive abilities. Rupp (2014) discusses the effects of spasmolytic 

medication (which is often prescribed to people with CP to inhibit involuntary muscle reflexes) on 
EEG. These medications inhibit the receptors for acetylcholine, which can have negative effects 

on concentration. Furthermore, they can lead to significant lower spectral power in all relevant 
frequency bands in the EEG (Pietzko et al., 1994; Todorova et al., 2001; Kay & Ebinger, 2008). The 

increase of slow waves and decrease in spectral components with higher frequencies may have a 
negative impact on the efficacy of BCIs for computer control. Similar effects may be caused by 

pain medication, which can affect attention, memory and concentration, thus impacting on user 
fatigue (Schreuder et al., 2013). 
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BCI researchers and designers should explore how different variables can moderate and/or 

mediate the relationship between the user and their ability to use these systems for computer 
control. Without this knowledge, BCIs cannot be reliably used as AT in the real world. 

  

Motivation

The participants in this research commented on how important it was to maintain motivation when 
learning how to use BCIs. An attempt was made to gamify the training, however the motivation did 

not endure, and more customisation that appealed to individual interests was recommended. 
  

Virtual reality and video-games have been posited as a tool that can improve the BCI training 
process by creating an immersive and engaging environment (Lecuyer et al., 2008). Several 

studies have shown that using gaming tools and virtual reality can shorten the learning curve, as 
well as increase user motivation (Lecuyer et al., 2008; Leeb et al., 2007; Ron-Angevin, Estrella & 

Reyes-Lecuona, 2005). For example, Ron-Angevin and colleagues (2009) found significant 
differences in BCI control depending on the type of feedback people received. Their research 

found that novice BCI users who received conventional feedback (a horizontal bar that moved 
across a vertical line based on the type of mental task used) had more difficulty reproducing the 

desired mental task (reflected in a 10-15 percent increase in error), than those who received a 
virtual reality type feedback (driving a car on a road). 

  
Studies such as these demonstrate the need for rich and motivating feedback to enhance the 

learnability of the system and increase the mental task classification performance. However, these 
studies have been focused on visual feedback that may not be suitable for all individuals with 

disabilities, in particular CP, who may have concurrent visual impairments. Researchers must also 
consider multimodal feedback during BCI training. 

  
Motivation can influence fatigue, concentration and frustration during the learning process, 

however these are inextricably linked to affective and emotional states that influence EEG activity. 
In a recent focus group study (Liberati et al., 2015), individuals with amyotrophic lateral sclerosis 

and their caregivers highlighted how the training to control a BCI is a stressful process that leads 
to loss of motivation, frustration, panic and anxiety, especially when the system does not respond 

appropriately. These spontaneous changes in the mental stability of an individual's emotional 
state have been shown to disrupt the electrophysiological response and negatively affect BCI 

performance (Holz et al., 2015; Reuderink, Poel & Nijholt, 2011). 
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Personalised Mental Tasks

Another important issue that emerged was the identification of appropriate mental tasks to use as 
a control signals for computer access. Although a number of mental imagery and mental tasks 

have been empirically researched, these methods are not entirely intuitive, and may not be 
suitable for individuals with CP. Existing methods demand high cognitive abilities in 

comprehension, planning and execution. Therefore, choosing a task based solely on accuracy 
may not be the practical. Weyand and colleagues (2015) conducted a unique study on the 

usability of personalised mental tasks. Their results indicated that a user’s personal preference for 
a mental task or positive results of prior interaction with the BCI, improved user performance, 

ease of use and enjoyment. 
  

Novel methods and user-group related protocols have to be developed that allow for predicting 
robust control signals from brain activity. BCI training paradigms and instructions have to be 

adapted to the user’s individual capabilities and skills (Scherer et al., 2015). Each user is different 
and information must be presented in a user-specific manner (Huggins et al., 2014; Grüber et al., 

2014). 
  

Technological Support

The importance of technological support is not novel in AT adoption and adherence literature. The 

perceived complexity of technology by parents is associated with their understanding of the 
setup, functionality, documentation, and recovery from failures (Baxter et al., 2012; Riemer-Reiss, 

2000). 
  

Caregivers often wish for, and seek technology that is reliable and easy to maintain at home. If the 
setup process is too complex with a constant need for technical support, the system is less likely 

to be adopted (or adhered to) long term. The complexity and lack of reliability of high-tech AT 
means that members of a support network are likely to revert back to using low-tech AT, such as 

paper-based methods (Dawe, 2006). This study reflected these results, as parents and teachers 
commented on the lack of reliability of the BCI system, preferring their existing, low-tech 

communication methods. Kaufmann et al., (2012) suggest that ‘plug and play’ systems should be 
easy to initiate and use to ensure effective use of time and personal resources of caregivers and 

health professionals. 
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Systemic assessment

The theme of systemic assessment indicated a need for assessors to consult teachers and 
parents during the assessment process for AT. Using a multiple stakeholder consumer-driven 

model for the assessment and selection of AT may provide users and their support network with a 
sense of ownership and responsibility, which often leads to continued use of AT (Scherer, 1993, as 

cited in Riemer-Reiss, 2000). Furthermore, incorporating input from multiple members of the 
support network will ensure that the device meets the needs of all those who will be interacting 

with and using the technology. 
  

Designers of AT should also consider the different stages of the adoption process and the 
network of caregivers involved. To do this, Dawe (2006) suggests they analyse current practices 

and patterns of usage of existing technology in different physical contexts and environments; and 
interview the caregivers in those environments to understand the different perspectives on the 

individual and the technology. For example, at home, parents may be unlikely to use technology, 
as over the years, they have developed their own ways of communication through action. 

  
Different individuals within a support network demonstrate different priorities that affect 

technology choice and decision-making, and these can be in conflict. As shown in this study, 
schools sometimes do not have the human resources to help a student successfully use their AT. 

Dawe (2006) found that AT specialists or speech therapists often identified a potential technology; 
teachers were involved in the trial period and decision-making stage; and parents were expected 

to incorporate the device into the student’s life, and maintain it after the student leaves the school 
system. Our study found that the teachers were not consulted, but the parents might be involved 

in the trial process. Regardless, there is a disparity in the amount of ‘buy in’ perceived by each 
member of the user's community. Each of these members have unique sets of motives and beliefs 

about the purpose and appropriate usage of technology, and a student’s abilities, needs and 
interests. These different views can create conflicts in the AT adoption process. Orlikowski and 

Gash (1994) have shown that when there are conflicting perspectives or contextual 
understandings by different stakeholders, it can lead to misconceptions and technology 

abandonment. 
  

Funding process and financial cost

This study showed that users and members of their support network need to be granted more 

time to trial AT to ensure that they understand its functions and applicability for the end user. 
Trialability, which is the degree to which the user can experiment with the technology prior to 
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acquisition, is related to continued use of technology (Valente & Rogers, 1995). For decades, 

research on AT has demonstrated that individuals with disabilities are often not given enough 
opportunity to test and evaluate AT prior to purchase (Riemer-Reiss & Wacker, 2002). In most 

cases, the purchase is dependent on the judgement of the professional who selects the 
technology on behalf of the end user and their support network members. 

  
Furthermore, Dawe (2006) found that the long waiting period before an AT is acquired often 

results in the requested system becoming obsolete, as it is likely that the support network 
members and individual have constructed a lifestyle in which the device no longer adds value or 

improves functionality. However, these methods are often idiosyncratic, and involve unique codes 
(such as interpreting eye movements to spell out words), that do not provide the user with much 

independence. Our study reflects this finding, where the length of time taken for AT funding to be 
approved resulted in a social response to develop other communication methods.    

System reliability

Johnson et al., (2006) identified a number of barriers to the successful adoption of AT. These were 
inclusive of lack of motivation on the part of communication partners (an end user’s support 

network) and end user, in addition to users preferring other, simpler forms of communication. Due 
to the lack of reliability and perceived complexity of the BCI used in this study, participants also 

noted that they preferred low-tech, paper based communication that is simple, more reliable, and 
can be used in different contexts. Innovation in AT has to show true value to all individuals who 

interact with the technology. If a system only provides independent communication in one setting, 
or for limited time periods, it is more of a burden than an aid. 

  

6.4.1. Future directions and recommendations 

These results reveal that the facets which are usually assessed during the service delivery of AT 
and components used to measure functional outcomes should also be considered in the AT 

design phase. For example, when it comes to technological support, it is evident that members of 
the support network are burdened by the demands of their jobs and everyday lives. It is important 

to consider ways in which the technology can be designed to minimise the need for support, and 
improve the impact and reach of the technology. The Assistive Technology Assessment and 

delivery process (Federici, Scherer & Borsci, 2014) suggests practical guidelines for quality 
control of effective processes of matching individuals with the most appropriate technology. Part 

of the proposed assessment process is investigating the amount of technological support and 
training needed for the technology. However, it is crucial for this to also be assessed at the AT 
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design level, otherwise there is a large risk that systems perceived to be too complex to learn and 

implement will be abandoned. 
  

Overall, this study has shown that existing research and development of BCIs has utilised a 
reductionist approach- deconstructing components into their smallest parts and studying those in 

relative isolation. This has made it easier to tackle research and empirical questions/problems, but 
has affected the technology transfer of BCIs into the real world. Vicente (2003) notes that complex 

technological systems, such as BCIs for AT, are socio-technical systems and a designer’s key 
objective is to detail all parts of the technology system with the behaviours and abilities of the 

individuals who will be using, or affected by it.  
BCI researchers and developers who are interested in the technology transfer of BCIs, may 

benefit from implementing medical device design models and AT design models, to understand 
the different facets within a user’s context and multi-stakeholder needs. There are a number of 

models and frameworks, such as the Medical Device Technology Development Process (MDTDP) 
(Ghulam Sarwar Shah, Robinson & AlShawi, 2009), the Comprehensive Assistive Technology 

Model (CAT) (Hersh & Johnson, 2008) and the Human Activities Assistive Technology Model 
(HAAT) (Cook & Hussey, 2002). The MDTDP and HAAT may be useful for understanding the 

environmental and personnel needs that must be addressed for the design of AT. The advantage 
of the CAT model, however, is that it is inclusive of wider societal issues, such as legislation and 

governmental support/funding for AT provision. Given that funding and technological support 
were themes in this study, it is important to incorporate these facets when designing and 

modelling the usability of BCIs. 
  

6.4.2. Limitations 

There were a number of limitations to this exploratory study. All participants were interviewed by 

the main author, who also ran the BCI trials. Therefore, participants may not have felt comfortable 
disclosing all of their opinions about their experiences with the technology and researchers. 

  
Secondly, the sample size was very small. The opinions and emergent themes may not 

necessarily be representative of the majority. We recommend more BCI studies to include 
members of an end user’s support network, so that deeper insights about all facets of the AT 

design and the adoption process can be understood. 
  

The opinions on the acquisition of AT were based on the New Zealand model, and may not be 
reflective of processes in different countries. However, based on existing literature on the service 

delivery of AT, this seems to be an enduring global issue. 
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Lastly, this study only focussed on experiences with one BCI system and therefore the opinions 
are only based on one model and may not be generalised to all hardware, software and 

instructional components used in other BCI systems. In this sense, a comparative study with other 
BCI systems would be beneficial. 

Conclusion 

The field of BCI would benefit from more research that is inclusive of the multiple-stakeholders 
who interact with AT and support individuals with disabilities. Technology abandonment remains a 

grave concern. Additional research will enable insights into the potential barriers that BCIs may 
face, thus enabling a more acceptable and user-friendly design. This reflection experience aimed 

to uncover the perspectives of caregivers and special education staff who took part in a three 
week BCI study. It was apparent that only addressing technical needs will not allow for the 

successful transfer of this technology. It is equally important to look at the context of use as well 
as psychosocial elements that all impact the technology adoption process.  
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Chapter 7. The Ethical and 
practical issues surrounding 

the design of assistive 
technology for individuals with 
severe physical disability and 
complex communication needs 

Preamble 

As with most qualitative research, it is important for researchers to be reflective of the processes 

they used and their involvement. This paper, which was presented at the Australian Conference 
for Human Computer Interaction (OzCHI 2015), discusses the unique ethical and practical issues 

that we faced when conducting this project, suggesting ways to potentially overcome them. 

Although not discussed in the former parts of this thesis, a number of additional activities were 
undertaken to truly connect and empathise with the community and our participants. This enabled 

an understanding of some of the issues they face, that may be difficult to measure and 
communicate. Furthermore, immersion into the community enabled the development of long-term 

engagement and trust with the CP community in Auckland, especially when the immediate 
benefits of the technology and their participation were not known and could not be shown. 

Contents of this paper and others presented at the conference workshop are currently being used 

to create guidelines to help researchers working in similar fields to plan for better outcomes and 
overcome similar problems that they may face. Finding solutions and discussing methods of 

engaging participants with complex needs will enable more researchers to adopt this approach. 
The development of novel technologies that fulfil the needs of all users will require in depth 

information about the users of these technologies.  

It may seem self-evident, but in practice it has often been the case that such insights are 
extrapolated from general principles and user groups, rather than research on/with potential users 
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of the technology (Gales & Mansour-Cole, 1995; Ghulam Sarwar Shah & Robinson, 2006). 

Interaction between users, researchers and developers needs to be cohesive and collaborative, 
particularly when creating innovative and complex systems such as BCIs for individuals with 

complex needs, where general extrapolations are of limited value (Habermeier, 1990; Hasu & 
Engestrom, 2000). There is a need for a cultural shift in attitudes of researchers and developers of 

AT, so that there is encouragement of user participation in the technology development and 
evaluation process (Neale & Corkindale, 1998). A starting point is understanding some of the 

practical and ethical issues that surround this approach.   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Abstract 

Assistive technology (AT) has the potential to improve the functional abilities of individuals with 
severe physical disabilities. Brain-computer interfaces (BCI) have gained interest for this purpose 

due to their ability to be used by individuals with no motor abilities. This paper describes the 
ethical and practical issues encountered while researching the usability of a BCI-AT for people 

with severe cerebral palsy, who were nonverbal. Issues emerged around gaining sustained 
participation in the project, participant burden, dissonance between consent of caregivers/

guardians and assent from our participants and obtaining feedback from proxies. Furthermore, 
before testing the BCI-AT prototype, we engaged our participant group through an immersion 

approach. This paper discusses the process and the ethical concern of potential coercion with 
immersion. Discussions around different approaches that researchers in this area take will make it 

possible to overcome issues which are commonly encountered, and enable more reliable and 
valid participatory research opportunities. 

7.1. Introduction 

Assistive technology (AT) is an umbrella term that is used to describe any equipment or systems 

designed specifically to increase and maintain a person’s functional abilities, such as speech 
synthesising systems (Campbell, Milbourne, Dugan & Wilcox, 2006). Designing usable AT for 

individuals with severe cerebral palsy (CP) and complex communication needs (CCN) can be 
challenging. For example, designers need to ensure that systems are not only accessible, but 

also intuitive. Developers need to look beyond the individual and understand how people in their 
support network (caregivers, teachers, families, friends) interact with the human-technology 

system designed to support the individual (Kintsch & DePaula, 2002). Being empathetic to the 
needs of people with CP and those who support them can enable researchers, designers and 

developers to create solutions tailored to stakeholder specific needs and preferences, thus 
decreasing the persisting issue of technology abandonment (Kintsch & DePaula, 2002). However, 

this process can elicit a plethora of ethical issues. 

All ethical principles require research concerning human participants to be conducted in a way 
that respects the rights of the individuals concerned. More specifically, the United Nations (UN) 

Convention established what human rights principles signify in respect to individuals with 
disabilities (United Nations, 2006). Central to these are respect for their inherent dignity, individual 

autonomy (including freedom to make one’s own choices) and independence. Research that 
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involves people with disabilities would benefit from appropriate engagement with them (and their 

support networks), as it may enable researchers to frame their questions better, test the validity of 
the conceived methods, and aid in the understanding of research findings (National Disability 

Authority, 2009). Furthermore, it is essential to address the unique and individual needs of 
participants, ensure ongoing assent/consent, and foster trusting relationships with all involved in 

the individual’s life. 

In 2013 we began research into brain-computer interface (BCI) technology as a form of AT for 
individuals with CP. A BCI is a new emerging form of human-computer interface technology that 

enables control of a computer through modulation of neurophysiological processes (Neuper, 
Muller, Kübler, Birbaumer, & Pfurtscheller, 2003). With training, individuals can learn to control 

specific neural activities that can be used as commands in computer applications to enable, for 
example, communication. Typical AT systems require physical interaction, but often, our clients 

have unpredictable, if any, physical movements. Due to compromised motor control of the 
individuals with severe CP with whom we are working, BCIs may be a viable option, as these 

systems only require users to control brain activity. 

This paper will firstly discuss the approaches taken to introduce this novel technology to a 
traditionally cautious and guarded community. Secondly, it will outline the ethical issues that 

emerged during our research into designing a prototype for a BCI for individuals with severe CP 
and CCN. 

7.2. Disruptive technology 

7.2.1. Familiarising our participants with BCIs 

BCIs are a novel form of technology; therefore, no one in our participant group had ever heard of, 

nor interacted with this technology before. Before consenting to participation in our research it 
was important for them to gain a comprehensive understanding of the technology, interact with 

the researchers (those with whom they would interact throughout the duration of the project) and 
understand both the objectives of the research and the expectations of participations, such as the 

nature of the tasks, time commitments and use of the research results. 

To engage the participants and individuals in their support network, we ran four presentation and 
demonstration sessions for our potential participants with CP, their caregivers, and people within 

their support networks (teacher aides, special education teachers, OTs, physiotherapists and 
SLTs). It took us a few months to gain interest from the organisations we contacted. They 
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commented that they were busy, unsure about the relevance of our research, and feared the 

logistics of fitting us in. However, once we had one successful interaction, this opened up doors 
to others. 

The presentations familiarised our potential participants with our research team and the 

technology, enabled them to ask questions and discuss any concerns (some used 
communication systems that required a prolonged time to type out their questions, therefore they 

also had the option of emailing us with their concerns), as well as offer the opportunity to test the 
technology. As a result, they were able to make an informed decision about whether they would 

be comfortable working one-on-one with members of our research team and whether they were 
genuinely interested in taking part in the study. 

The presentations also elicited active involvement, in which we were able to collaborate and 

consult with people with CP. This helped us understand the aspects of the research that were 
most relevant to the people for which it was designed, allow us to reflect on how beneficial it 

would be in terms of delivering meaningful outcomes, and whether it was going to be conducted 
in a way that was sensitive to the their needs. McClimens (2008) notes that such active 

involvement can increase the quality of research, promote informed consent and aid the 
recruitment of participants. 

7.2.2. Meaningful outcomes 

Meaningful outcomes were of grave concern for caregivers and support staff at the special 
education schools attended by some of our participants. For example, during our first meeting at 

a special education school, staff reported feelings of being disappointed by previous researchers 
who had come to their school, done the bare minimum to complete a paper or a degree, and let 

down both the staff and their students by not improving the status quo (as had been promised). It 
was important that we communicated the realistic goals and outcomes of our research, and 

emphasised that the students were participating in research, they were not trialing the BCI system 
to then adopt as AT for themselves.  

Some parents had high expectations about what the technology could enable their children to 

achieve, and it was crucial that we did not follow in the footsteps of our predecessors, and let 
down our participants. However, we did agree that if the trials were successful, then we would 

implement a set up for one of their classrooms. The justification for this was that it would further 
our knowledge on how the technology works outside of research settings, in the hands of real 

potential consumers. 
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7.3. Ethical encounters  

7.3.1. Limits of human research ethics approval 

During our research we found that it was difficult to predict all of the ethical encounters prior to 

conducting the studies. This meant that the human research ethics applications that were 
submitted were in a sense “best case scenarios”, and many adjustments to the study protocols 

were made based on our interactions with participants. A pilot study may help tease out some of 
these ethical encounters, however due to the diversity in our participants’ conditions, we believe 

that adjustments to the research protocol would still be required. 

7.3.2. Respect for differences as research participants 

To respect the needs of our participants, we chose wheelchair accessible venues for group 
sessions, and attended the participant’s preferred venue for one-on-one sessions. Our 

participant’s had high needs, therefore even wheelchair accessible bathrooms were potentially 
impossible for them to use, as they required hoists. 

Furthermore, transport to other locations would have required additional time and financial 

burdens for them and their families. Ensuring that our participants and individuals within their 
support network were comfortable and not inconvenienced was of utmost importance to our 

research, especially due to the need for their ongoing participation over a two-year period. 

7.3.3. Burden to participants 

All of our participants with CP had limited stamina and required regular breaks during all of our 

studies. Their wellbeing was of primary concern. The research design and protocols allowed for 
rest and breaks as required. For example, during our focus groups we arranged formal breaks 

every hour for the three-hour duration, and openly expressed that participants could leave at any 
point and without penalty. 

We found that trialing the prototype BCI system created a burden on the participants. Our 

experiments were both physically and cognitively demanding. The commercially available BCI 
used for the experiments was found to be uncomfortable. Therefore, there were numerous rest 

intervals during each trial session. These continuous rest breaks affected the results of our study, 
as we were often left with only 10 minutes worth of meaningful interaction with the BCI per 

session- sometimes none because we spent the duration of the session trying to get the 
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participant in a comfortable state. This is an ethical dilemma for all researchers who work with 

individuals with complex needs. They must remember that the well being of the participant 
supersedes the need for research outcomes. 

Due to the severity of their physical conditions, our participants also battled a number of illnesses, 

such as epilepsy and pneumonia. This meant that we were unable to repeat our studies in the 
same manner with each participant, and for individual participants, there were variations within 

each session. An ethical issue that resulted was the fact that effectively we gained ethics approval 
for “best-case scenarios”. Throughout our trials we had to make individualised, unpredictable 

changes, to suit the needs of each of our participants. This made it impractical to re-apply for 
each of these individualised changes as the changes depended on individual participant 

responses and their comfort levels on the day of each session. 

Although respondent burden raised issues around reliability and validity of our results, in a sense 
these interactions revealed some practical issues inherent to the way BCI technology is currently 

designed and used. If a user cannot stay awake due to their anti-seizure medication, they won’t 
be able to use a BCI. Similarly, if it takes 20 minutes to position the user in their wheelchair so that 

BCI can sit in the appropriate position, then this is also impractical. 

During our interviews, the teachers at the special education school also commented, 
retrospectively, on the impact that our trials had on their timetable. The schools with which we 

worked were very supportive, but at times they were understaffed making it difficult for them to 
arrange a communication partner/caregiver to attend trial sessions. There were even a number of 

occasions where the school principal had to accompany our participants. At the time of the study, 
we were unaware of this burden, and in the future it is important to ensure that the teachers feel 

comfortable discussing these needs with the researchers. This information must also be 
discussed openly in the participant information sheet and consent from all possible teachers/

aides/therapists is required before commencing the research. Not only are we taking up the time 
of our primary participants, but also the entire network of individuals who support them. 

7.3.4. Use of proxies 

Individuals who speak on behalf of others are referred to as “proxies”. They can decide whether 
to consent to a person’s participation in research, they may also help interpret research 

information and aid in answering questions and provide feedback to researchers. The National 
Disability Authority (2009) suggests that in order to respect the autonomy of individuals, the use of 

proxy informants should be minimised. 
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We accept that the data we obtained may have been tainted due to being processed through 
another person. However, for our participant group, it was critical to gain insight from these proxy 

sources due to our inexperience with their forms of communication and individual needs. Our 
participants were non-verbal, some used coded communication techniques (for example eye 

movements to spell out letters of the alphabet), others could only communicate using “yes”/ “no” 
responses by moving an arm or looking at communication cards that were then interpreted by a 

proxy. 

7.3.5. Obtaining continuous assent/consent 

The BCI device that we employed in our research was not ergonomically designed to suit our 

participants’ needs. Therefore, our participants felt very uncomfortable during most of our 
interactions. Halfway through our trials, two of our participants, who were under the age of 16, 

clearly showed that they were no longer interested in participating in the research. They indicated 
this by making vocal attempts, moving their heads backwards to make the headset fall off, and 

crying. Although we took these actions to mean definite discontinuation in the study, their 
caregivers and teachers disagreed and wanted to push on with trials.  

These actions revealed clear ethical conflict, where the person who consented on behalf of the 

participant wanted them to continue, but we needed to gain assent from the participant in order to 
do that. The loss of these participants could potentially have had a negative impact on our 

research results. This experience was conflicting for us as researchers, as we could have 
continued with the study by accepting the feedback and consent from the support network who 

expressed that the participants were fine and just having a bad day. However, this did not appeal  
to our ethical values.  

To address this ethical concern we explained to the individuals within the participants’ support 

network about the ethical implications and potential harm of continuing to conduct the research 
when we know that the participant no longer wishes to take part. This open communication did 

not negatively affect our relationships with participants and their support network. Instead of 
seeing the events as a loss, we turned it into learning, by working together to establish design 

features (e.g. physical support, hardware and software features) that could mitigate problems for 
future research. 

These situations enabled deeper reflections on how researchers might design to better capture 

continuous consent throughout the research process. In such settings, we need to be more aware 
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and sensitive to how participants may be feeling, especially when they have CCN. Although it 

may be clear in consent and assent forms that participants may withdraw from the research at 
any time, we need to also be weary of the fact that there are discrepancies between the wants of 

those consenting for them. It may be necessary to explicitly ask participants at the beginning of a 
trial if they are up to the task, and if they wish to continue participation. Sharing the experience of 

this research during future recruitment may also help participants make a more informed decision. 

7.3.6. Authenticity and researcher integrity 

As researchers working with people who have severe health problems and who had negative 

experiences with previous research projects, we felt that it was particularly important to aspire 
towards researcher integrity. Connolly (2003, as cited in the National Disability Authority, 2009) 

states that researcher integrity consists of honesty, objectivity, rigour, diligence, openness, social 
responsibility and relevance, fairness and reflection on practice. 

To help us establish researcher integrity, we took the time to truly immerse ourselves in the 

disability community in Auckland before we began recruiting participants for the research project. 
Members of our team joined different societies, attended functions, joined online forums, held 

information sessions, and even became caregivers and disability advocates in order to 
understand, first hand, the daily experiences of our participants.  

These practices enabled us to be diligent in learning about the acceptable types of behaviour 

and language, what platitudes to avoid, build trust, and develop genuine empathy- as we 
achieved a lived experience. There is only so much you can learn from interviewing and surveying 

people and gaining advice from supervisors and/or mentors. Actually becoming a member of the 
community can enable more in-depth insights, especially when your participant group struggles 

to use traditional means of communication and their primary caregivers, who are likely to be their 
communication partners, are burdened with the responsibilities of looking after a person with 

severe disabilities and health complications. The concern here was whether applying these 
immersion techniques can be seen as coercion, as the researchers had interacted and 

established relationships with potential research participants outside of the research environment. 

We felt that transparency/honesty about our positions may be the reasons why the immersion 
helped us overcome the perception of coercion. In the beginning of the research project we 

connected with organisations based on our need to understand the potential for BCIs. We used 
this as the foundation for building relationships with end-users and their families. Therefore, the 

interconnections grew organically and were mostly initiated by members of the community. 
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Through this method, caregivers and health professionals indicated that they felt appreciated as 

people and co-designers, rather than as ‘subjects’ to extract data from inside of a research lab. 

Interaction with the disability community helped us reiterate on our research approach to address 
research rigour, relevance and reflection on practice. For example, instead of simply testing the 

usability and feasibility of BCI technology, our immersion process taught us about the extensive 
problems people face when acquiring and learning to use assistive technology, from the funding 

application process through to issues with service delivery. If we did not go through the immersion 
process, then our research would have been one-dimensional, leading to insubstantial research 

and design outcomes. 

Lastly, researcher behaviour not only affects those participating but also the chances of future 
researchers being able to work with the same or similar group of people. If we were not authentic 

and did not achieve research integrity, then our participants may feel distrusting of others. 
Therefore, we had to take responsibility for our actions to ensure they did not sabotage future 

research in the BCI field and with individuals who have CP. 

Conclusion 

Researching novel forms of AT for individuals with severe physical disabilities through a 

participatory and inclusive approach is critically important for the development and design 
process. This paper examined how doing so can pose a number of ethical and practical issues 

and how our research team addressed these issues. Through open discussion and collaboration 
with other researchers in similar fields, it will be possible to discover a means towards better ways 

of tackling such issues, that may result in more valuable, reliable and valid research opportunities. 
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Chapter 8. Overall discussion 

Although we faced many limitations throughout this research journey, in conjunction with the 

resource constraints, a number of important findings were unearthed, which may help improve the 
future design of this technology, specifically for individuals with CP. These findings can be used 

as a source for further research to gain more concrete understanding of what may influence BCI 
usability in daily life. These findings are discussed in depth in the discussion sections of this 

thesis, in particular Chapter 6. This section will provide an overall summary of those results.  

Being the most common form of childhood disability in the world, it is concerning that a vast 
number of individuals with severe CP have no access to technology that can enable them to 

communicate and interact with their environment. It is therefore imperative that more innovative 
solutions are devised; to design assistive technologies that can increase their functional abilities 

and independence. Assistive technologies are a means towards constructing selfhood, 
substituting physical limitations to offer entry and participation into areas of life that have 

previously been inaccessible due to disability (Lupton & Seymour, 2000). 

The effects of disability are not simply contained within the individuals, but there are flow-on 
effects of the dependence for family members who are primary caregivers. Caring for individuals 

with disabilities has additional responsibilities associated with severe secondary health problems, 
feeding, toileting, advocating for basic rights and access to education and support needs. Family 

caregivers often report having to significantly modify their lives, causing higher levels of stress, 
depression, anxiety, guilt and burnout, due to the demands of their caregiving duties (Cheshire, 

Barlow & Powel, 2010; Sen & Yurtsever, 2007). With the utilisation of technology that can increase 
self-reliance, it should be possible to minimise the demands and pressures on these family 

members.  

Researchers in the field of BCI have shown how this seemingly science fiction concept is in fact a 
viable technology to enable a communication and interaction system that bypasses all physical 

needs on behalf of a user.  However, BCIs still have a significant journey to go in terms of their 
design and development before they are a more robust and usable solution. Decades of research 

has focused more on individuals without disabilities in laboratory scenarios with little exploration 
of migrating these systems into the real world and working directly with target end users. Thus 

causing a “translational gap” between end user requirements and the created systems of 
engineers. We are now at a stage where these tremendous efforts can allow researchers and AT 
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designers to test BCIs in real world settings, to assess their feasibility in the real world, as well as 

distil the requirements and changes necessary for end users with disabilities.  

Research that supports the use of BCIs by people with disabilities are conducted within controlled 
research environments that follow strict experimental protocols and employ sophisticated and 

complex technologies (Daly et al., 2013; Nijboer, Birbaumer & Kübler, 2010). These BCIs are not 
reflective of the type of systems that will be affordable/available for use as AT. Therefore, the 

purpose of this work was to take a relatively inexpensive, commercial BCI and test it with 
individuals who would benefit most from this type of access. From this type of interaction we 

aimed to distil contextual and user requirements that are important for the design of BCIs.  

The results of this project indicate the dire need for BCI researchers to address the problems 
users face in their day to day life, rather than concentrating solely on technological problems. 

There is a clear disconnect between the results gained from inside laboratory and clinical 
situations, to actual use by individuals with disabilities. In clinical and research labs, human 

aspects are controlled for, instead of being studied and explored to understand their influence on 
usability. It is imperative to take into account the needs, abilities and context of use so there is 

mutual understanding of the designer’s blueprint of the product and its value for the end user.  
   

Applying a UCD can facilitate this phase of BCI development to gather the needs, preferences 
and requirements of end users. This design process actively engages target users in the design 

and validation stages of device development to enhance the usability of a given technology (Mao 
et al., 2005). Huggins et al. (2011) and Blain-Moraes et al. (2012) were among the first to engage 

with individuals with disabilities, to gather user requirements through surveys and focus groups in 
advance of the design of their BCI systems. Their findings are reflected in this research, where the 

importance of accuracy, usability, aesthetic design, functionality and reliability of the technology 
were emphasised.  

Engaging consumers of ATs at every level of design ensures a comprehensive understanding of 

the needs for its proposed population. This will increase AT acceptance, improve system quality, 
reduce device abandonment and facilitate system usability (Kujala, 2003; Peterson, 2008). From 

the introductory chapter, we know that device abandonment in the provision of assistive 
technologies is a significant and persisting issue (Cushman & Scherer, 1996). Adopting a UCD 

framework can allow researchers to prioritise the needs of the users and in turn reduce device 
abandonment by establishing a better match between the technology and the user early on in the 

design process.  
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Designers of BCIs as AT will encounter numerous problems on multiple levels; all of which they 

cannot solve, but it is still necessary to understand the bigger picture in which the technology 
operates. The multiple stakeholders that interact with AT will face different problems and have 

different needs. Even if an assistive solution is designed for perfect usability and reliability, if it 
cannot be supported by an individual’s support network, then it is unlikely to be adopted.  

BCIs in their current state are complex technologies, requiring a level of expertise and training to 

implement effectively. Our research found that service providers and clinicians (SLTs and OTs) 
have resource limitations, making it difficult to successfully train and integrate AT into people’s 

lives. It is the responsibility of clinicians to up-skill and educate in AT, but there are not enough 
opportunities for this in New Zealand (Sutherland et al., 2005). The effects of the lack of training is 

widespread, as clinicians are in charge of prescribing adequate technology for end users. If they 
do not have the appropriate knowledge then it limits the quality and fit between an end user and 

their prescribed AT. It is concerning when international research paints a similar scene (Marvin et 
al., 2003).  

Palette and Angelo (1996) indicated that when family members do not follow through with 

instructions on how to incorporate AT it should be seen as a failure on the part of professional 
clinicians, who did not adequately understand the family’s needs, preferences, dynamics and 

priorities. Although these results mirror our findings, we feel that the encumbrance can be on a 
failure in the foundational design of a given AT. Research spanning decades has reiterated the 

resource limitations and difficulties in the AT prescription and adoption process, but little has 
changed. Due to the governmental funding restraints, AT designers will need to consider how to 

move these systems towards a “plug and play” design, and integrate the training facilities. The 
simplification of training was again emphasised due to the need to teach multiple people how to 

use a given system (the end user, caregivers, teachers and family members). If a system is 
deemed to be technically difficult, or the training too rushed, then people can be hesitant to adopt 

or change, even if the BCI can provide added benefits.  

As we discovered in the focus group, in New Zealand high-tech AT are only available for two-
week trials. One of the main reasons being that they are expensive and the government cannot 

afford to purchase a sufficient number of systems to meet the number of people who wish to trial 
them. Throughout this timeframe, all stakeholders must collectively establish the suitability for the 

end user. For a BCI, this is a very short time frame to assess how well the system works over time 
for people with complex needs and the compatibility and feasibility of it in various environments. 

Participants reflected experiences with trialling an eye-gaze system, where the tight timeframe in 
conjunction with health problems resulted in only one session with the system after which they 
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both had to go back onto an extensive waiting list. Being of school age, these student’s face 

delays in their educational and social development by not being afforded the time to trial 
potentially life changing systems.  

Our research highlighted the importance of addressing the holistic relationships between 

members of a support network, the end users, and their prescribed technology. The perceptions 
of individuals in a person’s support network can form barriers or facilitate the AT adoption 

process. If they do not understand how a system works or cannot perceive the value, then it is 
unlikely to be reinforced. Therefore, the intricacies of family interactions and routines should be 

considered, and emphasis placed on the benefits of adopting the technology to counteract the 
feelings of burden. In the context of this research, BCIs may take a number of weeks or months to 

work effectively, but have the potential to enable effective, reliable and independent 
communication and control of a computer.  

Another important aspect highlighted in our focus group and semi-structured interviews, was the 

finding that the amount of “human resources” required to set up and interact with AT influences 
whether or not the system is utilised. If a system tended to be unreliable, or required constant 

support from a family member, teacher or teacher aide, then they tended to use the AT less. This 
was the case for the BCI system we tested, as participants in the semi-structured interview 

agreed that they preferred their low-tech options (yes and no cards) as the BCI was too 
cumbersome, complex and required constant supervision. This type of communication method 

means that an end user will be dependent on the people around them to help them communicate 
and interact with their environment. For caregivers, this perpetuates the cycle of stress and 

dependency, caused by a misunderstanding of the impact AT could have. Our results show that 
increasing support network involvement at the early stages of prescribing technology, may 

decrease non-engagement and abandonment of AT devices. AT should be viewed as an 
interactive process, where it will always affect the end user and the individuals who support them 

(Angelo, Kokosa & Jones, 1996). Indeed, Blain-Moraes and colleagues (2012) and Liberati et al 
(2015) also found that research has ignored the importance of caregiver interaction with BCIs. 

Their results showed that the setup of the BCI system was time-consuming, which was perceived 
as a burden for caregivers who preferred to use their existing methods.  

Environmental factors should also be taken into consideration in the design of BCIs. Our focus 

group results showed that even existing AT cannot be used in all environments. This is also a 
major obstacle for BCIs, as the efficacy of this technology has only been proven in very controlled 

setting, free from distractions. However, what happens when this technology is to be used in a 
busy classroom setting, out in a playground, a hospital or place of employment? Kintsch and 
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DePaula (2002) state that the full impact of AT can only be understood if it can enhance a 

person’s abilities with ease and in a variety of environments.  The usability of AT in different 
environments will enable people to interact with others who are outside of their family or 

caregivers, which facilitates social integration. Therefore, in the planning phase of BCI trials, 
researchers should include testing in multiple environments to tease out potential barriers to its 

usability.   

The poor physical design of AT was seen to reinforce negative stereotypes of individuals with 
disabilities within their wider community. This contradicts the purpose of AT, to increase 

independent participation, self expression and social integration. Hemmingson and colleagues 
(2009) study on youth with severe physical disabilities showed that the adoption and integration of 

AT was associated with how the AT impacted on the students’ self-image and how their peers 
viewed them. If the technology made them feel like outsiders or they threatened their social 

interaction (participation in real-life situations), they were outright rejected or less likely to be 
used, even if they improved functionality.  

Emotiv EPOC, the BCI employed in this study was thought to be aesthetically appealing, along 

the lines of mainstream technology, as opposed to existing AT that resemble medical devices. 
Participants thought that the “sci-fi” look of the device would not attract unwanted attention from 

the general public. This is an important consideration when other studies have found this to 
influence that adoption or abandonment of AT.  

As mentioned in Chapter 3, AT researchers and developers are taking the aesthetics of AT more 

seriously, and even integrating assistive access option in mainstream technology's (aligning with 
principles of Universal Design/Design for All). For example, the exponential growth of AT 

applications now available on devices such as the Apple iPad or Windows tablets. Because these 
systems are available and designed for everyone, they are not seen as something out of the 

ordinary. Similarly, the Emotiv EPOC used in this study, was designed as a wearable technology 
for gaming, therefore reinforcing the fact that our participants thought that it was a socially 

acceptable design.  

Not only are the aesthetics of the technology an important consideration, but the comfort and 
adjustability of the hardware are equally, if not more important. Commercial BCIs used as AT will 

need to be used in conjunction with head support. Therefore, they need to be flexible using softer 
materials to ensure comfort and minimal obstruction. Due to the need for head support, placing 

electrodes around the back of the head may cause artefacts in the EEG signal, making them 
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impractical. Electrodes will need to improve their impedance, and pressure distribution and be 

tested for long-term use.  
   

The results of our BCI trials with end users showed inconclusive, variable results, as only one 
participant was able to effectively use the system. A number of well cited research studies 

corroborate our findings, where even with state-of-the-art signal processing and classification 
algorithms, a tremendous inter-, and intra-subject variability is observed in terms of performance 

(command classification accuracy) in most published BCI papers (Allison & Neuper, 2010; Kübler 
et al., 2013). There is additional evidence that some users do not generate any classifiable brain 

signals with any form of BCI (be it motor imagery, visual P300 or steady-state visual evoked 
potential) (Blankertz et al., 2010; Guger et al., 2012). This phenomenon of BCI “illiteracy” is cited 

as barrier to the transition of BCIs into a reliable human-computer interface technology (Ahn, Cho, 
Ahn & Jun, 2013). These studies attest that one of the major aspects contributing to BCI control 

performance is the individual characteristics of the BCI user (Kübler et al., 2013).  

To this day it is not entirely clear which characteristics influence BCI performance, why they have 
such an impact nor the extent. This has led the BCI community to look for predictors of BCI 

performance- individual characteristics that correlate with classification accuracy and the control 
of external devices. Unearthing influential components would allow BCI designers to find the most 

suitable BCI for a given user, to  determine what makes some users fail to control BCI and devise 
specific solutions. As discussed in Chapter 6, a promising research direction is around 

personalised mental tasks and training approaches that are adapted to users, according to their 
unique characteristics (Lotte & Jeunet, 2015; Lotte et al., 2013). 

       
Even though the variables that may affect BCI performance are categorised as user-related and 

system-related, it is clear that these variables can influence each other. For example, method of 
feedback (system-related) can influence the psychological and physiological state of the user 

(user-related) (Leeb et al., 2007; Lotte et al., 2013). These interrelationships reveal the complex 
nature of analysing the usability of BCIs and the understanding behind why some groups and 

individuals show variation in performances in the same system. 

Fatigue and the requirement to maintain focused attention can significantly affect performance 
(Hammer et al., 2012). Being common factors in individuals with severe physical disabilities and 

health complications, it would be beneficial to explore how a given system can calibrate with the 
user’s fluctuating state. Some research is beginning to emerge, where they suggest using time-

variable performance as a means of measuring the trial quality and mental state of a user 
(Grosse-Wentrup & Schölkopf, 2012). Through this process it is possible to ascertain whether the 
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user has sufficient level of attention to produce a distinguishable, controlled command signal. If 

they do not, then the system may remain idle until the user’s attention increases to a sufficient 
level. This approach appears to be a logical suggestion, but fails from a usability perspective. As 

mentioned before, if the user is fatigued, unwell, or taking medication, then this may affect their 
attention and overall mental state, potentially over a series of days. By applying the logic devised 

by Grosse-Wentrup and Scholkopf, then the user will not be able to use the BCI to communicate 
during a bout of sickness and fatigue, or in conjunction with medication that can alter brain 

activity. This idea again highlights the disconnect between the practical use of this technology, 
and the solutions generated by researchers with little experience of working with end users.  

Emotions and affective states such as fear, frustration and anxiety are known to disturb the EEG 

signal used for control.  These  create noise which can be detrimental to performance of the BCI 
(Guger et al., 2003). In a practical, real world situation, these are important aspects to address 

and for which to design solutions, as it will not be possible to mitigate or control for these affective 
states. Furthermore, as new technology is often intimidating and difficult to adjust to, the training 

phase of the BCI might be particularly prone to error leading to further frustration (Burde & 
Blankertz, 2006). As we learned in our focus group, this can be a critical point in the acceptance 

of this technology as AT- if the users and their support network cannot perceive value, then they 
are less likely to adopt it for everyday use. This emphasises how personal and emotional aspects 

need to be considered in BCI development, as well as technical factors. 

Wolpaw et al. (2002) have found that controlling brain activity to reliably reflect appropriate mental 
images (like motor control) is difficult to master. In general, training programs for BCI control are 

further hampered by little understanding of the physiological mechanisms of motor imagery and 
what may strengthen these signals (Lotte et al., 2012). A number of problems may arise when 

BCIs based on motor imagery are trialled by individuals with CP. Firstly, as described in section 
2.1, individuals with CP have a vast array of brain lesions that impact on their neuropsychological 

functioning. BCI accuracy is associated with the extent to which users can perceive an 
imagination task (Vuckovic & Osuagwu, 2013). Research on individuals with CP has shown that 

visuomotor and visual-perceptual coordination may be impaired (Stiers, Vanneste, Coene & 
Vandenbussche, 2002). Additionally, MRIs show that individuals with spastic quadriplegic CP are 

likely to have some damage to the motor cortex of the brain (Halder et al., 2011). The 
heterogenous nature of brain damage in people with CP may explain why there are mixed results 

for the efficacy of motor imagery based BCIs in this population. 

The results from this project show that BCI training needs be motivating, as well as utilising  
appropriate feedback of performance. The training environment should be customisable in order 
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to adapt to the user’s preferences (i.e. adhere to their unique interests, perceptual/cognitive 

differences). A downfall of the majority of BCI training paradigms is that they rarely provide 
suitable feedback within a stimulating and engaging training environment (Lotte et al., 2012). 

Addressing such factors can decrease the amount of time spent learning to use BCIs and 
increase commitment to using this technology, whilst increasing motivation (Krepski et al., 2007; 

Lecuyer et al., 2008; Leeb et al., 2007; Ron-Angevin, Estrella & Reyes-Lecuona, 2005). To show 
the value of the technology, it may be beneficial to introduce practical applications earlier on in 

the training process. It also offers the opportunity for users to build confidence and competence 
as they are able to practice these skills at an earlier stage. 

More research is required that investigates the effect of non-visual feedback on BCI usability for 

individuals with disabilities. The participants in this study all had some sensory impairments, 
making it difficult or impossible to use any other existing form of AT. Studies that have been 

successful in using motor imagery as a control mechanism have heavily relied on visual feedback 
(Neuper, Scherer, Reiner & Pfurtscheller, 2005). The use of BCIs may be more applicable for 

people who have visual impairments and are unable to use existing forms of access technology, 
such as eye gaze. Therefore, it is important to research the efficacy of alternative forms of 

feedback such as auditory and tactile feedback.  

Although in the initial design of the study we aimed to follow the UCD guidelines set by Kübler et 
al. (2013), where they employed validated measures of usability in the design of their BCI, we 

found it to be very difficult to administer these to our end users.  Daly et al., (2013) also reported a 
similar situation, where no formal surveys of user experiences were conducted due to high levels 

of fatigue experienced by their participants with CP, and their differing communication abilities. 
They believed these situations prohibited the successful administration of the questionnaires. We 

agree that it is important to methodically address usability aspects in the design of BCIs, however, 
the right tools need to be identified for the assignment and evaluation process because most 

classical usability, psychological questionnaires, and physiological measures cannot be applied 
to the life of a person with paralysis. Finding solutions and discussing methods of engaging 

participants with complex needs will enable more researchers to adopt this approach. The 
development of novel technologies that fulfil the needs of all users will require in depth information 

about the users of these technologies, which regardless of the use of questionnaires, warrant 
qualitative methods.  
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8.1. Future Research  

In section 2.1, we introduced the impact of CP on neuropsychological functioning. This section 
displayed a complex and varying picture, where memory, learning, attention and sensory 

processing are all shown to be impaired. Unfortunately, it was outside the scope of this study to 
conduct independent neuropsychological tests and brain scans of our participants. Future 

studies should investigate combined parameters from anatomical, psychological and 
neurophysiological findings. Because such different variables may provide exclusive information, 

a combination is expected to yield more accurate predictors of BCI usability especially for 
individuals with severe CP. Additionally, due to the heterogenous nature of CP, trials with larger 

samples, over longer periods, in conjunction with an understanding of the neuropsychological 
components may help us grasp predictors of BCI usability.  

This study only focussed on experiences with one BCI system and therefore the context and user 

requirements are only based on one model.  The results may not be generalised to all hardware, 
software and instructional components used in other BCI systems. In this sense, a comparative 

study would be beneficial, perhaps with research grade BCIs.  

The BCI used in this study was not as technically advanced as those used for research. To enable 
more fieldwork, manufacturers of lab-quality BCIs (those that have higher signal to noise ratios, 

and use advanced signal processing and classification algorithms) need to develop user friendly 
hardware and software. This will allow for further innovation in the field and discovery of usability 

problems that different users experience in real world contexts.  

Due to the software development kit we employed, no raw EEG data were recorded to confirm the 
type of signals that were being used to drive the BCI, and whether artefacts may have disrupted 

signal acquisition and thus the training results. This is an area that requires more insight, as 
muscle artefacts may have very well affected our results, where EMG was confused with high 

power EEG for the case study results in Chapter 4. Researchers recommend that careful and 
complete topographic and spectral analyses are necessary during the entire training, in order to 

detect possible EMG contaminations (McFarland, Sarnacki, Vaughan & Wolpaw, 2005).  

A true UCD process warrants a multidisciplinary team. The team would allow for: iteration of 
software, machine learning and classification algorithms, hardware and training components that 

make up a BCI. This project was conducted independently and did not have access to resources 
needed to iterate on the identified problems. We recommend that translational studies ensure a 

multidisciplinary approach.  
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Simply extrapolating results from the general population and assuming they can be generalised to 
individuals with disabilities will lead to the design of an inadequate and unusable product. UCD is 

a powerful methodology for designing new technologies, placing end users at the heart of the 
process. However, it can be a burdensome process for those involved. Often commitment to a 

research project can waiver, due to existing time constraints and workload pressure for clinicians 
and caregivers, and the complex health needs of end users. Less demanding and effective 

research methods need to be developed and evaluated to provide value and continued 
engagement from all those involved.   

     

Conclusion 

Until recent times the field of AT has been technology-centric, focusing on how these systems 
perform under ideal conditions. The alternative approach is user-centric, that instead focuses on 

collaboration with consumers of the technology throughout the design, acquisition, testing and 
evaluation phases. Due to the persistently high abandonment rate of AT, adopting this approach 

will enable researchers and developers to create a system that satisfies the needs of users.  

Translational studies such as this are of utmost importance if we are to see the transition of BCIs 
from a research device to a commercial AT. The next generation of BCI research will need to 

surpass the 10 percent of published research that has involved individuals with severe physical 
disabilities to uncover and solve crucial usability issues. Due to the complexity of BCIs, it is 

imperative to consider the opinions of multiple-stakeholders (people with disabilities, their support 
network and health professionals) on the user-experience and usability, to decrease the risk of 

creating a solution that fails to meet diverse needs.  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Appendix A. Participant Information Sheets  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Appendix B. Participant Information Sheets &  
Consent forms for BCI trials 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