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Abstract

Cognitively able children and young people who have profound motor impairments and complex
communication needs (the target group or TG) face many barriers to learning, communication,
personal development, physical interaction and play experiences, compared to their typically
developing peers. Physical interaction (and play) are known to be important components of child
development, but this group currently has few suitable ways in which to participate in these
activities. Furthermore, the TG may have knowledge about real world physical concepts despite
having limited physical interaction experiences but it can be difficult to reveal this knowledge and
conventional assessment techniques are not suitable for this group, largely due to accessibility

issues.

This work presents a pilot study involving a robotics-based system intervention which enabled
members of the TG to experience simulated physical interaction and was designed to identify and
develop the knowledge and abilities of the TG relating to physical concepts involving temporal,
spatial or movement elements. The intervention involved the participants using an eye gaze
controlled robotic arm with a custom made haptic feedback device to complete a set of tasks. To
address issues with assessing the TG, two new digital Assistive Technology (AT) accessible

assessments were created for this research, one using static images, the other video clips.

Two participants belonging to the TG took part in the study. The outcomes indicated a high level

of capability in performing the tasks, with the participants exhibiting a level of knowledge and

ability which was much higher than anticipated. One explanation for this finding could be that

they have acquired thiskn owl edge t hrough past experiemnkees and
custom haptic devicewas f ound to be usef ul for assessing t|
way which is | ess i nvapsriivcek @ htadte mwidigitabATsadcessible| o6 pi r
assessments seemed especially suitable for one participant, while results were mixed for the

other,. Thi s suggests that a combination of O6traditio
assessment approach may help to provide a clearer, more rounded understanding of individuals

within the TG.

The work makes contributions to knowledge in the field of disability and Assistive Technology,
specifically regarding: AT accessible assessments; haptic device design for the TG; the
combination of robotics, haptics and eye gaze for use by the TG to interact with the physical world;
a deeper understanding of the TG in general; insights into designing for and working with the TG.

The work and information gathered can help therapists and education staff to identify strengths
and gaps in knowledge and skills, to focus learning and therapy activities appropriately, and to
change the perceptions of those who work with this group, encouraging them to broaden their

expectations of the TG.
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Defi nitions

Glossary

Augmentative and Alternative Communication (AAC): idescri bes various r
communi cati on-onmibatt ocazpeéathd and are used to get
speech. AAC includes simple systems such as pictures, gestures and pointing, as well as more

complex techniquesinvol vi ng power f ul c o(@Gommunieation Matter$20k6¢).ogy . 0

Assistive Technology (AT): iAssi stive technology is any produ
improves the ability of individuals with disabilities or impairments to communicate, learn and live

independent, ful fil [(Rhiigs20d2).d productive |ives. 0

Communication books: iPr ovi de pages of symbol s, usually ol
the age, cognitive and physical abilities of the user, the page may have anything from one to

many symbols on a page. The topics depend on the age, ability and interest of the Augmentative

and Alternative Commu n(Communicabon Matt&ra\20)5a).s peaker . 0

Communication Device / Voice Output Communication Aid (VOCA) / Speech Generating

Device (SGD): it echnol ogi es that enable a person with |
visually display their words or speak through the assistance of electronic communication devices

wi th voi Scheen200p)ut . o

Environmental Control Systems (ECS): fi sepialised systems which give people who have
limited physical ability more independence to do everyday tasks, such as opening the door and
switchi ng t(hoby GhuarchilhLitd201d).n . O

Executive Functions:i Speci fi ¢ mental functions especially
brain, including complex goal-directed behaviours such as decision-making, abstract thinking,
planning and carrying out plans, mental flexibility, and deciding which behaviours are appropriate

under what <circumstances,; o(World iHealth @riganization 20@7¢ c ut i v e
Eye gaze: Using eye movements to select cells on a screen-based user interface.

E-Tran frame: i A n-Trdh frame is a sheet of sitiff, transparent plastic (Perspex) onto which
symbols or words can be stuck with Blu-Tack or Velcro. The communication partner faces the
user and holds the chart up between them. The user gazes at the letter, symbol, or word they
want to say. Initially one symbol or word will be placed at each corner. As the user and
communication partner become more skilled, symbols can be added in the middle of each side.
The method can be developed using colour or number coding systems so that more items can be
a c ¢ e s ¢Cormdmunication Matters 2015b).

Haptic: A Rel ati ng t o t Ingartewanrslaingdofthe peaception and manipulation

of objects using the senses of touch and proprioception: haptic feedback devices create the
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Sensorimotor:

mot or

Somatosensory: 6 0 P h y s-iRel&tinggoyor denoting a sensation (such as pressure, pain, or

warmth) which can occur anywhere in the body, in contrast to one localized at a sense organ

(such

on of substance an OxfordEnglish dietibnarir 2006a)t h e

f unct i o nGxford Englishadicttonagy 2046b)0

i P hy s i-daf oegugs or their actions) having or involving both sensory and

\'

rtu

as sight, bal ance, or (OxfadEngish dictiohdrys2016.al | e d

Acronyms / Abbreviations

AAC Alternative and Augmentative Communication

AT Assistive Technology

CNS Central Nervous System

CP Cerebral Palsy

CYP Children and Young People

GUI Graphical User Interface

HAAT Human, Activity, Assistive Technology

HRI Human-Robot Interface

ICF-CY | International classification of functioning, disability and health: children and youth
version

IR Infrared

LSA Learning Support Assistant

NA Not Applicable

oT Occupational Therapist

POR Point of Regard

PP Pupil Participant

SalLT Speech and Language Therapist

SalLTa Speech and Language Therapy assistant

SP Staff Participant

TD Typically Developing

TG Target Group

ul User Interface

VEC Victoria Education Centre

VOCA Voice Output Communication Aid
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Chapter 1 |l ntroducti on

1.1 Context

Human beings are heavily dependent upon physical movement and communication in order to
participate fully in society. During pregnancy, mothers report feeling the movements of their
unborn child in the womb, and from birth onwards infants spend much of their time exploring and

communicating about their environment.

However, a range of factors, including genetic disorders, disease and injury, can affect the ability

to move and to communicate, and can have a

These | imitations impact on the childbés devel

and young people (CYP) from having the same real-world experiences as their typically
developing peers. Profound motor impairment exacerbates this situation and greatly limits
communication and opportunities to interact with the physical world. It can also result in passivity
and a reduced inclination to initiate (Cook et al. 2000). This in turn may

to learn about temporal, spatial and movement concepts and, more fundamentally, to engage in
physical play. Play itself is regarded as an important component of early child development
(Missiuna and Pollock 1991; Besio et al. 2015) but for those who have disabilities, independently
initiated physical play can be difficult, or impossible, due to mobility and dexterity impairments.
This situation i s exacerbated, as most pl ay
mind (Van Den Heuvel et al. 2015).

Technological aids exist which can help to compensate for impairments. This branch of
technology is referred to as Assistive Technology or AT. There are an array of AT aids available

including powered mobility, walking aids, and communication aids.

Those who have profound motor and communication impairments may have access to AT for
communication and control of their environment, but they may be heavily reliant on human
assistants to facilitate physical interaction. Even then, these experiences may be relatively
restricted. Tactile experiences are frequently facilitated bycare-gi ver s or p e ®ves
handdé t e (Daluta a al.e2806) and, often physical activities are performed in front of a

person while they merely look on (World Health Organization 2007).

Furthermore, it can be difficult to ascerta
the physical world, as issues of accessibility make current assessment techniques unsuitable for
this group. This project is designed to provide young people with opportunities to explore the

physical world and to investigate their understanding of it.

This pilot study is set within the context of Assistive Technology (AT) and motor impairment and
is specifically focussed on cognitively able CYP who have profound motor impairments and

Complex Communication Needs. From this point on this group will be referred to as the Target
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Group or TG.

A robotics-based system intervention was developed which enabled the TG to experience
simulated physical interaction. This intervention involved the participants using an eye gaze
controlled robotic arm with haptic feedback to complete a set of tasks. A custom made haptic
device was created specifically for the TG. To address a lack of suitable assessment techniques,
two new digital AT accessible assessments were created. One used static images, the other
video clips.

Overall, the participants were found to be highly capable of controlling the robotic arm to perform
the intervention tasks. They exhibited a level of knowledge and ability which was much higher

than anticipated.

Key research contributions include: a new haptic device specifically designed for the TG; two

new AT accessible assessments; a robotics-based system which is accessible by the TG;

advances in the understanding of the TGo6s abili

This chapter introduces: the focus and rationale of the work; the formal research questions, aims
and objectives, which resulted from identified gaps in the current literature; an overview of the
methodology; a list of the contributions; the context of the EngD; and an overview of the thesis

structure.

1.2 Focus

This project is concerned with those CYP whose profound motor impairments limit their movement
and, specifically, their ability to physically interact with the world. Such limitations restrict their
ability to learn about the physical wor | d +om éa m@mareds and | i mirhis
research is focussed on improving this situation by providing suitable assessments and a system

which enables simulated physical interaction experiences.

The following section provides an overview of the target group. A more detailed description is

contained within the Literature review chapter and Appendix A.

1.2.1 Description of the target group (TG)

Cognitively able CYP who have profound motor impairments and complex communication needs

(CCN) are the focus of this research. More precise definitions of these characteristics now follow:

Cognitively able: The TG have a good level of cognition (as measured by P Scales: P scale 6
or above in Mathematics, English and Science (Department for Education 2017)). They may have

some | earning difficulties or O0del aysd6 as a

Profound motor impairments: Their motor impairments place them at the highest levels of the

Gross Motor Function Classification System (GMFCS) (Palisano et al. 2007) and the Manual
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Ability Classification System (MACS) (Eliasson et al. 2006): Levels IV/V and level 5 respectively.
They have control over their eye movements and may have some control over their head and
neck.

Complex communication needs (CCN): They have anarthria, which means that they are non-

verbal but have some ability to make vocalisations.

1.3 Rationale for the Study

This section examines the rationale and motivation for this study from academic, applied and

personal motivation perspectives.

1.3.1 Academic

The TG are a small minority group and appear not to be studied as frequently as some other
larger groups. They have complex physical and communication needs, which can mean that they

are a particularly difficult group for researchers to study.

Traditional research tools are not easy to use with this group, for example the TG will not be able

to complete writtenque st i onnaires and interview quest.

answers.

It is not easy to assess the TG using current methods (largely due to accessibility issues) and so
it is difficult to ascertain what they know, and importantly, what they do not know. They have
specific accessibility requirements, usually using eye gaze, and this is not generally catered for
by existing assessments. A deeper understanding of these individuals and a flexible approach
is, therefore, required for researchers to work effectively with this group. The author was well
placed in this regard having worked as an Assistive Technologist with such individuals over the

eight years prior to the beginning of this doctorate.

The TG of the present study have little to no functional use of their hands and so have difficulty
with unassisted in-hand object manipulation i.e. gripping or holding objects to explore them
haptically. This means that they are also unable to grip and manipulate hand-operated systems
and peripherals.

There has been little research relating to the use of haptic feedback devices with the TG, and not
for the purposes described in this study. Little was known about the ability to identify (touch and)

haptic sensations in the hands of the participants prior to the study.

1.3.2 Applied

There are currently limited ways for the TG to experience independent physical interaction and to

manipulate physical objects.
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Most available (cognitive) assessments are unsuitable for the TG (largely due to accessibility
limitations).

1.3.3 Personal motivation

The author has worked as an Assistive Technologist with members of the TG for the past 13 years
and has observed first-hand the limitations that they face and has attempted to remove some of
these barriers by creating opportunities to access toys, environmental control equipment and take

part in art activities. This research continues and extends that work.

1.4 Research Questions, Aims and Objectives

In this section, the Research Questions (RQs), Research Aims (RAs) and Research Objectives
(ROs) of the
are then divided into four smaller RQs and RAs. Each of the four RQs are further sub-divided,

study will be discussed. The

and have Research Objectives (ROs) set against them. The hierarchy for this structure is shown

in diagrammatical form in Figure 1.1.

These RQs and RAs are based on the knowledge gaps identified during a state of the art review

of the literature (see Literature Review chapter).

Overarching RQ
Overarching RA
Research
Questions (RQs)
and Research RA3
Aims (RAs)
- High level
Research
Questions
(RQs)
- Detail
RO 2 RO 3

Research
Objectives
(ROs)
- High level
and detail RO RO RO

4.1 4.2 ]

Figure 1.1 Hierarchy of RQs, RAs, and ROs

1.4.1 Overarching Research Question (RQ)

The main research question of this

to the physical world be revealed and
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1.4.2 Overarching Research Aim (RA)

Originally, the main overarching aim of this research was to extend the range of ways that this
group could independently interact with, and learn about, the physical world, using a new robotic
system comprised of AT, robotics and haptics. To evaluate the efficacy of the new robotic system,
baseline and outcomes assessments were required. However, existing assessment methods
were found to be unsuitable for use with the TG, and therefore the creation of more appropriate

assessment methods also became an important component of this research.
This led to a refinement of the overarching RA, which became:

AiTo use suitable assessment techniqgues to

physical world and to develop these using aroboticssbased system. 0

The overarching RQ and RA stated above will now be expanded into more detailed RQs, RAs
and ROs (see Table 1.1, Table 1.2, Table 1.3 and Table 1.4).

Table 1.1 RQO1,RA1,RO1

Can the TG accurately identify physical touch and haptic sensations in the palms of their

reveal

To measure the

palms of their hands.

Is the TG able to detect and
correctly identify real physical
touch sensations in the palms
of their hands?

haptic feedback devices.

To devise and carry out an
assessment to identify how
accurately the TG can detect
physical touch in the palms of
their hands.

hands and how can this be measured?

TGoés ability

Can suitable haptic
feedback devices be
created for the TG?

To develop and evaluate physical touch and haptic feedback assessments, and suitable

To develop a range of
suitable haptic feedback
devices and identify which
are the most appropriate
for the TG.

to accurately

Is the TG able to detect and
correctly identify haptic

sensations in the palms of their
hands?

To devise and carry out an
assessment to identify how
accurately the TG can detect
haptic sensations in the palms
of their hands.

Aims

Toassess the T¢g
detect physical touch
sensations in the palms of

their hands.

Aims

To create a haptic
feedback device suitable
for use by the TG.

Aims

To use the haptic feedback
device developed in RO 1.2 to
assess the TGOS
detect haptic sensations in the
palms of their hands.

Outputs

Knowledge of how accurately
the TG can identify physical
touch sensations in the palms

of their hands.

Outputs

A suitable haptic
feedback device for the
TG.

Outputs

Knowledge of how accurately
the TG can identify haptic
sensations in the palms of their
hands.
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Table 1.2 RQ2,RA2,RO2

How can th TG6s knowledge of physical wo

e y
To reveal the TpBdicalworideondegsdge of

To develop suitable assessments which mea
Outputs

Assessments which measure the TGb6s knowl e

Table 1.3 RQ 3,RA3,RO3

How could a robotics-based system be used to provide the TG with independent simulated
physical interaction experiences?

To create a robotics-based system which provides the TG with independent simulated
physical interaction experiences.

The creation of a robotics-based system which provides the TG with independent simulated
physical interaction experiences.
Outputs

A robotics-based system which provides the TG with independent simulated physical
interaction experiences.




Table 1.4 RQ 4, RA4,RO4

Does the intervention reveal Cabiltiestlatngtdtioep t
physical world?

To reveal and develop the TG6s knowl edge a
employing the intervention.

Does the TG have pre- Does the TG possess the Did the intervention develop the
existing knowledge and knowledge and abilities TGd6s knowl edge
abilities relating to the required to complete the relating to the physical world?

physical world? intervention tasks?

Use of the physical and cognitive assessme
knowledge and abilities relating to the physical world.

To answer RQ 4.1 using To answer RQ 4.2 using To answer RQ 4.3 using the
the physical and cognitive | the intervention. physical and cognitive
assessments described in assessments described in RQ 1
RQ 1 and 2. and 2.

Aims Aims Aims

To elicit t he|Toreveal anddevelopthe | Tomeasure and identify
knowledge and abilities TG6s abil ity |[changesbetween the baseline
relating to the physical knowledge and abilities and outcomes assessments.

world through assessment. | relating to the physical
world through the

intervention.
Outputs Outputs Outputs
Baseline assessment Scores and observation Outcome assessment results of
resul ts of t h|notesrelatingto task the TG6s knowl e
knowledge and abilities completion. relating to the physical world.
relating to the physical
world.

1.5 The Methodology

The various methodological aspects of the study are discussed in this section.

Methodological choice: Mixed-Methods: This methodology was used, with greater emphasis
on the capture of quantitative data compared with qualitative data. This suited the study well as
there was a need to capture both numerical, quantifiable data, as well as non-quantifiable data to

build a fuller picture of the phenomena under investigation.

Research type: Applied / Practice-based: The emphasis of this study was on solving real-
world research issues which are technical in nature. This research was carried out within a special
education setting and the focus was on identifying, investigating and addressing issues relating
to the pupils. This involved carrying out applied or practice-based research, identifying and
focussing on practical problems i i.e. how to assess and build the knowledge and abilities of the

TG relating to the physical world.
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System desigh method approach: The original intention was to employ a User Centred Design
(UCD) approach i.e. involving the users in the design process. However it was not practical to
use a true UCD approach, for two main reasons: 1. Only three pupils attending Victoria Education
Centre (VEC) matched the inclusion criteria, only two of whom agreed to participate in the study.
These two participants could not have been exposed to both the design process and the
intervention as this would have biased the results due to the learning effect. 2. Time and
resources were limited. A much longer period would have been required to educate the TG about
the design process and to elicit their requirements. The complex nature of the TG, in particular
their limited communication abilities would have made it difficult for them to express their thoughts
and opinions about such a complex system, given that they have no prior experience of being

involved in the design process (Hornof 2009).

For the above rUCDappmahwasusedpili oxy o6 st aff from
and therapy departments, who had worked with members of the TG, were involved in informing
the design of the assessments and the robotic system. The assessments and prototype were
designedaroundt he TG6s megdisramdnts as perceived

have a deep understanding of this group.

Principles of Universal Design: These were adhered to during this research. Both the cognitive
assessments and robotic system could be accessed in a variety of ways including keyboard,
mouse, switch, joystick, touch and eye gaze. The haptic device was designed to fit a wide range
of individuals.

t

by

he

N

opr

Study design: The study wass whj echtes 8,widbhaisnel i ne, -nterve

test, intervention, post-t est 6 vari ety, with the focus of
This approach was deemed appropriate as the intention was to identify both pre-existing
knowledge, and whether the intervention stage made any measurable difference to this level of

knowledge.

1.6 Contributions

This study makes contributions to knowledge in the field of disability and Assistive Technology.

Key Contributions
1. The development of a robotic augmentative manipulation assistive technology,
accessible through eye gaze and providing haptic feedback, that can support
participation in academic and play activities, and also reveal the cognitive skills of
young people (and children) who have severe motor impairments. This included:
1 A new means of enabling the TG to have simulated physical experiences, through
the combination of a robotics-based system and a haptic device which triggers

when the robot arm grips an object;

t

he

T 6Lived and alternating 6camerad / control

how the TG can interact with such a setup;
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1 Robot assisted play, with the TG using a robot arm, in a narrative format with
multiple narrative paths;

1 Insights into the understanding of the TG: they appear to have a greater
understanding of temporal, spatial and movement concepts than anticipated; and
they are able to control a proxy robotic arm in 3D space, despite having very limited
control of their own limbs.

2. Two approaches to English language AT accessible spoken language comprehension
assessment using video and static images:

1 Specifically relating to the design of assessments which are suited to complex
individuals 1 in particular those who use eye gaze as their primary access method;

1 Employing video clips, rather than static images, may be a more appropriate way of
depicting and assessing concepts which involve movement.

3. A prototype haptic device suitable for the TG (and prototypes which may be suitable for
other individuals who have disabilities) used to assess the ability to detect sensations:

1 Use of the device revealed a better than expected ability of the TG to detect haptic

sensations in the palm areas of their hands.

Supplementary Contribution
4. Contributions 1-3 have developed insights into designing for, and working with, the TG:
1 Anadvancement in the consideration of the requirements and needs of the TG and
how to supply them with AT equipment, in terms of robotics, haptics, and interfaces;
1 A proxy user centred design was used and evaluated successfully, indicating that

this is a viable design methodology for the TG.

1.7 About the EngD and sponsoring organisations

The EngD is a doctor al programme which has an e
(RE)-pur sues a research proj ect (Amrgb 20%6). Fasca@mpanywi t hi n
is referred to as the O6sponsoring company®éb.

tisi mportant t hat the sponsoring company and RE(
organisations are Livability Victoria Education Centre (VEC - a special education organisation)
and Smartbox (an Assistive Technology (AT) company). VEC formed both the sponsoring
company and the research site for this project. Smartbox kindly supported the project by

supplying equipment and software.

The following sections provide descriptions of Livability Victoria Education Centre and Smartbox,

and more detail regarding their involvement in this project.

1.7.1 Livability - Victoria Education Centre (VEC)

The former head teacher, Si mon Brown, provides a
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Education Centre, is a non-maintained, Ofsted-Outstanding special school in Poole, Dorset
offering specialised, high quality education, therapy and care for young people aged 3-19. In
addition to this we now offer a residential transition servicefor18-25 year ol ds. 0

Br ow

AThe students who att endbilies ortcamplexamedicalmegrolqgibay si c al

conditions and many have additional needs including communication difficulties, learning

di fficulties and (Brewn204).y i mpai r ments. 0

VEC forms a part of the national charity Livability (Livability 2016), and is based in Poole, Dorset.
Eighty-eight pupils attend the school (as of September 2016), and are supported by approximately
three hundred staff (Victoria 2014b). The origins of the school date back to 1898, but the school
has occupied the present site since 1958 (Victoria 2014a).

VEC is an organisation that aims to push the boundaries of what is possible for those who have
disabilities. The school was a partner in the Interreg funded, Times Higher Education (THE)
award wiHiMVA® nge ® Sar (McLoyghlimegt a. 2016).

VEC uses a wide range of technology to assist its pupils including hi-tech eye gaze Voice Output
Communication Aids (VOCAs) and Environmental Control Systems (ECS).

In addition to being the sponsoring company, VEC was also the research site i.e. the research

was carried out at the school and the resulting prototypes trialled by staff and pupil participants.
Basing this research at VEC had many benefits including:

1 Obtaining valuable input and advice from the specialist therapy and education staff at the
school;

1 The participation of staff and pupils who have helped to shape many stages of the
research;

1 Working closely with those who used the outputs of the research i.e. the pupil participants,
in the intended environment;

1 Access to resources including specialist equipment, software and space to carry out the
research.

The Industrial Supervisor and gatekeeper for the project was Sarah Gilling, Interim Head of
Therapies and School Nursing at VEC. Sarah is a Speech and Language therapist and has many
years of clinical and leadership experience, having supervised and mentored many students and
staff.

VEC staff members gave advice and provided important perspectives from their different
professions. They helped to refine procedures, gave feedback on ideas and prototypes as part
of the proxy user centred design approach, and trialled the outputs as staff participants. Their
valuable input helped to improve the assessments and intervention prior to being used with the
pupil participants.
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1.7.2 Smartbox

Smartbox fcreate assistive technology solutions
everyone el se t (8kaeox Assstive Techaotodgy ichited2016). Their hardware

and software is used around the world. They are providers of:

1 Voice Output Communication Aids (VOCASs): Devices that give a voice to people that
cannot speak.

1 Environmental Control Systems (ECS): Equipment that enables people to operate
technology around the home, such as televisions, hi-fi, lights and more.

1 Computer control: A range of technology for people who cannot access a computer with
a keyboard and mouse.

1 Interactive Learning: Solutions that teach early skils such as ©&6cause and

6choice makingd as well as alternative access
(Smartbox Assistive Technology Limited 2016).

Smartbox are based in Malvern in Worcestershire and Bristol. In its present form, the company
is approximately 16 years old and employs around 50-55 people. Smartbox generously supported

this project by arranging the loan of both equipment and software.

1.8 Publications

The author has authored or co-authored the following conference and journal papers during his
doctoral registration period:

Moseley, M., Howat, L., McLoughlin, L., Gilling, S. and Lewis, D., 2019. Accessible digital
assessments of temporal, spatial, or movement concepts for profoundly motor impaired and non-

verbal individuals: a pilot study. Disability and Rehabilitation: Assistive Technology, 1-11.

McLoughlin, L., Fryazinov, O., Moseley, M., Adzhiev, V., Wu, M. and Pasko, A., 2018. Developing
an Accessible 3D Printing Pipeline. Hyperseeing (Special Issue on SMI), (Special Issue on SMI),
57-62.

McLoughlin, L., Fryazinov, O., Moseley, M., Sanchez, M., Adzhiev, V., Comninos, P. and Pasko,
A., 2016. Virtual Sculpting and 3D Printing for Young People with Disabilities. IEEE Computer
Graphics and Applications, 36 (1), 22-28.

McLoughlin, L., Fryazinov, O., Moseley, M., Sanchez, M., Adzhiev, V., Comninos, P. and Pasko,
A., 2014. SHIVA: Virtual sculpting and 3D printing for disabled children, Proceedings of the 22nd
International Conference on Computers in Education, ICCE 2014 (pp. 665-670). Nara, Japan:

Asia-Pacific Society for Computers in Education.

Moseley, M., 2016a. The use of technology to provide physical interaction experiences for
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cognitively able young people who have complex physical disabilities. Technology for
Independence Communications 2016, 1.

Moseley, M., 2016b. The use of technology to provide physical interaction experiences for
cognitively able young people who have complex physical disabilities. Proceedings of the 30th
International BCS Human Computer Interaction Conference: Fusion!, Poole, United Kingdom.
3056366: BCS Learning & Development Ltd. 1-6. Available from:
https://www.scienceopen.com/document?vid=72187002-457e-4150-ab6b-ab2c00eb129f
[Accessed 03 February 2020].

1.9 Thesis overview

The remaining chapters of this thesis discuss the existing literature relating to the study, the
methodology (both theoretical and technical), the assessments and intervention, technical

designs, results and discussion, and finally the conclusions.

Chapter 2 1 Literature review: A review of the literature was performed to identify what had

already been done in the area under investigation and to identify knowledge gaps.

Chapter 3 - Methodology: The methodology used and also the design of the assessments and

intervention is discussed.

Chapter 4 i Requirements: The requirements elicitation process is described for both the

robotics-based system and haptic prototypes.

Chapter 5 - Technical: The technical aspects of the robotics-based system and haptic device

are explained.

Chapter 6 - Assessments: Here the new AT assessment methods which were created for this

study are described.

Chapter 7 - Intervention: Here the intervention which involvedthe Pu p i | PairPPsdusepant s é

of the robotics-based system and haptic device is described.

Chapter 8 1 Results and Discussion (SPs): The results and discussion of the assessments

and intervention when used with the Staff Participants (SPs) are presented.

Chapter 91 Results and Discussion (PPs): The results and discussion of the assessments

and intervention when used with the PPs are presented.

Chapter 10 - Conclusion: Finally, the conclusions drawn from this research study, the strengths

and limitations of the study and future directions are discussed.
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Chapter 2 LiterRBévwuirew

2.1 Introduction

The focus of this work is on disability and technology, specifically Assistive Technology or AT.
The research involves new AT accessible assessments and a robotics-based system designed
for young people who are cognitively able but have profound motor impairments and who are
unable to communicate verbally due to Cerebral Palsy (the target group or TG). The assessments
and system involve the use of a range of technology including eye gaze, robotics and haptics.

This chapter covers literature that is relevant to each of these areas.

2.2 Prevalence of Disability

According to the World Health Organization (WHO) fAbout 15% of the world's population lives

with some form of disability, of whom 2-4% experience significant difficulties in functioningo(World

Health Organization 2011) and 8% of children living in the UK are said to have a disability
(Department for Work and Pensions 2019). Cer ebr al Pal sy is rempmoont ed t
cause of motor defi ci enc y(Cansn2000)pacaurgng mlapproxématelyn 6 i n

2 of every 1000 live births (Oskoui et al. 2013).

2.3 Models of disability

Three main models of disability are frequently discussed in the literature: the medical model, the

social model and the biopsychosocial model. The medical model views disability as a
O6probl emd which needs gdooialimedé@f i pedposewhetbat ahp
structureso (or context) c an (Coak and Palgart201#4)g Thand t h
biopsychosocial model proposed by Engel (1977) and later adopted by the International
Classification of Functioning, Disability and Health (ICF) (World Health Organization 2001) (see

section 2.4) provides a more holistic model integrating both the medical and social models and
incorporates biological, individual and social perspectives of health (World Health Organization

2007).

The current study adopts the biopsychosocial model, taking the stance that the environment and
interfaces need to be adapted to suit the individual, who may have reduced physical ability
(Whittington 2017). The right interfaces can then remove barriers to allow certain goals to be

achieved, to demonstrate knowledge and abilities, and to enable participation in society.

2.4 Description of the TG

To fully appreciatet he ai ms of this study it is important t
of disability has upon their lives.
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The population under investigation are young people who have profound motor impairments.
These impairments place them in the highest categories of the Gross Motor Function
Classification System (GMFCS Expanded and revised) (Palisano et al. 2007), which categorises
overall motor ability, and the Manual Ability Classification System (MACS) (Eliasson et al. 2006),
which relates to hand functioning and the ability to manipulate objects. The severity of their motor
impairments means that they have little or no control over almost all of their body and have no
speech. They are, therefore, highly dependent upon others and on AT for many aspects of their

lives.

For a more detailed description of the TG which describes how their condition affects them
compared against the International Classification of Functioning, Disability and Health: Children
and Youth version (ICF-CY) (World Health Organization 2007) see Appendix A.

The I CF Ais a cl assi f-relatedtdomains. As the flinetianing dnd disabidity h e a | t
of an individual occurs in a context, | (Wdild al s o
Health Organization 2001).

The ICF-CY (World Health Organization 2007)isfa WHO approved fdAderivedo cl
on the ICFé it includes further detailed information on the application of the ICF when
documenting the relevant aspects of functioning and health in children and y o u (Whoidd Health
Organization 2007).

2.5 Assistive Technology (AT)

The term Assistive Technology encompasses devices, technologies and services. AT can be

used to Amai nt ai n or i mprove an i ndividual 6s funct
participation and to enhance overall well-b e i (Wpibd Health Organization 2019). A vast range

of systems and devices can be considered to be AT Ai ncl uding hearing aid
communi cati on ai ds (Worldd Heddtlp ©rganiaation €2816). The Assistive
Technology Industry Association (ATIA) state that AT includes A pr oduct s, equi pme
systems that enhance | earning, wor ki ng(Assiatimed dai |
Technology Industry Association (ATIA) 2019). AT can also include mainstream devices, which

may or may not have been adapted, and modifications to the environment (Cook and Polgar

2014).

This research study focuses on the foll owiong ast
facilitate participation and to enhance overall well-b e i (pfd Health Organization 2019) and
Afenhance (AssigtivenTiechmpldgy Industry Association (ATIA) 2019). The systems
produced in this study are designed to enable the participants to partake in activities that they

previously could not and to enable them to learn from the experience.
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2.6 How the TG can interact with the physical world

Some of the current methods by which this group interact with and learn about the physical world
(and develop physical and spatial knowledge and abilities) include: Manipulation experiences:
these can be facilitated using hand-over-hand techniques (Deluca et al. 2006), whereby another
person assists with the handling of objects and materials; Communication: basic communication
can be achieved using simple methods such as eye-pointing, or more complex communication is
possible through use of eye gaze technology; Control of the physical world can be achieved
using Environmental Control equipment, allowing the control of doors, curtains, audio-visual
equipment and some toys; Musical expression is possible by capturing small movements using
the Soundbeam (Soundbeam 2015), or the Clarion (Open Up Music 2019) using eye gaze;
Mobility can be provided by others, or for some through powered mobility, depending on the

personédés | evel of ability.

2.7 Development, play and disability

Child development is too large a topic to cover in depth here, but certain aspects need

consideration.

Children are said to develop through a process of physical interaction with their environment
(Piaget 1955). However, according to Vygotsky, children may learn many things by observing
others (Cole et al. 1978) or, as Bandura suggests, through others modelling for them (Bandura
1977). Children who have severe motor impairments may have difficulty engaging in physical
interaction experiences compared to their typically developing CYP (Musselwhite 1986). The
participants in this study were young people, but the inclusion criteria encompassed a broader

age range.

Playful experiences, especially physical play, are often dependent on physical interaction and are
a key contributing component in aspects of normal child development, including motor, social,
language and thinking skills (Sheridan et al. 1999). Children who have physical impairments may
have far fewer opportunities to engage in physical play than their typically developing peers (Besio
et al. 2015). This can result in secondary disability (Missiuna and Pollock 1991) i.e. secondary
cognitive disabilities resulting from reduced physical ability. Thus, it is important that play
experiences are provided for this group, and in ways that match their abilities (Cook et al. 2000).
Technology can help to provide such experiences, but currently there are limited options,
especially for those who have severe motor impairments (Prazak et al. 2004; Van Den Heuvel et
al. 2015).

This research study was designed to investigate

concepts, which may have been affected by their developmental experiences. It was also
designed to provide the participants with new opportunities for interaction that had not been

possible previously.
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2.8 Assessing the TG

I'n order to address ¢a@and abiltiesathe persors fosh desds th heo wl e d g
assessed. Conventional assessment techniques can be unsuitable for those who cannot point to
nor verbalise answers (Geytenbeek et al. 2010a; Cook et al. 2012). This can make it difficult to
assess the knowledge and abilities of the TG and equally difficult for the TG to demonstrate their

knowledge and abilities to others.

2.8.1 Cognitive assessments

There are currently few suitable methods for assessing the spoken language comprehension of
those who have both anarthria (an inability to produce clear, articulate speech) and profound

motor impairments (Geytenbeek et al. 2010a).

It is important to assess CYP who have disabilities in order to develop an understanding of their
existing knowledge and any intellectual impairments that they may have (Yin Foo et al. 2013).
This understanding can provide a useful baseline, inform the direction and focus of therapy and
education (Guerette et al. 1999) and assist with measuring progression. It can also help with
identifying a personds suitability for Al terna
(Geytenbeek et al. 2014). Unsuitable or unsound assessment techniques may lead to inaccurate
resul ts and a misrepresentation of an i ndi vidu

(Geytenbeek et al. 2010a) or reduced expectations (Encarnacao et al. 2014).

At present, Speech and Language Therapists (SaLTs) may use a variety of published and
standardised assessment batteries to assess the spoken language comprehension of the TG
(Geytenbeek et al. 2010b; Watson and Pennington 2015). Nearly all such assessments are
standardised using typically developing children (Yin Foo et al. 2013). This approach may mean
that content and methods of completion are not appropriate for the TG given their more limited

life experiences and motor impairments.

The TG may be heavily reliant on Assistive Technology (AT) for communication and control but
many assessments rigidly require that answers are given verbally, by physical pointing or even

through the manipulation of physical objects (Cook et al. 2012).

Some assessment schedules contain a range of permitted adaptations, but these are usually
minimal and rarely accommodate the needs of those who are non-verbal and more motorically
impaired (Geytenbeek et al. 2010a). For example, more time may be needed to answer. In order
to make the assessment materials and administration process suitable for use with the TG,
modifications may be required which may then break the standardisation and lead to invalidated
results. Indeed, this may lead SalLTs to abandon conventional assessments completely and
instead assess informally using observation or assessment schedules that they have developed

themselves (Watson and Pennington 2015).
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Adaptations to assessments may also alter the nature of what is being assessed, introduce
assessor bias and increase cognitive loading (Pennington 2008). Whilst potentially useful as
initial screening tools, observation and bespoke assessment approaches lack standardisation and
so will have no evidence base to support their efficacy (Watson and Pennington 2015).

When assessing those who provide answers usingeye-poi nti ng, there is

7

a ris

to viewd or Ol ook to ex pgSageneedal 2003 ite. cdnfusing genesab t i v e

or normal looking with intentional looking. This can result in the assessor misinterpreting

responses.

By their physical, often paper-based nature, many standard assessments are restricted to using
static 2D images to represent verbs. Symbolic or pictorial representations of certain verb

concepts can be difficult to interpret, especially those involving more abstract aspects. The artistic

conventions used to represent movementini mages e. g. 6curved lines ar.
understood by some (Golinkoff et al. 1987). Ver bs eseupcihn gabs déosIinot i nvol
and so avoid this probl em, but ot hers such as 0
represented using moving images in the form of a

symbol animations (Tobii Dynavox LLC 2018b) or video clips (Golinkoff et al. 1987; Snyder et al.
2012).

Existing (digital) approaches for assessing the TG

The literature reveals a variety of alternative approaches to the assessment of groups who are
difficult to assess using conventional methods. The approaches of interest in the current study

are those which involve the use of digital technology.

Recently there has been a move by commercial assessment providers to digitise their standard
assessment s, f or e-intaracfive PeaBam &dusation td. 2008). However,
most of these are literal translations of the physical versions and do not provide any additional
accessibility options, still requiring that answers be given by pointing, touch or verbal responses,
and so they may not be accessible for the TG. Often designed for use with mobile technology
such as tablets, their main technical focus is typically on automatic capture and analysis of the
results. While the mobile platforms themselves may provide additional accessibility options, the

assessment administration procedure may not permit their use.

Researchers have attempted to make standard forced-choice quadrant assessments accessible
to a wider range of individuals. Friend and Keplinger (2003) created an assessment based on
touchscreen technology and standardised content for use with young infants. Warschausky et al.
(2011) converted and adapted the materials of several existing standard assessments to a digital
format, importing them into the communication software BoardMaker Speaking Dynamically Pro
(Tobii Dynavox LLC 2018a). This provided a range of Assistive Technology accessibility options,
including support for switch linear scanning and a head mouse, which were used in the study.
Results were obtained from both the standard and adapted versions of the assessments.
Adapting the assessments did not appear to affect the results of some assessments significantly
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when compared to the standard versions. This approach provides a wider range of accessibility
options but incurs the additional financial cost of the alternative access software (in this case
BoardMaker Speaking Dynamically Pro). Also, the researchers noted that their approach raised
legal issues concerning the copyright of the standard assessment materials.

Brain-Computer Interfaces (BCI) have been used as a method of identifying the understanding of
spoken language in difficult to assess groups. Byrne et al. (1995) presented participants with
images and a matching or non-matching spoken word whilst measuring their brain activity. It
appeared that the use of a BCI could be effective at detecting when a participant recognised a
match or was conflicted by the image and a non-matching word. This approach identified whether
the participant understood the relationship between only one picture and one word. Choosing
from multiple choices is more challenging cognitively. Huggins et al. (2015) also used a BCI as
a means of eliciting answers to a digitally adapted version of the Peabody Picture Vocabulary
Test - 4th Edition (PPVT-IV) (Dunn et al. 2007). They compared the results of the unmodified

andBCl-adapted versions of this test and found

repeated test administrationd but stated that

longer to complete.

The use of BCls has the benefits of requiring no motor or verbal responses from the test subjects.
However, BCIs may be unsuitable for some including those who cannot tolerate wearing
equipment on their heads, or those who have uncontrolled or involuntary movement. There is
usually quite a significant attachment and detachment period too, which may test the patience of

some. The use of BCI may, therefore, not be feasible in a clinical practice setting.

There are few assessments which are appropriate for use with eye tracking technology.

Ahonniska-Assa et al. (2018) used a digitally adapted form of PPVT-IV for assessing the receptive

t he

| anguage of individuals who had Rett syndFr ome

trackingbé technology and gave their -choiceansvers
cells. This appeared to be a suitable access method for some, indicating greater proficiency than

had been anticipated.

06 CARLAG (Computer based Accessi bl e Rexlcesp t | v e

Communications Ltd. et al. 2018) is a commercially available assessment which works within the
communication software MindExpress (Techcess Communications Ltd. 2018). MindExpress

supports a range of access methods which are

touch, switch scanning and eye gaze. It is not clear whether this assessment was based on

research or clinical experience and the assessment does not appear to have been standardised.

Geytenbeek et al. (2010b) created the Computer-Based Instrument for Low Motor Language
Testing (C-BILLT), a tool for assessing the spoken language comprehension of groups who are

difficult to assess, such as those who have severe cerebral palsy. This assessment provides a

by

0i

t h

(

variety of access methodsincl udi ng eye gaze. The fAsequencing

items on the test was based on the Dutch version of the Comprehension Scale of the Reynell
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Devel opment al Language Scales (RDLS) (&dwardsRtIL S i s
2011). C-BILLT is currently undergoing standardisation trials and is being translated into other
languages. At the time of the present study, there was no English language version available

(the language of the participants in the present study).

Few studies have examined the use of video in the assessment of those who are unable to answer
verbally (or motorically). Preferential looking is one approach that has been used to identify a
per son d we language pomprehension using video. Golinkoff et al.6 $1987) Intermodal
Preferential Looking Paradigm (IPLP) presented two different videos which were played
simultaneously and accompanied by an auditory
observed to identify which of the two videos were fixated upon most by participants and whether
this preference matched with the auditory stimulus. The aim of the study was to identify whether
the receptive language understanding of young preverbal children exceeded their expressive

language, which was found to be the case.

Snyder et al. (2012) used video in a stimulus preference assessment as an alternative to tangible
objects or pictures. They considered video to be more suitable than static images for representing
social interactions and activities. Assessment flexibility was key to their assessment approach,

which enabled a broader range of individuals to be assessed.

Golinkoff et al. (2013) reviewed the applications of their Intermodal Preferential Looking Paradigm
(IPLP) during the past 25 years. Their assessment paradigm typically presents only two answer
cell s. The authors described an inherent | imita
i.e. the examinee does not know the answer to the question but knows the concept depicted in
the incorrect cell, and that this does not match with the answer, and so using a process of

elimination is able to deduce the correct answer.

2.8.2 Physical assessments

Existing physical touch assessmentmet hods can be verypiinvlhdi vec hnioO
are used to identify a pe(NeworkUnivashyiSthootofMetlidned et e ct
2006; University of Nottingham 2007) and, as with most cognitive assessments, usually require
verbal or motor responses from the person being assessed. Such assessments may also be
focussed on identifying feeling in specific area

larger area such as a hand.

It may not be known whether members of the TG have Sensory Processing Disorder (SPD/SID)
(Ayres and Tickle 1980) and so tests that involve sharp or strong sensations may not be

appropriate. Equally, light touches may be too weak and localised.

Some assessment packages may be appropriate but are expensive and only a small part of the
kit may be relevant, for example, The Sensory Integration and Praxis Test (Ayres 1989; WPS
2016).
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2.9 Eye gaze

Studi es have examined how a personds \aiekbdkiogh can
and as an input method. The latter point is of particular importance to those who have profound

motor impairment.

29.1 What is meant by Odbeye gazed?

It is first worth differentiating between t he use of -pgoihtiegbt eanms 6éege ga

(technology) in the context of disability relating to the TG.

Due to their physical impairments and inability to communicate verbally, the TG use @aze
directoopdieyringd as their basic method of signa
vocabulary within an Augmentative and Alternative Communication (AAC) systemo(Sargent et al.

2013).

This can be achieevhddje ddHiomgec b bbghe gaze dpmgrhdach
approach may entail simplyl ooki ng to the | ef® or ©Oinhghht wber ad
techdé approach may require the -tursaeen offr aameCGocnndu nd h
approach usually involves Electronic Assistive Technology (EAT) - specifically eye gaze
technol ogy f or t kee cTuBnolagyebased approathhwhich is@fhintegest in this

study, and which will be discussed in the sections that follow.

2.9.2 Eye gaze technology

Eye gaze (also often referred to as eye-tracking) technology is often used in conjunction with a
computer and a displayscr een. It can be used in a O6diaghnos
eye-movements and Point Of Regard (POR) (Duchowski 2002).

However, it can al s oDubhewski 20@2)l as & meansefr cantptitér cuesdry 6
control and selectoni i n essence, it can r epflraeceed, voerr spromv i
computer mouse (Ward and MacKay 2002; Sharma and Abrol 2013). This approach affords the

user the ability to interact with software-based user interfaces using only their eyes.

There are various hardware and software approach
Some are invasive and involve attaching equipment to the user. Others are non-invasive and

contactless (Chennamma and Yuan 2013).

A common non-invasive and contactless approach uses infrared emitters to illuminate the pupils
of the eye, and a camera to locate the position of the eyes (Chennamma and Yuan 2013). Using

this information it is possible to calculate a p

This non-invasive form of eye gaze technology is commonly used by the TG and was used within

this research study.

42



2.9.3 Selection approaches

There are various O6interactived apDpchowskic(B083 t o h
broadly categorises these eye gaze interaction techniques, identifying one method described as
0selectived (like a conventional computer mouse,
(Hansen et al. 2008). 06Dwel | icngé& kamg®ddweelfler s to the proces
an area of the screen, such as a button, for a specified period of time, for example, one second,

after which a system-generated6 cl i ckd is i ssued.

People who have profound physical impairments (such as the TG) and who use eye gaze systems
usually adopt this o6iwt ér&c tnigy Majaranta etallti2®@ld)ni ved, 0

Nevertheless, other approaches may provide a more natural and flexible interaction method for
robotic control, for example: the further the user looks to the right of the screen, the faster the

robotic arm would move in that direction (Alapetite et al. 2012).

2.9.4 Eye gaze - an effective input method for the TG?

Access methods other than eye gaze may have been tried with the TG but often found to be
unsuitable (Donegan et al. 2009). This may be because their physical limitations render them
unable to use conventional input devices such as keyboard and mouse, touch screens, joysticks

and trackballs, but also specialist devices such as headpointers and switches.

Eye gaze is a direct access method, i.e. the user does not have to wait to sequentially scan
through various options before selecting the one of interest. The eyes are capable of moving at
ibal | i st and $o sedeptienespesd,can be much faster than other indirect methods (Jacob
1990).

Indeed, Dorr et al. (2009), found that gaze-control can outperform the conventional computer
mouse (in terms of speed) although this very much depends upon the application. Text and
symbol selection methods are often much slower due to measures that need to be taken to avoid
t he 06 Mi d dJacobt1890)cile.deverything looked at causes an action. Nevertheless,
combined with an appropriately designed user interface, eye gaze can be an effective input
method for those who have no other suitable means of access due to physical limitations, or for
those who have degenerative conditions. It can be the fquickest and least tiring optiondfor such

groups (Donegan et al. 2009).

2.9.5 The COGAIN Project

The COGAIN project (Bates et al. 2007) is the largest study concerning the use of eye gaze
technology by people who have disabilities to date. The project was instrumental in developing
and promoting the use of eye gaze as a means of communication, environmental control and
personal mobility for HfAmot or (Bdtéessehdh R0OY. COSAIN S O (s
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examined many aspects of eye gaze including the hardware and software, specifically aiming to
reduce the costs, widen its use and develop new interaction approaches. The project emphasised
Aputting the needs of t HBatessenal 20073 dhis ethas was adoped d f o1
within the current study. While COGAIN contributed to the foundations of the current project it did

not appear to investigate the control of robotics using eye gaze.

2.9.6 Research applications of eye gaze technology

The use of eye gaze technology as an input method leads to a multitude of possibilities for those

who have profound motor impairments and can be life-changing. Applications include
communication (Bates et al. 2007), contr ol of ortmerg (Banimceeat al.s201&)nv i r
computer control (Sharma and Abrol 2013), and access to the internet and email (Bates et al.

2007).

Eye gaze also provides the potential for learning and play through the use of software games and
infrared toys commanded through Environmental Control Systems (ECS) (Donegan et al. 2009),
where technology is used to control features of the environment such as operating doors, curtains,

lighting, fans, audio-visual equipment and toys.

The TG members who participated in the current study had all used eye gaze technology for a
variety of different purposes, including communication, ECS equipment and control of eye gaze
enabled software. The current study was designed to further extend the possible applications of

eye gaze technology within this context.

2.9.7 Eye gaze and text entry

A substantial body of research has investigated the use of eye gaze technology as an alternative
input method to the computer keyboard, for the purposes of efficient text entry (Ward et al. 2000;
Hansen et al. 2008; Hoppe et al. 2013). Whilst relevant for those who are literate, this focus is
not appropriate for groups such as the TG who typically may have little or no literacy and use

symbol based communication instead (Myrden et al. 2014).

2.9.8 The use of eye gaze in three-dimensional (3D) environments

An important aspect of the current study was to use eye gaze control to interact with a 3D
environment. Bates et al. (2005) used eye gaze control within virtual 3D environments, combining
gaze-controlwitha 6 f | y 6 ttoeseldctrdistanuvietual objects. In their study, users were able

to target a desired virtual object onscdiffcalty by 2z«
with this approach was how to select occluded objects. This was exacerbated if a large object,

nearer the camera, obscured a distant smaller object. In such a scenario, the user may not even

be aware that the smaller object exists, especially if they do not have anunderstandi ng of & o b
p e r ma n éPrageeld55). The authors noted that this technique can create disorientation and

a filoss of contexto; it was deemed to place a co
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that they learn new concepts and keep track of their present location within a virtual context. This
may be difficult or even impossible for individuals who have perception or short-term memory
impairments (World Health Organization 2007). At the outset of the current study, it was not clear
whether the TG had such difficulties.

There exist several commercial software products which involve 3D and spatial concepts, aimed

at developing gaze-control skills in CYP who have disabilities. 6Look (Smarthok ear nd
Assistive Technology Limited 2018) provides a series of eye-controlled training activities, some

of which i nvol ve per ginclesivée Tegchacjogy 2019 prevideS a vartdérl y 6
simulation of 3D 6flyingé, using two di mensi onal
and right of the screen to direct an aircraft towards targets. These activities are useful for

engaging early eye gaze users and developing the skills needed for progression towards using
communication software. The TG members who participated in the current study had experience

of using such software.

2.9.9 Eye gaze, 3D modelling and creativity

The Shiva Project (McLoughlin et al. 2014) created a software system that enables CYP who
have disabilities to produce 3D virtual sculptures. The sculptures could then be fabricated using
3D printing techniques so that the creator could show a physical artefact of their work to others.
The system included support for eye gaze control, which enabled two of the participants to create
models using only their eyes. The software provided the ability to manipulate geometric shapes
in three dimensional space using onscreen interface controls. Sculptures were built by adding
geometric shapes such as cubes and spheres to a central pole. The shapes could then be moved

and operations performed upon them, such as stretch or drill.

The Shiva project demonstrated that young people who have profound motor impairments can

develop the skills and knowledge needed to manipulate 3D virtual objects.

The EyeDraw software (Hornof and Cavender 2005) enabled individuals who had severe physical
disabilities to produce drawings using point-to-point dwelling to create lines and later shapes and
clip-art 6 st ampsod. The authors noted that peopl e wh
experience of art creation and so their drawing skills may initially be less developed. They stated
the importance of linking the software to the person& existing communication and access

software, providing a route back to the normal usage of the device platform.

2.9.10 Proactive applications of eye gaze

Hyrskykari et al. (2003) examined user interface interventions to assist users when they encounter
difficulties in understanding 1 in this instance, a proactive or anticipatory technique was adopted,
whereby foreign language words presented onscreen, were translated when the reader appeared
not to understand them. The use of proactive techniques could help to assist the TG by reducing
cognitive loading and the demands of a task. For example, whenar obot i ¢ -efiecwds end
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nears an object, the software could prompt the user to see if they would like it to be picked up for
them.

2.10Robotics

The innovative work of Papert (1980)wi t h t he 6LOGOS&6 programming | ancg
enabled the teaching of mathematical concepts in a manner to which typically developing children

coul d relate i.e. by physically édoingd mat hemat.i
children who had difficulty learning mathematics using conventional theory-based approaches

could quickly grasp the concepts using the LOGO and Turtle robot method. Children could learn

about mathematical shapes, angles and develop basic programming skills by entering a

sequence of move and rotate commands into the robot. When these commands were played

back, a pen attached to the robot would draw on sheets of paper as the robot moved, creating

Il i nes, shapes, or patterns. The children coul d
i.e. walking the path that they were settingfortherobot. The concept of | earning
activitiesisanimport ant tenet upon which the current stu

robotics is used.

Forman (1986) also used robots with typically developing (TD) children. The participants of the
study completed a series of progressively more difficult tasks using a robot. Forman observed
that certain skills emerged as chronological age increased and categorised these into five areas:
causality, coordination of multiple variables, reflectivity, binary logic and spatial relations. Cook
et al. (2011) later adapted this model for use with children who have disabilities. This will be
discussed further below.

Robots have also been used with CYP who have disabilities for similar purposes to those of
Papert and Forman. Cook and Polgar (2014) outline the various categories of robotics designed
for use by people who have disabilities. The most relevant to this study are 6 Assi sti ve ro
whicharedesi gned f or A P I|O&particalar tinpdtanee torthie cugent.study is how

robots can be used as a tool to reveal and develop the knowledge and abilities of individuals.

The assistive robots used with CYP and adults who have disabilities in the studies mentioned
below take various forms including arms and remotely controlled vehicles. Some robots operate
in three dimensions such as robotic arms, whereas others operate in two, such as wheeled
vehicles moving around a table or floor. Some have grippers attached to provide manipulation

experiences. Many are physical, but some are virtual representations of real robots.

2.10.1 The importance of assistive robots

In a review of the role that assisted manipulation plays in cognitive development, Cook et al.
(2012) suggest that CYP who have profound motor impairments (such as the TG) may have fewer
opportunities to interact with the physical environment compared with their typically developing

peers. Furthermore, they state the importance of motor experience in cognitive development and
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of using assisted manipulation, especially robotics, to provide children who have disabilities with
opportunities and experiences which can help to reveal and develop their cognitive skills through
exploration and discovery.

2.10.2 Applications of assistive robots: cognition, education and play

Assistive robots in the context of play and learning have been used with CYP and adults who
have disabilities with a number of different purposes in mind including: assessment to reveal
cognitive abilities including developmental levels and problem-solving skills; to provide
manipulation experiences; education and learning experiences including mathematics,
sometimes with a focus on inclusion and increased participation; story telling; play including
block play and feeding animals; and artistic activities.

It can be difficult to identify the knowledge and abilities of those who have profound motor
impairments using traditional methods. Assessment difficulties have led researchers to explore

other methods of evaluating complex individuals, including the use of robots.

Forman (1986) found that robots could be used to reveal the knowledge and abilities of typically
developing 3-7 year olds when given problem-solving tasks. Within the population studied, ability
and chronological age appeared largely to correlate. Stanger and Cook (1990) identified that
able-bodied children as young as one, two and three years old could use a robot and
hypothesised that such robots could be used with children who have disabilities. Cook et al.
(2005) used a robotic arm with children who have disabilities and reported similar findings to
Forman (1986)but Cook &s r e s u lddavelopmental kevelbather ¢hen claranological

age.

F o r mad0&6¥criteria for identifying robot-related skills were adapted by Cook et al. (2011) for
CYP who have disabilities (see Table 2.1). Furthermore, Cook et al. (2012) discussed the
cognitive skills required to use such robotic systems and that these can be dependent upon both
chronological and developmental age, but also prior experiences and disability level.

Cookds adapt ed v er s-ielated skil$ (se€ TablarRal hwasused o befiect upon

the robot-related skills of the participants of the present study.
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Table 2.1 Robot skills related to development of cognitive skills (Cook et al. 2010)

Skill Definition for robot use Age considerations (typically Lego Robot examples
developing children)
0 Nointeraction Child displays no interest in the robot NA NA
or its actions
1 Causality Understanding the relationship < 3 action is in switch, tried Use switch to drive robot,
between a switch and a resulting effect  to use disconnected knocking over blocks with
switches robot, drawing circles on
> 4 yrs understood switch paper by holding a switch
made robot move down and turning robot
2 Negation An action can be negated by its 4 yrs: begin to understand Releasing switch to stop
opposite that switch release stops robot
robot
3 Binary logic Two opposite effects such as on and 51 6 yrs: understood 2 2 switches turning robot
not on switches with opposite right/left, or go and stop
effects
4  Coordination of Movement in more than one dimension  age 5: Could fine tune a Moving roverbot to a
multiple variable to meet a functional goal movement by reversing to specific location in two
Spatial concepts- compensate for overshoot, dimensions
multiple dimension etc
5  Symbolic play Make believe with real, miniature or 6 yrs: Child ID action in robot  Interactive play with
imaginary props not switch, planning of tasks pretense, i.e. serving at tea
is possible party, exchanging toys with

friends , pretending to feed
animals all using robot

6  Problem solving Problem solving with a plan i not trial 7 yrs. Designed robot and Changing strategies to solve
and error, Generation of multiple thought about coordinated a problem such as avoid an
possible solutions effects, planning was obstacle,

possible, Changing task to meet the
Can understand simple childdéds own go
programs and debug programming

2.10.3 Education and play experiences

Some researchers have employed robots to provide children with disabilities with educational and
play experiences.

Harwin et al. (1988) developed a system involving a low-cost commercial robot and a vision

system for use within special education. The system was switch operated and used for tasks

including stacking and breaking apartt ower s of bl ocks, sorting, and t
They noted important factors to consider regarding such systems including cost, reliability and

safety.

Davies (1995) stated the importance of providing play opportunities for children who have
disabilities and developed a playing robot. He impressed upon the reader that such systems

should support a range of input devices for diff

The POCUS Project (Kwee et al. 1999; Kwee et al. 2002) explored the use of a MANUS
manipulator with children and young adults who had cerebral palsy. The participants were able
to manipulatereal-lwor | d obj ects wusing the arm. The approa
on the current mode, the different joints (or degrees of freedom) of the robotic arm could be
controll ed. The authorsmoependt sd mehametshe awse do-
made training longer and more complex. Norman (2013) suggests that modes may be confusing

even for experienced users. Modes were therefore avoided in the current study and rather than
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control individual joints, the user controlled the end-effector (or gripper) position only.

I n the OPI(BsotPdoetah 1998)tuldey mai n goal was to develop a
whi ch wi |l assi st di sabl ed c he system énoluded ra ropotica y o .
wheelchair with a robotic arm attachment. The child, seated in the wheelchair, would instruct the
system via fiplay sentenceso0 using a tablet compu!
by the systemndf ar cebempl deipiifcik it upo. Ut il isirt
chair and arm would move the user to the correct position within the real-world scene and pick up

the desired object. This allowed the inspection and manipulation of real-world objects in a

dynamic situation. The PlayBot system involved a great deal of configuration and adaptation of

the environment, which would not be practical in smaller scale projects such as the current study.

However, in the current study automated command sequences/macros were used during the
introductoryl/initial stages of prototype use, with the TG. This helped to decrease the number of

stages required to perform a task, thereby reducing the cognitive loading. The feature to allow

objects to be inspectedwaspart i al |y i ncorporated within the cur

feature which allowed the scene to be viewed momentarily onscreen.

Cook et al. used a robotic arm with children who had profound physical disabilities for exploration
and discovery tasks. Participants used a robotic arm in an interactive play activity to dig up objects
from a tub of dry macaroni (Cook et al. 2000; Cook et al. 2005). This involved sequencing, turn-

taking and collaboration with the researcher.

In a study of robot-based story-telling, a 12 year old girl with cerebral palsy collaborated with
investigators to create a movie of a Greek myth using Lego Mindstorms robots and props (Adams
et al. 2008). The participant moved the characters (the robots) and generated segments of the
narrative. Through this activity, the participant was able to show her teacher how much potential

she had and actively connect with the curriculum and other students.

The IROMEC project (Besio et al. 2008) investigated the use of the ICF-CY (World Health
Organization 2007) as a basis for a methodological framework for developing robot-mediated

play. The project placed the user s idghevasdaentralatdthet he he
current study. The abovementioned ICF-CY has been used within this document to describe the

disabilities of the TG (see Appendix A).

Severalst udi es have concentrated upo® Thefomshpshbeen!l ar ¢!
on enabling children who have disabilities to interact with LEGO, either directly through the use

of robots as tools (Prazak et al. 2004; Kronreif et al. 2005), or by using LEGO which has been

assembled into controllable robots (LEGO Mindstorms®) (Cook et al. 2011; Adams and Cook

2014; Encarnacao et al. 2016).

Prazak et al. (2004) and Kronreif et al. (2005) used robotics to provide an assistance system for

children who had physical impairments, to support playing and learning. The resultant system

i nvolved a Aplaygroundd (LEGO panels) onto which
models, using the robot as a conduit.
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In another study involving Lego robots, Adams and Cook (2017) enabled children who had motor

disabilities to engage in mathematical measurement activities using their AAC devices. Gaps in

the participantsd procedural knowledge and i nade:c
the authorsd noted that both improved with pract

2.10.4 A comparison of physical and virtual assistive robots

A number of research studies have examined the use of robotics in virtual environments (VEs)
with groups of participants who are similar to the present TG (Encarnagéo et al. 2014; Pulay 2015;

Encarnacéo et al. 2016).

2.10.4.1 The benefits of virtual robots

Encarnacdo et al. (2014)compared t he wuse of viwpt udb) andbphiyec
children who had physical impairments. In this study the results favoured the virtual
configurations. Pros and cons were identified, as stated below. Pulay (2015) also suggested that
using virtual environments could be beneficial. Encarnacéo et al. (2014) highlighted the relative
ease of setup for the virtual robot used in their study but noted that interactive experiences may
be weakened. They also noted several points that may be different when using virtual, as
opposed to physical robots. These included how others would perceive the participants, as well
as the effect upon participation and integration in classroom contexts. These studies
demonstrated that young people, such as those of the TG, are able to understand virtual entities

and that there may be advantages to their use.

2.10.4.2 The benefits of physical robots

The benefits of using physical robotics have also been noted. Encarnacgdo (2016) commented
that It may be much more difficult to create new activities in virtual environments compared to
physical. Cooketal. (2005)r eport ed t hat wuse of (physical) robo
childthantwo-d i mensi onal c o0 mPprazakeetral. (2004),i vsittaiteesdd .t hat Achi |
play and learn i at least in the early stages 1 in real environments, as this is the basis for good
performance in the virtual (1899)rfduntdhat participantsangrd i t i o n ,
more motivated by the physical robotic manipulator activities than the virtual. Cooper et al. (1999)

also emphasised the importance of physical applications compared to software simulations.

In a more recent study comparing both physical and virtual robotics use with children who have
disabilities, Encarnacéo et al. (2016) found that the results of their study were inconclusive. There
were benefits and pitfalls involved in both approaches, physical and virtual, and the authors

recommended that further studies be carried out.
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2.10.5 Screen-based and real activities

The current study contained both a ¢ Isdene antl a video feed view of the scene i.e. the TG
could look directly at the real scene, but also view an onscreen camera feed. Many ofthe T G6 s
encounters with technology are screen-based and so it was considered important to also provide
a non-screen based experience. As noted by Encarnacéo et al. (2016), physical robots can allow
greater interaction between the TG and others. If a member of the TG knocks over a tower of
blocks using the robotic arm, there is not only the physicality of blocks crashing to the ground
(and watching someone pick them up from the floor), but also the reactions of the investigator or

school staff and peers, which could provide opportunities for communication and collaboration.

2.10.6 Robotics and art

Assistive robots have been used to enable children who have disabilities to take part in art
activities. The TRIK (Ljungléf et al. 2009) and LekBot (Ljunglof et al. 2011) projects both involved
systems which instructed a Lego robot to draw shapes using a touchscreen and simulated voice
control. The systems were designed for children who had language impairments to learn
language through hearing it being used by the system. The current study also used audible
utterances to reinforce the actions being carried out, with the intention of this aiding the

participantséunderstanding of the language used.

2.10.7 Access method approaches

Many studies have focussed on the use of switches to control assistive robots. This approach is
unsui table for those who are unable to operate
infrared capability to control robots (Adams et al. 2008) or a computer and communication aid
software (Encarnacédo et al. 2016) can be a more suitable approach, adding a wider range of
access methods including eye gaze, touch and scanning. Importantly, it also adds the capability

for the child to both control robots and communicate simultaneously.

2.10.8 Robotic arm orientation

Often, studies have used robotic arms in their standard desk mountedconf i gur ati on i . e.
is at the O6shoulderd end and is mounted to a su
elevated relative to the shoulderi al most t he opposite of the O6natur
of a human arm. Whilst this is a common robotic arm design and suited to industrial applications,

this does not create a direct mapping (Norman 2013)t o t he wuser 6s | i mb. Car ¢
to avoid O6body dysmorphiad when using technol ogy
body image (Pulay 2015). For this reason, the robotic arm used in the present study was adapted

and used in a hanging downwards orientation (see Table 2.2 (b)).
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Table 2.2 Robotic arm mapping to the human arm

Standard robotic arm Equivalent human arm
orientation position
(a)
Orlentatr:on mapping to the Equivalent human arm
uman arm position
A
b |
(b) 2 Q

2.10.9 The need for purpose-built assistive robots for CYP and desirable
design characteristics

Cook et al. (2010) noted a shortage of assistive robots designed specifically for CYP who have
disabilities, stating that the commercially available robots that they examined all lacked accessible
Human-Ro b o't I nterfaces (HRI 6s) and so requir

standard interface.

The authors also defined a set of desirable characteristics for assistive robots for CYP who have
motor disabilities and later extended these (Cook et al. 2012) offering a range of design
considerations when creating new assistive robots for CYP who have disabilities. The authors
stated the importance of: awel-desi gned-t ébbhmalhogy i nterface
access methods, one which has a clear layout and uses symbols and/or text to aid understanding;
how particular attention needs to be paid to frame of reference issues to prevent confusion; and
how the use of AAC devices can enable interfacing of both control and communication. These
design characteristics were used to inform the current study and are discussed in the ddentifying

the TG requirements of ATéchapter.

Similarly, Miguel Cruz et al. (2017) conclude that a greater body of evidence is heeded regarding
the impact upon functional, learning and developmental outcomes relating to robot use with CYP
who have CP. The authors call for interdisciplinary teams of developers to use a UCD approach

to create low-cost robots for this group.

Lego robots go some way to meeting Cooket al . 6s desi r ddonbdket alc 20E0).
Virtual robots also fulfil many of these characteristics and have advantages over physical robots,

but physical robots have advantages over virtual too.
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2.10.10 The benefits of assistive robots

Many of the studies reported above highlight the important role of assistive robots in enabling
CYP who have motor disabilities to:

1 demonstrate abilities that they had no other means of expressing i abilities that traditional
assessment methods were unable to reveal;

change the perceptions of others who observed them using the robots;

play in ways which were accessible for their needs;

participate in activities that they were previously excluded from;

= =4 =4 =2

gain pleasure from interaction with others.

These studies demonstrate how robotics can be used to help to identify and develop the skills of
CYP who have profound motor impairments, and provide a viable means for them to learn about
spatial concepts and the physical world, and experience play. Moreover, Cook et al. (2012)
emphasise the wider ranging benefits of assistive robots when used by CYP who have disabilities,
including language development, participation, inclusion, transferable skills and the carry-over of

effects into other domains.

Finally, Cook et al. (2002) stated that CYP similar to the TG have difficulty engaging in activities
which generate object-based tactile feedback and Cook et al. (2010) later noted a lack of haptic
feedback within the robotic systems they examined. Haptic feedback is the subject of the next

part of this literature review.

2.11 Haptic Feedback

One definitionof ¢iHa p tsi cibReil ati ng t o the sense of touch, in
and mani pul ation of objects using tOxrd Englisls es of
dictionary 2016a). Haptic feedback devices use electronic components to create a sense of touch

or tactile feedback by artificially generating sensations which are felt within the skin.

2.11.1 How humans sense touch

The human skin contains several types of touchsensorsor o6t acti |l e receptorsb.
found in abundance within the smooth (Richardsgnl abor o
2008; Linden 2016). Technology-based haptic feedback approaches use a variety of methods to
stimulate or dédinnervated these tactile receptor s
(2016) states that the Meissner and Pacinian corpuscles (two types of tactile receptors found

within the skin) are capable of sensing vibration. Vibrationor fiv i b is a domnsohly usesl,0

low-cost approach to simulating touch using electronic components. The current study used this

Ovi brotactileb6 method of supplying haptic feedba
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2.11.2 Applications of haptic feedback

Haptic feedback has a variety of applications, many relating to the typically developing, but some
are specific to those who have disabilities. Haptic feedback devices that have been used in
research relating to people who have disabilities include force-feedback devices; and wearable

technology including jackets, gloves, and glasses. Examples are discussed below.

2.11.2.1 Mainstream uses of haptic feedback

Haptic feedback technology has been used in many domains ranging from aerospace to surgery
(Stone 2001). Often, haptic feedback is used to provide simulated physical sensations when such
sensations are absent, but expected by the user. For example, little tactile feedback is produced
when touching a virtual key on a smartphoneé ®nscreen keyboard when compared with a
physical keyboard, but haptic feedback can be used as a substitute. A vibration motor within the
smartphone spins each time a virtual onscreen key is pressed. This provides the user with
confirmation that a keypress has been successfully received (Precision Microdrives Limited
2016). Haptic feedback in the current context refers to the artificial generation of tactile sensations

using electronic components.

2.11.2.2 Applications of haptic feedback within the context of disability

Haptic feedback has also been used to assist those who have disabilities, for example, enabling
people who have visual impairments to explore virtual environments (Stone 2001).

In their review of the literature concerning the use of haptics and children who have disabilities,
Jafari et al. (2016) f ound only a few studies which had fex

systemso for use by children who had disabilitie

Some studies have examined how robotic teleoperation systems with haptic feedback could be
used to provide CYP who have disabilities with assisted object manipulation and play
experiences. Becerra et al. (2018) compared the ability of a group of TD adults and five year old
children to identify the properties of hidden objects using both manual exploration and a robot
teleoperation system with haptic feedback. The authors found that the adult participants were
accurate using both the manual and technology methods, whereas the children were more
accurate in the manual tasks. However, the authors suggested that the technology approach
could be suitable for children who have disabilities who may not be able to manipulate objects

using their hands.

Sakamaki et al. (2018) investigated using a robot teleoperation system with haptic feedback with
and without fforbidden region virtual fixtures (VFs)0 (or &irtual boundaries, to assist with sorting
tasks. Adult participants, one whom had cerebral palsy, performed the tasks with and without the
VFs activated. For the participant who had CP, the VF condition was found to increase the

completion time of two out of the three tasks, although the authors stated that customising the
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VFs to each individual 6s requirements may overco

Jafari et al. (2018) examined using a robot teleoperation system with haptic feedback to assist
people who have CP with colouring activities. The virtual assistance condition was found to be
Aisignificantly more effectived when compared to

The three previous studies included systems that required the user to grip and manipulate a hand-

held end-effector. This is something that the TG are not able to do.

A number of studies have focussed on the use of haptic feedback in the rehabilitation of those
who have disabilities. The Nintendo Wii® games console used a handheld wireless controller
cal ed anod&Widi, wh i babtic feedmaskitodhe dser during gameplay. The Nintendo
Wii has been used within healthcare as a rehabilitation tool. This use is sometimes known as
OWhabil it athiadiRebecaaiThe ®hNSioi2015).

Deutsch et al. (2008) used a Nintendo Wii as a therapy tool with an adolescent who had cerebral
palsy. The haptic feedback aspect of the Wii-mote was mentioned as an important feature of the

device. The researchers noted improvements in almost all of the outcome measures.

Keates et al. (2000) demonstrated that haptic feedback can assist people who have disabilities in

usi ng -aidecoliinctk 6 acti vities involving a computer
combined with a Agravity well d6 was foundidythe i mpr
imore severely impaired?o. The study focused on

those who had suffered a stroke. All participants had some degree of hand movement. Although
not directly appropriate for the TG (they have littteorno v ol unt ary movement ), t
well s06 and haptic feedback could assist eye gaze

targets, with the possibility of increasing accuracy.

2.11.2.3 Other relevant haptic studies

The most relevant area of wearable haptic technology to the context of this study concerns hand-
based designs such as haptic gloves. Schwerdt et al. (2009) used haptic feedback as a feature
ofa 6col our detection gloved for the visuathé y i mp
hand and then translated these into haptic vibrations which the wearer could learn to decode as

specific colours.

Many existing haptic f eedb afedbackgdrietyycarsbé heavgang ec i a l
restrictive (Bouzit et al. 2002). Due to their complexity, they may involve protracted set up periods
and require that the user remain very still whilst fitting takes place and during use. As with haptic
jackets (Lee and Kwon 2000), such devices can be difficult to don and so are not well suited to

those who have involuntary movement or stiffness in their limbs.

Martinez et al. (2016) created a low-c 0 s t Avi brotactile gloveo for

whether it is possible to identify virtual 3D shapes using feel alone, i.e. without being able to see
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theshapes. The aut hors stated trégare usersito raapipulate en@dbjead ns t h
whil e maintaining focus on another, such feedbacl
|l i kely to occur in the curr eonldbesditbetween intetactingp ar t i ¢
with the user interface and surveying the scene to examine the results of their actions. Haptic
feedback was used to provide both confirmation and reinforcement that an object was being

6gri ppedd (vi avenifthey were bnalleitocseedhism) e

Martinez et al. (2016) also highlightedt hat @A Al t hough the sensation is
sensation with real object s, Gjseom20d )ralscsiralicated | e ar n
that a haptic feedback sensation did not need to feel like something real in order to be effective.
The use of haptic feedback in the current study was designed to provide an inexpensive
rudimentary simulation of touch. Comfort and ease of attachment/detachment were prioritised
over realism. Lee and Kwon (2000) noted that when designing wearable haptic technology for
t hose who have di sabi | irtsdrseasd actuators that drensadl,rflightaamd t o u

attach simplyo.

Martinez et al. (2016) also emphasised the importance of identifying a comfortable level of haptic
feedback to prevent it from becoming f atigwgasi ng o
considered to be especially important for the TG as there may have been a great deal of variation

in tactile sensitivity between individuals.

2.11.3 Potential issues related to haptic feedback

2.11.3.1 Musculoskeletal loading

Kinaesthetic or Aforced systems may increase mus (
user 6 s mso Vhiimespecially concerning for individuals who have involuntary movement

(Jafari et al. 2016) as such movement may strain against resistive forces.

2.11.3.2 When used with the TG

Whenusinghand-based haptic feedbackhotteetdadaopbpagyi wi phnvs
usef ul to first establish the individu@l &tee.dolmi n
right. The participant could then use the haptic device with their dominant hand in order to

experience a greater sense of O6connectiond.

However, Henderson and Pehoski (2006) highlighted that it can be difficult to establish the

domi nant side or fAhandednesso of children who ha
may be reduced. Wingert et al. (2008) adds that sensorimotor and somatosensory systems can

also be affected.

Thus, Afhandednessd may be difficult to establ i s

attempt to ascertain the hand in which they are most able to identify touch. This was attempted
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during the baseline/pre-test physical touch assessment of this study. It may also be the case that

TG individuals have a O6pr ef lathecartid sty it wasthenefere ¢ o mf o

decided that the participants should choose on which hand they would prefer to wear the haptic

device.
As stated earlier, the TG6s ability to sense tou
sensitivity - being highly sensitve t o even mild tactile sensati on

Def ensi {AgreseasdsTickle 1980), and display fAadverse reactio

finding vibration sensations unsettling, uncomfortable or startling. Conversely, some may have
hypo-sensitivity, and feel the sensation weakly, or not at all. As the TG were not able to remove
the haptic device from themselves it was of high importance that any haptic sensation was safe,

adjustable and that a comfortable sensation level was found for each individual.

2.12Combinations of technology

A number of studies have used combinations of robotics, eye gaze and haptics.

2.12.1 Eye gaze control of robotics

Following the creation of the Erica eye-gaze system, Hutchinson et. al. (1989) stated the many
possible applications where eye-gaze could be used as an input method. The authors suggested
(and alluded to working on) controlling a mobile robot using eye gaze for children who have

disabilities.

Shahzad and Mehmood (2010) created a prototype which provided control of a robotic arm using
a simple eye gaze interface. Each joint of the arm could be manipulated independently. Whilst
flexible, such an approach is slow and cognitively demanding for the operator. For the TG, a
more suitable approach may be to position t
position of the end-effector (Davies 1995), i.e. the user is only concerned with positioning the

ar més d&ighe pogitoe of iddividual joints would be calculated automatically.

In the above study, the user first selected an onscreen cell and then looked to the arm to see the
results of this action. This coul d | @aabl990)

u

he ar

ni nt

if the eyes continue to be tracked as the POR mo

the cursor stays in the last known position and repeatedly selects the cell beneath it. It also
divides attention between the interface and the scene. Possible strategies to avoid such issues
include briefly O6pausingdé or 6hi dingd the
activations of a cell until it loses and regains focus. Ensuring that the onscreen interface is free of
active controls nearest the side where the robotic arm is positioned would help to prevent

accidental selections when the user is looking towards the robot.

Encarnacéo et al. (2016) enabled children who have disabilities to control both virtual and physical

Lego Mindstorms robots in an inclusive educational setting. The participants were able to take
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part in education activities that were part of the standard curriculum. The authors found that the
participants often had difficulties understanding the concepts of rotation and frame of reference,
particularly in directing robots which were driving forwards towards them. The study provided

featurest o contr ol the robotorteh @& hreab dthé o ufgrinhighdvero fc hri d fc

was most appropriate fort h e  clével bf dnileystanding. In an earlier study (Cook et al. 2012)

colour codingwasusedt o hel p participants to sidgsentify

The current study attempted to minimise frame of reference issues by providing controls which
act in a Cartesian-like manner (see Figure 2.1 (2)) rather than a spherical-coordinate-like manner
(see Figure 2.1 (1)). T h e u diagondl-keft offset position means that a rotation to the left could
looktothem!| i ke t he srgippeowas atso raovingdackwards (see Figure 2.1 (b) bottom-
left). This is not the case with Figure 2.1 (b) bottom-right.

(1) Sphericali like coordinate system (2) Cartesian-like coordinate system

(@

Starting Forwards
position ?

Left 4«—| Users FOR |—% Right

Backwards
(b)
After
commands to
move left |
1
v
- -
/, /'
4 ’
’ . ’ .
e Left, or backwards e Left
.” and left? ‘/

Figure 2.1 Avoiding frame of reference issues

Pasarica et al. (2016) used eye gaze to control a Lego Mindstorms robot using a head-mounted
eye-tracking device. The user viewed a live video feed from the robot on a standard monitor and
controlled the movement of the robot by focussing on different regions of the screen. The system
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had not been tested by anyone from their intended population at the time of the study publication.

2.12.2 Other forms of robotic control

Studies involving gaze control of other forms of robotics include wheeled vehicles (Tall et al. 2009)
and Unmanned Aer i a(Hanser étial.c2D1d)sIn Hotd &f thése 3tudies the user
interface included a live video feed from a camera positioned on the vehicle. The user interface
contained no visible controls. Vehicle control was achieved by looking at regions of the screen,
for example the user looks above the centre of the screen to move forwards, below to go back,
left to go left and so on. Stopping, or remaining stationary is achieved by looking at the central
section of the screen. With such a design, if the user wishes to look around the scene, they may
encount er t he(Jadobll980a and dacodertalydrigger movements. In such cases,

adding a feature to 06paususd tomspecthe scene withautissumng ul d

commands. The TG of the current study is accustomed to using mainly visible controls. Using

non-visible controls may have caused confusion. This approach was avoided in the current study.

Chern-Sheng et al. (2006) adapted a powered wheelchair so that it could be controlled using eye
gaze. A user interface approach similar to those used in the studies above (Tall et al. 2009;
Hansen et al. 2014) was used, but the control regions were positioned towards the edges of the
gaze area. There are mapping issues with this design since the user needs to look up to move
forwards i this could create disorientation as the user needs to look up to move, and then forwards
to see where they are travelling. Travelling backwards involved facing forwards but looking
downwards, which may raise safety concerns as the operator is unable to see what is behind

them whilst doing this.

Also, with such approaches, care needs to be taken regarding obstacle avoidance strategies as
the user may focus on obstacles that they wish to avoid, which would direct the path of travel
towards the obstacle rather than around or away from it. Adopting this approach to control a
robotic arm may be viable for left and right movements, but mappings for forwards/upwards, and

backwards/downwards, may conflict.

Similar to the problems of eye gaze wheelchair control, selection of objects merely by looking at
them may result in unintentional selections since not all eye-pointing is used to indicate intent

(Sargent et al. 2013). Releasing objects would be similarly difficult using this approach. The

currentstudy ai med to enhance the TGds understandi

i nvolved the movement eeffector bpe leftr fortvardt anat so @am waed s

considered to be preferable.

Latif et al. (2008) provided useful insights into user interface considerations required when
designing for gaze-control in 3D environments. Of special note is that trapezoid shaped controls
were sometimes used around the edges of the screen during a live camera view of the scene.

This technique allows the user interface controls to be large (making them an easier target for the

a l

0

end

eye gazeuser) whi |l st al so ensuri ngactthev era xsicnmuene na nsol
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visibility of the live camera feed. A notable disadvantage of the design used in the study is that it
useddé modes6 t o di s pdndchangk betwean coatroltmodes, vwehiels Norman (2013)

suggests may be confusing, even for experienced users.

2.12.3 Eye gaze and haptic feedback

K&ki et al. (2014) demonstrated how haptic feedback can sometimes assist with gaze-controlled
tasks. However, Rantala et al. (2014) found that haptic feedback does not always help and can
sometimes cause confusion, or even annoyance. These conflicting results may indicate that
further research is needed to identify the most appropriate approaches and use cases. The
current study did not use haptic feedback to guide or enforce boundaries upon the user. Instead
it provided the TG with a rudimentary simulati on

wer e 6hol dingd an object.

2.12.4 Robotics and haptic feedback

A wide range of studies involving robotics (and haptic technology) have focussed on rehabilitation,
in particular for individuals who have a paretic upper limb following a stroke. A number of these
studies are reviewed in Brewer et al. (2007), Kwakkel et al. (2008) and Babaiasl et al. (2016).
The systems described typically focus on assistance, resistance and guidance, with the aim of
motor relearning and restoring function. The present study was not concerned with restoring
function, but with matching and customising tech

perform activities.

The systeminthecur rent study is similar to a O6teleopere
commanded by the user which then feeds back information to the user (Stone 2001; Jafari et al.

2016). The TG did not directly touch any real physical objects with their own hands during the

presentst udy, but O6touchedd objects indirectly throl
i.e. commands were sent (via eye gaze)tothe 6 sl aved r obot i cancobjeotandhi ¢c h ¢
then conveyed this back through haptic feedback (as well as visually and using auditory

feedback).

Tachi (2016) explains how remote sensorsonarobot i ¢ hand and a haptic g
hand can contribute to giving that person a sens
physically and spatially in a different location to their current one. The system used provided a
variety of tactile sensations using a combination of force, vibration and temperature, to mimic
different properties of objects. Tachi emphasised the potential opportunities for people who have

disabilitiest o be fApresento (at anot heerrhbmesati on) witho

Tachi (2016) hi ghl i ght s the i mportance of feedrenmtp- Aispat
controlled operation and that telepresence systems often lack this. This may also be a benefit of

a physical over a virtual system. The user may have a more @onnecteddfeeling when the physical

equipment that they are controlling is near to them.
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Conversely, if the robotics were in another room or virtual, it may be less distracting for the user.
They would only need to attend to the screen rather than alternating between a screen and a real
scene. The current study did not aim to build such e
its aim of wusing vibrating or o6vibrotactiled hap

2.13Summary

The foregoing review of the literature reveals a number of pertinent points. Conventional
assessment methods are unsuitable for the TG, and there are few suitable alternatives described
within the literature. AT research has demonstrated that assistive robots can be used to enable
those who have impairments to engage in experiences that they cannot have otherwise. These
experiences include object manipulation, playing with toys, education and art. Assistive robots
have also been shown to offer an alternative method for revealing the knowledge and skills of
those who are difficult to assess by other means. Haptic technology can be used to provide an
additional information channel for those who may not be able to use touch in the conventional
manner due to motor impairments. Many prior studies which involved individuals similar to the
TG have been hampered by user interface (Ul) issues often relating to using scanning as an
access method. The advent of eye gaze technology has provided a direct access method for

such users enabling direct and easier to map Uls.

2.140verall gaps identified within the literature

The current study was motivated by the following apparent knowledge gaps identified in the
literature:

1 Assessments. The TG is currently a particularly difficult group for clinicians / therapists
to assess both physically and cognitively. Existing assessment approaches are
unsuitable for the TG. Cognitive assessments rely heavily on pointing to or verbalising
answers, both of which the TG cannot do.

1 Haptic feedback. Many systems described seem only to provide visual and auditory
feedback to the user. Haptic feedback is particularly important for the TG as they lack
self-initiated tactile experiences. No existing studies concerning the use of haptic
feedback technology with those who have the characteristics of the TG were found. No
studies were located which directly related to the purposes of the current study i.e.
delivering haptic sensations to the hands of the TG in order to create a sensation of
gripping an object. The haptic devices described within the literature would not be
suitable for use with the TG.

1 Eye gaze and robotics. Only one study was found which described the use of eye gaze
technology to control robotics by individuals who are similar to the TG (Encarnagéo et al.
2016). However, the robotics used were in vehicle not arm form, and no haptic devices
were used (to reinforce the experience of manipulating physical objects).

1 A shortage of suitable robotic systems for the TG. In particular a lack of a robotic-
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based system which uses eye gaze control of a robotic arm with haptic feedback for use
by the TG. Cook et al. (2010) called for appropriate robotic systems for use with CYP
who have disabilities. There are few studies linking eye gaze and the control of robotic
arms, and none were found which combine eye gaze, robotic arm control and haptic
feedback with a focus on providing the TG with physical control and play opportunities.
Studies have identified that using robotics with young people who have disabilities can
be beneficial to those groups. Haptic feedback has also been shown to assist those who
have disabilities. This study was designed to unite both of these technologies and
investigate how the benefits may be combined.
1 Orientation of the robotic arm. In the studies located which described the use of robotic
ar ms, the orientation wasdawuaal! dryr seadalme/netr h(e
2.2 (a)) when compared to a relaxed human arm i.e. hanging by the side of the body (see
Table 2.2 (b)). There is a danger that using robotic armsinthe st andar d o6over'
configurations, with people who may already have a distorted body image, may lead to

body dysmorphia or confusion.

To summarise, this research aimed to address the above gaps by creating new assessments and
designing a system involving the following technologies: eye gaze, robotics and haptic feedback,

which was used by the TG to solve a series of tasks.
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Chapter 3 Research Met hodol ogy

3.1 Introduction

The research process is complex. The literature describes a variety of different approaches and
associated terminology relating to this process (Saunders et al. 2015). Crotty (1998) states that
there are a fibewildering arrayo of methodol ogi es
terminology is often used Ain a numbey whyddffer

In order for academic research to be carried out in a systematic and rigorous manner it is
important to understand and establish the approach and methods used from the outset. This
section outlines and discusses various approaches to conducting academic research and the

rationale behind those chosen for this study.

3.2 Outline of research methodology

Table 3.1 provides a high level overview of the research methodology adopted for this study. This

will be explained in detail in the remainder of this section.

Table 3.1 Research approach i Summary
Applied or Basic Applied
Philosophy Pragmatism
Approach to theory development | Inductive and Deductive
Methodological choice Mixed Methods (simple)
Strategy(ies) Experiments
Time Horizon Within-subjects design (two points in time)
Techniques and procedures Tasks, training, observation, quantitative and qualitative
data gathering

3.3 Methodology

3.3.1 Applied or Basic research

This section describes the first choice to be made when carrying out a research project.

Collis and Hussey (2014) st at e t hat there are two broad f or ms
and OBAppliedrbesearch fAdescribes a study that i s des:s
a specific, edlisandHussey g0l md), ameieas Basic research (also known

as fundament al or pure research) fdAdescribes a st
general knowledge and theoretical understandi n g, rat her than dQolisve a s
and Hussey 2014, p.6). Saundersetal. (2015 descr i be a research ficontin

Applied at either end. Research projects are said to be placed somewhere between the two.

This research is positioned towar dist tfhoec ubsAepsp | oine dfic
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a specific, e(€dlisandHusseyRdld p.6) eentibe TG have limited opportunities
to engage in self-directed physical activities. This study aimed to provide more opportunities in
this area.

The next decision concerns the overall approach to the research and the model followed.
Saunder s r asedsch 6éoniond provides &igueed3d)pssi bl
which includes a visualisation of the research process. This approach illustrates the many

di fferent facets of the process and the relation

Positivism . Philosophy
- - Approach to
= e <. theory development
8 g
& SN e >, Methodological
@ " Mono method REN ox
f e “Deduction D Critical
/ > quantitative N N
5 2% R realism
/ / = Survey Mono method N \\
/ "  Survey —~ _Monomethod "EEEEEEES
£y Experiment qualitative \\ \
/'/ - Archival \
[/ Cross-sectional research \

Multi-method \
Data quantitative |

| Casestudy | | Inter

| bduct ivism
\ J .A._E_ io,"L preten Strategy(ies,
\ / Ethnography [ |
\ \ JSwano9rPY Mutti-method /. /
\ \\ Longitudinal " Action™~- qualitative / y
& ™~ = research / Ll y Time
N\ N\ Narrative Grounded / / horizor
‘~\ % 0QUiry  theory _—"Mixed method .// y
4 y /
) Mixed method simple Yy ::Z:: =
N&f le 5 g
L & Yathirioes snd
g . procedures
Pragmatism
Figure 3.1 The Research Onion (Saunders et al. 2015)

This model will be used as the basis to aid an explanation of the research process and the
approaches used within this study. Working from the outer tothe inner,t he 61 ayer sé6 of

are:

(1) Philosophy: the beliefs and assumptions held about knowledge development.

(2) Approach to theory development: how theories are generated: from the outset
(deductive) or built from the data collected (inductive).

(3) Methodological choice: influenced by whether the research needs to capture quantitative,
qualitative or a mixture of both forms of data.

(4) Strategy(ies): the plan of action that will be used to achieve the research goals (Saunders
et al. 2015).

(5) Time Horizon: the duration of the research and the number of points at which data will be
gathered.

(6) Techniques and procedures: the actual data gathering and analysis tools.

These o6l ayersé wild.l now be described in turn, as
outer layer (Philosophy) and moving inwards through the layers towards the centre (Techniques

and procedures).
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3.3.2 (Layer 1) Philosophy

3.3.2.1 Philosophy, paradigms and worldviews

Saunders et al. (2015, p.124) st at e t hat the term 6éresearch phil

beliefs or assumptions about the development of
are said to shape the way that research is carried out, affecting all stages of the process from the
choice of methodology through to the data collection techniques used. Creswell and Plano Clark
(201)pref er the terms Ophil osophi Cdi$andaHusseyf2pld)i on s 6

usethetermé par adi gmdé, descri bing a paradigm as a O6phi

The main philosophical approaches will now be explained, after which will follow a discussion of
the 6beliefs and assumptionsé associated with t

3.3.2.2 Main philosophical approaches

Collis and Hussey (2014) describe t wo mai n resear dbsitiviemmaancadi g ms

Interpretivism:

Positivism: A The phil osophical stance of the natural
social reality to produce law-like generalisations. The emphasis is on highly structured
met hodol ogy t o f a(@aunderstetaat 2015rperpd).i cat i on. O

Interpretivism: AA phil osophi cal stance that advocates
phenomena because they create meanings. Argues that human beings and their social worlds

cannot be studied in the same way as physical phenomena due to the need to take account of

c o mp | e(Baurtdgrs ebal. 2015, pp.718-719).

Positivism is said to be largely concerned with hypothesis testing and quantitative data, with a
focus on repeatability and objectivity. In contrast, Interpretivism is said to be more focused on

lived experiences, meaning, qualitative data, and is said to be subjective.

N

Collisand Hussey (2014)e mphasi se t hat positivism and I nterapr

but Aextremities of a continuous | ine of paradig

Collis and Hussey (2014) al so descr i be aPrtahginrad whkhid pasifiogech , 0
somewhere between Positivism and Interpretivism on the continuum and allows elements from
the spectrum of paradigms to be used, as required, to suit the needs of the research. Pragmatism
acknowledges that both Positivist and Interpretivist approaches have strengths and value in

situations which require both quantitative and qualitative methodologies.

Creswell and Plano Clark (2011) state thatthe Pr agmati st wor |l dview i s

n |

Arevolrl d practice ori ent edSaunders &t lali (2015) whe stateittat e c h o e
Pragmati sm puts fAemphasi s on gSaundetset@ad0dlsspd37uti ons
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and fAstarts with a problem and aims to contribut
(Saunders et al. 2015, p.143).

3.3.2.3 Pragmatism and its relevance and suitability for this research project

The research philosophy adopted by this study is Pragmatism, as the research problem emerged

through practice-bas ed wor k i . e. the researcherds professi
research outputs are intended to O6solve a proble
which are not available to them currently; and to contribute to future practice by providing a tool

to assist the TGds devel opment.

Both quantitative and qualitative data were gathered. The study included a small number of TG
participants who were complex in nature. Data w
knowledge (quantitative) but also about their experiences of using the intervention (qualitative),

in order to create a richer and deeper understanding of the group.

The investigator has worked with members of the TG over the past thirteen years and was a
participant and an integral part of the research, carrying out sections of the assessment and
intervention stages (see Assessment Design and Administration chapter and Intervention Design
and Administration chapter). Due to the existing relationship between the TG participants and
the investigator and the highly complex nature and vulnerability of the TG, a detached, objective
(positivist) stance would not have been possi bl e.
would have affected the behaviour of the participants being studied and that the research

influenced the investigator.

3.3.2.4 Beliefs and assumptions

At the beginning of this O6Philosophy6é section, i
system of beliefs or assumptions about the develop me nt of k (Baninelérseetl a. 2015,
p.124). These beliefs and assumptions are said to be categorised as ontological,
epistemological and axiological (Saunders et al. 2015). These terms will now be explained and
then related to the main philosophies to illustrate how they differ between the approaches:
i Ontological: Rel ating to the nature of reality.
phenomena and the nat(@ay0lyp.19xt hei r exi stenceod
1 Epistemological: This refers to the assumptions that are made about knowledge i what
is considered to be acceptable, valid and legitimate knowledge.
1 Axiological: Concerning values and ethics i this relates to those of both the researcher

and the participants.
As stated, different research philosophies hold different views on each of these.
Table 3.2 shows how these beliefs and assumptions differ between the two main paradigms of

Positivism and Interpretivism (Collis and Hussey 2014).
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Table 3.2 Adapted from Collis et al. (2014)

Philosophical assumption  Positivism Interpretivism
Ontological assumption (the = Social reality is objective and external to | Social reality is subjective and socially
nature of reality) the researcher. constructed.

There is only one reality. There are multiple realities.
Epistemological assumption = Knowledge comes from objective Knowledge comes from subjective
(what constitutes valid evidence about observable and evidence from participants.
knowledge) measurable phenomena.

The researcher is distant from The researcher interacts with phenomena

» phenomena under study. under study.

Axiological assumption (the | The researcher is independent from The researcher acknowledges that the
role of values) phenomena under study. research is subjective.

The results are unbiased and value-free.  The findings are biased and value-laden.

Pragmatism incorporates elements of the beliefs and assumptions of both Positivism and
Interpretivism, depending upon where the project is positioned on the continuum.

3.3.3 (Layer 2) Approach to theory development

Theories can be developed at the beginning of the research process and then tested during the
research (Deductive). Theories may also be built from the research findings in order to explain

patterns or relationships, or to link to existing theory (Inductive).

Saunders et al. (2015) provide definitions for deductive and inductive approaches to theory

development:

1 Deductive: iéi nvol vi ng t hheoretica propositign byothe emplogyment of a
research strategy specifically (Barsérgena. 8015, or t h
p.714).

1 Inductive:fiéi nvol ving the devel opment of a theory as
d at @aunders et al. 2015, p.718).

Gray (2013) posi ts that l nductive and deductive proces
study used a combination of deductive and inductive approaches at different stages of the
research:

Deductive theory development: It was hypothesised that the intervention would influence the
TG6s wunderstanding of the physical world in meas:
research (see 3.3.5) was designed to measure these changes i.e. assessing the knowledge and
understanding of the TG participants both before and after the intervention stage, and then

comparing the results.

Inductive theory development: The observations that took place during the intervention stage

revealed information about the strategies employed by the TG and the difficulties encountered in

completing specific tasks i.e. the TG participantso6 |
system, and the findings explained descriptively using both existing and new theory.
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3.3.4 (Layer 3) Methodological choice

The methodological choice refers to the process of data collection. The methodological choice

f or t hi mixedimetdogséi,s whi ch i nvolves the collection o
data. A quantitativeapproach i s concerned with gathering f
been qu a(®aunddrsieeall 8015, p.725) and this approach is most often associated with

Positivism. Qualitativer e sear ch i nv ol v es -nunhedcal datalolt datathathave of A r
not been d{Saumdetsietfal. 2006pp.724) and this approach is most often associated

with I nterpretivism. A Mi xed Methods approach
qualitative data collection techniques and analysis procedures either at the same time
(concurrent) or one af{Saundersé¢thl.e2016,p.i28)r (sequenti al)

As stated in the (Layer 1) Philosophy section, this study adopted a research philosophy of
O60Pragmati smo6 wh Creswell (2818)dsaypidallyragsociated with a mixed methods
methodology.

The pre and post-test stages of this research (see 3.3.5) focussed on assessments and the
collection of quantitative data. The intervention stage included the collection of quantitative data,
for example, the time taken to complete a given task, but also qualitative data, for example how

the participant behaved during the intervention tasks.

3.3.5 (Layer 4) Strategy

The research strategy refers to the plan of action to achieve the research goals (Saunders et al.
2015). To achieve the research goals within this study, the strategy used from within the research
oni assm&xweri ment 6.

This research used a type of -sewbpjeec tnseéitord pédw idtalsikrg
(Saunders et al. 2015). The use of a within-subjects design is appropriate when the number of
possible participants is small, as it does not require a control group, only an experimental group.
In a within-subjects design the subjects act as their own control; measures are taken before and
after being exposed to an intervention; they are
any impact from the intervention. This design takes the form of:
1 Pre-test or pre-intervention observation or measurement to establish a baseline (or
control for the dependent variable);
A planned intervention (the independent variable);
Post-test or subsequent observation (outcomes) and measurement (related to the
dependent variable).

A within-subjects design was suitable for this research and for the TG sample for the following
reasons:
1 The TG sample was small (only two pupil participants), which precluded the possibility of

both an experimental group and a control group. The chosen design required no control
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group, only an experimental group;

1 The main aim of the experiments in this research was to establish what impact, if any,
use of the intervention had upon the TG, regarding those factors assessed in the pre and
post-tests, and also from the observations;

Every participant was exposed to the planned intervention;

There is considerable variation within the TG in terms of level of ability and understanding.
The performance of each of the TG participants in the pre and post-tests was compared
against themselves. The pre-test or baseline was their starting point, and was the

benchmark against which their post-test or outcomes performance was compared.

The main disadvantage of this design is:
1 It was difficult to control for confounding variables: it was possible that a TG participant
may have improved their score in the post-test stage not necessarily because of the
intervention, but because they had learned some of the same concepts within their school

education or through other means occurring simultaneously.

The experiment was designed to capture both quantitative and qualitative data. The assessments
gathered quantitative data, whereas the intervention captured both quantitative and qualitative
data. Video recordings were made during the intervention, which were subsequently analysed.

3.3.6 (Layer 5) Time Horizon

The duration of a research project can be relatively short or may extend over many years or even
decades.

Data gathering may occur at several points over a period of years (longitudinal), or may be cross-
sectional, whereby a Osnapshotdéd is sabhperchtbdbadesp

gathers data before and after the introduction of an intervention, or series of interventions.

This study had a limited timeframe and so a longitudinal approach was not possible. A cross-
section approach would not have revealed any possible effects from the introduction of the
interventionsubj®erkd soéwiatplpirmach enabl ed two measu

allowed comparison between pre and post-test measures.

3.3.7 (Layer 6) Technigues and procedures

This o6l ayerd involved the actual data coll ection
bespoke assessment tools, the completion of various participant tasks and also through the use

of observation techniques. The concepts under investigation are detailed in Appendix B.
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3.3.7.1 Data collection and data analysis

As the numlbempaoftie€ppmintk s was small, and to
assessment stages and intervention were first trialled by staff participants, before being used with
the TG participants.

Data collection and analysis took place over four stages (Figure 3.2). The TG sample was
assessed before and after the intervention was introduced, and the results analysed in order to
identify any impact from the intervention. There now follows an overview of the stages followed

by more detailed descriptions:

(1) Pre-tests (Baseline measures): Data collection commenced with several pre-tests

(assessments) of the TG sample:

1 Assessment of existing knowledge of specific physical and spatial concepts;
1 Physical touch assessment;

1 Haptic sensations assessment.
(2) Planned Intervention:

1 The TG sample were trained in how to use the robotics-based system:;

1 The TG sample used the robotics-based system to complete a series of tasks.
(3) Post-tests (Outcome measures): A repeat of the pre-tests:

1 Assessment of knowledge of specific physical and spatial concepts;
1 Physical touch assessment;

1 Haptic sensations assessment.

(4) Analysis of pre-test, planned intervention and post-test data: The pre and post-test

findings were compared and the data generated from the intervention stage was examined:

1 Pre-test/post-test: Assessment results from before and after the planned
intervention stage (quantitative) were compared.

1 Physical touch and haptic sensations: The results from the physical touch and
haptic sensations assessments, both before and after the introduction of the
intervention (quantitative), were compared.

1 Intervention: Datafrom the experiments (quantitative) and observations (qualitative)
was analysed to identify themes that may have emerged during the intervention

stage.

The above stages (17 4) will be discussed in greater detail in the sections that follow.
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Stage

Pre-tests

Intervention

Post-tests

Analysis

Cognitive

Physical
- Touch Assessment
- Haptic Assessment

Cognitive

Physical
- Touch Assessmen
- Haptic Assessmen

{

{
|

Technique Intended purpose

Baseline assessment (using bespoke
method)

Outcome measures assessment (using
bespoke method)

Quantitative / Qualitative techniques

Figure 3.2 Data collection and analysis
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(1) Pre-tests (Baseline measures)

An initial battery of pre-tests helped to establish a baseline, identifying the current level of
knowledge, understanding and ability of the TG sample. These same tests were repeated

after the intervention stage in the post-test stage.

1.1 Assessment of physical and spatial concepts

The purpose of this assessment stage lavdsf t o e
knowledge and understanding of physical and spatial concepts. This included their ability to
correctly identify colours, directions and concepts relating to position such as above and
below, behind and so on. This assessments were carried out using bespoke software

assessments.

1.2 Physical touch assessment

An assessment was performed with the TG participants to ascertain how well they could
identify physical touch sensations in their hands (see Assessments Design and
Administration chapter). Each TG participant underwent a series of trials. Each of these trials
involved the physical touching of their left, right, neither, or both of their hands. In each case,

the participant was asked to indicate what they thought had happened.

1.3 Haptic sensations assessment

Prior to the haptic assessment, the most suitable haptic device was chosen from a range of
prototypes by the staff participants. This selection was guided by the characteristics of the

PP6s disabil ity andfopekangld, iovaluntarg hozemant dr tight hasds.i ¢ s

An assessment, very similar in format to the physical touch assessment, was then performed
with the TG participants. This time instead c

delivered using haptic technology.

The physical touch and haptic assessments were designed to produce quantitative data i.e.
the number of correct/incorrect identifications. Descriptive statistics techniques were used to

analyse and present this data.

(2) Intervention

The intervention included training (recommended by Adams and Encarnacao (2011)), use of
the robot-based system, and completion of a range of structured tasks. These stages of the
intervention were introduced to the TG participants over a number of sessions. Informal
training was given in how to use the system, but also about colour, directions and position, if

needed.
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The tasks became progressively more challenging over time i.e. the difficulty level or number
of stages required to complete a given task increased over time. As the number of task
stages increased, the level of system autonomy decreased while the user autonomy

increased.

The intervention stage generated both quantitative and qualitative data. Examples of
quantitative data include: whether the TG participants were able to complete a given task
and the time taken to do this. Examples of qualitative data include: how the TG participant
approached task completion, and observations about their behaviour. Video recordings of

the sessions were made and an observation schedule used to identify themes and patterns.
(3) Post-tests (Outcomes) measures

This stage involved a repetition of the assessments performed under the Pre-tests stage.

3.1 Assessment of physical and spatial concepts

The same assessment was used as in the Pre-test i Assessment of physical and spatial
concepts stage. The purpose of repeating this assessment was to re-examine the TG
participantsdé | evel of k n o wlatod tp see whiethet dnanges onc e p

had taken place as a result of the intervention.
3.2 Physical touch assessment

The same assessment was used as in the Pre-test i Physical touch assessment stage. The
assessment was repeated with the TG participants to ascertain how well they could identify
physical touch sensations in their hands (see Assessment Design and Administration

chapter) and whether this had changed since the Pre-test stage.
3.3 Haptic assessment

The same assessment was used as in the Pre-tests (Baseline measures) section. The
assessment was repeated to examine whether the
sensations in their hands had altered since the Pre-test stage.

The physical touch and haptic assessments were designed to produce quantitative data i.e.

the number of correct/incorrect identifications.
(4) Analysis of pre-test, intervention and post-test data

Analysis involved the examination of the quantitative data generated during the pre and post-

test stages. The two sets of data were compared and any differences noted.

The data generated during the intervention stage, from observations and TG participant trials,

was examined and the findings analysed and discussed.
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The data has been summarised using a range of descriptive statistical methods i.e. graphical
and textual descriptions. Explanations have been sought for patterns and themes which
emerged from the data.

3.4 System Usability

The usability of the system was evaluated using the NASA Task Load Index (NASA-TLX) and the
System Usability Scale (SUS).

3.4.1 NASA-TLX

NASA-TLX (National Aeronautics and Space Administration (NASA) 2019) was used within this

study to rate the workloads experienced by SPs and PPs when using the robotics-based system.

NASA-TLX is a freely available subjective workload assessment tool. It contains six subscales
(Mental Demand, Physical Demand, Temporal Demand, Performance, Effort and Frustration)
against which ratings are given on a scale of 0 to 100 in increments of 5 (see Appendix H). It has

been used in various environments, including aircraft cockpits.

Usually, NASA-TLX forms are completed by the individual after completing a task. It was not
possible for the PPs to complete the forms in the present study and so a different approach was
adopted. After a PP had completed a task, or tasks, a Learning Support Assistant (LSA) who
knew the PP well would complete a NASA-TLX form on behalf of the PP, providing proxy ratings

of the workload that they perceived the PP would be experiencing.

NASA-TLX al so has a 6édweightingsd c tachgreateeimgortanck i

to particular subscales, depending upon which they considered contributed most to the task
workload. The weightings element was omitted in the present study, as the intention was to
identify which subscales had the highest ratings and not the order of importance of the subscales

themselves, and to simplify the evaluation process.

3.4.2 SUS

The System Usability Scale (SUS) (Brooke 1996) pr ovi des a HAqui ck
evaluating the overall usability of a system. The scale contains 10 statements against which

and

al

ratings are givenon afivepoi nt scal e rangdgiimagfreed & $t réedri gloy gl

Appendix J).

In the present study, the SUS was used to obtain SP ratings of the usability of the robotics-based

system with the purpose of improving the system before being used by the PPs.
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3.5 Study site and participants

3.5.1 Study site

This research was carried out at Livability Victoria Education Centre (VEC) in Poole, Dorset. The
author of this report has been employed at the Centre for the past thirteen years as an Assistive

Technologist.

3.5.2 Ethical approval

Ethical approval was granted by the Science, Technology and Health Research Ethics Panel of
Bournemouth University. The ethical approval and participant consent and assent documentation

for the study can be found in Appendix X.

3.5.3 Participants

This study formed a pilot to establish the potential of using the research outputs, described later,

with larger groups of participants from the TG.

Both pupils and staff from VEC patrticipated in this research. SPs were involved in creating some
of the assessments as well as evaluating elements of the assessments, haptic prototypes and
intervention, and informing and improving the study design. A description of the TG and PPs,

who are the main focus of this research, now follows.

3.5.3.1 Population and sample

The total population is the group of young people who match the inclusion criteria (see 3.5.3.2).
This study did not have access to the total population. The sample population is a subset of the
total population. This subset consisted of VEC pupils who met the inclusion criteria (see next
section). A total of three pupils met all of the inclusion criteria, of which two assented to

participate.

A convenience sampling technique was used i.e. convenient to the researcher. The researcher
and the research was based at VEC and so had access to the staff and pupils there.

The statistics presented in this thesis are to provide information regarding the performance of just
two individuals. With so few PPs taking part in this study it is not possible to attribute statistical
significance to the results. For this to be achieved, a much larger sample would be needed, but
even so, the heterogeneity of such populations means that inferences and generalisations from

the results should be made with caution.
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3.5.3.2 Inclusion criteria

Pupils who met all of the following inclusion criteria were eligible to participate in this research
study:
1 Were attending VEC at the time of the data gathering phase and;
1 Were affected by profound physical disabilities - GMFCS Level IV/V (Palisano et al.
2007);
T Had 60good o0 - tieep had iattainem na minimum of SEN P scale level 6 in
Mathematics, English and Science (Department for Education 2017);
1 Had complex communication needs i.e. they both had complex communication difficulties
and were non-verbal;
1 Were users, or had experience of using eye gaze technology for any of the following:
communication, environmental control or computer control;

1 Had limited opportunities to engage in physical interaction and play.

Both the parents and the young people were asked for their consent and assent. The PPs were
asked for assent using a specially designed symbolised Participant Information Sheet (PIS) (see
Appendix X).

3.5.3.3 Exclusion criteria

Pupils were excluded from participating in the study if they:
1 Had visual impairments that may have affected their ability to use an eye gaze system;
1 Had hearing impairments that may have affected their ability to follow instructions whilst
performing a task;

1 Had cognitive impairments that would limit their understanding of the activities.

3.5.3.4 Pupil participants (PPs)

Two pupils elected to take part in the study: both were male; PP1 had a diagnosis of athetoid
cerebral palsy; PP2 had a diagnosis of post-viral cerebral palsy; PP1 was aged 16 years 7
months, and PP2 was 19 years and 6 months at the time of the baseline assessments; neither
had any verbal expressive language, but bot h wer e abl e to vocali
responses; both were very experienced in using eye pointing for symbol-based communication
(both low-tech using a communication book and a communication partner, and high-tech using

eye gaze technology and dwell-select).

PP1 was at GMFCS level V and PP2 at VI/V (at the time of the study he was learning how to

control powered mobility using a head switch).

Cognitive age is difficult to establish as assessment techniques are unsuitable for this group.
However, for PP1 an adapted version of the British Picture Vocabulary Scale 3 (BPVS3) (Dunn
et al. 2009), yielded an approximate age equivalent value of 6 years 2 months (September 2016).
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PP2 was also assessed using an adapted form of BPVS3 in July of 2013 with an age equivalent
score of 5 years and 4 months. The assessment was last attempted in May 2015, but the test
was abandoned as PP2 repeatedly selected the same cell. He was not assessed subsequently.

Accordi ng t oBPR®lsacensiderad algpod measure of underlying cognitive ability

but is likely to be an underestimate when used with the TG.

3.5.3.,5 Staff Participation

This research received input from two categories of staff. One group consisted of a team of SaLT
advisers for the cognitive assessments. The other group were Staff Participants (SPs) who

trialled the outputs of the research prior to them being used with the PPs.

The SalLT advisors helped with refining the assessment administration procedures and gave
feedback on content ideas which helped inform the final choices that would be presented to the
PPs.

All of the staff involved in this study were female. They came from a range of professions within
teaching and therapy, with experience ranging from approximately 5 to 37 years. The profile of

the SalLT advisers is shown in Table 3.3 and the profile of the SPs is shown in Table 3.4.

Table 3.3 Professional experience of the SaLT advisers
SalLT Years of professional experience
No. (at the time of the study)
1 30
2 12
3 37
4 7
5* 18
* Not a VEC employee
Table 3.4 Profile of the SPs
SP No. Profession/ Years of professional experience
Occupation (at the time of the study)
1/LSA1 LSA 7
6 Teacher 20 (e)
7 SalLT 12
8 Senior LSA 5(e)
10 Teacher 33
12 oT 5 (e)
14 SalLT 29
15 Teacher 19
17 PE teacher 15 (e)
19 oT 19
27 Physiotherapist 32
25/LSA2 | LSA 6

(e): Estimates are due to the individuals having now left the employment of VEC
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VEC does not have records of what and how much experience staff have of AT. The level of AT
knowledge possessed by each member of staff varies depending upon profession or occupation,
number of years of professional experience and the pupils worked with. All therapy and teaching
staff will have been exposed to various forms of AT during their work at VEC and have received
greater exposure to AT, compared with the general public.

Pupils and staff at VEC utilise a wide range of AT. VEC has pupils who use high-tech
communication aids, some of which include eye gaze technology, and alternative access
peripherals such as touch screen devices, joysticks and trackballs. The Centre has environmental
control and sensory rooms. A range of accessible music technology is used by the pupils,
including the SoundBeam (Soundbeam 2015).

3.6 End of chapter Summary

This chapter has described the various stages of the research process and the decisions made
for this study. In summary, this investigation used the approaches highlighted for each of the
6l ay eTalde®.5.i n

Table 3.5 Research Methodology overview: Adapted from Saunders et al. (2015)
Philosophy Approach to Methodological | Strategy(ies) | Time Techniques
theory choice horizon and
development procedures
1 2 3 4 5 6
Mono method
Positivism guantitative
Mono method survey Cross-
qualitative Archival sectional
Critical research
realism Case study
Multi-method
guantitative
Interpretivism | Abduction Ethnography
Multi-method
qualitative
Action
research

Post-
modernism

Longitudinal
Grounded
theory

Mixed Method
complex

Narrative
inquiry
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Chapter 4 | denti fying the TG requi

4.1 Introduction

This chapter describes the process by which the requirements of the robotics-based system and
the haptic device created for this study were elicited. It presents the approach and key

requirements which were identified. This stage informed the technical implementation stage.

4.2 Systems development method

When devel oping hardware and software psizeflsuct s i
all &6 approach. Disability affects each individua
needed. Solutions need to be user centred, and sometimes designed for a specific individual

(Cook and Polgar 2014).

Cook and Polgar (2014) present the Human Activity Assistive Technology (HAAT) model which
can be used for developing AT solutions. The model describes someone (Human) doing

something (Activity) in a context using AT.

The HAAT model used in the context of Assistive Robots (Cook et al. 2010) has been adapted
for this study and consists of:

The Human, the Activities and the AT: CYP with motor disabilities (Human) engaging with
objects and play and academic activities (Activities) using robot-assisted manipulation (AT) for

exploring, discovering and altering the environment. The context is a special education school.

Cook et al. (2010) state that the robot should be flexible enough to allow for a wide range of
activities and activities should be developed only by considering user needs and preferences, not

by the constraints of the technological solution.

The skills the person has for participating directly in the activity and for controlling the interface to
the robot should also be considered. The envisioned activities, contexts and anticipated human
skills should then determine the required technological capabilities and characteristics of the
robot.

Cook et al. (2010) defined a set of desirable characteristics for assistive robots for CYP who have
motor disabilities: The robot should be reliable, so as not to Afrustrate ar
to ensure increased independence. Safety is key to ensure children are never harmed. User
and Human-Robot interfaces should be intuitive and accessible for children who have a variety
of different disabilities. They should be easily learned and comfortable to use. They should
empower the user by providing effective control over the system and environment in a natural
manner and provide appropriate feedback. Some automation may be necessary, with initially
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high robot autonomy and the system relinquishing this autonomy to the user over time, as their
ability to control the robot increases with experience. The authors recommend incorporating a
systemloggingf uncti on to fAassess possible I earning eff
that the robots should be aesthetically pleasing to children to encourage them to use them and

that they should be low-cost to make them available to many.

All of these considerations were at the forefront of the design of the robotic system used within

this study.

This model shaped the requirements, design and development of both the technology and the

tasks (Activities) used in this study.

The approach used looks at the characteristics of existing systems and those of the TG to identify
gaps between the two. It looks at the perceived needs of the TG and the skills and abilities that

they have to operate systems. Through this process, a set of requirements was created.

4.3 Requirements elicitation

Oof t en, when designing systems, the O6customero w
lengthy process and involve a range of stakeholders. Meetings would take place, end-users
would be interviewed, documents examined, existing systems inspected and so on.

The TG6s complex communication difficulkdadiaeds of t e
feelings is a lengthy and fatiguing process. For such individuals it can be difficult, if notimpossible,
for them to express their requirements of a system being designed for them (Hornof 2009). Added
to this was the fact that the system being developed for this study was outside of their experience,

with them never having used such a system.

In the absence of customer or end-user requirements, it was deemed more appropriate to identify
the 6perceived needsd of the TG and then form re

1 Examining and describing the characteristics of the TG and identifying how existing
approaches fail tg meet the TGb6s needs

1 Being mindful of the types of activities that typically developing children might want to
engage in;

T Calling upon the expeser kKhoiwl edgper off e Spir oa | s
TG including the author (Davies et al. 2010).

A prototyping approach to system development was chosen. This approach is iterative and can
be used to produce generations of prototype systems. It is flexible and can be used to hone-in

on and refine possible solutions (Rogers et al. 2015).

A flowchart of the systems development method used in this study is shown in Figure 4.1. This
approach was used as the basis for designing and implementing both the main robotics-based
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system and the haptic device.

_ Compare & contrast _

Figure 4.1 Systems development approach

There now follows an explanation of the diagram in Figure 4.1:

1. Identifying the characteristics of existing approaches: These were identified by conducting

a state-of-the-art literature review.

2. ldentifying the characteristics of the TG: These were derived from the literature, input from
professionals at VEC, and the investigatorbés exp

with members of the TG for eleven years prior to the study.

3. Identifying the deficiencies of existing approaches relating to the TG: The common
characteristics of existing approaches were compared and contrasted with the characteristics of

the TG to identify disparities and conflicts between the two.

4. Perceived TG needs: Using the disparities and conflicts identified in stage 3, the needs of the

TG were identified.

5. Perceived TG requirements: These were based upon a combination of: the perceived TG
needs (Figure 4.1 - 4); project practicalities (Figure 4.1 - a); VEC staff experience and knowledge
of the TG (Figure 4.1 - b); and also mandatory requirements (Figure 4.1 - ¢) such as health and

safety.
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6. Prototypes: These were generated based on the perceived requirements. The outputs from
this stage can be seen in the Technical Implementation chapter and the Results and Discussion
(Staff Participants) chapter.

7. VEC staff evaluation: Pr ot ot ypes were evaluatedsédys&G)pewh @
worked with the TG in various capacities at VEC. This helped to improve and refine the designs.
The results of these evaluations are presented in the Results and Discussion (Staff Participants)

chapter.

8. TG evaluation: Members of the TG then used the robotics-based system and the single most
appropriate haptic device (as identified by the SPs). This helped to identify how well the aims of
the system had been met. The results of these evaluations are presented in the Results and

Discussion (Pupil Participants) chapter.

As stated earlier, this approach was iterative and so later stages fed back into earlier stages in

order to refine and improve the overall design.

Stages 1 to 5 of Figure 4.1 are described in this chapter, while stages 6, 7 and 8 are covered in

the chapters that follow.

4.4 Requirements analysis

Requirements were primarily developed through perceivingt he TG6s needs, from
aims and the desirable characteristics for assistive robots for CYP who have motor disabilities
(Cook et al. 2010) described eatrlier.

441 Perceiving the TGo6s n-basedsysteregar di ng a

This section relates to Figure 4.1, stages 11 4, covering the development process for the robotics-
based system. This involved identifying the characteristics of existing approaches (stage 1), then
the characteristics of the TG (stage 2), comparing these to identify deficiencies (stage 3) and

finally deriving the perceived needs of the TG (stage 4). This s illustrated in Figure 4.2.
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Figure 4.2 Il dentifying the TG6s perceived

Robotics-based system requirements

This section relates to Figure 4.1 - stage 5, where the perceived requirements are derived from
the perceived needs (stage 4). Based on these perceived TG needs and the desirable robot

characteristics in Cook et al. (2010), the following requirements were formed:

1

The system should be accessible through a variety of alternative access methods, but
primarily using eye gaze technologyast hi s i s often the TGO6s
Haptic (and auditory) feedback should be generated to provide an experience of, and
reinforce the concept of gripping and releasing objects;

The robotic arm should be oriented with the shoulder positioned at the highest point
and the elbow and wrist lower, thereby mapping to the relaxed configuration of a human
arm and avoiding body dysmorphia issues (Pulay 2015);

In line with the overall aims of this research, the system should provide the TG with the

ability to manipulate objects and engage in simple play activities.

[

At a high | edeli vemhé& @o&mprdasch outlined previous

requirements. From these high level requirements, a series of more detailed requirements were

derived:

1 The system should clearly map the interface cells to physical actions which are then

performed by the robotic arm. The arm should move according to the commands
issued,;
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1 The literature indicates that the positioning of individual robotic arm joints to achieve a
goal can be difficult (Kwee et al. 2002). Instead the end-effector should be positioned in
three-dimensional space using simple directional commands such as up, left, forward
etc. The system should then translate the new position into a form suitable for the

robotic arm.

1 The provision of a command sequence (Tsotsosetal. 1998)or fApl ay &weat ences

et al. 1999) feature in order to perform many movements based on the selection of a
single cell.

1 Allow varying degrees of autonomy. As recommended by Cook et al. (2010), in the
early stages of use, the robot would have high autonomy, whilst the PP had low. For
example the PP selects an interface cell containing a blue cube. The robotic arm
moves towards and grips the blue cube, moves it to a container and then releases the
cube. In more advanced stages the robot autonomy should decrease, requiring the PP
to select several cells consecutively in order to complete a task, for example one cell to
pick up a cube, a second to put the cube into a container and so on.

1 The precision and coordination needed to accurately position the end-effector and then
grip an object could be difficult for the user. The system was required to provide

automation to assist the PP in this task.

Some system requirements were identified:

1 Safety: Ensure that no harm comes to anyone as a result of the robot arm.

1 Protection from damage: The PP may not realise the limits of the robotic arm and so
collisions could occur which may strain or damage the arm. The software control layer
should prevent this.

1 Reliability: A spare robotic arm and replacement parts were acquired in case of
component failure (Cook et al. 2010).

1 Logging: To record the performance of the participants.

The perceived needs and requirements, were used to develop a prototype which provided eye
gaze control of a robotics-based system in order to perform physical tasks and receive haptic
sensations.

443 Perceiving the TG6s ne&easds regar di

The same stages were undertaken for the development of the haptic device. This section relates
to Figure 4.1, stages 11 4, for the haptic device development.

Existing approaches were examined (stage 1), both within the literature and those available
commercially. The characteristics of the TG were then identified (stage 2). These were compared
to identify deficiencies in existing approaches (stage 3) and finally the perceived needs of the TG

were derived (stage 4). This is illustrated in Figure 4.3.
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Most existing approaches were foundtobebased ar ound a o6gl oved desi gn.
reasons why existing 6gloved based approaches we
highlighted in Figure 4.3 and described in greater detail in Table 4.1, which compares the

characteristics of existing approaches with the characteristics of the TG.
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Figure 4.3
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Table 4.1 Defining the TG needs of haptic devices through identifying gaps/differences between the characteristics of existing haptic approaches and
the TG

Gaps between TG6s needs and the char

T Most existing approaches are glove based. Putting on a glove would
be very difficult if not impossible for those who have tight hands or
involuntary movement

T The TG have little ability to adapt to technology i the technology needs
to adapt to them and their needs

1 The users6 needs should dictate t

T Flexibility and stability in the hands and fingers is needed to put on

gloves

1 When wused in virtual environment
virtual objects or perform gestures

1 Involuntary movement would need to be controlled whilst attaching
this can be uncomfortable for the TG

1 Holding hand in a specific position, holding it up, remaining still

1 TG may not tolerate long attachment/removal times

1 May require that the user is careful to ensure that the device does not
collide with surfaces or other objects

1 Involuntary movement could cause potential injury to the TG or

damage to the device

q Tethered electronics and wiring may restrict movement.

q Device is worn - may feel heavy, tight, hot

q May be sudden noises, or sensations which may startle the TG or be
uncomfortable

q May not tolerate wearing things close to the skin

q Electronics may be exposed. Saliva may run into electronics T

potential safety and failure issues
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4.4.4 Haptic device requirements

This section relates to Figure 4.1, st age 5, which is the generation of the perceived TG require

the basis of the haptic device requirements. An additional range of requirements arose based on the need to ensure the health and safety of the TG. These
are identified in Table 4.2.

Table 4.2 Haptic requirements/design considerations

Requirements

T  Needs to be firmly attached to
prevent detachment during TG
movement

T Comfortable
f  Compact

1  Rugged, durable

1  Safe components

1  Battery stamina must last
throughout the session as a
minimum

1  Wireless and independently

powered
1  Self-contained
1  Nosharp edges
1 Reliable
T Soft

f  Non-allergenic
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4.4.5 Potential haptic approaches and suitability for the TG

The suitability of a particular haptic feedback device very much depends upon the characteristics and
needs of the user. Some devices may have inherent design characteristics which mean that they are
appropriate for a wider range of users.

Figure44shows a decision tree for the selection of

port
physical characteristics.
No
y
I 1 ero
Figure 4.4 Haptic feedback device selection approach
Whittington et al. (2019) developed an app which can suggest suitable AT basedonan i ndi vi dual ¢

range of movement (ROM). The difference in the current study is that the selection of a haptic device

was not based on the TG6s ROM, but on other character

since the current TG have little or no controllable ROM.
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Table 4.3 gives examples of the suitability of different approaches for different users. The colour coding used indicates some of the positive aspects (green)
and the negative aspects (red) of the various approaches.

Table 4.3 Suitability of haptic approaches
Setup and Movement Spasticity level | Durability | Comfort level Level of Disadvantages
removal time characteristics of intrusion/
the wearer Intrusion
rating

Glove None -> little None -> little Many
Finger attached Medium None -> little None -> little Low Wiring
Grip Medium Little -> medium Medium -> high Medium No palm sensation
Hand Medium None -> little Medium Medium Donning/doffing

None -> little Limited finger
sensations
Many, especially

wiring

Palm

Combination of Little -> medium None -> little

palm and finger
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4.5 End of chapter summary

A modified version of the HAAT model (Cook and Polgar 2014) adapted for assistive robots by
Cook et al. (2010) was used to shape the requirements, design and development of both the

technology and the tasks used in this study.

Establishing the requirements of a robotics based system and a haptic feedback device suitable
for the TG was achieved through a process of examining current solutions and identifying why
they would not meet the needs of the TG. Using the gaps identified a number of requirements
were identified. This process informed the design and technical implementation within this study

which is the subject of the next chapter.
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Chapter 5 Technical | mpl ement ati o

5.1 Introduction

This chapter describes the technical elements of this research i.e. the robotics-based system
including the haptic device. The robotics-based system was used by the PPs to complete a range
of tasks during the intervention stage of the study. The system is comprised of a number of

different elements and involves both software and hardware, inputs and outputs.

An example configuration of the systefgueHlor t he

Figure 5.1 The robotics-based system

The system architecture and operation are described in the next section.

5.2 System operation

Figure 5.2 provides an overview of the main components and control mechanisms of the robotics-

based system. The robotic arm is manoeuvred using an interface which can be controlled using
eyegaze-the access met hod of the PPs. The PP (1) sel
their gaze upon it (2). This action triggers a command which is sent to the software control layer

(3). The software control layer then forwards this command to the robotic arm (4). Haptic
feedback is sent to the userds hand whenever t he

provided by a bespoke hand-based haptic device (5).

Not e: Bef ore selecting a commandescebl|l eydaiopgBRP e n e ¢

eachtimebydwellingontheceI . This was to (awbl9€)drhe O6M
dunwant ed (Erchrra¢io at a. 20416).
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(2) Interface

(1) User ]
& B AR

O

(8102 x0qUEWS)
€ puo 8yl

Eye gaze unit

(©) l

(Arduino-based)

) (5) Haptic device
(4) Robotic arm / - (Arduino-based)

Figure 5.2 The robotics-based system flow of operation

5.3 System architecture

The robotics-based system is comprised of many hardware and software parts (see Figure 5.2).
For the purposes of explanation these have been divided into three areas (see Figure 5.3): (1)

The user area; (2) The Area of operation (AOO); and (3) The system control area.

(2) The AOO

\ 1
\ 1
\ 1
\ 7
\ 1
\ 7
\ U

(1) User Area

(3) System control area

Figure 5.3 The three areas of the robotics-based system
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5.3.1 (Area 1) The user area

The user area is where the PP controlled the robotic system from during the intervention tasks.

The user area contained the GUI (Graphical User Interface) which was presented on a display,
with an eye gaze device attached beneath the display. The display and eye gaze device were
mounted on a fully adjustable floor stand.

The display presents one of two possible views, depending upon the current context of operation
(see Figure 5.4). The GUI is displayed when the user is instructing the system (see Figure 5.4 -
a). When an instruction is being carried out a live video feed is shown on the display and the Ul
is not available (see Figure 5.4 - b). This video feed comes from a webcam positioned above the
robotic arm. The purpose of showing the live video feed is twofold: 1) to display an alternative
perspective view to the user; 2) to prevent accidental user interface selections whilst a command
is being carried out.

Onscreen and Onscreen and
live views live views

Figure 5.4 The Ul and onscreen and live scene views (NOTE: The photographs in (b) are

indicativeonlyit hey do not show the actual robotic

The PPs were able to view the scene from two different perspectives: from an elevated position

via the video feed and also from their position by looking diagonally to their right (see Figure 5.4).

The purpose of providing both a 6I itheePBwithdepttv and
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perception, as they were not able to reposition themselves to view the scene from different angles.
This also provided an alternative approach to the user having to look at the screen to issue a
command and then look at the live scene to see the effect (Encarnagéo et al. 2016).

The user area was separated from the AOO for safety reasons i.e. to keep the user beyond the
reach of the robotic arm.

5.3.2 (Area 2) The area of operation (AOO) / Scene area

The Area of Operation (AOO) is the space in which the robotic arm operates and where the scene
and tasks are set. Figure 5.5 showstwoexampl es of the AOO during the

6Scenari oso.

Figure 5.5 The AOO T two example configurations

5.3.3 (Area 3) The system control area

The system control area contains the central controlling computer, the haptic control unit and the
researcherés equi pment (camera and tripod for re

5.4 Equipment

The robotic system is comprised of a range of equipment, as shown in Figure 5.3. This equipment
will now be categorised by each of the three areas described above i.e. User area, AOO and

System control area:

5.4.1 Area 1: User hardware area

(1) Touch screen display

(2) Eye gaze unit

(3) Fully adjustable floor stand
(4) Hand-based haptic device
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5.4.2 Area 2: AOO hardware

(1) Height adjustable table with sound-absorbing covering (to avoid the PPs becoming startled
when hard objects fall upon the table during the tasks)

(2) Robotic arm

(3) Robotic arm mounting

(4) Webcam / Video camera: this was affixed to the robotic arm mounting in an elevated
position

(5) Stereo loudspeakers

(6) Scene items: The task setting e.g. pirate ship, and additional materials such as building
blocks

(7) Rai sed area ( 6Cub e s 0tomakethesEoeanora easilp \asible andto y ) :
assist the gripping process

(8) Screening: to reduce distractions and to make the scene the focal point

5.4.3 Area 3: System control area hardware

(1) Haptic control unit
(2) Central controlling computer
(3) Resear cher 6 sAcamgm and tmpmdfor recording sessions

The specific equipment configuration varied for each of the different task stages. All had common

el ement s, but the 6Cubesd and O6Scenariosbd stages

(1) Palm / Hand-based haptic feedback device and controller

(2) Araised area (or platform) on the centre of the table

The O6Directionsd teditangsebowti d not wuse t he

5.5 The haptic feedback device

Tactile feedback was provided by a purpose-built palm-based haptic device. The haptic device
consisted of two parts: 1. The palm-based device (see Figure 5.6); and 2. The haptic control unit

(see Figure 5.7). The two were connected by a socket on the haptic control unit.

Figure 5.6 Thepam-based haptic feedback device att a
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Figure 5.7 A haptic control unit

5.5.1 The hand-based haptic feedback component / device

The palm-based haptic device consisted of an elliptical shaped 3D printed casing containing a
small vibration motor (see Figure 5.8).

Figure 5.8 Palm-based haptic device - CAD design with vibration motor

The casing for the palm-based haptic feedback device was designed using CAD software and
fabricated using a 3D printer. It was constructed from PLA filament material which is considered
to be a non-toxic material. The device was secured to the hand using an elasticated hook and
loop strap (see Figure 5.9).

Figure 5.9 Palm-based haptic feedback device

5.5.2 The haptic control unit

The purpose of the haptic control unit (see Figure 5.7) was to safely provide power to the vibration
motor within the palm-based haptic device, and to control the spin / rotation speed, and spin up

and spin down durations.

The control unit receives power from two AAA batteries and connects to the palm-based haptic
device using just one cable. The connection between the haptic controller and the controlling

computer is wireless (Bluetooth).

97



5.6 Hardware connections and specifications

5.6.1 Controlling computer connections

The hub of the robotic system was the controlling computer which had many connections to the
other components of the system. These are shown in Table 5.1 and Figure 5.10.

Table 5.1 Connections to the controlling computer

Type of connection | Peripheral

USB Eye gaze unit

Robotic arm

Webcam

Touchscreen controller

Audio-visual HDMI (to touch screen display)

Sound (to speakers)

Wireless Bluetooth connection to the haptic control unit(s)

AOO
Webcam

User area Speakers
Display Robotic arm

F\\,\d‘o

o ’ejc < \

/

<« | UsB

Haptic device

Controlling
Haptlc computer
control unit

Figure 5.10 Data connections (physical and wireless) and the direction of communication

(by area)

5.6.2 Robotic arm

The robotic arm used within this study was a LynxMotion AL5D with Botboarduino robot controller
(RobotShop inc. 2016). This arm uses electrically powered servos and has five Degrees of
Freedom (DOF).
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5.6.2.1 Robotic arm movement

The AL5D robotic arm can move in the combinations shown in Table 5.2.

Table 5.2 Robotic arm joint movements

Joint Movements
Shoulder Up / down
Rotate clockwise / anti-clockwise

Elbow Up / down
Wrist Up / down
Gripper Grip (Close) / Release (Open)

This range of movement enables the end-effector to:

(1) Move up and down

(2) Rotate clockwise and anti-clockwise / pivot left or right
(3) Move forwards and backwards

(4) Grip and release objects

(5) Perform combinations of movements 1 - 4

5.6.2.2 Adaptations made to the robotic arm
For the purposes of this research, several adaptations were made to the robotic arm:

(1) The robotic arm needed to be mounted upside-down. This required upgrades to the robotic
arm base and shoulder components and also modifications to the load bearing of the arm.
(2) A wider gripper aperture was required and so a custom gripper was added to the existing

gripper to widen the grip and to extend the jaws (see Figure 5.11).

S —
S ——

Figure 5.11 The robotic arm gripper / jaws with custom extensions

(3) All connecting servo cables were upgraded to versions with tighter connectors to prevent
disconnections.

A wired connection was used to connect the controlling computer to the robotic arm (using a serial
/ COM port). The robotic arm could also be used wirelessly, but a wired connection was chosen

for improved reliability (and safety).
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5.6.2.3 Robotic arm mounting

A custom-made robotic arm table mounting was designed and created by the rehabilitation
engineer at VEC. This was a permanent static mounting. Later a portable mounting was

designed using commercially available photography mounting equipment.

5.6.2.4 Limitations of the robotic system

The robotic system did not utilise any Computer Vision techniques for locating objects in the
scene. Instead the system operated based on preprogramed X, y and z coordinates for the

positions of objects in the scene relative to the position of the gripper.

Haptic device activation functioned on a similar basis. The gripper did not contain any sensors
and so was set to grip when arriving at specific locations, such as that occupied by a cube or

character. Force Sensing Resistors were trialled but found to be unreliable.

5.7 Software

The system utilised a suite of software. Some of this software is commercially available or open
source and some was created specifically for this study (see Figure 5.12). The software is divided

into three groups and can be summarised as follows:

(1) Control software
(@) GUI (Graphical User Interface)
(b) Haptic control
(c) Robot control
(d) Tasks
(2) Haptic device software

(3) Robotic arm software

The hub of the system is a central controlling computer (Figure 5.12 7 (1)) which contained the
control software. The control software includes: software to interface with the user (Figure 5.12
T (1) (a) (i) and (ii)) the haptic feedback device (2); and the robotic arm (3). The haptic feedback
device and robotic arm also contain embedded software which facilitates communication with the

central controlling computer and control of the particular device.

Some of the software running on the controlling computer is specific to certain tasks i.e. during
6Cubesbo, the Grid 3 interacts with the robotic

bridging software, whereas O6Scenariosd requires
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Figure 5.12

(3) Robotic arm

=

Robotic system hardware and software schematic

5.8 Software Group 1: Controlling computer software

Summary: The controlling computer contained a suite of software responsible for the interface

with the user, robotic arm and haptic feedback control. These will be explained in more detail in

the coming

sections.
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5.8.1 The GUI (Graphical User Interface) (Figure 5.12 - a)

The GUI was provided using Grid 3 and OBS studio software:
(1) Grid3

Grid 3 (Smartbox Assistive Technology Limited 2016) was used as an accessible user interface
wrapper for the PP to send commands to the robotic system.

The Grid 3 software provided a range of alternative access methods, including eye gaze. Grid 3
includes speech synthesis and symbol support to augment understanding. It also provides the
ability to run executable files and vbScript files and so can be used as a control point for other

software, as was the case in the current study.
(2) OBS studio

OBS Studio (Jim 2019) was used to capture the video feed from the webcam. Once the PP had
instructed Grid 3 to issue a command to the robotic system, OBS studio would present the live
feed from the webcam on the display.

5.8.2 Haptic software (Figure 5.12 - b)

This software formed a bridge between Grid 3 and the haptic technology, relaying instructions
from the user interface to the haptic control unit and then to the haptic device. This software

communicated with the haptic control unit wirelessly using Bluetooth.

5.8.3 Robot control software (Figure 5.12 - ¢)

This software formed a bridge between Grid 3 and the robotic arm, passing instructions from the
user interface to the robotic arm.

5.8.4 Tasks software (Figure 5.12 - d)

The tasks software was used only int he o6 Directionsé and &éScenari o
provided more sophisticated control of the robotic arm. The duties performed will be discussed

later in the relevant sections.
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5.9 Basic flow of operation between the interface, robotic

arm and haptic control unit

The basic flow of operation between Grid 3 and the robotic and haptic components would typically
follow one of two paths:

(1) Running an executable file; or
(2) Running a vbScript file which creates a .txt file
(&) The .txt file contents are picked up by a running program

(b) The command is sent to the relevant device by the running program
The actual operation path for each of the task groups will now be discussed (see Figure 5.13,

Figure 5.14 and Figure 5.15).

6 Cu b:eGrid 3 sends commands to the robotic arm using a simple executable file, and to the

haptic device via a vbScript file (generating a .txt file):

Haptic
command
?

command
?

Create text file Create text file

Does
text file
exist?

Does
text file
exist?

Send haptic Send robotic arm
command command

Figure 5.13 60Cubesd flow chart
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60 Di r e c Gnd® nosniands were sent to the robotic arm via a vbScript file (generating a .txt
file)

Create text file

Does
text file
exist?

Is
command
legal?

No
Error

Send robotic arm
command

Figure 5.14 6Directionsdéd flow chart
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6 S c e n a Grid 8 scodmands were sent to the robotic arm and the haptic device via a vbScript
file (generating a .txt file)

(Bt ]2

Error

Create text file

Haptic command Robot command

Does
text file
exist?

Does
text file
exist?

Send haptic Send robotic arm
command command

Figure 5.15 6Scenariosd flow chart

5.10 Software Group 2: Haptic control unit software
(positioned between the controlling computer and the
haptic device)

Summary: The haptic control unit contained software which received commands from the

controlling computer and then activated or deactivated the haptic device accordingly.

Communication between the controlling computer and the haptic control unit was wireless
(Bluetooth). Both the controlling computer and the haptic control unit contained software which

enabled communication between the two:

(1) The controlling computer haptic software was responsible for establishing and maintaining
the connection between the controlling computer and the haptic control unit and for issuing

commands to the haptic control unit.
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(2) The haptic control unit had two functions: (1) to supply power to the haptic device; and (2)
communication and control. The haptic control unit software accepted and carried out the
commands sent from the controlling computer, i.e. it provided power to the palm-based
haptic device to make the motor spin / rotate. It also controlled the spin up and down
behaviours and durations, as well the constant spin speed / rotation of the motor. The motor
could be set to spin up or down abruptly or gradually. The gradual approach was used

within this study as it appeared to be less startling and so more comfortable for the wearer.

5.11 Software Group 3: Robotic arm software (AL5D

software on the Botboarduino / Arduino)

Summary: The robotic arm contained software which received commands from the controlling
computer and translated these into individual joint angles and then relayed these to the robotic

ar mébs servos.

The software running on the r oddaino) was desigmed 40
receive and translate the x, y and z coordinates sent from the controlling computer, into individual

joint angles so that the end effector, or gripper, reached the specified x, y and z point.

Inverse kinematics (trigonometry-based) is used to calculate these angles. The user needs only
to direct the gripper to a desired destination. The software running on the Botboarduino calculated

the various joint positions for the gripper to reach the desired 3D point in space.

Encarnacéo et al. (2016) found that participants often had difficulties understanding the concepts
of rotation and frame of reference, particularly in directing robots which were driving forwards
towards them. In the current study these issues were avoided by ensuring that the robotic arm

contr

was al ways within the PPb6s frame of reference i

rather than the armbés gripper arcing |l eft and ri

along horizontal and vertical planes (see Figure 5.16 (right)). This helped to avoid the

overshooting of objects because of rotation issues, and the confusion of a forwards movement

appearing to be |l eft or right at the ar mbs
TN \End effector *-------- l """" »>

II \‘
! \
\4 v

Shoulder

Figure 5.16 As seen from above, the normal arcing path of a robotic arm (left) and the

modified linear path used in the current study (right)
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5.12Task stages

The tasks were divided into three distinct groups: 6 Cubes 06, O0Di r ectsidbans 6T haen ¢
following sections describe the technical implementation of each of these stages.

5136 Cubesbd

T he 6 CQasbgrosipinvolved the researcher asking the PP to perform a specific task such as
Oput the red cube in the b o rnipletetheldsleby Rructimgthe t hen
robotic system. These tasks also involved the haptic device described earlier. Figure 5.17 shows

the equi pment configuration for 6Cubesb6.

Figure 5.17 Equi pment configuration for o6Cu

To complete the tasks in the 6Cubesd dFigaapbeld) t he F

containing the symbol of a cube that they thought would complete the task.

Figure 5.18 The graphicaluseri nt er face for &6Cubesbéb

Control would then be handed over to the robotic system which would carry out all of the required
movements with no further intervention required from the user. If the chosen cube was still
available i.e. it was not already in the box, the robotic arm would grip the cube and the PP would
receive a haptic sensation from the palm-based haptic device for the duration of the gripping
stage. If the cube was no longer available, the movements would still be carried out, but there

would be no haptic sensation.

Point of note: The robotic arm was not configured to move to its destination by the most direct
route i.e. along a single vector (although this was possible). Instead, it was programmed to move

using a series of left (anti-clockwise), right (clockwise), up, down, forwards and backwards
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movements. This was to explicitly show the PPs the combination of movements, with the intention
that the PPs could observe and learn how the arm could be moved between points using the six

direction commands.
Example: Task: Put the red cube in the box

(1) The PP selects the cell from the interface (see Figure 5.18) which they believe will complete
the task

(2) The robotic arm then carries out all of the individual movements required to manoeuvre the
selected cube from its plinth into the box. The haptic device activates during the gripping

stage.

5.13.1 Description of how 6 C u bveas idplemented

The interface software (Grid 3) cells each had a series of commands assigned against them.
When a cell was selected these commands were triggered in sequence with pauses between
them to allow time for each command to be executed. Some of these commands controlled the

robotic arm and others the haptic device.

During the @ubesbstage, the robotic system had high levels of autonomy and the user low levels
of autonomy i.e. the robotic system performed the individual movements autonomously, the user

only had to select a single cell.

Figure 5.19 6 Cu b e s @up view of the scene

5146 Di recti ons o

The tasks i n grobpeinvalvBd the eisert maooeusring the robotic arm to demolish
block-based structures positioned within the AOO. This stage did not involve haptic feedback as

the tasks did not involve gripping.

The user had control over t he (se®HMgure b.20 foathenids 1 ndi
range of movements available). Only operational limits were imposed during this stage. The

limits were there to protect the mechanisms of the robotic arm, preventing collisions with other

parts of the robotic arm and the mounting system. The user would instruct

effector to move one unit of distance with each command.
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Figure 5.20 Graphical user interface for O0Direct

5.14.1 Description of how 6 D i ir @ rmvésdmplemented

Once a Ul cell had been selected by the PP, the associated command would be sent to the
controlling computer software. This software would evaluate whether the move was legal and, if

S0, instruct the robotic arm to carry out the move.

The duties performed by the controlling computer

tasks were:

(1) The initial starting position of the robotic arm was set according to the requirements of the
specific task. For example, if the task wast o move the robotic arm o6d
low structure, the robotic arm would start from a higher position;

(2) Imposing operational limits;

(3) Providing recorded speech feedback;

(4) Determining units of movement.

5156 Scenari os o6

The 06Sc gnu involvesd dBudimentary robot-assisted play in which the PP first created a
story, and then used the robotic system to enact the story. This task contained haptic feedback

during the o6grippingd stages.

A single play scenario was chosen for this study i that of two characters (a pirate and a giant
crab) battling to take control of a pirate ship.

The PP was first asked to create a story using the characters and the pirate ship. The user would
first choose a 6winning6 and a 0 lrabsandntigeid deddear act
where to position these characters from three possible locations on the pirate ship: bow, stern or

crowbds nFguere52()s ee
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Figure 5.21 Setting up the story for 6Scena

The researcher would then set up the physical scene (see example in Figure 5.22) and also
configure the story settings within the software (see Figure 5.23). The PP would then use the
robotic arm to first grip the winning character, and then use the winning character to knock the
losing character from the pirate ship. The GUI with the controls is shown in Figure 5.24. As with
6 Di r e ctheiPP cosldmove the gripper one unit of distance, in a single direction at a time.
Operational limits and collision detection were imposed.

Figure 5.22 The pirate ship with the characters in position

Figure 5.23 Controlling computer software interface

Peio me park —i-a
%
atracs
z
O
L

5!
=
£

Figure 5.24 The 06Sc ateréacei 0s 6
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The robotic system was able to assist with difficult manipulation operations, such as character
gripping and O6attackingb. The system was al so a
complete the story. These features will be discussed further on in this chapter.

5151The main stages of the &é6Scenariosd st ¢

The main stages required for a PP to complete the story enactment were as follows:

(1) Move the gripper towards the winning character
(2) Grip the winning character (with assistance from the system)
(3) Move the winning character towards the losing character
(4) Attack the losing character with the gripped winning character (with assistance from the
system)
(5) Put the winning character in the |l osing charac
(6) Return the robotic arm to the start position

The equipment and the system mechanisms will now be described.

5.15.2 The story setting (pirate ship)

The pirate ship provided a setting for the story and the characters (see Figure 5.25). It contained

three locations where the characters could be positioned (one character per location).

Figure 5.25 The pirate ship

To prevent the robotic arm from colliding with the scene, basic collision detection algorithms were
included. The shape of the setting, in this case the pirate ship, is internally represented in the
controlling software using a set of cuboids (see Figure 5.26).

Figure 5.26 Simplified representation of the pirate ship for collision detection
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After the PP had selected a Ul cell, but before the move was carried out, the X, y and z coordinates
would be compared against the internal representation to identify whether the move would result
in a collision, if so, the move was ignored and an audible error message played to the PP.

5.15.3 The characters

The characters were placed within the scene at specific locations. In the case of the pirate ship

the options were the bow, stern or crowbds nest.
The characters (pirate or crab) comprised two main parts:
(1) The character

The characters used within the current study contained springs connecting the limbs to the torso.
This helped to give the impression of animation while the characters were being gripped and
moved by the robotic arm.

(2) Gripping platform

The characterswerebonded at t he base to a wooden-slipgoveiingpi ng |
to aid robotic gripping. The platform provided a uniform easy to grip point for the robotic arm. It
also ensured that the character was still visible to the user whilst being gripped and moved. The

component parts of a character are shown in Figure 5.27.

springs

character
platform with

anti-slip grip
covering

Figure 5.27 The component parts of a character

As with the setting, the characters were internally represented within the software to assist with
collision detection. See Figure 5.28

Figure 5.28 Character bounding boxes
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5.15.4 Robotic system assistance

To support the PP with

of assistance throughout the stages.

6attackingd and

5.15.4.1 Gripping

compl et i nsygstem previdelarangavi t hi n

nt so.

This assistance included help with gripping objects,
0hi

Manipulating the robotic arm into a position suitable for gripping the base of a character could be

a complex process and lead to collisions, or a character being knocked from its location

prematurely. For these reasons, the PP was provided with assistance by the system once the

robotic arm®& gripper was near to the character.

Once the gripper had entered a region immediately surrounding the character (see Figure 5.29),

the PP was informed that the robotic system could carry out the positioning sequence ready for

gripping.

Figure 5.29

The area around the character

The PP could then select

user

nterface

cel |

the gripper ready for the PP to grip the character) - see Figure 5.30. The gripper would then be

repositioned automatically. Depending on the current position, this may have involved several

movements to reposition the arm ready for gripping.

robot hint

1

H

help me Mark

ol

anp.

!

gown

Figure 5.30

Graphical
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5.15.4.2 Attacking

Attacking was possible once the robotic arm was gripping the winning character and the gripper
was positioned within the region immediately surrounding the losing character (see Figure 5.29).

The PP could then instruct the r oboRgure530)yEweem us:|
robotic arm would then &wipebthe gripper at the losing character to knock it from the pirate ship.
Once this had been done, the robotic arm would pu

location.

5.15.4.3 Hint system

The PP could ask the 0r oib.oet.i cs usgygsetsetm ofncsr adhoiurtt swh
should be. The system would calculate the next move and then provide an audible instruction,

for exampl e G rAdditi@nally, the RPxould duest assistance from the researcher.

5.16 End of chapter summary

This chapter presented the technical implementation of both the robotics-based system and the

haptic device. The component parts, flow of data and operation were described.

Following implementation, both were trialled by SPs before being used by the PPs.
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Chapter 6 Assessmesitgi® and

Admini strati on

6.1 Introduction

During this study an intervention was used with the PPs (see Intervention Design and
Administration chapter). Assessments were needed which could measure specific aspects of the
PPsé knowledge and abilities both before and af
identifying the PPsd prior knowledge and @il iti e
No suitable assessments were found and so new ones were created. This chapter describes why

existing assessments were unsuitable, the new assessments and how they were administered.

The intervention stage involved the PPs completing a set of tasks by manipulating the robotic arm
in three dimensional space. The robotic system

whenever t h-effector gnpped areobjekct.

6.2 What needed to be assessed?

The intervention tasks involved knowledge relating to temporal, spatial and movement concepts.

Thus, it was important to test this knowledge.

The use of a haptic device during the interventi

ability to detect physical sensations in the palm area of their hands.

Broadly, two groups of assessments were required: 1 .Coghitiveband 2. d&hysicald

6.3 The new Assessments

Two separate assessments were contained within each assessment group:

(1) The @ognitivedassessments consisted of: a) a static image-based assessment; and b) a
video-based assessment.
(2) The @hysicaldassessments consisted of: a) a physical touch assessment; and b) a haptic

sensations assessment.

The order in which the assessment sessions were carried out and a description of the
communication approach used with the TG PPs are first described, followed by an explanation of

the assessments.
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6.4 Assessment Sessions

All assessments were performed both before and after the intervention. Table 6.1 shows the
number of assessment sessions by PP. Some of PP2& outcome assessments (the longer ones)

were split over two sessions, as during the baseline assessments he appeared to fatigue.

Table 6.1 Assessment sessions
Cognitive Physical
Image-based | Video-based Touch Haptic
1 1 1 1
1 1 1 1
PP Baseline 1 1 1 1
Outcomes | 2 (AM & PM) 1 2 (AM & PM) | 2 (AM & PM)

The assessment sessions were supported by two members of school staff. Before all assessment
sessions, the supporting staff would be briefed by the investigator about their role during the

sessions.

The PP would arrive at an assessment session seated in their usual wheelchair. At the start of
the session, the PP would receive a briefing (from the investigator) about what would happen
during the session. The investigator and a staff member would demonstrate the process so that

the PP knew what to expect.

6.5 Methods used by the pupil participants to communicate

and to indicate answers

The PPs of this study were non-verbal and also had profound motor impairments, which meant
that they were unable to answer questions in conventional ways such as verbally, by pointing or

by writing answers. Alternative approaches to communication and answer delivery were required.

Communication with this group may involve several alternative approaches including no-tech
methods: the use of a communication book or an E-tran frame (see Appendix D - Figure D.1)
combined with interpretatonof t he per s on 6 sgh-teehmethodsiinclede YOCAsn ;

which incorporate eye gaze technology.

The PPO0s O0yes /Bondd praespaecnpants | ooked to thei

and to the | eft for 6nobd.

During the assessments the PPs used a combination of communication methods including an E-

tran frame and gaze direction, and eye gaze technology.

NOTE: During the baseline physical assessments, it was discovered that PP2 was not as

proficient at using an E-tran frame as was first thought, so the communication system was
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changed to the following method which was recommended by his SalLT: to indicate his left or

right hand, PP2 would look at that hand; to indicate both hands, PP2 would look briefly at both
hands in sequence;to i ndi cate O6neither6, PP2 woul d whsook
found to be a more effective approach.

6.6 Cognitive assessments (Spoken language

comprehension)

6.6.1 Description of the new cognitive assessments

Thesceassessments were desi gexistthg knowledge of @ adlectionhoke PP s 6

physical world concepts (i.e. a baseline measure) and also to identify any changes in this

knowledge following the intervention (i.e. an outcome measure). The assessments differed in the

form of the concepts being assessed: a) the staticimage-basedassessment evaluatec

knowledge of concepts such as position, e.g. above, behind; and b) the video-based
assessment examined the understanding of specific concepts involving movement, such as
6moving upbo. gssmentscalsaydiffereédiinvseme aspexts of their administration
procedure.

The research questions that these assessments were aiming to answer were:
RQ2-How can the TG6s knowl edge of physical worl

RQ4.1 - Does the TG have pre-existing knowledge and abilities relating to the physical world?

RQ43-Did the intervention develop the TG6s knowl e

world?

6.6.2 Common elements of the cognitive assessments

The cognitive assessments shared some common elements, now described, but there were some
differences in the administration procedure which are described in the separate sections that

follow.

6.6.2.1 The unsuitability of existing cognitive (spoken language comprehension) assessments

As previously established (in the Literature review chapter), existing spoken language
comprehension assessment techniques were found to be unsuitable for use with the TG, and for
the purposes of this research, largely due to accessibility issues. For these reasons, new (digital)
bespoke assessments were created.
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The TG are heavily reliant on Assistive Technology (AT) for communication and control but many
existing assessments examined do not accommodate the needs of those who are non-verbal and

more motorically impaired.

The static image-based assessment was designed to run within AAC software (Grid 3).
Unfortunately, the video-based assessments could not be designed to run within AAC software
as none was found which supported multiple video cells on a single page, and a 2 x 2 matrix of
answer cells was a key feature identified for inclusion in the assessment at the design stage. This

led to two separate cognitive assessments being developed.

A specific set of concepts needed to be assessed and, as far as could be ascertained, not all of
these appear in existing assessments. Key concepts incorporated in the intervention were

identified and selected for assessment.

6.6.2.2 The assessment design process

Both assessments were designed, implemented and tested by a team comprised of the

investigator and five SalLTs. The design of the cognitive assessments described below was

i nformed by the literature, current availabl

needs.

A subset of the SalLTs trialled and practised using the assessments in pairs T one adopting the
role of SaLT and the other the pupil participant. This helped to refine the design of the

assessments and to verify the administration process.

6.6.2.3 Outcomes from the design process

A fundamental aim of the assessments was that they should be AT accessible using eye gaze
technology, the access method used by the participants of the study, and not require physical or

verbal answers.
The design team also identified that:

(1) Actions can be difficult to convey using images alone and that short video clips may be
better for representing such concepts. This is supported by the literature (Golinkoff et al.
1987);

(2) The assessments should follow the widely used 2 x 2 matrix presentation of answer cells;

(3) The assessments should be engaging so that the PP will want to do them;

(4) Assessor misinterpretation and bias should be minimised as far as possible.

6.6.2.4 Materials and methods

The cognitive assessments were administered
monitor which was mounted on a height-adjustable mobile floor stand. An eye gaze camera was
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mounted magnetically to the centre ofthel ower edge of t HFguredhn Stereor 6 s

speakers were attached to the computer. The PC was running the Microsoft Windows 7
Operating System.

Figure 6.1 The hardware running the video-based assessment

All sessions were video recorded for the purposes of verification and analysis of the results.

Both cognitive assessments were of the quadrant forced-choice variety i.e. a 2 x 2 arrangement
of cells with only one correct answer. No written word labels were presented for the answer cells,

as spoken language comprehension was the focus of investigation.

The images used within the practice section of the static image-based assessment were selected
from the libraries included with the Grid 3 software. The remainder of the images and all of the

video clips were created by the investigator.

Many of the images and all of the video clips feature a toy dog character. This character was

deemed by the development team to be age appropriate for a wide range of users.

The answer cell image designs were kept simple, often featuring a plain white or simple

background and limited colour palette, helping to establish clear figure-ground.
Staff Present

Each assessment was administered by a SaL T and the investigator was also present for technical

support and camera recording.

Within the school it is common for students to be assigned a SaLT, who can remain with them as
they transition through their education. Each PP in this study had the same SalLTs for a period
of years prior to the study and the assessments were administered by these SalLTs. The rationale
for this was that: SalLTs are professionally trained in administering assessments; the SalLTs had
in-depth knowledge of the participants and their communication needs; and they had a good
working relationship with the PPs, which was important for putting them at ease.

Cognitive assessment administration procedure (common elements)

During the assessments, the SaLT would stand to the left of the PP. The PP would be facing the
monitor. The static image-based assessment was always administered first and the video-based

assessment second.
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6.7 Static image-based assessment

This assessment was built to work within the Grid 3 software (Smartbox Assistive Technology
Limited 2016) running on the Microsoft Windows 7 Operating System. The typical format of the
assessment screens olable6.p.an eTlhsed aisss esshsoowennti ni's a 06g
3 and inherits all of the accessibility features of Grid 3 including, crucially for the current study,
support for eye gaze and synthesised speech output. Automatic answer logging was achieved
by linkingavbScr i pt code file to each of the assessment

6start programd function.

Table 6.2 Examples of the three stages of the static image-based assessment (the

number in parentheses indicates the number of questions in that stage)

1. Access check (4) 2. Practice (3) 3. Assessment question (17)

6.7.1 Static image-based assessment administration procedure

This image-based assessment comprised a total of 24 questions divided into three parts:
(1) Access check

The SaLT first completed an access check with the examinee (Table 6.2 - 1). This was to ensure
that the PP could access all four of the answer cells on the right-hand side of the screen. The PP
was required to answer all four of the questions correctly before proceeding to the next stage.
For each of these questions an image of the dog character appeared in only one cell of the main
gridoffouranswer cells (the rest of the answer cell s

was generated by the digital assessment using the Grid 3 speech synthesis capability.
(2) Practice

The SalLT then asked the PP three practice questions, to enable the PP to become familiar with
the format of the assessment (Table 6.2 - 2). For each of these questions, four possible answers
appeared, only one of which was correct. The questions and answers related to nouns and the
guestion AWhich one is theé?0 was generated by t

(3) Main assessment questions

The SaLT then asked the participant to complete the main 17 assessment questions (Table 6.2 -
3). These followed the same format as the Practice questions but now related to prepositions

and adjectives (colours). The digital assessment gener ated questions of tt
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isé ? 0. T h e tested are listedtin Appendix B and Appendix M - Table M.1.

The SalLTs administered the assessment by following a written assessment procedure (Appendix

Y-Y1l). The PP6és SalLT first explained and then admini
them to work through and regulate the pace of completion, thereby reducing the likelihood of

accidental selections (Jacob 1990). The pace was regulated using touch-only activated cells

which toggled whether eye gaze control was activated or deactivated and, therefore, whether PP

selection of cells was possible.

The examinee provi dedl aosiwegsd8 byeddiwekating thei
a brief time. The assessment would then automatically log their answer and move on to the next
question.

Questions wer e o6read outd using the speech synthesis

out twice. The examinee could select a cell to hear the question again if necessary.

The logged answers were stored in a spreadsheet format file (see Appendix U for a sample).

6.8 Video-based assessment

At the time of the present study, no communication software was identified which provided support

for four eye gaze accessible video cells on a single screen (a requirement of the present study).

The closest match to this bveHdvixouwrd vaacd ifvd urnyd oifn
software (Smartbox Assistive Technology Limited 2018). However, this only provides a single

page of videos and two pages were needed for this study. This page can be edited and the videos

changed, but doing so during the assessment would interrupt the flow. For these reasons, the
video-based assessment discussed here was created by the author using the Microsoft Visual

Studio programming language C# (Microsoft 2019).

The assessment contains just two pages and four questions per page. Each page contains a grid
of four video answer cells (see Figure 6.2). Each video clip is between two and four seconds in
duration, with no audio.

Figure 6.2 Video-based assessment: The two pages

The concepts represented within the video cells are: Page 1: 1. Moving up; 2. Moving backwards;
3. Moving forwards; 4. Moving down; Page 2: 1. Moving left; 2. Gripping; 3. Releasing; 4. Moving

right. The majority of the video clips are ani ma
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0rel easingd video clips are bath |ive recordings

Once eye gaze control had been activated by the SaLT, each video cell would animate when the
e x ami n e e éllsithon asbaundfries, but paused if gaze moved outside of the cell, resuming
when gaze focus returned. Upon completion, the video clip would pause (showing a black frame),
6rewindd and then pl Rgyre 6.3rsboms theHiest ald digal frames of ghe

(@}

moving foodimrdsd vide

First frame Final frame

Figure 6.3 Video-based assessment: First and final

clip (Page 1, bottom-left cell)

6.8.1 Video-based assessment administration procedure

After a brief explanation from the SalLT about what the assessment entailed, and an eye gaze
calibration process, each participant completed a total of eight assessment questions. This time
the SaLT read aloud questi ons ecdrded raspondeomanually.

The administration procedure for this can be found in Appendix Y - Y.2.
Differences between the video and static image-based assessments

There were a number of key differences in the design and administration procedures of the two
assessments. These are summarised in Table 6.3. The main reason for these differences is:

(1) Grid 3 natively contains a large range of features including speech synthesis and extensive
accessibility options. The static image-based assessment inherited these features.

(2) At the time of the study, Grid 3 did not support the use of four video cells per page. For this
reason the first author implemented the video-based assessment software. It was not

possible to implement all of the features contained within Grid 3 in the time available.
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Table 6.3 Differences between the static-image and video-based assessments

Static image-based Video-based
Method of Synthesised speech i via The Grid | The SalLT reads the questions
guestion 3. The participant can also activate | aloud
delivery a cell to listen to the question on

demand.
Answer Dwell-click (briefly fixating on an Continuous fixation. The SaLT
selection answer cell) determines which cell is being
method attended to based on the position of

a visible cursor
Access check | 4 questions, carried out through the | No questions, the check was carried

digital assessment out by the SaLT (by visual

observation)

Practice 3 questions, carried out through the | None (assumed carry-over from

questions digital assessment previously completing the similar
format static-image based
assessment)

Recording of | Automatically by the digital Manually 7 by the SaLT

answers assessment

Answer cell Static image Animation or video

type

6.9 Physical assessments

The main aim of the physical assessments i.e. both the physical touch and the haptic
sensations, was to identify the PPO&6s physicdltouchorHamic
sensations were being delivered to the palm area of their left hand, right hand, both hands, or

neither hand.

It was considered important to know how well the participants could identify sensations in the
palm area of their hands since the robotic system incorporated haptic feedback to provide the
PPs with a sense of gripping. It was also considered important to discover whether the PPs

experienced any adverse reactions to the haptic sensations.

The assessments were also designed to identify whether the PPs had better sensitivity in one
hand than the other, with the intention that their most appropriate hand could be used during the

intervention.

The physical touch assessments formed a baseline against which the haptic sensations
assessments could be compared. The haptic sensations used in this research are based on
vi bration which stimulates [/ &dédinnervatesdo d
One or other of these types of receptors may not have been functioning correctly in the PP due

to damage to their Central Nervous System (CNS).

Performing both physical touch and haptic sensation assessments allowed a comparison of the

results between these two modes of sensation delivery.
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6.9.1 Physical touch assessment

The physical touch assessment was designed to identify the P P éakility to accurately identify

physical touch in the palm area of their hands.

At the time of the study the degree to which the PPs were able to detect physical touch sensations
inthepamarea of their hands was unknown. To the aut
VEC) this had never been ascertained. Damage to the CNS resulting fromthe PP6s condi ti o

may have adversely affected this ability.

The physical touch assessment was designed to identify the P P Glsility to detect whether touch
sensations were being delivered to the palm area of their left hand, right hand, both hands, or

neither hand.

The new physical touch assessment involved concealing the P P 6hands and then physically
touching the palm area of either, both or neither of their hands and then asking the PP to indicate
what they thought had happened.

The research question that this assessment aimed to answer was:

RQ1.1 fAls the TG abl e t o Ibysi@mldduch aensdtionsimthepmalns | y i d
of their hands?0o

6.9.1.1 The unsuitability of existing physical touch assessments

Often a personds skin senBbisdssessédtby clidcrans /theapidts) t y t o
using the O6pi n pinvoleds @pplying préssuie tp wagious parts lefithe skin using

a pointed object such as a safety pin or cocktail stick (New York University School of Medicine

2006; University of Nottingham 2007).

The author and therapy staff deemed this approach unsuitable for the PPs who were the subjects
of this research: PP1 had involuntary movement which could have made the pin prick approach
hazardous; PP2 had a heightened startle reflex which was likely to have been triggered by the
6pin pri ckAgrestarel ditkie 1.980). e

For these reasons a safer, more suitable physical touch assessment was developed for the PPs.

6.9.1.2 The assessment design process

The assessment was designed specifically for the TG. The aim was to assess them in a
comfortable manner. VEC staff were consulted with regarding the design of the assessment
through a series of trials. This helped to refine the design of the assessment and to verify the

administration process.

The design process resulted in an assessment which accommodated both the communication
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and physical needs of the TG.

6.9.1.3 Materials and Methods

The P P thands would be concealed behind a curtain - a height adjustable horizontal pole with a
black towel draped beneath it (see Figure 6.4). The pole and curtain were positioned in front of
the PP and the height adjusted to prevent the PP from seeing their hands and, therefore, which
hand(s) if any were being touched during the assessment, i.e. they had to provide answers based

on deelbalone.

Figure 6.4 The concealing equipment

The two symbols attached to the pole in Figure 6.4r epr esent &éYeso6 (l eft) an
were to remind the investigator of the directio

assessment.

PP1 had involuntary movement, and so an LSA was required to steady his arms and hands during
the assessment so that the investigator could touch his hands, and to prevent the curtain from

being lifted (see Figure 6.5).

Figure 6.5 PP16s hands and arms being steadie

PP2 had spasticity and contractures which caused his hands to constrict. AnOTsupported PP2
hands and helpedto keepthe m i n an O6opend position ready for t

the assessment (see Figure 6.6).
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Figure 6.6 PP206s h agnheld opdndy an OT

The investigator wore gloves during the assessments for hygiene reasons.

Staff present

During the assessments, in addition to the investigator, there would be two other members of

school staff present, depending on which PP was being assessed:

PP1:

(1) The investigator (to perform the physical touching of the hands);
(2) An LSA (to support/hold the PPs hands and arms);

(3) A SaLT or SalLTa (to facilitate communication and obtain answers).

PP2:

(1) The Investigator (to perform the physical touching of the hands);
(2) An OT (to support and open PPs hands);

(3) A SaLT or SalLTa (to facilitate communication and obtain answers).

Physical touch assessment administration procedure

The investigator would begin each session by explaining the format of the session to the PP and

the supporting member of staff.

Before each question, the investigator would ask the communicationst af f member t o AL
and | et me know when you have done so060. €he i n
was going to touch either one of their hands, bof
symbol cards (see Appendix D - Figure D.2) to the PP for each option. The investigator would
then carry out the relevant operation and then ask the PP to communicate their answer to the

communication staff member. The investigator would then note the answer.

The answering method used was an E-tran frame, but this needed to be changed to another
method for PP2 (see Section 6.5).
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Figure 6.7 The Investigator touching PP2's left hand

6.9.2 Haptic sensations assessment

The haptic sensations assessment was designed to identify the PPs ability to identify haptic
sensations in the palm area of their hands. Haptic feedback devices are not usually used with
the TG. No existing suitable assessments were found and so a new one was created.

The haptic devices developed for this study used

receptors to those involved in pressure-based physical touch.

The aim of the haptic sensations assessment was similar to that of the physical touch assessment
but in this instance it was to identify the P P Gabkility to detect whether haptic sensations were

being delivered to the palm area of their left hand, right hand, both hands, or neither hand.

This assessment involved attaching the haptic feedback devices to both hands of the PPs and
then activating either, both or neither of the devices and then asking the PP to indicate what they
thought had happened.

6.9.2.1 The research question that this assessment aimed to answer

RQ1.3 fAls the TG able to detect and correctly i

6.9.2.2 The assessment design process

Nine different haptic prototypes were created using a variety of materials and approaches. All
designs were vibrotactile in nature as this is a low-cost and relatively simple method of producing
rudimentary haptic sensations. The designs were differentiated based on which area(s) of the
hand received sensations. This depended, to an extent, on how the device was attached and the
movement that a person had in their hands and fingers and thus which areas of the hand came
into contact with the prototype. The approaches used were: 1. Palm-based; 2. Grip/clench-
based; 3. Whole hand-based; and 4. Digit-based (see Section 8.2.2 Table 8.1).
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6.9.2.3 Outcomes from the design process

Each of the nine prototypes were trialled with the SPs and feedback gathered. This process led
to the elimination of seven prototypes - narrowing down to the two prototypes deemed most
suitable: one was palm-based, the other digit-based. These were then trialled with the SPs to
measure their ability to identify the location of the haptic sensations and to identify which of the
two devices was the most appropriate for use with the TG. Two of the palm-based prototypes
were used in the trials with the SPs, one on each hand, whereas the digit-based prototype
involved just one of the SP& hands, with a device attached to the tip of each digit, and sending

sensations to each digit on that hand.

Based on analysis of the feedback from the design process, one of the prototypes (7) deemed
most suitable for use with the PPs was selected for use during the assessments and intervention

stages. Recommended / preferred haptic strengths and patterns were noted.

6.9.2.4 Haptic fitting

INnMarch of 2017 both PPs had a 6haptic fitt.i
device that would be used during the haptic sensation assessment and the intervention, and to

see if there were any issues.

6.9.2.5 Materials and Methods
Equipment

Figure 6.8 provides an aerial view of the equipment configuration for the haptic sensations

assessment. The haptic sensations system was comprised of:

(1) A computer running the Microsoft Windows 7 operating system and containing Bluetooth
wireless capability;

(2) 2 purpose-built palm-based haptic devices with Bluetooth wireless controller units;

(3) A height adjustable curtain (for screening purposes) i the same as used in the physical
touch assessment;

(4) Communication symbol cards.

Figure 6.8 Aerial view of the haptic control setup
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System operation description

The haptic devices used in the haptic sensations assessment were controlled wirelessly from the
computer. This computer contained the control interface (see Figure 6.8) for controlling the palm-

based haptic devices.

Components attached to the PPs

A haptic device would be attached to each of the PP& hands using elasticated hook and loop
straps (see Figure 6.9) and the cable channelled through each of their sleeves up to their collar,

and then out and over the back of their wheelchair to avoid tangling.

Each of the hand-based haptic devices were physically attached to a wireless control unit.

Wireless haptic control unit

The other end of the cable from the haptic device was plugged into the wireless control unit. The

control units were connected to a controlling computer over wireless (Bluetooth) connections.

Controlling computer

The computer communicated with each of the hand-based haptic devices via the wireless control

units.

Interface

The computer was running the Grid 3 software which contained an interface for controlling the
haptic devices (see Figure 6.10). Once an interface cell had been activated, a command would
be sent to one or both of the haptic controllers, which then relayed sensations to the haptic

device(s).

Figure 6.9 The haptic device attached to PP1

During the assessment, the PP is positioned on the other side of the curtain, facing towards the

curtain.
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Figure 6.10 The interface used to initiate the sending of haptic sensations

The audio of the computer was muted to avoid the PP hearing selection clicks or, more
importantly, no click if neither of the haptic devices was activated (although the investigator would
still click the computer mouse for O6neitherd to

from being interpreted by the PP as Oneitherod).

The PP6s hands were not c¢ onc aatheedvasihareasonfortherm on t |
to be. The horizontal pole and towel were used to shield the equipment area from the PP, so that

they could not see what the investigator was doing.
PP answering method:

The PPs indicated their answers using an E-tran frame with a communication partner and by
looking at their hands. PP2 encountered issues with this method and so it was changed partway

through (see Section 6.5).
Staff present

During the assessments, as well as the investigator, there would be two other members of school

staff present:

PP1:

(1) The investigator (to control the haptic devices to deliver the sensations and note answers);
(2) An LSA (to assist with the fitting of the haptic device);

(3) A SaLT or SaLTa (for communication and taking answers)
PP2:

(1) The investigator (to control the haptic devices to deliver the sensations and note answers);
(2) An OT (to fit the haptic device);
(3) A SaLT or SalLTa (for communication and taking answers)

Haptic sensations assessment administration procedure

(1) The supporting staff and PP enter the room.
(2) Briefings are given by the investigator to the supporting staff and PP.
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(3) The investigator and supporting staff attach the haptic devices to the PP& hands (palm side
T see Figure 6.9).
(4) The investigator would then carry out the assessment by doing the following:

a) Saying to the PP: Al 6m going to,lowdofdouma sens
hands,or none of your handsd and accontprdsny t hi
This approach is called 6tot al commuitiesc at i or
to understand what is being communicated to them (see Appendix D - Figure D.2).

by Saying to the PP: Ail1..2..30.

¢) The investigator would then issue the relevant command via the interface, being careful
not lean towards or look in the direction of the chosen option.

d) The investigator would then ask the PP to give their answer to the member of staff
present who was responsible for taking the

e) The investigatorwouldthen note down the PP&6s answer.

6.10End of Chapter Summary

To summarise, assessments were required to establish baseline and outcomes scores to
measure potential changes resulting from the intervention.

Assessments were needed whiteittentifiyphysical sepsdtiontsimte PP s 6
palm area of their hands. Additionally, assessments were needed which could evaluate the PPs6

knowledge of specific language concepts.

Existing assessments were found to be unsuitable and so new assessments were created. VEC

staff helped to create and trial these new assessments prior to them being used with the PPs.

All assessments were used with the PPs both before (baseline) and after (outcomes) the
intervention stage. The results of all assessments, both baseline and outcomes are presented

and discussed in the Results and Discussion (Pupil Participants) chapter.
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Chapter 7 |l ntervBasign and

Admini strati on

7.1 Introduction

This chapter describes the purpose, design and administration procedures for the intervention
undertaken in this study. The intervention stage came between the baseline and outcomes
assessments and consisted of a series of tasks which the pupil participants (PPs) were asked to
complete using the robotics-based system described in the Technical Implementation chapter.
Some of the tasks incorporated haptic feedback using the palm-based device (see Technical
Implementation chapter) to provide the PP with a rudimentary tactile experience while the robotic
arm was gripping an object. The PPs could request assistance to help them to complete the tasks

if required, either from the investigator or, in certain instances, the robotics-based system.

7.2 Purpose of the Intervention

The purpose of the intervention was to reveal and build upon the knowledge and abilities of the
TG in the context under investigation to address the Overarching Research Question and

Overarching Research Aim (see Introduction chapter), and restated here:

OverarchingRQ:How can the TG6s knowledge and abi

be revealed and developed using technology?

OverarchingRA:To use suitable assessment techni
and abilities relating to the physical world and to develop these using a robotics-based

system.
and RQ 2, RA 2, RQ 4 and RA 4:

RQ 2. How can the TG6s knowledge of physi cal

technology?

RA2.To reveal the TG6s knowledge of physical

RQ4:Does the intervention reveal and develop

to the physical world?

RA4:To reveal and develop the TG6s knowl edge

world by employing the intervention.

Specifically, these tasks were designed to ascertain a range of information about the PPs,

including their ability to identify certain colours, their knowledge of physical concepts, level of
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spatial awareness, and capacity to formulate a solution to a problem and carry it out. It is difficult
to ascertain this information using conventional assessment methods.

An important point of note is that these tasks were intended to help the PPs to develop an

awareness of their knowledge and capabilities, and to build on these.

The PPsobuse of the system to complete the tasks was also intended to evaluate the efficacy of

the system.

The intervention was also used to obtain a proxy measure of the workload experienced by the

PPs during the completion of the tasks using the NASA Task Load Index (see Appendix H).

Some of the activities described here are based on the play that typically developing children
engage in with blocks, such as putting them into a container or knocking down towers of blocks
(Harwin et al. 1988; Sheridan et al. 1999). The TG will not have had these opportunities as they

will not have been able to grip and manipulate blocks in their hands.

The6 Scenari os6 t a shkcregtioroangenactmeniof asstory and enactment using
the robotics-based system. Story creation and enactment using robotics by young people who

have disabilities has been carried out previously (Adams et al. 2008).

7.3 About the task groups

There werethreemai n t ask groups: 6Cubesd, 6Directions®d

contained a series of tasks:

(1) 6Cubes®hi s task group consisted of 6pick and
feedback (see Technical Implementation chapter and Intervention Design and
Administration chapter).

(2) 6 Di r e c fThiscaskg®up contained two parts: 1 )Feed thegiraffe6 : a PP f ami |l i a
exercise that involved using 2)honersdo.bohteirce atrhne tl
manoeuvred the robotic arm to demolish various structures. Neither of these two parts
involved haptic feedback as no 6grippingbé was

(3) 6 Sc e n a Thisdaskégroup involved interactive story creation and enactment using the

robotics-based system and incorporated haptic feedback.

The degree of challenge increased throughout the task groups and the ratio of PP to robot

autonomy shifted from low to high PP autonomy (see Table 7.1).
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Table 7.1 PP / Robot autonomy and assistance available during tasks

PP autonomy | Haptic Feedback | System assistance | Help available
Cubes Low Yes Yes Investigator
Directions | High No No Investigator
Scenarios | High Yes Yes Robot / Investigator

A careful balance needed to be maintained when setting tasks for the TG. The TG are a
vulnerable group of individuals. The level of challenge needed to be sufficiently high, but not so

high that it caused them distress or discomfort.

The completion of the tasks did not require any physical movement, other than eye movements,
to control the GUI. However, for the PPs, maintaining their head position or attempting to keep

involuntary movement in check while using an eye gaze system may be physically fatiguing.

If a PP exhibited any adverse reactions during a session the investigator would make a judgement
about whether to rearrange the order of tasks, omit tasks, or even end the session if deemed
necessary. Thus, not all elements of the tasks were completed by both PPs. Differing ability
levels were identified within the two PPs, and some tasks were considered too challenging for
PP2. Table 7.2 shows which tasks were carried out with PP1 and PP2.

Table 7.2 Tasks carried out with the PPs
*Task elements completed
Task Session | Part | Name of task Pp2
Stage No. No. | element
Cubes 1 1 Familiarisation | Completed Completed
2 2 Tasks 1-14 1-14
3 3 Tasks 15-27 15-20 (not 21-27)
Directions | 4 1 Giraffe Completed Completed
5 1 Towers 1-6 1-6
6 2 Towers 7,8,9,11,13&15 |7,8&9
7 3 Towers 10,16 & 14 11, 13, 15, 10, 16, &
14
8 4 Towers 17, 18, 12 & 19, 20, | 17, 18, 12 & 19, 20,
24 24
Scenarios | 9 1 Pirate ship Completed Completed
10 2 Pirate ship Completed

* See Appendix P (PP1) and Appendix Q (PP2) for a description of the tasks completed

7.4 Materials and methods (common to all task groups)

7.4.1 Equipment

For all of the task groups, the layout and experimental setup was fundamentally the same (i.e.
the position of the PP, the AOO etc.). Please see Technical Implementation chapter which

describes the equipment setup. However, there were variations between task groups and tasks,
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including whether haptic feedback was involved, the objects placed within the scene, the GUI
used and so on. These differences will be described under each of the relevant sections.

7.4.2 Intervention Procedure

There were common elements to the format of the intervention sessions. Deviations from this

format will be explained under the relevant sections.

(1) Briefing: At the beginning of each session the investigator would brief the PP and LSA
about the session, i.e. provide an explanation of the tasks and what the PP would be
required to do.
(2) Demonstration: In the first session of a task group the investigator, and sometimes a
member of staff, would provide the PP with a demonstration of what they would be doing
during the session so that the PP knew what to expect.
(3) Haptic device: Haptic feedback (described in the Technical Implementation chapter) was
i nvolved during the O0Cubes6 aamhdptiodSvicewoaldbeo s 6 t e
fitted to the palm of one of the PP6s hands be
(4) Practice: The PP would have a short practice period.
(5) Configuration: At the start of each task the investigator would place the objects to be
manipulated within the scene, for example wooden blocks or toy characters. The correct
user interface would be chosen and the relevant software configured.
(6) PP completion of tasks: The PPs would be asked to complete a series of tasks by
instructing the system to manipulate objects within the scene.
(7) Forms: After each set of tasks or, in some cases, after each task, the accompanying LSA

would be asked to complete paperwork relating to aspects of the session.

PPs session rating: At the end of sessions, the investigator would ask the PP to rate how they
felt about the sessi on Figusi7.h)gThaSmiegametér atilisesra ikee r 6 (S «

scale approach and uses symbols which makes them suitable for use with those who are not

literate. The i nvestigator would point to each option i
one?6b, until the PP gave a 6yesd response.
Awful Not very good Good Really good Brilliant

Figure 7.1 6 Smi | ey @®ead ét al.r2@2)

Each session was video recorded from two different angles simultaneously (using two video

cameras) for later analysis.

The three groups of tasks i.e. &ubesd directionsd and &cenariosd will now be described

individually.
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7.5 &ubeso

7.5.1 Introduction

The O6Cubesd task group contained o6épick and pl ace
pick up and place coloured cubes into a box as requested by the investigator. The PP would

receive a haptic feedback sensation for the duration of a cube being gripped.

These tasks involved a low level of PP autonomy i.e. the robotics-based system would carry out
all of the individual movements required to place the cube in the box once a cube had been

selected at the interface.

The O6Cubesdetdashkaptiimclifreedback which was deliver e
the palm-based haptic device (see Technical Implementation chapter) worn by the PPs on one of
their hands.

6Cubesd was toreemsgparatessessions fThe first was a familiarisation session and

the second and third involved the actual tasks.

The familiarisation stage was designed to introduce the PPs to the format of the research sessions
and for them to become accustomed to the robotics-based system i.e. how it moved, the noises

that it made, and how it was operated using the interface.

The 6Cubesd tasks were primarily designed to ide
yell ow blue and red; 2. Foll ow a sequencened; ins
3. Identify the relative positions of objects, for example, left or middle; 4. Complete a task in a

specific order, for example, starting from the left.

752 Materials and methods (6Cubesd)

Three coloured wooden cubes placed on wooden plinths were positioned on a raised area of the
scene as shown in Figure 7.2.

1 2 (Detail)

Figure 7.2 Scene setupfor6 Cubes 6

The 6Cubesd IiTable &3)toataired dells depicting images which represented the

three cubes (a) and (b). The interface also contained cells for the PP to: (c) request assistance
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from the investigator; (d) view the live scene; (e) activate / deactivate eye gaze control. Upon
sel ection of a,abvadamerastreantddf thesteide wasgiledented at the interface

for a period of several seconds (see Figure 7.3).

Table 7.3 6Cubesd interface

(e) Activate /
Deactivate eye
gaze control

(d)
Look

(a) Interface (b) Cube cells (c) Help

Figure 7.3 Live view (with anonymised participant)

Over the course of the three cube sessions, two versions of the interface were used. In the first
version of the interface, the positions of the cube cells mapped directly to the positions of the real
cubes in the scene (Table 7.4 (1)). Inthe second version (Table 7.4 (2)), the positions of the cube
cells have been rearranged so that they no longer map directly to the real cubes in the scene.

The purpose of the second version of the interface (Table 7.4 (2)) was to identify whether the PPs
were still able to identify and select the requested cubes, even though the position had changed

at the interface (and so no longer matched the positions within the real scene).

Table 7.4 6Cubesd interfaces

Interface No. (a) User Interface (b) O6LIivebd sc

1
(direct mapping
to real cubes)

)
(mixed T does
not map to real

cubes)

The robotic arm started from a édhomed position

been completed (see Table 7.4 (b)).
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7.5.2.1 Procedure

The investigator would ask the PP a question relating to the concepts in Appendix B (Table B.1 7

601 nt er véeut bi.ebbsdBP would then select a cell containing an image of a coloured cube
from the Ul (see Table 7.4 (1)).

No further input was required from the PP. The system would instruct the robotic arm to move to
and grip the relevant cube. The arm would then move the cube over the box (see Figure 7.4) and
then release the cube into the box. While the robotic arm gripped the cube, the PP received a
haptic sensation from the haptic device attached to their chosen hand. The robotic arm would

then return to the Ohomed6 position.

Figure 7.4 The box in which the cubes were placed

Once a cube had been put into the box, the user could subsequently select the same cube via
the interface, and the arm would carry out the associated sequence of movements, the difference

being that the PP would not receive a haptic sen

Once the PP had given their answer, the investigator would record this and inform the PP whether
the answer was correct or incorrect. If the answer was incorrect, the investigator would explain
why to the PP.

One NASA-TLX form (see Appendix H) was completed by the accompanying LSA for the whole
of each session for each PP.

The |l ist of tasks carried out by t hebePsPés ttasgke tghrec
can be found in Appendix P (PP1) and Appendix Q (PP2). The results are presented and

discussed in the Results and Discussion (Pupil Participants) chapter.

7.6 ®irectionso

7.6.1 Introduction

The o6Directions6 tasks involved the PP manoeuvri
commands of left, right, up, down, forwards and backwards. The task group consisted of a
familiarisation activity of 6f eedi nwgh&h imvolvedoy gi r

knocking down structures built from wooden blocks. The structures were placed in various
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locations within the scene, requiring increasingly complex solutions.

These tasks involved a high level of PP autonomy i.e. the PP would perform all of the individual

robotic arm movements.
The haptic feedback device was not used during these tasks as no gripping of objects occurred.

060Di recti onsd ihesseparatensessions. €lkde firstfvas a familiarisation session and

the second and third involved the actual tasks.

The 6Directionso6 ttecsparts:d)yaovarm-uptfamiiaisason exercise feferred

to asdioirg t handi 2af f6dd@wer s6 whi ch cThese two parssd t he
were designed to familiarise the PPs with control of the robotic arm in three dimensions and to

then identify their ability to control the robotics-based system to complete the tasks.

Feeding thegiraffe: The PP used the system to 6feedb6 the to

wasa6f und sessi on stwith ngpressure ptectica. he PP

6ToweThé goal of the O0Tower sd tsausthreswassesnblddérom t he P
wooden bl ocks. This stage examined the PP6s abi
carry it out.

762 Materials and methods (6Directionso)

During the 6feeding the giraffeb seéemed7bhfFood he sc
(plastic | eaves) was tied to the robotic armbs gr
locations within the scene and the PP was asked to feed the giraffe using the leaves attached to

the gripper. Feeding animals is a popular activity with young people and has been used in studies

involving robots and children who have disabilities (Encarnacéo et al. 2012b).

Figure 7.5 6Feeding the giraffebo

This provided an opening (icebreaker) activity, helping to introduce the PP to the control of the
robotic arm in three dimensions using all direction controls. It also helped the investigator to

observe and gauge the PP& current level of skill in a low pressure manner.

The full range of interface direction cofgureol s w
7.6). The PP was presented with an onscreen view of the scene via the camera whilst commands
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were being carried out.

Figure 7.6 Interfacec ont r ol s

investigator in the scene. The PP would be asked to use the robotic arm to demolish the

construction. In one task a stick was tied to the gripper to assist with the task (task 12). Please

During the o6towersbd

refer to Appendix W for details of the tasks.

Only the controls required to complete the specific task and their opposites were presented at the
interface i.e. if only movements to the left were required, then only the left and right controls would
Ri ght

had just two direction controls displayed on the interface, increasing to four in later tasks and

be available at the interface (see Table 7.57 6 L e f t

finally all controls in the final tasks. As the tasks progressed, the constructions were positioned

in areas which required greater planning skills to demolish.

Table 7.5

and

for

s t a g atoveer os struwture would kge duilttbye then

Command pages

6Feedi

onl ydé) .

Left and Right
only

i

Forwards and
Backwards
only

Up and Down
only

t

Left, Right,
Forwards and
Backwards
only
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7.6.21 6 T o weRrogdilure

The goal of the O6towerso6 tasks was totomersandt he r

structures made from wooden blocks.

Once the investigator had assembled the structure for the task, the starting position of the arm
would be configured. The starting position of the robotic arm was dependent upon the specific
task. For example, if the task was to demolish a structure underneath the robotic arm, the robotic

arm would start in a high position.

The appropriate Ul would be selected for the task by the investigator and the PP asked to

demolish the structure.
For detailsoft he e&rmo@w t as k sApgehdx®Vs e s ee

The results are presented and discussed in the Results and Discussion (Pupil Participants)

chapter.

7.7 &cenarioso

7.7.1 Introduction

Thecé®bari osd6 task group was designed to identify
ability to compose a story and enact it using the robotics-based system. This is a play activity
that typically developing children engage in, but the TG may not have opportunities to do so. This

may be a viable method for the TG to have such a play experience.

This activity brought together the robot nmanoeuv

gripping and haptic feedbackas pect s of t h ege.0 The task sequired thskPs to t a
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apply their knowledge to manoeuvre the robotic arm through a series of stages to complete their
story.

These tasks involved a high level of PP autonomy i.e. the PP would perform all of the individual
robotic arm movements, but with some assistance from the system for particularly complex

processes such as positioning of the gripper for gripping stages.

This task group involved the haptic device. Haptic feedback was provided during the gripping
stages of the task.

@&cenarios @as comprised of two separate sessions for PP1, but only one for PP2.

The purpose of the O6Scenarios6 task group was to
enactment (fAbr i ngi Thigtask greup invohsed eblemegnts of stonftellirig €Adams

et al. 2008) and play and, bringing together concepts involving direction, position and gripping.

772 Mat erials and methods (6Scenari osd)

During the 6Scenarios6 task group, the scene con

and two toy characters: a pirate and a crab (see Figure 7.7).

Figure 7.7 The pirate ship and characters

Thei nt erf ace used within the O6Scenarios6 tseek gr ol
Table75) wused in &6Direct i onvwel@introduSed.nTde eapardiedtintedacea | cel

is shown in Figure 7.8 and the functions of the additional cells are described in Table 7.6.

3

AR

heip me wark | ask robot t0 9o it

Figure 7.8 Interface controls for &édScenari
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7721 Procedur e

Table 7.6 Description of Ul control
4 r—/ e’
Instructs the Instructs the
m r
Asks the syst_e_ to obot to u/se _
position the t he Owi
system to . Closes the Opens the
gripper ready | character to . .
suggest the L . gripper gripper
for gripping dattack
next move T . .
the winning 0l osi ng|
character character
Prerequisites / caveats
The 6wi
har ri L If this i n
The system Dependent on ¢ <_':1acte S This will only this is done
: being held by . before the end
calculates the | the gripper the aripper be carried out of the stor
next move / being within gripper if a character s
: and is within S the PP will
optimum route | range of the is within
character range of the fipping range need to start
élosing‘gppg 98 | afresh
character

(6Scenari osd)

S

f

(0]

r

There were two parts to the 6 Snd2nStoryeenacnientpr ocess:

Using the process and interfaces described in Table 7.7 the PP would create their story. From a

choice of the pirate and the g¢amd,by hel iPR mwatuil @n
character. The PP would also choose the locations where each of these characters would be
situated upon the pirate ship. The avail able op
one character could occupy a particular location on the pirate ship at a time. The investigator

would set up the scene for the PP.

This story would then be enacted by the PP using the robotic arm to manipulate the characters,

with the outcome being that the 6éwinningd char a

character from the pirate ship. In greater detail, the two stages are:
1. Story creation

The PP would create their story and the investigator would assist the PP in preparing this story
(Table 7.7).
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Table 7.7 The process of creating a PP 0s

Description User Interface Live scene

The PP chooses a winning \z/
character.

In this example the pirate is
chosen.

The PP chooses a ship
location for the winning
character.

In this example the bow was
chosen for the pirate.

The investigator places the
pirate on the bow.

The PP chooses a ship
location for the losing
character (the crab).

I n this exampl
is chosen.

The investigator places the
crab on the cr
Note: the bow is not available
as it is already occupied by the
pirate.

A symbol is attached below
the display to remind the PP of
the winning character in their
story*.

* This idea was suggested by LSA 1 during a session.
2. Story enactment

Once the PP had created their story, the investigator and PP would progress through the following

stages to enact the story:

(1) Configuration: The investigator would configure the controlling software for the PP& story.
(2) Read story aloud: The investigator would then instruct the controlling software to read out

the PP& story. This would be of the syntax:

AThe <winning character> on the <winning chara

character>onthe<l osi ng characterod6s | ocation>0

(3) Move towards winning character: The PP would then begin instructing the system to

move the gripper near to the winning character.
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(4) Gripping the winning character: Once near the winning character, the system would
provide an auditory prompt for the PP to instruct the system to carry out positioning ready
for the gripping part.
(5) Move towards losing character: The PP would guide the gripper towards the losing
character.
(6) Attacking the losing character: Once the gripper was in close proximity to the losing
character, the system would provide an auditory prompt for the PP to instruct the system to
carry out an attack.
(7) Attack: The PP would then issue the attack command and the system would perform this.
Once complete thke edwitmrkiesgd hehadasi ngd char acH

(8) The arm returns back to the starting position.
Additional Notes

The PP could ask the investigator or the robotic system for advice about their next move.
Once the PP was near the next objective, for example gripping the winning character, the
final positioning and gripping was assisted by the system (because it is difficult to do
manually).

1 When the robotic arm was gripping a character, the PP would receive a haptic sensation

from the haptic device attached to their chosen hand.

The results are presented and discussed in the Results and Discussion (Pupil Participants)

chapter.

7.8 End of Chapter Summary

An intervention was created and used with the two PPs of this study, in which they controlled a
robotics-based system to carry out tasks in three groups: 6Cubesd, 6Directions?é
The purpose was to reveal and build upon the knowledge and abilities of the TG in the context

under investigation.

Aspects of the intervention were trialled with the SPs, the results of which are presented and
described in the next chapter. Foll owing these
The results for the PPs are presented and described in Results and Discussion (Pupil

Participants) chapter.
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Chapter 8 Resul ts caimsds (dBiast f

Partic)pants

8.1 Introduction

Trials were conducted with staff participants (SPs) from VEC to pilot aspects of the assessments

and intervention. This helped to evaluate the techniques used and to shape the final PP trials.

The following elements were tested: physical assessment; haptic prototypes; haptic assessment;
intervention usability and workload; test administration procedures; communication approach.

The captured feedback represented advice from subject specialist staff, which highlighted issues

and identified areas for i mprovement . This proc
described eatrlier.

The trials were conducted over two rounds, which are described in detail below.

The ddagre 6 a sfdlevedarddfarénsapproach: they were developed, trialled and
administered in collaboration with a team of SaLTs and are described in the Assessment Design

and Administration chapter.

8.2 Round 1. Outcomes from staff participant trials

The first round covered: the physical touch assessment; evaluation of the full range of nine haptic
prototypes narrowing to those thought to be most appropriate and then further narrowing to

identify a single suitable prototype for use with the PPs; evaluation of the haptic assessment.

8.2.1 Staff Participant evaluation of the physical touch assessment

The physical touch assessment (described in the Assessment Design and Administration chapter)
was trialled with SPs, the purpose being to evaluate the assessment and to identify any anomalies

in the design or administration procedure.

Three pairs of SPs evaluated the procedure with
communication partner (observer and assistant too). The researcher would, in turn, touch the
Opupil 6sd6 | eft, right, ifiei sthewi amdt hetbdpopi It hed r
with them hidden from their view. For this trial, only one repetition of each of the four permutations
was performed for the visible and hidden conditions (see Appendix C - Figure C.1). The touch
would involve a single stroke of their palm in t

be asked to indicate what they thought the researcher had done.

The three 6 pupi | 6 SPs all ansversed boOWw ¢tber dhtands vi si
hidden6é conditions.
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SPs completed a questionnaire (see Appendix C - Figure C.2). The results of this questionnaire
indicated that <changes should be made to the prc
paperwork; 2) to augment verbal explanations with symbol cards (see Appendix D); 3) rest periods

should be included in the assessment and some aspects should be split over two sessions; 4)

help would be required withkee pi ng PPsd hands still; 5) an issue

used to screen the PPs6 hands, which was | ater r

These comments were all addressed in the final version of the physical touch assessment.

8.2.2 Staff participant evaluation of the haptic prototypes

A range of hand-based haptic prototypes were developed (see Table 8.1). Different design
approaches were used: 1). Palm-based, 2). Grip/clench-based, 3). Whole hand-based and 4).
Digit-based. In total, nine prototypes were created using various materials. All prototypes

delivered haptic sensations using the vibrotactile method i.e. vibration.

SPs trialled each of the nine haptic prototypes and evaluated them according to such aspects as
sensation, fit and suitability for the TG. The SPs were asked to indicate which of the prototypes

they considered would be the most appropriate for use with the TG.
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Table 8.1 Haptic feedback prototypes
1. Palm-based approaches 2. Grip/clench-based approaches

1. Tennisball 2. Foamball 7. O6Pe 3. O6Soft 4. Foamroller

3. Whole hand-based approaches

56 Catch 6. Silicone

4. Digit-based approaches

8. Digit and thumb tips 9. All digit tips

The SPsdé evaluation of the haptic prototypes was

and weaknesses of the devices, and capturing comments relating to the various design

approaches, as well as identifying the most appropriate prototype(s) for use with the TG.

The SPs were asked to trial each of the nine haptic prototypes and complete a form after each
trial (see Appendix E). A collated version of the results from the completed forms for each
prototype can be seen in Appendix E - Table E.1.

These sessions unearthed a range of factors that needed to be considered when designing haptic
devices for the TG, including: 1) Fit and fixings: ease of donning/doffing, secure attachment,
comfort, adjustment, degree of contact with palms and fingers; 2) Materials: texture,
firmness/flexibility/elasticity (important considerations for involuntary movement and spasticity);
3) Haptic sensation: location, strength/intensity, transfer to other areas including the straps,
allergies; 4) Hygienel/infection control: ease of cleaning; 5) Noise level: noise from the

vibration might add to the multisensory experience or be distracting for PPs.
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Some SPs reported a O0ticklingd sensation from

uncomfortable sensation in scar tissue 1 this is of relevance for the TG who may have such tissue
due to injuries or operations. Some SPs reported a residual sensation for a time after removing
the prototype.

Certain prototypes were found to have a long set-up period, and were quite invasive and

obtrusive, involving many wires and attachments.

Following the trials of all nine prototypes, the SPs were asked to indicate three that they
considered to be the most suitable for the TG (in no particular order of preference). The results

(see Figure 8.1) show that prototypes 7 and 9 were chosen most frequently (4 times each) (see

Table 8.2).

=5
[}
S 4
e
(&)
0 3
g = Choice 1
=g
e m Choice 2
g 1 I m Choice 3

0

1 2 3 4 5 6 7 8 9
Prototype
Figure 8.1 Haptic prototypes 1 number of times chosen by SPs
Table 8.2 Most frequently chosen haptic prototypes by SPs

Prototype 7 Prototype 9

These findings helped to identify the most suitable characteristics of haptic prototypes for use

with the TG, which then helped to further narrow and focus the development stage.

As prototypes 7 and 9 were most frequently chosen by the SPs, these were used to test the haptic

assessment, which is discussed in the next section.
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8.2.3 SP evaluation of the haptic assessment and prototypes 7 and 9

Two versions of the haptic assessment were carried out with the SPs, one with palm-based haptic
prototype 7 and the other with digit-based prototype 9 (see Table 8.2).

Prototype 7 version of the haptic assessment

Two identical instances of prototype 7 were used
haptic assessment was similar in format to the physical assessment. With the SP6s ha
haptic sensations wer e s é&ppéndixFo- Figured-.1 ®Pthesansivest n d s .

recording sheet.
Prototype 9 version of the haptic assessment

Prototype 9 consisted of five identical individual digit-worn devices, one attached to each of the
SP6s di lpeir dominant mand. Haptic sensations were delivered to individual digits. The
hand was not hi dden fAppendix{ hFegur&RXfa theyanssver recordiBge e

sheet.

This stage was considered | mpocrbtoadntedtdbo i inmv &3 tdiug
accurately locate the source of the haptic sensations; to explore the practicalities of using each
prototype in assessments and to decide whether to use either prototype 7 or 9 with the PPs during
the haptic assessment and intervention. This stage was also important as it enabled practice of

the assessment procedure.

All SPs scored 100% correct answers for both versions of the haptic assessment (see Appendix
F - Table F.1 and Table F.2).

Overall, prototype 7 appeared to be the most suitable for use with the PPs. The relative benefits

of prototype 7 compared to 9 were:

1) The self-contained, compact design, with only a single attachment strap and control wire meant
that prototype 7 was much easier and quicker to don/doff with both those who had contractures

or involuntary movement; 2) It was easy to clean and therefore hygienic.

The main disadvantage of prototype 7 was that the sensation was mainly limited to the palm of
the hand, unl ess the PPO& sHoWeven gaesresd noand et hceo ndtPascot fwe

was considered that a whole hand experience may have provided too much stimulation.

This stage demonstrated that prototype 7 would be the most suitable and practical for use with
the TG and so this was the prototype that went on to be developed further and then used with the
PPs. The results from this stage led to prototype 7 being developed into a high fidelity prototype

ready for use with the PPs in the haptic assessment and the intervention.
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8.3 Round 2: Outcomes from staff participant trials

The second round involved the SPs: 1) Trialling various haptic behaviours with the haptic
prototype selected in round 1; 2) Trialling and evaluating elements of the intervention.

8.3.1 Staff participant evaluation of haptic prototype behaviours

The haptic prototype selected during Round 1 (number 7) was trialled with SPs, using a range of
start and stop behaviours and vibration motor spin speeds, to determine the most appropriate
settings for use with the TG. This process was important for identifying suitable haptic behaviours
for use with the TG i.e. to avoid startling them or delivering uncomfortable sensations. See
Appendix G for the full results.

The vibration motor spin speed most frequently chosen by the SPs was 175. The most chosen

start and stop behavi our 4n fddeo u ttidee ¢hdsenf=t4), closelyd we r «
foll owed-i by bMmmddi ate stopd (times chosen = 3).
behavioursfortheri ght hand-iwmer é miMfealdeat e stopd (times <cho

by 6éihdadeecout 6 (ti mes chosen = 3).
TheSP6s al so compl et e dAppendx GelRgure®h.nai re (see

Some SPs reported that they did not like the feeling of vibration but one pointed out that lots of

pupils do. However, some pupils may be sensitive to the sensation. One SP experienced a

residual sensation for some time afterwards. SP 14 noted that a O6stronge
seemed 6smoot her 6.

The most frequently SP recommended spin speed of 175 was used during the trials with the PPs.

The start and stop behaviours used withthe PPswer e 6f ade in, fade outodé w
avoid any startling which may have been caused by an abrupt start or stop of the vibration
sensation.

This stage highlighted the need to be aware that some PPs may be sensitive to the haptic

sensation and that this should be monitored.

8.3.2 Staff participant evaluation of the intervention stages

SPs trialled sections of each of the three main stages of the intervent i on: 1) 6Cub
O0Di recti ob S6 e masdé bBsydentign Design and Administration chapter). This
required the SPs to use the robotics-based system and haptic prototypes to complete a series of
tasks. This stage was performed to identify potential problem areas and to improve the design of

the intervention ready for use with the TG.

SPs were also asked to complete NASA-TLX (see Appendix H), System Usability Scale (SUS)
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(see Appendix J) and feedback forms during these sessions.

This process helped to evaluate the workload placed on the user whilst completing the tasks, and
to measure the usability of the system.

The SPs successfully completed all of the tasks that they were allocated.

NASA-TLX: Generally the workload demands were low across the intervention stages, but with
hi gher average | evels for both O6Ment al Demand6 a
details see Appendix I). A summary is providein Table8.3. Rati ngs were | owest f c

hi ghest for O6Scenari osbo.

Table 8.3 SP NASA-TLX ratings for all intervention task groups
0Cubesd |6Directi|O6Scenar
Q | Sub-scale Range 1 task 5 tasks 1 task
Arithmetic Arithmetic Arithmetic
mean mean mean (n =7)
(n=6) (n=6)
1 | Mental 0 = Very Low 27 28 59
Demand 100 = Very High - - -
2 | Physical 0 = Very Low 17 19 30
Demand 100 = Very High | [IIEG (| | ]
3 | Temporal 0 =Very Low 15 14 29
Demand 100 = Very High | I (| [
4 | Performance | 0 = Perfect 19 18 17
100 = Failure (| [ [
5 | Effort 0 = Very Low 18 31 56
100 = Very High | [IEG [ | ] |
6 | Frustration 0 = Very Low 15 20 32
100 = Very High | 1NN I ]

System Usability Scale (SUS): Data gathered using the SUS indicated that system usability

was rated by the SPs as 6goodd overall t hrougho
AppendixK). Average ratings were highest for 6Cubesd a
provided in Table 8.4

152



Table 8.4 SP System Usability Scale ratings for all intervention task groups

SUS score

SP (Out of 100)
0. 6Cube|6Direc|6Scena
14

W.
W.

17 [l g5 92.5
8 s 5 77.5
7 B o, 5 70

19 |1 65 62.5

27

90
85
62.5
65

%
W

ﬁ
;

ﬁ
W

Nl Wl
1 s g | g
6 N ([N, N, s

Mean | N 7o | NN 71 72

NOTE: Some of t he gE<sséoresSnh$ haeerbeen dtiveBdly affected by

technical issues which occurred with eye gaze units during some sessions. Some SPs may have

;

given higher ratings for some questions due to these issues rather than because of the system
use itself.

Most of the SPs considered that the haptic device added value to the experience, although some
did not like the sensation. There was a mix of opinions regarding whether accompanying speech
synthesis would be of assistance i this would depend upon the particular task and the purpose
of including synthesised speech. Some SPs reported finding it difficult to see the robotic arm or
cubes clearly. One SP reported that it was useful to have the two different views of the scene.
Finally, there were some reports of the haptic sensations not being in correct synchronisation with

the gripping and releasing elements.

One SP reported greater awareness of their hand for a while following a session which involved

the use of the haptic device. Some SPs found the tasks easier than others. Some perspective

issueswere reported-one SP suggested that a birddéds eye cam
arm did not always move as the SPs had anticipated. This may have been due, in part, to the

arm moving along planes rather than arcs (see Technical Implementation chapter). There were
suggestions to make the table 6quieteré to avoid

more visible, and to combine the camera view with the interface controls.

This stage led to improvements in the robotics-based system and the intervention ready for use
by the PPs, including making the robotic arm and cubes more visible by using a white background
and placing screening around the rear of the scene. Speech synthesis was used to accompany
individual movements performed by the PPs, but not for automated sequences. The table was

made O6équi et er Odampenirg chaterial  thersarfacee

This stage raised awareness that some tasks may place high demands upon certain individuals
and that vigilance would be required to ensure that PPs were monitored for signs of stress, and

not placed in unduly demanding situations.

153



8.4 Conclusion 1 Feeding Outcomes from Staff Participant

Trials into Main PP trials

The staff trials were a vital part of the 6 P r o x y dew¢l6dnént process.

At the time of the study, there were only three pupils attending VEC who met the inclusion criteria

of the study (see Methodology Chapter), only two of whom assented to participate.

With so few participants, it was not possible to form a group of PPs who were solely involved in
the development lifecycle and a separate group who were only involved in the assessment and
intervention stages of this study. If the PPs had been involved in both the development lifecycle
and the assessment and intervention stages, results would have been affected due to the learning

effect.

Even if there had been more participants, their communication difficulties and lack of experience
in the design process would have made their involvement highly complex (Guha et al. 2008;
Hornof 2009).

This meant that a true User Centred Design (UCD) approach could not be used. In view of this,
an alternative approach was adopted involving those who work directly with pupils at the school.
These staff participants (SPs) are qualified and experienced in working with those who have
disabilities and, therefore, have a good understanding of their physical and cognitive needs and
abilities. This approachwasrefer red t o in this study as Opr
development lifecycle to offer their perspective on the requirements of the TG, to represent the

TG and inform the design on their behalf.

The SPs involved were from a variety of different professions including education and therapy,

bringing a multi-disciplinary team and holistic view to the process.

Important usability aspects were discovered through the above process which could have
presented difficulties for the PPs had they not been identified. These included: technical issues;

scene visibility; andr educti on of noise by making the t

The outcomes from this stage fed directly into the full PP trials, which are described in the next

chapter.

154

oXxy

abl e

U (



Chapter 9 Results and (DHuspcussi on

Participants)

9.1 Introduction

Following the staff participant trials, which were designed to refine the techniques and delivery of
the assessments and intervention, a full trial was conducted with the two pupil participants (PPs).
This chapter presents, analyses and discusses the results first of the cognitive and physical

assessments and then of the intervention.

The delivery pattern was a baseline assessment, followed by the intervention, followed by a final
outcomes assessment. The assessments were splitintoc at e g o rcogeitvedand @hgsicald
The cognitive assessments used static image-based and video-based approaches, while the
physical assessment used physical touch and haptic sensations. The results of the baseline and

outcomes assessments were then compared to measure the effect of the intervention.

The results indicated that PP1 was operating at near ceiling ability, which was unexpected and
helped to reveal the extent of his understanding of the concepts under investigation. The results
also indicated that the cognitive assessment interface techniques did not work well for PP2, who
appeared to exhibit side-preference. Both PPs demonstrated good levels of knowledge and

abilities during the intervention.

9.2 Cognitive assessments

(static image-based and video-based)

The collective term used for the assessments in
was used to differentiate them from the physical assessments. A more precise term for these
assessments is O6spokemn| asgeagemenbmPpr ehélrthei term

used for brevity.

The main aim of the cognitive assessments was t
relevant to the focus of this research (i.e. temporal, spatial and movement), and to see if, and
how, this may change as a result of the intervention. The new methods were developed as a
result of a lack of appropriate assessment techniques for the TG, which was identified through a

review of the literature (see Literature Review chapter).

Two cognitive assessments were created and used with the PPs: a) static image-based and b)
video-based. The static image-based assessment was performed first, followed by the video-

based assessment.
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The results appear to indicate that both of these assessment methods were well suited to PP1,

but not to PP2. PP1 scored near ceiling across all of the cognitive assessments, achieving higher

results than anticipated. His scores at baseline and outcomes were identical.

As can be seen in Table 9.4, in contrastt o

PP1,

P R dssessmeamtgseoies were low.

Some improvement was seen between baseline and outcomes for the static image-based

assessment, but for the video-b a s e d

assessment ,

PP2606s

SCOores

The key results are summarised in the tables below. Details of the static image-based

assessments can be found in the Assessment Design and Administration chapter and the full

results are shown in Appendix M.

The format for the Cognitive assessments is to present the results for PP1 followed by a

discussion of the results and then the same format for PP2.

9.2.1 Cognitive Assessments: PP1

The

resul ts

for

Table 9.1 (baseline and outcomes).

decl

P P 1 6-based and gided-dased assessmenta drd skown iitma g e

Table 9.1 PP1: Results of cognitive assessments
Assessment Baseline Outcomes Totals
Practice 3/3(100%) | 3/3(100%) | 6/6 (100%)
Static image-based | Main Assessment | 15/ 17 (88%) | 15/ 17 (88%) | 30/ 34 (88%)
Total 18/ 20 (90%) | 18/ 20 (90%) | 36 / 40 (90%)

Video-based

Main Assessment

678 (75%)

678 (75%)

12/ 16 (75%)

48756 (86%)

As can be seen in Table 9.1,

PP16s

SsCcCores

wer e

75%). PP1 gave only eight incorrect answers out of a total of 56 questions.

9.2.1.1 PP1: Static image-based assessment

Table 9.2s h o ws

PP16s i

ncorrect

156

a-lmsew@ssessmdnto r t

hi gh

outcomes assessments (Static image-based: Practice 100% and Assessment 88%; Video-based:

(and

he

i dent

stati

C



Table 9.2 PP1: Results of the static image-based assessment: Incorrectly answered

questions

. PP16s incorrect

Question (of 17) | Correct Answer . ( )
Baseline Outcomes
Above (Bottom-Right) In (Bottom-Left)
2. Which one i

Sbove’)lc oneis N/A

' (Correct)

Lower (Top-Right)

Q4. Which one is
left? N/A
(Correct)
Lower (Top-Right) Left (Bottom-Right)

Q8. Which one is
right?

o m
Luizalle ]

PP1 answered only four questions incorrectly out of a total of 34 across both (static image-based)

assessments. The incorrect answers shown in Table 9.2 were:

Q2. Which one is above? (Baseline only): Itis not known why PP1 answered Q2 incorrectly

in the baseline assessment. He provided the correct answer in the outcomes assessment.

Q4. Which one is left? (Outcomes only): All of the answer cells for Q4 contained dogs on the

left side which may have created ambiguity and confusion for PP1.

Q8. Which one is right? (Baseline and Outcomes): This could be attributed to ambiguity
within the question - there is a dog positioned on the right in all of the possible answer cells (see
Table 9.2).

In total, three of PP16s incorrect answers invol
possibly indicating a problem with the design of these questions. However, PP1 did exhibit some
difficulties with left and right during the intervention, so the cause of the incorrect answers to Q4

and Q8 may not be entirely due to ambiguity within the questions.

9.2.1.2 PP1: Video-based assessment

Table 9.3showsPP16s i ncorrect almscassessmdntoPPL1éde onldgoi ncoc
answers in both the baseline and outcomes video-based assessments involved the concepts of
forwards (Q1. OWhich one is moving forwards?06)

backwards?6), confusing the one with the other.
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Table 9.3 depicts the start and end frames of the video clips used to represent the concepts of
6Moving Forwards6 and O6Moving Backwardso6.
direction of the arrow with its back facing towards the viewer, steadily reducing or growing in size

to simulate perspective.

Table 9.3 PP1: Results of the video-based assessment: Incorrectly answered questions

Question (of PP186s (incorrec
Correct Answer -

17) Baseline and Outcomes

Moving forwards (Bottom-Left) Moving backwards (Top-Right)

Q1. Which one Start Finish Start Finish

is moving
forwards

Moving backwards (Top-Right) Moving forwards (Bottom-Left)
Q2. Which one Start Finish Start Finish
is moving | | |
backwards

Possible explanations for PP16s incorrect answer

(1) Understanding: PP1 may have had an incorrectly formed understanding of the concepts

of forwards and backwards, or may have perceived the dog moving forwards as the dog

moving O6backwardsdé away from hi m, and the dog

forwards towards him. One of the SalLTs expressed similar views during the (cognitive
assessment) staff trials. Future work could consider how best to resolve this, possibly by
presenting a more elevated view.

(2) Lifeexperiences: PP16s | i fe experi ences ybedifferenttothe
norm. Rather than perceiving himself as moving forwards through the world, he may
perceive himself as being stationary and that the world moves backwards (and similar for
the concept of moving backwards).

(3) Frame of reference: PP1 may have difficulty with frame of reference or perception issues.

(4) Assessment representation: PP1 may have understood the concepts but could not relate
them to the videos. For example, the arrows were intended to assist with the
comprehension of the concepts, but arrows are an abstract representation of direction and
may not be understood by all. For those who do understand arrows, it is possible that the
6f orwardsd and Obackwardsdé arrows <coul d

instead.

9.2.2 Cognitive Assessments: PP2

The resul ts for PP 2 6 s -baéed mudnvidéoibased) assassneertts are

summarised in Table 9.4 (baseline and outcomes).
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Table 9.4 PP2: Results of cognitive assessments
Assessment Baseline Outcomes Totals
Practice 2/3(66%) |3/3(100%) |5/6 (83%)

Static image-based | Main Assessment | 4 /17 (24%) | 7/ 17 (41%) | 11/ 34 (32%)
Total 6 /20 (30%) | 10/ 20 (50%) | 16 / 40 (40%)
Video-based Main Assessment | 4/ 8 (50%) | 3/8 (38%) 7116 (44%)
23/ 56 (41%)
PP26s mai n ass es slanedaring bote sagds with scaresrranging between 24%

and 50% (seeTable 9.4). As PP2 gave so many incorrect answers throughout all of the cognitive
assessments, instead of discussing possible reasons for each of these, it may be useful to discuss
PP20s ng behavi

answer.i our .

Only incorrect PP answers will be discussed here. See Appendix M and Appendix N for full

results.

9.2.2.1 PP2: Static image-based assessment

PP2 scored below chance (24%) in the baseline static image-based assessment. This rose to

41% in the outcomes assessment.

The SaLT who carried out the static image-based assessment with PP2 commented that PP2
be ng the

evidence to support this conjecture. T h e patt er n sbasedf

dur i assess

PP2

appeared to O6perseveratingé

answering

assessment results are shown in Table 9.5 and Figure 9.1.

Table 9.5 PP2: Results of static image-based assessment - analysis of answering
patterns
PP2

Cell location Correct

Answer
Top-Left 5 12 3 3 2
Top-Right 4 1 0 1 0
Bottom-Left 5 4 1 12 5
Bottom-Right | 3 0 0 1 0
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PP2: Static image-based assessment results

6

4

- 1= 0. Il =
o - . -

Top-Left Top-Right Bottom-Left Bottom-Right

mCorrect mPP2 Baseline mPP2 Outcomes
Answer

Figure 9.1 PP2: Results of static image-based assessment results (Side-preference)

PP2 appeared to have a tendency towards answer cells on the left side of the grid of four answer

cells, particularly the top-left during the baseline assessment and the bottom-left during the

outcomes assessment. During the baseline PP2 chose the top-left position 12 out of a possible

17 times (71%) and during the outcomes chose the bottom-left position 12 out of a possible 17

ti mes (71%) . I n total 24 out of a possihélefe 34 (
side (Table 9.5 and Figure 9.1).

9.2.2.2 PP2: Video-based assessment

The answering patterns of P P 2 6 s -basedlassessment results are shown in Table 9.6 and
Figure 9.2.

Table 9.6 PP2: Video-based assessment - Side preference issues i left side
Baseline Outcomes

Cell Times % | Correct Cell Times % | Correct
position chosen position chosen
Top-Left 3 37.5 1 Top-Left 4 50 1
Bottom- 3 375 1 Bottom- 2 25 1
Left Left
Total 6/8 75 2/6 Total 6/8 75 2/6

P2: Video-Based assessment results

2
0

Top-Left Top-Right Bottom-Left Bottom-Right
mCorrect mP2Baseline mP2 Outcomes
Answer
Figure 9.2 PP2: Video-based assessment - Side preference issues i left side
PP20s scores decreased mar ginally bet ween the

assessments.
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Consistent with PP26s b e hlzased assessmahtyRPR aggn ekhibieed st at i
a degree of side-preference, favouring cells positioned on the left. Table 9.6 shows that 75% of
PP26s answers were selected from the I eft sided ¢

baseline and outcomes assessments.

Throughout the cognitive assessments PP2 showed a tendency to choose cells positioned on the
left side of the grid of four answer cells (Table 9.5, Table 9.6 and Figure 9.2). After the
assessments had been conducted, the SaLT revealed that this behaviour was consistent with

previous assessments that she had carried out with PP2.

Side-preference issues may have prevented the cognitive assessments from accurately capturing
PP26s | evel o &ppekrs, thevdfoeedtigaethese fotnts of assessment are not always
the most appropriate method for b 8 c PrPt2a@isn i cnags es

performance during the intervention stage may provide a more accurate picture.

9.3 Physical assessments

(Physical touch and haptic feedback sensations)

The physical assessments consisted of: a) the physical touch assessment and b) the haptic
sensations assessment. These were carried out with the PPs both before (baseline) and after
(outcomes) the intervention stage. The results of the assessments are presented and discussed

in this section. See Appendix O for the full results.

9.3.1 Physical Assessments: PP1

Table 9.7 shows a summary of the physical assessment scores for PP1 for both baseline and

outcomes.
Table 9.7 PP1: Results of physical assessments (Summary)
Physical touch | Haptic sensations | Totals
Baseline | 20/20 (100%) | 20/ 20 (100%) 40/ 40 (100%)
Outcomes | 20/ 20 (100%) | 19/ 20 (95%) 39/ 40 (98%)

PP1 scored at or near ceiling in all of the physical assessments. It is therefore not possible to

measure progression between baseline and outcomes.

PP1 appeared to have no obvious issues with detecting the presence or absence of physical
touch or haptic sensations in the underside of his hands. Greater focus on specific areas of the
hand would be needed t o abilityutb discrimwmatedteuchsand hagtic PP 1 6

sensations in all parts of his hands.

PP1 achieved a perfect score in both of the baseline assessments, and only made one error in

the haptic sensations outcomes assessment. The incorrect answer given during the outcomes
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haptic assessment may have been due to the speed with which PP1 completed the assessment.
He seemed to be viewing it as a challenge to see how fast he could complete it. Future work
could examine how this may be taken into account, forexampleby of f eri ng some ot/

mechanism that encourages accuracy rather than speed.

9.3.2 Physical Assessments: PP2

Table 9.8 shows a summary of the physical assessment scores for PP2 for both baseline and

outcomes.
Table 9.8 PP2: Physical assessment results (Summary)
Physi i
ysical Haptlc_ Totals Notes
touch sensations
Baseline | 7/20 (35%) | 14/ 20 (70%) 21/40 Answers obtained using an E-
(53%) tran frame
Outcomes | 14/ 20 (70%) | 20/ 20 (100%) 341740 Answers obtained using eye
(85%) pointing

PP2 scored well in all but the baseline physical touch assessment, with possible explanations for
this given below. PP2 showed a marked improvement for the haptic sensations assessments

between baseline and outcomes.

PP26s scores wer e phHysicaltoucmassedsmaentt{7al 20%. | Thisvreay have been

due to difficulties with the me-trambane)ulsseainsthad obt a
PP2 was not as proficient with this method as was first thought. Following the advice of his SalLT,

the physical assessment answering method used in the baseline assessment was abandoned

and a different approach used for the rest of the assessments. The new method used was for

PP2 to use eye-pointing e.g. looking towards his left hand if that is where he considered that he

felt the sensation. This was a more familiar method to the participant and the change may account

for a proportion of the incr ease physical oacbh scaresi n t h e
improved by 100% (from 35% to 70%) between the baseline and the outcomes assessments.

PP26s ability to detect physical touch sensati ons

sensation of the OT holding his hands causing discrimination problems.

PP2 scored well in the baseline haptic sensations assessment (70%), and achieved a perfect
score in the outcomes assessment (see Table 9.8). This was a marked improvement in scores.
Both of these assessment scores were higher than those of the physical touch assessments. This
suggests that the haptic feedback approach may have been a more suitable method than physical
touch for identifying PP26s abi | o althotighthe ndterent i f vy
of the sensations is different. PP26s baseline

been affected by the unsuitable answering method used at that stage.

The increase in the haptic scores could also be attributed to PP2 becoming more aware of his

hands due to the research encouraging the participant to pay more attention to his hands. It could
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also be attributed to day-to-day variations in his ability and condition.

9.3.3 Comparison of physical versus haptic assessment (Summary)

The haptic assessment was simpler to administer than the physical touch. The haptic devices
were fitted quickly and there was no requirement
assessment, or to conceal t he P Pdse deliveredchsnord r om t

consistent sensation to the hands of the PPs compared to physical touch.

There was I|little difference betassessment &&rdsdAllofphy si c
PP16s physical a s s eas® nearrl®0% sndath tkesbaselireraad outcomes
assessments. PP16s physical assessment scores

accurately detect the presence or absence of sensations in the underside of his hands be they
physical, or artificial.

PP26s assess ment hesforotmeehapticvassessmertt wiggn compared with the
physical. His overall lower scores in the physical touch assessments could have been due to the

(7]
>
o))

simultaneous sensation of the OT holding hi
baseline physical touch assessment scores may also have been affected by the unsuitable
answering method used at that stage.

The use of haptic feedback devices could provide a simpler, less invasive method of assessing

such individual sb abi tadgtilegensations.i denti fy the source

9.4 Intervention - Tasks

The assessments described in Sections 9.2 and 9.3 were conducted before and after the
intervention. The intervention involved the PPs using the robotics-based system to complete a

set of tasks, the results of which are presented and discussed in this section.

The tasks formed three groups, which are described in more detail in the Intervention Design and

Administration chapter. The three groups were:

(1) Cubes: A group of tasks in which coloured cubes were picked up and dropped into a box.
This involved the researcher asking the PP a question, which they would answer using the
robotics-based system.

(2) Directions: Tasks requiring the PP to demolish structures made of wooden blocks. The
PP needed to issue individual commands to move the gripper in three dimensional space.

(3) Scenarios: A robot supported story creation and enactment task.

The main difference between group 1 and groups 2 and 3 is that group 1 involved questions with
a correct answer, whereas 2 and 3 involved completion of a task using whatever strategy the PP

chose to adopt. Haptic feedback was involved in
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After the PP had completed a task, or sometimes a group of tasks, the accompanying member of
staff would complete aNASA-TL X f orm on t (see AgpdhdisH). INASAATLX forms
are usually completed by the individual who is using the system, but in the present study they
were completed by an LSA (see Methodology chapter). The LSA would estimate what they
perceived the workload demands were for the PPs when completing tasks, based on their
knowledge ofthePPand t he PP&s behayviThefarmsdvere commplptedimties t as k s
manner because the PPs had limited experience of rating scales, especially fine detailed ones
which involve relatively complex language, such as NASA-TLX. The purpose of capturing NASA-
TLX data was to identify the workload demands placed upon the PPs and to ensure that the PPs

were not being placed under unnecessarily high workloads.

It should be remembered that the purpose of the intervention was see if the TG could understand
and use the system and both to examine how the PPs answered or approached the tasks, and
also to help them to learn about the concepts under investigation, ideally filling gaps in their
knowledge. Therefore, any incorrect answers would be pointed out to the PPs (immediately
following a task) and explanations given about the correct answer. The investigator provided brief
training sessions throughout. These would consist of asking the PPs to look at their left or right

hands, answering questions relating to colour, directional concepts and so on.

The PPs received encouragement during completion of the tasks and were offered, and were

able to ask for, assistance if needed.

Finally, after all task groups had been undertaken the questionnaire in Appendix R was completed

by the LSAs. The answers given are shown in Appendix R - Table R.1.

The results of the intervention are summarised and discussed in the following sections, with full

results available in the appendices.

941 I ntervention: O6Cubesd task group

The first of the three task groups was a set of tasks using three coloured cubes. The§ Cubes 6 t as
group consisted of three parts: familiarisation, task set 1 and task set 2. These were conducted

over three sessions.

The purpose of the familiarisation session was for the PPs to become acquainted with the
environment, use of the system, including moving the robotic arm, and the haptic sensations. The
second and third sessions contained the main tasks, which involved picking up cubes and

dropping them into a box in different orders depending on the particular question.

O0Cubesd was designed to identi f yhe eoncegptsishopnrimv e t h

AppendixB( seeb &<t i n the O6I oftfTableB.&)nt i ond secti on

A single NASA-TLX form was completed by the accompanying LSA at the end of each of the

three sessions for each PP.
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In this section, the results for both PPs are presented together for the purposes of brevity and not
for direct comparison between PPs. Full results can be found in Appendix P (PP1) and Appendix

Q (PP2).

Both PPs completed all of the tasks that they attempted, more than half of which were completed

correctly in both cases. Table 9.9 summarisesthe PPsés c or es f or al | of the 0°¢
Table 9.9 Bot h PPs :taskisred e s 6
Session No.
1] 2 3
No. correct/No. attempted | Total | %
- 11/14 8/13 19/27 | 70
PP2 | -- 7/14 6/6 13/20 | 65

9.4.1.1 Both PPs: 6 C u bieParbl (familiarisation) session

This was the first session in which the PPs were exposed to the system, the purpose being to
introduce them to it. There were no tasks during this session. The researcher used the system
giving a demonstration of how it worked. The PP then used the system for themselves, becoming
familiar with its use and wearing and experiencing the haptic device. The PPs practiced picking

up cubes and putting them into a box.

9.4.1.2 6 @besbi Parts 2 and 3

These two parts involved the PPs attempting the list of tasks. The results for both of these parts
are discussed together as all of the tasks are related i.e. they all concern tasks involving the three

coloured cubes.

9413 PPl €ubesd 2 and 3

PP1 attempted 27 t asWuwb eosvie r2ofwdinhdhec@ornaeatlyscempleteéd aé
total of 19 (11/14 and 8/13 respectively) or 70% (see Table 9.9).

There now follows an analysis of PP16s answers w

Overall: PP1 appeared to have a very good understanding of the colours under investigation.
He exhibited some confusion between left and right, and often seemed to forget the subsequent
parts of multi-part questions. He also attempted to pick up a cube that had already been put into

the box (although there was only one question in total which tested this).

Colour: PP1 appeared to have a good understanding of the colours under investigation with
10/ 10 for tasks of the f or ma tnd6/@fartasks wheh irvaved our >

matching a pointed to coloured cube with an interface cell.
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Already in the box (Task 7): PP1 attempted to pick up a cube that was no longer there i.e. it
had already been put in the box by him in an earlier task. Possible explanations may be that PP1
did not understand that thiswasnot possi bl e, he may have been comj

instructions, or was simply experimenting to see what would happen.

Left and Right (Tasks 10, 11 and 21): PP1, gave incorrect answers for both tasks 10 and 11

which involved tthé ewmdcépitghobd ©Oéepectively. PP
for task 21 which involved the concepts of o0all 6
answered incorrectly). This may indicate that PP1 has some difficulty regarding the positional
concepts of Il eft and right. PP1 did not exhibit
and 6movi ng r ibgshdassessmenttsdorng 2/2 intbetlmthe baseline and outcomes
assessments. Interestingly, when asked to look at his left and right hands he would usually

answer correctly.

Multi-element (Tasks 24, 25, 29 and 30): PP1 appeared to have some difficulty with tasks
involving multiple elements. For exampleint ask 24 6Put the yellow and
PP1 omitted the second part of the task, i.e. in this instance failing to put the blue cube in the box.

This may have been due to the delay caused by the robotic arm performing the first part of the

task. While this was happening, PP1 appeared to forget the second part of the instruction. This

may be indicative of a short-term memory impairment.

To address the delay issue, the system could be redesigned to allow both commands to be
queued, similartothe 6 Pl ay seusedencéesé 6Pl (Aspte at 8. 1398),unthere
the system would carry out the first instruction, immediately followed by the second. Alternatively,

prompts could be provided as reminders to the PP.

Once prompted by the researcher, PP1 liked to complete the task, correcting his mistakes. This
may have inadvertently been beneficial to the development of his understanding of the concept
because he carried out the correction, rather than just listening to an explanation of the mistake
i,e.61 ear ni n dPafest 198001 ng 6

9414 PP2: 6Canb® s o6

PP2 attempted 20 t asks 2oandesscoting atotal of t3¥cerrectangwerd Cub e s
(7/14 and 6/6 respectively) or 65% (see Table 9.9). PP2 att empted 6Cubesd tas
not complete the multi-element tasks (24, 25, 29 and 30).

There now foll ows an analysis of PP2086s answers w

Overall: PP2 appeared to have a very good understanding of the colours under investigation. He
exhibited some confusion between left and right. He also attempted to pick up a cube that had

already been put into the box (although there was only one question in total which tested this).
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All (Task 1): PP2 did eventually complete the task, but incorrectly attempted to put the Blue cube
in the box a second time, even though it had already been placed in the box.

Already in the box (Task 7): PP2 attempted to pick up a cube that was no longer there i.e. it
had already been put in the box by him in an earlier task. Possible explanations may be that PP2
did not understand that this was not possible, h
instructions or was simply experimenting to see what would happen. PP1 also responded

incorrectly in Task 7.

Colour (Tasks 3, 4, 7, 13 and 14): Some confusion regarding colour and spoken language was
evident, with PP2 answering five questions incorrectly. Although, in tasks involving pointing and
matching based on colour (15-20) PP2 scored 100% (6/6). Tasks18-2 0 used t he &émi xed
(see Intervention Design and Administration chapter Table 7.4 (2)), which meant that the cubes

on the interface were not presented in the same
Left and Right (Task 10): Position: PP1 chose the middle cube rather than left-most cube.

The side preference behaviours observed during the cognitive assessments were not observed
dur i ng 0 Ctaskh Bsust aftenthieiinlerface had been changed. PP2 appeared to become
60stuckd on selecting the Obédeactivat eNQ@TEtThivate e
coincided with him beginning to fatigue and appearing uncomfortable andr esul t ed i n 6C
session 3 being cut short. Unfortunately, there was no room in the schedule to complete the

remaining tasks of O6Cubes 36.

Some of PP 2 o6nsay khvefbden becalis¢ hisatsention was divided between looking at

the interface, scene (Encarnacéoetal. 2016)and | i stening to the invest.i

PP2 was observed to smile and vocalise frequently during haptic feedback periods and LSA 1
noted in the Final LSA Questionnaire (see Appendix R T Table R.1) that the PPs appeared to

enjoy the haptic sensation.

LSA 1 commented that it would have been usef ul t
so that the PP could indicate when they had finished a task (rather than the investigator having

to ask them). LSA 1 also suggested repeating the task instructions several times.

9.4.1.5 Both PPs: NASA-TLX ratingsf or &6 Cubesd 1

LSA 1 accompanied both PPs to the first session and completed one NASA-TLX form for each

PP. The results from these forms are shown in Figure 9.3.
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Cubes 1
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1. Mental 2. Physical 3. Temporal |4. Performance 5. Effort 6. Frustration
Demand Demand Demand
EPP1 mPP2

Figure 9.3 Bot h PPs: -MNACGADE GO 1

During this session, LSA 1 rated the NASA-TL X &6 Ment al demanddé and
(>=60) for both PPs, but most ratings were below or equal to 50, suggesting a moderate workload

level (see Figure 9.3).

There were some technical issues during both PPsdsessions which may have irritated the PPs

and increased their tension levels and in turn this may have affected the ratings given by LSA 1.

9.4.1.6 Both PPs: NASA-TLX ratingsf or 6 Cubesd 2

LSA 2 accompanied both PPs to the second session and completed one NASA-TLX form for each

PP. The results from these forms are shown in Figure 9.4.

Cubes 2
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Demand Demand Demand
EPP1 mPP2

Figure 9.4 Both PPs: €Cubes62 - NASA-TLX form
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Overall, the workload ratings provided by LSA 2
0 Cu b e(seé Fidure 9.4). All ratings were below 50, suggesting a moderate workload level.

Possible explanations for the lower ratings might have been that the PPs had had some
experience of usingthesystem i n t he 6 f a mbutiicauldialsode duetondifferénees k ,

in LSA rating levels.

LSA 2 did not work with PP1 as frequently as LSA 1 at the time of the sessions, which may have
affected the ratings that were given for PP117 L S A uhdesstanding of him may have been less
well developed than that of LSA 1.

9.4.1.7 Both PPs;: NASA-TLXratingsf or 6 Cubesd 3

LSA 1 accompanied both PPs to this session and completed one NASA-TLX form for each PP.
The results from these forms are shown in Figure 9.5.

Cubes 3
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SAl | LSAL LSA1| LSAl LSAllLSAl LSAL1 | LSA1 | LSA1 | LSA1 | LSAL1 | LSA1

1. Mental 2. Physical 3. Temporal [4. Performance 5. Effort 6. Frustration
Demand Demand Demand
mPP1 mPP2
Figure 9.5 Both PPs: €Cubes63 - NASA-TLX form

The ratings wer e (sailmnsiol arattead GQubeSsAd 11) and hi gher
2 (rated by LSA 2). dérhaedb ¢ a O @ gleynaridée ad md & Bifefnd at 6
rated above 50 for both PPs (see Figure 9.5).

Overall, 6Cuthes bmod t werheal | engi ng of the 6Cubesd
expected. The high rati ngdemapdbov emdf @drEf b @trht 6P P = ffl

0 Me ndemdndd ,Physical demand6é a nfdf o& E & ratee thighly got RP1 i a possible
explanation is that generally he has a lot of involuntary movement and LSA 1 may have perceived
that he had to use effort to control the movement while carrying out the task. Note also that PP1
completed the Multi-element Tasks (24, 25, 29 and 30), which PP2 did not.
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9.4.1.8 Finalsummaryof O0Cubesb

Both ®R*Aessd n the O6Cubesd tasks indicated good | ev
displayed some evidence of left-right confusion and difficulty following longer, more complex
instructions. PP2 appeared to have some difficulty selecting cubes based on spoken instructions.
Both PPs scored full marks for the six pointing and matching tasks (15-20). Both attempted to

select a cube that had already been dropped into the box.

There appearedtobe NASA-TL X rating differencedeinamwdPéhgrsilcRAs

demand6 and O6Effortdé were all rated above 50 by LS/

942 I nt ervent i o(Towerd)Daskrg®mupt i ons 6

The second of the thr eastabileclidn®o d ppss kwags odulpi ri encvtoil
of the robotic arm using individual movements and consisted of two parts: 6 f eed t he gi r af

6t ower so.

6 Feed t heNogneasueiménesvere collected during this stage as its purpose was for the

PPs to become familiar with controlling the robotic arm in three dimensions.

0 T o w e This thvolved the PPs manipulating the robotic arm in three dimensions to demolish a

variety of structures.

The LSAs were encouraged to keep notes relating to the sessions in a journal from hereon in

(see Appendix S). These will be discussed throughout the rest of this chapter where applicable.

Both PPs completed all of the tasks that they attempted. They completed most of the tasks

quickly and efficiently, needing little assistance.

The tasks contained increasing levels of complexity as they progressed. In early tasks, only two
directional cells were presented at the interface, progressing to four and finally six in the later

stages (see Table 9.10).

Table 9.10 Number of available direction interface controls per task
No. of direction Interface
controls available at Tasks NASA-TLX ratings
. example
the interface
# 1,2,3,4,56 All relatively low (<50)
2 E =
tou 7, 8,9, 10, 11, 12, | Some TLX factors
4 = . 13, 14, 15, 16, 17, | increased: 10, 16, 14, 17,
IR 18 18, 12, 19
1| 19, 20, 24 Task 24 had some higher
6 \7.= = ratings
s
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9421 Both PPs: @dwrs)jecti onso

In this section the results for both PPs are presented together for comparison, followed by
descriptions of both together, and then individually. Finally the NASA-TLX scores are presented
and then described.

Pleasenote: A confi guration error occurred during
and 24 (the software was incorrectly set to
movement were half of what they should have been, requiring PP2 to perform twice the number

of moves to complete each task (since the unit of movement was 1 rather than 2).

This error only became apparent after the session and partially accounts for the high number of
moves required to complete some tasks, for example task 19, which required 46 movements for

PP2 to complete (but he wanted to and did complete it i this is evidenced by LSA2 6s comment

in their notes: APP2 showed great determinati on

The number of moves taken to complete the task is shown in Figure 9.6. This shows the number
of moves in which the investigator could complete each task and the number of moves taken by
each PP.

Number of moves

50
45
40
35
30
25 = PP1
20 PP2
15
10

; |...|...|...||uI.||I||.||I|||‘|I|I|I|||h

1 2 3 4 5 6 7 8 9 11131510 16 14 17 18 12 19 20 24
Task ID

Number of moves

m [nvestigator

Figure 9.6 PP& number of moves to complete tasks compared with the investigators.

Values for PP2 beyond task 17 were affected by a configuration error and are indicative only

Figure 9.7 shows the time taken to complete each task for both PPs. The times taken to
successfully complete the tasks were broadly similar for both PPs until task 17, when the

configuration error occurred for PP2.

171



Time to complete tasks
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Figure 9.7 Both PPs: Time to complete tasks

Figure 9.8 shows the number of errors made by the PPs during completion of the tasks. In this
context, an error was classed as a movement which took the PP further away from the goal rather
than closer to it.

Number of errors

7

6
2
©5
by,
o
s 3 = PP1
£
g 2 PP2
Z

o N A I [ I I [ iE

0

1 2 3 4 5 6 7 8 9 11 13 15 10 16 14 17 18 12 19 20 24
Task ID
Figure 9.8 Both PPs: Number of errors during tasks

Figure 9.9 shows the amount of time that the PPs spent looking at the live scene after executing

a command when there was a live view onscreen.

172



Time spent viewing the live scene during tasks

100%
90%
80%
70%
60%
50%
40% uPP1
30% PP2
20%

10% I
o 1

% time spent

[ T
7 8 9 11 13 15 10 16 14 17 18 12 19 20 24
Task ID

Figure 9.9 Both PPs: Percentage time viewing live scene during 6 Di r e ¢atks o n s 0

Number of moves taken to complete the tasks: Generally, the number of moves taken by both

PPs often matched, or was close to, those achieved by the investigator (see Figure 9.6).

Task 17 took longer for PP1 to complete and the number of errors made increased. Possible

explanations for this are provided insectionPP 1: &6 Di (Ffowerd).i ons 6

Task 19 shows an exceptionally high number of moves for PP2. This can in part be attributed to
the configuration error noted earlier. Task 24 was a relatively unstructured activity with numerous
possible solutions.

Percentage of time viewing live scene: Both PPs spent considerably more time viewing the
onscreen video feed compared with the live scene. This may have been because the onscreen
view was nearer to them (the live scene was offset diagonally to their right and a greater distance
away from them than the screen, which was directly in front of them). It may, therefore, have
been more comfortable for the PPs to stay focussed on the screen, thus avoiding having to turn
their head. They may have found it more convenient and thought that they could see all that they
needed to see onscreen. PP2 spent more time looking at the live scene during earlier tasks, but
this reduced later. This may have been due to the increase in complexity of the interface, and
the task making it more difficult for him to divide his attention.

Thispredomi nantly dédone viewb6 approach may have made s
introducing depth perception issues.

Number of errors made: Overall the number of errors made by the PPs was low, with most

moves taking them closer to accomplishing the task.

Errors in their opening move: During seven different tasks (not the same for each PP) both
PPs started a task with a move that was in the opposite direction to that required to complete the

task. For example, Task 1 required the PPs to move the robotic arm to the left to complete the
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task, but both PPs started with a move to the right. Upon realising the error the PPs would usually
correct this move (with a correct move). It seemed that they may have been uncertain of the
required direction and sower e Otriallingd a move to see
seemed to understand how to accomplish the task, but not always how to do this with the robotic

arm.

Time to complete tasks: The PPs completed many of the tasks in similar times, with the

exception of later tasks where the configuration error occurred for PP2 (see Figure 9.7).

9422 PP1: ODi(Towas)i onso

PP1 completed many of the tasks in a similar number of moves to the investigator. Task 17 took
PP1 substantially longer. This task involved moving the gripper up and left to demolish the
structure. As mentioned, PP1 may have some difficulties with left and right. This combined with

using predominantly the onscreen view may have made the task more difficult for him.

Opening move observation: In seven of the tasks attempted by PP1 his opening move was
opposite to one which moved the gripper nearer to the goal (analysis arrived at from examination
of the log files) and LSA 1 also commented in their session notes that, at least in the first
6 Di r e taski Ri°Phwaé quickly able to work out the correct movements after having selected

the wrong one first.

Percentage of time spent viewing the live scene: PP1 spent under one fifth of the time viewing

the live scene overall during the éDirectionsd t

Key observations ident i fseeAppendixSLSSIAwerk thatPBle ssi on n

T Got frustrated at times, e.g. when waiting or

1 Often forgot things, e.g. while there was a gap or pause in proceedings;

1 Gradually became quicker at solving problems, which surprised the LSA,;

1 Demonstrated excellent problem-solvingi L SA comment ed: Acdompl et el vy
was unsure i f PP1 would be able to work these

1 Gave up easily, sometimes appearing uncertain of what to do i the LSA did not expect
this.

LSA16s sur pr i s e-saving skills that PR1 ddmbnstrated is similar to that described
by Cook et al. (2005) where they refer to teaching staff being surprised by the achievements of

children with disabilities when using robots and their abilities being under-estimated.

9423 PP2: ODi(Toward)i ons o

For PP2, tasks 17, 18, 12, 19, 20 and 24 all had the configuration error noted in 9.4.2.1, requiring
PP2 to issue double the number of commands to complete each task. In part, this accounts for

the greater number of moves and the time taken for these tasks. This makes comparisonof PP 26 s
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task scores witdand hRiPfrdetsat ar cher 6s

Opening move observation: In seven of the tasks attempted by PP1 his opening move was
opposite to one which moved the gripper nearer to the goal.

Percentage of time spent viewing the live scene: PP2 spent proportionately more time viewing
the live scene early on, but very little in later tasks. This may have been related to an increase in
the task complexity increasing PP26s cognitive |

between two different views.

Key observations identified iseeAppSnlix3) waethhtPPS A 26 s
1 Had a change of mood (from bad to good) and was happy to work when he realised it
was firesearch dayo (LSA 1);

1 Appeared to enjoy things going wrong (LSA 1 and LSA 2);

1 Showed determination, e.g. to complete a task (LSA 1 and LSA 2);

1 Was always keen to start and very focussed (LSA 2);

1 Demonstrated good and quick problem-solving skills (LSA 2);

1 Was good at correcting mistakes (LSA 2);

1 Was good at following instructions (LSA 2);

1 Found tasks easy (LSA 2);

91 Liked being able to watch the towers being built on-screen (LSA 2) i it could be
suggested that this strategy might have had the dual benefit of PP2 learning about the
construction of the towers by observation (Bandura 1977) and enabling him to have a
short pefrliodtiodndrtto .solve the probl em

LSA 2 particularly commented about PP26s | evels

Cook et al. (2010) highlight as being important in the design of specialist robots, stating that they

shoul d be fAappeal i ngo.

9.4.2.4 Both PPs: NASA-TLX ratingsf or o6 Di(Toavarsd) i ons 6

Please note: During certain sessions, some NASA-TLX forms were not completed. It was not
possible to know which of the completed forms matched with which tasks and so these were
removed and redone later by the same LSAs watching videos of the sessions side-by-side (a view
of the PP and a view of the live scene). The affected forms can be found in Appendix T. A

summary is provided here:
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Directions i Towers 1

1 PP1l: Forms 1-6 LSA 1
1 PP2: Forms 1-6 LSA 1

Directions i Towers 2

1 PP1l: Forms 4,7, 8,9, 11, 13, 15 (task 4 was repeated due to an error in configuration
when performed in Towers 1) LSA 1
1 PP2: Forms7,8,9LSA?2

Table 9.11 shows the tasks performed in each session and how the NASA-TLX ratings were

taken.
Table 9.11 O0Di rectionsd tasks pef¥rTLXGhglsS A dise orfrent e d
video
6 Towe PP2
stage Date Tasks NASA- | LSA
TLX
1 06/06/17 | 1, 2, 3, (4), | Video 1 07/06/17 | 1, 2, 3,4, | Video 1
56 56
2 08/06/17 | (4), 7,8,9, | Video 1 09/06/17 | 7, 8,9 Video 2
11, 13, 15
12/06/17 | 10, 16, 14 Live 1 13/06/17 | 11, 13, Live 2
15, 10,
16, 14
3 15/06/17 | 17, 18, 12, Live 1 20/06/17 | 17, 18, Live 2
19, 20, 24 12, 19,
20, 24

Figure 9.10 and Figure 9.11 show the six NASA-TLX factors and the ratings for both PPs. The
zones indicated by the numbers 2, 4 and 6 show the number of direction cells available at the

interface during those tasks. The blue and green vertical lines and horizontal arrows indicate the

tasks where ratings were taken live for PP1 and PP2 respectively.
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Mental Demand - All Challenges (Unsorted)

100

HPP1 mPP2

Physical Demand { All Challenges (Unsorted)

100

90

HPP1 mPP2

Temporal Demand|- All Challenges (Unsorted)

100
90
80
70

60

HPP1 mPP2

< 2 >le 4 >< 6 >

>
<

Live ratings
Figure 9.10 'Directions' NASA-TLX ratings i Mental, Physical and Temporal Demand
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Performance - All Challenges (Unsorted)

60

m PPl mPP2

Effort - All Challenges (Unsorted)

100

mPP1 mPP2

Frustration - Al] Challenges (Unsorted)

90

mPP1 mPP2

2 > 4 >

A

A
o
v Vl

>
<

Live ratings
Figure 9.11 'Directions' NASA-TLX ratings - Performance, Effort, Frustration
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The expected results were for a small increase in ratings in the NASA-TLX data as the task
difficulty increased. The overall purpose of the intervention was to reveal knowledge and ability.
In doing so the tasks were designed, as all tasks are, to challenge the participant to discover their

limits.

The TLX data should not be viewed in isolation. It was designed to give an indication of task

wor kl oad rather than task outcome and an indicat

Duri mgecdDid T e & theresviere 39 out of a total of 252 NASA-TLX ratings which were
higher than 50. Each PP had seven tasks which received one or more NASA-TLX ratings above
50 (see Table 9.12).

Table 9.12 0Di r ect i eThératings: kagkSwith ratings > 50

Task ID No. of NASA-TLX ratings
h greater than 50 per task
10 5
14,17,12 & 24 4
16, 19 3
16, 17, 18,12, 19 2
10, 24 1
Total no. 27 12
ratings > 50
For PP1, the majority of these occurred in (o
6Physi cal demanddé (n=6) anrde suuF rtss tarraet i iom 6 k g enp=i51 ¢

observations in their session notes, particularly where they comment on PP1 using a range of

planning and problem-solving skills and becoming frustrated in some of the tasks.

For PP2 the majority oncdcbur ¢ ed6)i nandidMed Efat o rdtebma (

observations i n their session not es appear

determination to complete tasks, level of focus and the planning and problem-solving skills

demonstrated.

The number atimds abdve B®veere relatively low considering the configuration errors
which occurred in tasks 17, 18, 12, 19, 20 and 24. The increased difficulty involved in the tasks

did not appear to affect the ratings.

There are many factors which may have influenced the workload ratings. These could be: those
relating to the PPs, the setup, and the measurement process. These include:

PPs

(1) Their level of knowledge and ability: It is possible that the tasks revealed the limits of

the parti ci pan tasilies. Khe pragressivgircreasaimnl ratings in the NASA-

TLX data suggests that the tasks may have

abilities.
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(2)

3)

Sensitivity to workload: The P P @ersonal nature and how they react to given stimuli.
Each individual will react in different ways to a situation and variations are expected to
occur.

Their condition at a particular day and time: Given the highly complex nature of the

participantsd physical condition, t mayalsoabi |l it

have affected the NASA-TLX results.

Setup and Tasks

(1)

(2)

3)

(4)
5)
(6)

)

The complexity of a particular task: The tasks were designed to progressively increase
in difficulty to explore the full range
their knowledge. In doing so it was intended that the participants would be challenged and
that this would be reflected in the NASA-TLX data.

The number of direction cells available at the interface: The number of interface cells
available generally increased with complexity, which may have affected the PPsdcognitive
loading. More controls may have given additional freedom of movement, which could have
been interpreted as reducing frustration, or as increasing complexity.

The robotics-based system design: including whether the interface was intuitive for the
PPs, whether the concept as a whole was understandable, and whether the PPs could
understand how to apply the system to the task at hand.

Technical issues: These may have contributed to frustration levels (Cook et al. 2010).
Errors in configuration: These may have increased task complexity and frustration.
View / perspective: As the PPs were predominantly using the onscreen view, they may
have experienced difficulty perceiving depth correctly, which may have made the tasks
more difficult.

Efficiency: The number of moves it took to complete a task, the time taken and the number

of errors could all add to the workload if they were high.

Measurement Process

(1)

(2)

The LSAs: Their knowledge and understanding of a PP and also the sensitivity of their
ratings i.e. some may rate higher than others.

Ratings scored 01 iRatngs mayrbe differentrbetwaendtbedwo modes.
With the O6lived mode there is an el ement

a PPO6s mood; i mmedi ate memories of a |iwv
where LSAswer e nomomment bhbut some time after,
take more time to analyse the video.
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943 I ntervention: O0Scenariosd task group

PN

The 6Scenariosd task group involved a single tas

ship and two characters, and then to use the robotic system to enact the story.

The 6 Di recti onsd6 stage of the intervention provic
mani pul ati on of the robotic arm in three di mensi
incor por ated many of the features of the interface

to these with gripping/releasing, attacking and robotic assistance. This helped the PPs to build
those skills required to 8oanbaritbsbdstaskes. envmb

arm towards the characters and moving the characters.

This intervention stage was to evaluate the potential of robotic assisted play for the PPs. The

6Scenariosd6 interface was t haetashgreups. compl ex of al

9.4.3.1 Both PPs: Overviewof6 Scenari osd resul ts

As described in the Intervention Design and Administration chapter, the 6Scenari osé6
was designed to identify the potential of providing the TG with the ability to compose a story and
enact it using the robotics-based system. This was a play activity that typically developing

children engage in, but the TG may not have opportunities to do so (Musselwhite 1986).

This activity brought together the robot manoeuvring skillsoft he &éDi recti onsdé t ask
gripping (and haptic feedback) aspects of tt he 6C
apply their knowledge to manoeuvre the robotic arm through a series of stages to complete their

story.

6Scenariosd is a more difficult task stage to a
primarily a play task and play tasks are often unstructured, with an emphasis on fun and
exploration (Besio 2008) rather than efficiency, analysis of the number of moves, or errors made

is less appropriate.

Both PPs were able to design and complete their stories with little assistance required from either
the researcher or the robotic helper system. PP1 created and enacted five stories over two

sessions, PP2 created and enacted three stories in just one session.

Both PPs demonstrated good levels of control over the robotic arm whilst achieving the goal of
story completion, using the full range of available operations i.e. left/right, up/down,
forwards/backwards, gripping/releasing and so on. The NASA-TLX scores (presented later) and
LSA feedback (see Appendix R - Table R.1) indicate that this task was perhaps the most difficult

and challenging for the PPs, but also one of the most enjoyable.

The PPs could request assistance from the researcher or from the robotics-based system, but did

not do either very frequently. Table 9.13 shows the number of requests for assistance per story.
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The PPs requested help from the system more frequently than from the researcher.

Table 9.13 Number of times assistance requested by PPs i Robotics-based system and
researcher
PP2
Session | Story Robot hint Investigatord s Robot hint Investigatord s
No. No. requested help requested requested help requested

1 1 1 0 1 0

2 2 0 1 0

3 2 0
2 1 1 1

2 1 0

3 2 0

9432 PP1l: 6Scenari oséo

PP1 had two sessions using the scenarios pirate ship setup. In the first session, PP1 created
and then enacted two stories. In the second session he designed and then enacted three stories
(see Table 9.14)

Table 9.14 PP1: Scenarios configurations
Session 1 Session 2
1. Pirate in crowbs ne|ll Pirate in crowbs ne
wins wins
2. Pirate on bow, crabl2. Crab on bow, pirate
wins wins
3. Crab on crowbds nest
wins

PP1 demonstrated a good level of understanding of how to create stories and then enact them.

PP1 requested assistance seven times from the robot over the sessions and only once from the
LSA 16s

somet hing he is

investigator (see Table 9.13) . per cept i ocaslyamdasks torrhelp

before trying unsure of 0.

PP1 was able to create and enact a total of five stories. These stories were successfully
completed using the system. The PP demonstrated a high level of focus and engagement, with

a positive emotional state.

The sessions were carried out at a warm time of year which can be uncomfortable for those who
are seated in moulded seating systems. Nevertheless, he coped well i LSA 1 commented in
their session notes about the impact of the heat and that PP1 appeared able to concentrate better

when it was cooler.

seemed t o need mor e reassurance wi t h

notlems,t hle$S A kestsatoad:

PP1

6Di rectionsb©o.
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ask for help very quickly. Got quite frhisdmat ed
want to try something differento. Theseebeerr e ne\
apprehensive. Nevertheless, he maintained a high level of focus and engagement and was

determined to complete the tasks.

9433 PP2: 6Scenari osb

PP2 only had time for one scenarios session. He created and then enacted three stories during

this session (see Table 9.15)

Table 9.15 PP2: Scenarios configurations
Session 1

1. Pirate on bow, crab in

2. Pirate on stern, crab

3. Crab in crowbs nest, p

PP2 was able to create and enact a total of three stories successfully. PP2 demonstrated a good
level of understanding of how to create stories and then enact them. PP2 enjoyed the session.

PP2 appeared to explore the operational limits of the robot arm.

PP1 requested assistance from the robot four times over the session but did not ask the

investigator for help on any occasion (see Table 9.13).

PP2 was able to apply his knowledge to manoeuvre the robotic arm through a series of stages to
complete his stories successfully. He demonstrated a high level of focus and engagement, with
a positive emotional state. LSA 2 noted that h

activity for a third timebo.
The hot weather during the sessions may have affected him, but did not appear to.

There was evidence of PP2 exerting a level of independent exploration (Cook et al. 2011) when

using the arm by testing its opEredpushimgiauhdaries mi t s.
but t he r ob o tletRP2doeverything belwadntedt and | ater in the ses:
boundaries and enjoying ito.

9.4.3.4 Both PPs: NASA-TLX ratingsf or &6 Scenari os?d
Only one NASA-TLX form was completed forall 6 s t oin dessisndl for each PP.

The NASA-TLX scores (see Figure 9.12), show that the perception of both LSAs were that both
PPs were placed under high workload in the 6Ment

rating was given for PP1 by LSA1f or OPhysi cal Demand?d.
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Scenarios 1

100
90
80
70
60
50
40
30
20
10

LSAL | LSA2 | LSAL1 | LSA2 | LSAL1 | LSA2 | LSAL1 | LSA2 | LSAL1 | LSA2 | LSA1 | LSA2

1. Mental 2. Physical 3. Temporal |[4. Performance 5. Effort 6. Frustration
Demand Demand Demand

mPP1 ®mPP2

Figure 9.12 Both PPs: NASA-TLX results (Session 1 only)

9.4.3.5 PP1:NASA-TLXratingsf or o6 Scenarios6 (session 2 only)

See Figure 9.13f or P P 1 éT&X sbbleSfAr session 2 only. Three NASA-TLX forms were
completed, one for each story, all by LSA 1.

Scenarios 2 (PP1 Only)

70

60

50

40

30

20

-

0
1. Mental 2. Physical 3. Temporal 5. Effort 6. Frustration
Demand Demand Demand Performance

ETrial1l mTrial2 mTrial 3

Figure 9.13 PP1: NASA-TLX results (Session 2 only)

It is unclear why the ratings increased from stories ( 6 T r 1ta 3. §t@s)may have been due to a
cumulative effect i.e. as the session progressed, PP1 was perceived as becoming more
frustrated. LSA 1 comments upon thisintheirnotes: i Got qui te frustrated whe
out what t ot lios nmaxy ohawnel i ncreased the LSAG6s rati

Demandd and OEffortoé workl oad.
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9.4.4 Results and Discussion of the Final LSA questionnaire (regarding all
of the intervention stages)

Once all task groups had been undertaken, the questionnaire in Appendix R was completed by
the LSAs to capture some of their observations and comments about the whole intervention.

Theulb€sd and & Sc e n avere rated @s the ensskenjgyable topbsth PPs, with the
6Scenariosd6 task being vi ewe€hé suggeststthatehe mtensiantod i f f i c

provide tasks of increasing complexity was achieved.

LSA 1 was surprised at how well PP1 was able to control the robotic arm, while LSA 2 indicated
that she had not considered how well the PPs would be able to do this. LSA 2 also commented
that both PPs performed better than expected and
was ama z ismgrors the fifidimgs of other studies (for examples see Cook et al. (2012)),

regarding othersd perceptions of the abilities of

LSA2was i mpressed by PP26s problem solving skill:
al so commented on the positive effect that the

occasion.

Observing the PPs using the robotic arm gave LSA 1 some ideas for work within class with PP1,
particularly in relation to fpos ibackwardsaCookebal. ds o0 s

(2012) also suggested that robot skills can aid the development of spatial concepts in language.

LSA 2 indicated pleasure at seeing PP2 enjoying using the system and commented on his good
level of focus, or attention, to tasks. The LSAs highlighted other skills that the PPs had developed,
including patience (LSA 1 said o f PP1) , increased awareness of | €

6hol dé and move objectso,sadof@P2spati al awareness

In relation to the haptic device, overall, both LSAs indicated that the device and haptic feedback
were valuable, offering an experience that was O6newd and Af u

t hat bot h PPnss fiosfh oswmerdprsiisge and enj oyment 0.

Both LSAO6s indicated that they could see potenti
same activities as in the intervention, or in new ones. Suggestions for other activities included:

story making, sequencing, reinforcing positional words, pouring dry substances (such as rice,

sand or pasta), and devel o pi n g tohcentra&idh$Cook et al. 2005).

Some of the LSAsd® observations and comments de
investigator, which are described in the next section.
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945 | nv e st ilpevatomns aml comments regarding the intervention

The PPs both appeared to enjoy using the system very much. Throughout the sessions they
would frequently smile, laugh and vocalise. Both were highly motivated, focussed and
determined, not wanting to give up on tasks and trying to complete them quickly. Both worked
for long periods without breaks, even though they were offered.

Both PPs appeared to be surprisingly tolerant of the technical issues which occurred, with PP2

actually enjoying when things went wrong.

During 6Cubesbd, PP1 would sometimes begin
finished asking the question. This may have meant that he had not fully heard the description of
the task.

PP2 was sensitive to sudden noises which could cause him to startle. This could make him tense
up, which could then lead to physical pain. This was the reason why the table was damped to
reduce the noise of crashing blocks. PP2 was very good at anticipating when the blocks were
about to crash to the table (and the noise that this would create) and would start to blink and smile
but did not appear startled. Sometimes the noise of the robotic arm servos would cause him to

startle if he was not expecting it.

The PPs dealt with the increasing complexity well, adapting to the interfaces and the changes in

task requirements.

Both PPs seemed comfortable with the haptic device. It did not appear to distract them i.e. they
did not seem to look towards their hand while the device was activating. PP2 would often smile
and vocalise when the device activated.

9.5 Haptic device

It was difficult to measure the benefits and effects of using the haptic device with the PPs in this

study. Reasons for this include:

Few PPs: There were insufficient participant numbers to form a separate control group. It would
also have been difficult to match subjects as there is wide heterogeneity amongst disabled

groups.

CCN: The TG have complex communication needs and so it would be difficult for them to provide
specific feedback about the haptic device and system. Open ended questions can be difficult for
them to answer and yes/no questions may be 6 | e a,@s the gndestigator determines the content

of the questions.

Fatigue: The PPs would often be tired at the end sessions and needed to rest, or move on to

other school sessions.
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Rating scales: In previous work with the TG the investigator found that they often had difficulty

using rating scales.

Evaluation of the haptic device is, therefore, largely anecdotal and based upon observations

during assessment and intervention sessions. Benefits included:

High haptic assessment scores: Of note is that PP2 achieved a perfect score in the haptic
device outcomes assessment and PP1 answered incorrectly only once over both haptic

assessments.

Responses to haptic sensations: When the haptic device triggered the PPs frequently smiled,
laughed or vocalised, especially PP2. At no point did they appear to be startled by it, or complain
about it. It did not appear to be distracting, or to cause any negative effects such as discomfort.

The value of the haptic device is something that could be explored further in future work. Trials
could be carried out with groups similar to the TG in terms of motor ability, but with individuals

who have verbal expressive communication and also typically developing CYP.

Overall, the haptic device trials carried out with SPs, use of the haptic device with PPs during the
Intervention stage, and feedback from LSAs, indicated that haptic feedback provides a promising
0t ool 6 f Q@YP whoébave digabilities.

9.6 Overall Analysis of results

PP1

PP1 attained very high scores in all of the assessments, both physical and cognitive. There was
some evidence of confusion regarding directions throughout the cognitive assessments and

during the intervention, but most tasks were completed quickly in few moves, with few errors.
PP2

PP2 frequently appear ed t o exhi bpnefceerretnaciend d&bseidiaeng tbeu r pat
cognitive assessments but not during the intervention. It is uncertain why this was the case.
There are many reasons why a person may exhibit such behaviours. A full discussion of these is

beyond the scope of this study, but some possible explanations are offered here:

(1) The Interface: The contents of the answer cells may have been too similar. For many of
the assessment questions there was a dog in all of the cells. This may have made it more
difficult to differentiate between cells;

(2) Context: An assessment is an abstraction of ideas and concepts, when compared to
carrying them out in the real world;

(3) The differing nature of the tasks: The cognitive assessments involved selection of an

answer from a range of options, whereas the intervention tasks involved issuing commands;
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(4) Part of his condition: Certain conditions can pre-dispose individuals to such behaviours.

Live view compared with the screen: During the sessions, the PPs were found to spend the
majority of the task duration looking at the display, which was showing the live camera view during
actions, but would look at the live scene more in-between tasks when the investigator was setting
up the next task. The live scene was useful for interaction with the investigator and the LSA and

provided real-world physical sounds and a more kinetic experience.

Side preference: PP2 rarely displayed any side-preference behaviours during the intervention.

This was in contrast to the assessments.

Overall for the Intervention: The user interfaces changed throughout the tasks and the PPs

adapted well to this.

Assistance: The PPs rarely asked for assistance from either the author or the robotic system.

PP1 sometimes needed reassurance during the tasks, but was mostly independent

9.6.1 Evidence of PP robot-related skills

Cook et al. (2011) created a list of robot-r el at ed ski |l | s (1986)erieriap out

For ma

tailored to children who have disabilities. Table 9.16s hows an adapt ed critegid si on

used in the current study. It contains six main stages that can be achieved and indicative ages
that these abilities develop. The table shows the Intervention task group where the skills were
exhibited and the way in which the PPs demonstrated these abilities. The PPs achieved all of the

stages listed thereby showing a good understanding of the skills needed to control a robot.
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Table 9.16 Robot-related skills based on (Forman 1986; Cook et al. 2011)
Skill Definition for robot | Age considerations* Intervention | Evidenced by PP in
use (typically task the present study
developing children) group(s)

0 | Nointeraction Child displays no NA NA
interest in the robot
or its actions

1 | Causality Understanding the < 3yrs: action is in switch, All Activating cells using
relationship tried to eye gaze
between an use disconnected switches
interface cell and a > 4 yrs: understood switch
resulting made robot move
effect

2 | Negation An action can be 4 yrs: begin to understand NA NA
negated by its that No task involved
opposite switch release stops robot @oressing and holdi n g

then releasing to move
and then stop the robot

3 | Binary Logic Two opposite 51 6 yrs: understood 2 Cubes, Gripping and releasing
effects such as switches Scenarios objects
gripping with opposite effects.
and releasing Directions Using left/right,

and up/down,

Scenarios forwards/backwards to
correct an opposite
error

4 | Coordination Movement in more 5yrs: Could fine tune a Directions Taking food to the
of multiple than one dimension movement and giraffe
variable to meet a functional by reversing to compensate | Scenarios Moving the gripper
Spatial goal for overshoot, etc. closer towards towers
concepts or characters
multiple
dimension
5 | Symbolic Play Make believe with 6 yrs: Child ID action in Directions 1 Creating a story and
real, miniature robot Feeding the enacting it
or imaginary props not switch, planning of giraffe,
(Musselwhite 1986) tasks is Scenarios
possible
6 | Problem Problem solving 7 yrs: Designed robot and Directions 1 Identifying the moves
solving with a plan 1 thought about coordinated Towers, required to demolish a
not trial and error, effects, Scenarios structure or move a
Generation planning was possible, character
of multiple possible Can understand simple
solutions programs
and debug

9.6.2 Explanations for the PPs6knowledge and abilities

The PPs both demonstrated knowledge and abilities which they appear to have developed despite
having little motor control over their own bodies. One might think that to learn about directions
and physical concepts normal physical movement is required, but it appears that this may not be
t he This fi
having others model for them (Bandura 1977) and the findings reported by Cook et al. (2012) that

case. ndi ng al i gmysievhatthhumarnB eanldamnrbya 6 s s o

children who have severe motor impairments demonstrate understanding of spatial concepts

through the use of assistive robots.

Human development does not happen in a vacuum. There may be many factors at work which

can contribute to a personébés wunderstanding and

transferable skills. In the case of the PPs this knowledge may have been gained from:
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(1) Their school education: In class they will have been taught about concepts either
explicitly or implicitly;

(2) Being moved around by others: The PPs are moved in a wheelchair, hoists, transport
and so on. It is standard practice at VEC for staff to provide a commentary for the pupils
when they transition from place to place, this may help to reinforce directions;

(3) PP2: Atthe time of the intervention, PP2 was also learning how to control powered mobility.
The intervention stage may have helped him to develop skills for wheelchair control and
vice-versa;

(4) Use of technology: The TG may have access to environmental control equipment, toys
and use of eye gaze accessible software which could help them to develop their knowledge

of the physical world.

9.6.3 Gaps identified in the PPs knowledge and abilities

Overall, the PPs appeared to have a good working knowledge of the concepts under investigation

within this study. However, some issues were revealed:

(1) Both PPs exhibited some confusion regarding left/right, up/down and forwards/backwards
but displayed good understanding of opposites which they often used to correct their
mistakes.

(2) During some of themulti-cpart 6éCubesd tasks, PP1 woul d
the tasks (perhaps indicative of short-term memory difficulties). Although, PP1 seemed
able to hold sentences in his memory while he assembled them using his VOCA, often a
lengthy process. Different memory processes may be involved in this latter ability.

9.6.4 NASA-TLX ratings

Some errors occurred during the capturing of the NASA-TLX data. This was due to the
investigator trying to ensure that the forms were completed by the attending LSA whilst also
setting up the next task for the PP. This placed a heavy workload upon the investigator. Ideally,
the investigator would have been assisted by someone who could have ensured correct

completion of the forms.

There appeared to be differences in NASA-TLX ratings between the two LSAs. Two alternative

approaches to capturing ratings which may have provided more consistency are:

1) A single LSA would have attended all of the sessions for both PPs. This would have provided
one set of ratings from one person.

2) Both LSAs would have attended all sessions for both PPs. This would have enabled direct

comparison of ratings between LSAs and a basic measure of inter-rater reliability.

Neither option was practical in the current study.
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9.7 End of Chapter Summary

Overall, both the assessments and t he itastwellf vent:
whereas for PP2, the intervention appeared to reveal more than the cognitive assessments.

Assessments

Both PPs were able to access the cognitive assessments directly using AT (eye tracking / gaze),
with no adaptation to the assessments required, and with minimal assistance from an

intermediary. This would not have been the case with most conventional assessments.
Intervention

The PPs exhibited a good understanding of many of the concepts under investigation. The PPs6
abilities and knowledge revealed during the intervention tasks validated the potential of using
such an approach to identify their knowledge and abilities and enabled them to have experiences

that were both educational and playful.
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Chapter10 Concl usi on

10.1Introduction

This study has been concerned with those cognitively able CYP whose profound motor
impairments and complex communication needs limit their ability to interact with the physical
worl d i nomd 6waynwds This depri ves t heaontundés, winehny i mp

can be detrimental to their development and limit their prospects for participation.

The study has described difficulties in identifying the knowledge and abilities of the group of
individuals described above, particularly relating to the physical world, and the lack of
opportunities that they have to develop these skills.

The key objectives of this study w-existthgkndwkedge f or e
and abilities (in context) through assessment and the use of a suitable robotics-based physical
interaction system, whilst also developing this knowledge and ability through the use of such a

system.

This chapter includes a summary of the work, examines how the original research questions were
addressed, highlights the original contributions, and reflects on the findings and implications,

before finally considering future directions that may be pursued.

10.2Summary

A review of the literature revealed a number of gaps, including a lack of assessments which were
suitable for the TG, and appropriate physical interaction experiences for them. These gaps
formed the research motivations and direction of this work. Key gaps that were revealed include:
existing assessment approaches are unsuitable for the TG; no existing studies could be found
concerning the use of haptic feedback technology with those who have the characteristics of the
TG; there were few suitable ways for the TG to have independent physical interaction
experiences, due to a shortage of suitable robotic systems to provide these experiences for them;
there is currently a lack of English language AT accessible spoken language comprehension
assessments suited to individuals who have profound motor impairments - the majority of
assessments are designed for use with typically developing children, or those who are able to
provide answers verbally or through physically pointing, and are thus unsuitable for the TG; no
assessments suitable for use with the TG were identified which could be used to assess their

ability to accurately identify physical touch and haptic sensations in the palms of their hands.

Given these apparent gaps in the current state-of-the-art, a set of assessments were designed, a
robotics system with eye gaze control and haptic feedback was constructed, and an experiment

was conducted.
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Assessment can enable individuals to demonstrate what they know and are able to do. It also
enables therapists and education staff to measure progression and identify strengths and gaps,
and to then target these gaps. New cognitive assessments were designed using both static image
and video based approaches which could be accessed by the TG. These were then deployed to

assess the participantsd knnmanysegatdabcencepts.d under st an

Using roboticssbased systems to provide stimulating exper
development in terms of knowledge and understanding. Such systems could enable them to
demonstrate their knowledge and abilities and could provide them with a means of participating
in activities. Having more control and greater involvement in activities may also help to limit or
reduce passivity. To address these points, a robotic arm system with haptic feedback was

combined with eye gaze control to enable the participants to manipulate a test environment.

The TG have limited opportunities for self-directed tactile experiences and a review of the
literature identified a lack of 3D physical interaction systems incorporating haptic feedback which
were suitable for use by the TG. Such haptic feedback devices could provide a useful substitute
for actual physical touch. A custom palm-based haptic device was designed and constructed for
this research and combined with the robotics-based system to provide haptic feedback when the

robot arm grips an object.

An experiment was designed which brings all of the above aspects together. This consisted of a
baseline assessment followed by an intervention and concluded with an outcome measures
assessment. The intervention stage consisted of using the robotics-based system to complete a
set of progressively more complex tasks. Similar to the assessments, the tasks were designed
to reveal the TG6s knowledge and abilities relat

time through édoingd rather than a more O6formal 6

The experiment was carried out with two pupil participants (PPs). The results show that the PPs
appeared to have a good working knowledge of many of the concepts under investigation within
this study. They both demonstrated knowledge and abilities relating to spatial concepts which
they appear to have developed despite having little motor control over their own bodies. The
experiment also revealed some limitations of this knowledge, where both PPs exhibited some
confusion regarding left/right, up/down and forwards/backwards but displayed good

understanding of opposites, which they often used to correct their mistakes.

Bot h the assessments and the intervention reveal e
for PP2, the intervention revealed more compared to the cognitive assessments. The PPs6
abilities and knowledge revealed during the intervention tasks validated the potential of using
such an approach to identify such skills and enabled them to have experiences that were both

educational and playful.

In conclusion, the experiment showed that the test setup was appropriate for revealing knowledge

about the participants that had not previously been known.
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10.3The RQs and how they were addressed

In the Introduction chapter the following research questions (RQs) were posed. How these were

addressed by this study is now considered:

Overarching Research Question (RQ): How can the TGds knowl edge an

the physical world be revealed and developed using technology?

Overarching Research Aim (RA): To use suitable assessment
knowledge and abilities relating to the physical world and to develop these using a robotics-based

system.

A range of assessments and an eye gaze controlled robotics-based system with haptic feedback
were created. These were used with members of the TG to reveal their knowledge and abilities
relating to the physical world. Both PPs quickly mastered using the robotics-based system and
revealed a good understanding of the concepts under investigation. The assessments were
particularly effective f or r ewith acbresmear oP & deiirng.
The assessments were less effective when used with PP2 with particularly low scores during the

cognitive assessments.

This demonstrates that making assessments accessible may make them suitable for assessing

some individuals, but not others.

RQ1: Can the TG accurately identify physical touch and haptic sensations in the palms of their

hands and how can this be measured?

RO1: To develop and evaluate physical touch and haptic feedback assessments, and suitable

haptic feedback devices.

How RQ1 and RO1 were addressed:

Two physical touch assessments were developed. The results of these assessments indicated
that the PPs could identify physical touch and haptic feedback sensations in the palms of their
hands. PP1 achieved ceiling or near ceiling scores in all physical assessments. For PP2 the
haptic feedback method yielded higher scores than the physical touch especially during the

outcomes assessment, where he achieved a score at ceiling.

techr

knowl

RQ2: How can the TGds knowledge of physical worl d

RO2: To reveal the TGd6s knowledge of physical

How RQ2 and RO2 were addressed: Two English language AT accessible spoken language
comprehension assessments were created to assess the concepts under investigation in this
study. The results indicate that they were suitable for PP1 but less so for PP2. The intervention

was also designed to reveal this information, which it appeared to do well for both PPs.
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RQ3: How could a robotics-based system be used to provide the TG with independent simulated
physical interaction experiences?

RO3: The creation of a robotics-based system which provides the TG with independent simulated
physical interaction experiences.

How RQ3 and RO3 were addressed: A robotics-based system was created with an eye gaze
controlled user interface. Both PPs were able to control the robotic system well and demonstrated
a good understanding of how to control it.

RQ4: Does the intervention reveal and devel op

physical world?

t

he

RO4: Use of the physicalandcogni t i ve assessments and interventi

knowledge and abilities relating to the physical world.

How RQ4 and RO4 were addressed: This was unclear from the results obtained during the
assessments and intervention. PP1 revealed good to high levels of knowledge and ability
throughout all assessments and the intervention, indicating that the assessments worked well for
this PP. PP2 did not demonstrate consistent results, especially regarding the cognitive

assessments. The intervention tasks appeared to be a more appropriate method for revealing

PP26s knowledge and abilities in the context

10.4 Contributions

This study makes contributions to knowledge in the field of disability and Assistive Technology.

Key Contributions
1. The development of a robotic augmentative manipulation assistive technology,
accessible through eye gaze and providing haptic feedback, that can support
participation in academic and play activities, and also reveal the cognitive skills of
young people (and children) who have severe motor impairments. This included:

1 A new means of enabling the TG to have simulated physical experiences, through
the combination of a robotics-based system and a haptic device which triggers
when the robot arm grips an object;

T 6Lbvand alternating O6camerad / control
how the TG can interact with such a setup;

1 Robot assisted play, with the TG using a robot arm, in a narrative format with
multiple narrative paths;

1 Insights into the understanding of the TG: they appear to have a greater
understanding of temporal, spatial and movement concepts than anticipated; and
they are able to control a proxy robotic arm in 3D space, despite having very limited
control of their own limbs.

195

\Y

of

e W



2. Two approaches to English language AT accessible spoken language comprehension
assessment using video and static images:
1 Specifically relating to the design of assessments which are suited to complex
individuals 1 in particular those who use eye gaze as their primary access method,;
1 Employing video clips, rather than static images, may be a more appropriate way of
depicting and assessing concepts which involve movement.
3. A prototype haptic device suitable for the TG (and prototypes which may be suitable for
other individuals who have disabilities) used to assess the ability to detect sensations:
1 Use of the device revealed a better than expected ability of the TG to detect haptic

sensations in the palm areas of their hands.

Supplementary Contribution
4. Contributions 1-3 have developed insights into designing for, and working with, the TG:
1 Anadvancement in the consideration of the requirements and needs of the TG and
how to supply them with AT equipment, in terms of robotics, haptics, and interfaces;
1 A proxy user centred design was used and evaluated successfully, indicating that

this is a viable design methodology for the TG.

10.5Reflections on the study

This work comprised a great many sub-components, which were all brought together into the core
experiment. In this section, the larger sub-components are evaluated for their effectiveness of

design and implementation.

10.5.1 Evaluation of the system design approach

The design approach that was used for this study involved eliciting requirements by analysing the
characteristics of the TG and comparing them with those of existing approaches to identify gaps
and perceived requirements;and t he O6proxy UCDG6é approach to dev

and the robotics-based system appeared to work successfully.

Referring back to desirable design characteristics for assistive robots Cook et al. (2010), the
roboticssbhased system desi gn maiterahThesystem was sabef reldiively k 6 s
low-cost, catered for a wide range of alternative access methods. The PPs were able to quickly

and easily learn how to use the system and comfortably, demonstrating that the user interface

was intuitive and accessible and provided good control over the robot. The autonomy of the
system decreased over time, gradually handing the autonomy to the PPs. The system provided
feedback in the form of sound, speech and haptic sensations. The activities were designed to be
visually engaging (aesthetically pleasing), motivating and fun. The reactions of the PPs and the
comments from the LSAs indicate that this was achieved. Where the system was not so
successful was in terms of reliability, encountering a number of malfunctions, especially relating

to failure of the eye ¢aEmarnagdo (2016) also hotecprdblentsh e P P ¢

196



with using eye gaze technology for the purposes of controlling robots. Portability was also an
issue, but a collapsible mounting system was later created which improved this aspect
considerably.

The PPs were able to use the system effectively. They did not seem to have any difficulties
understanding the HRI. They seemed to understand the various layouts of the different user
interfaces with little instruction. Switching between a command interface and the live view
(6command tappeared to waekwell) In fact the PPs spent most of their time viewing
the screen. This may have caused perspective errors, seeing the scene from only one view point,

but may have been more comfortable for them.

The 6command then vi ewd ap iheberefitsof masneising thensizaéohi s st
the interface cells, making them easier to target for eye gaze users. The approach also helped
to avoid the switching back and forth between a screen and the live scene noted by Encarnacéo
et al. (2016), and also reducedt he o6doi hggsowmet hhere causes some

confusion that might occur (Forman 1986).

Before selecting a command cellthe PPs needed torestdéveaye/ game oper

time by dwelling on the cell. This was designedt o avoi d t he(Jabohllo8® s b6 ef -
and to ensure that each command was intentional. This worked well for the most part, helping to
pace input and reduce unintentional selections, but sometimes caused misunderstandings when

a PP had not realised that they still needed to activate eye gaze.

There were a number of system reliability issues. As noted by Encarnacdo et al. (2012a), physical
robot systems are prone to technical issues and so need to be supported well. A virtual approach,

whilst lacking in certain areas, may be more reliable and require less physical space.

In terms of the design of the haptic device, there were many positives: it worked very reliably

with no apparent issues throughout the assessments and the intervention; it was easy and quick

to don/doff; it was robust, coping well with PP16s involuntary movemen
damage;t he device remained attached at all times; i
to distract the PPs.

10.5.2 Evaluation of the assessments

The assessments created for this study achieved varying levels of success. The physical
assessments appeared to realise the intended aims of the study for both PPs, whereas the
cognitive assessments appeared effective for one but not both participants. The intervention
stage revealed a high level of proficiency and understanding for both participants, showing them
to be more knowledgeable and able than might be expected for individuals with such profound

physical limitations.
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The two approaches used to assessthe TG,i.e.t hr ough t he more o6f or mal

and through 6doing6 dur i nhg impotance iofndifferen formg of o n ,

assessment for di fferent indi vidual s. Bot

assessment) may be suitable for some, whereas for others, only one may reveal their knowledge

h

and understanding effectively. Bot h t he assessments and t he

knowledge and abilities well, whereas for PP2, the intervention revealed more than the cognitive

assessments.

a !
S

or

nt e

I't is the authoroés opinion that, where possibl e,

provide a clearer, more rounded understanding of such individuals.

10.5.3 Evaluation of the haptic device

The measurable benefits of the haptic device use during the intervention are less clear. The staff
participants felt it was an important component of the robotics-based system and the PPs
appeared to enjoy the experience that it contributed, often smiling, laughing or vocalising when
the device activated. The haptic feedback assessment results for PP2 showed a marked
improvement between the baseline and outcome stages. Some of this improvement in PP2&
haptic feedback assessment results may be attributable to the use of the haptic feedback device

during the intervention.

Haptic feedbackaddsa not her componeohdétaspaet 6bdfandlgfas
et al. 2016). This work has covered the creation and viability of a haptic device which is suitable

for the TG, which can now enable further work in this direction.

10.5.4 Virtual versus physical robotic systems

In the current study it was found that the PPs spent the majority of the intervention sessions
attending to the onscreen view of the scene which adds credence to virtual approaches.

However, during the set up period between tasks the PPs often looked at the live scene watching

ct

ma |

the investigator set up the next task. This perhapsprovidesa 61 ear ni ng dpportumityser v at

(Bandura 1977) for the TG which may be missing from virtual approaches whereby the pre-built

activities are loaded with no indication to the participant of how they were set up.

This perhaps illustrates the validity of both approaches rather than either having superiority. This

is supported by Encarnacdo etal. (2014)wh o observed that participant s

between the physical and virtual versions of their robotic system designed for children who have

motor impairments. They stated that the virtual version overcame some of the limitations of

physicalr obot s O6such as cost, rseltieabtielcihtnyi caanld stuhpep orret
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10.5.5 NASA-TLX

NASA-TLX was useful for estimating the workload being placed upon the PPs whilst using the
system. Itis important to avoid overloading this vulnerable group of individuals. The ratings were
therefore given by a proxy, whi ch gave some i ndi
nature of this approach meant that the ratings were subjective. There also appeared to have

been inconsistenciings in the ratersd sco

10.6Implications of the study

There are theoretical and practice-based implications for the findings and outputs of this study.

It appears that the TG are able to develop knowledge and abilities relating to the physical world

despite not being able to interact with it under their own volition.

One possible explanation for this relates to Bandura's social learning theory i.e. that learning can
take place by watching others or by having others model behaviours for them (Bandura 1977).
For example: carers providing verbal commentary \
wheel chair such as 61 6m g.oThe §G rmay comgensate fgr thair b a c k w

physical restrictions by becoming skilled observers.

The TG also have a variety of other learning opportunities. For example, Physiotherapy treatment
in the form of active and passive exercises may help the TG to develop an understanding of joint

movement and manipulation and help with their proprioception.

However, it is not clear how the PPs were able to take control of the robotic arm and understand
how to use it to complete the tasks. This required them to understand that they were in control
of the position of the gripper in 3D space. Having little or no control over their own limbs means
that they have limited experience of positioning themselves or objects within 3D space. This

could be an area of further investigation.

This work has implications for professional practice by providing ways to develop a deeper
understanding of the TG, through the assessment, intervention and technology sections of this
study.

Until suitably accessible standardised assessments arrive, the two digital AT assessments that
were developed could be used by practitioners to assess those for whom existing methods are
inadequate. The assessments natively provide a means for the TG to use their preferred access
method rather than practitioners having to modify the assessments to suit the access method.
The oO6wrapper d met hod -haseadsessmenttprovidessa tesourde thaticomd g e
be adapted to create suitable informal accessible assessments, and could inform the direction of
future AT accessible assessments. Furthermore, the use of video clips in assessments may be

a less abstract means of representing certain concepts compared to their static equivalents.
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There are numerous possible applications for the robotics-based system for achieving therapy
and educational goals, including such activities as toy-based play, and weighing and measuring.
The robotics-based system could be used by practitioners with their profoundly physically

impaired clients to achieve some of these goals.

The haptic device created during this study could be used by practitioners for assessment
purposes, for manipulation experiences as was the case in the current study, or for sensory

feedback purposes to improve body awareness.

10.7Limitations of this study

This work was subject to a number of limitations, solutions to which may form future work.

Number of Participants: As this was a pilot study, only two participants belonging to the TG
took part. Itis recommended that the outputs of this research are trialled with a larger number of

participants. This may increase the significance and generalisability of the data gathered.

Comparison with TD CYP, or similar groups: The outputs were not trialled with a typically
developing group. Suchtrialscoud be used as a benchmark against v
levels could be compared, although care needs to be taken when making comparisons between
these two groups, as their life experiences will have been different and thus their relative strengths

and weaknesses will differ.

Length of study: The intervention period was short and so the PPs had relatively few sessions.
Greater exposure to the intervention over a longer period may be required to develop a clearer

picture. The range of concepts examined could also be expanded.

Design approach: The design stage did not involve UCD, which would have been the ideal
approach. Nevertheless, the use of O6proxyd UCD
robotic system which the PPs were able to access.

Assessments: This study required that a relatively small number of concepts be assessed. To
establish the efficacy of the design and suitability of the cognitive assessments, a wider range of

concepts should be tested.

The video-based assessment did not all ow the PPs to select- answe
sel ectd met hod & fixatiomves ieteapdeted ly the adiimstering therapist. Direct

dwell-select should be added to future versions of the assessment.

Robotics-based system: The robotics-based system did not fulfil the requirement of being
reliable. This is a recognised problem of using low-cost adapted robots (Cook et al. 2010), but
as there is currently a lack of suitable commercially available robots, researchers and Assistive

Technologists are left to adapt mainstream technologies.
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Haptic feedback device: There were limited measures in place to identify what value was added
by the use of the haptic feedback device. However, the haptic sensations assessment results did
show a significant increase for PP20&s scores bet
could be attributed to the use of the haptic device both during the baseline assessments and the

intervention, directing PP26s awareness to his h

In addition, the VEC staff who were involved considered the haptic device to be an important
component of the system. The PPs seemed to enjoy wearing the device and the experience that

it provided.

The haptic device created and used within this study provides a rudimentary sense of touch. More
advanced approaches exist which use pressure to deliver a more realistic sense of touch.
However the cost of such devices is high and their designs more invasive. The device used in

this study has the benefits of low cost and is simple to fit.

10.8 Future work and recommendations

Digital assessments are needed which are both AT accessible and contain content which is
appropriate for the groups being assessed. There is a need for low cost, reliable systems which
can provide physical interaction experiences and access to activities, toys and play for groups

such as the TG. Robotics and haptic feedback could form an important part of such systems.

10.8.1 Assessments

a) Accessibility of assessments: Without adaptation most current assessments are not
accessible for the TG. Itis recommended that assessment providers offer digital versions of
their assessments which also incorporate accessibility features, or which can run within
accessibility software such as Grid 3 (as was done in the current study), making them
appropriate for a broader range of individuals, including users of AT.

b) Standardisation of assessments: Most existing assessments are standardised using TD
groups. There can be significant differences between the life experiences of the TD and
differently able groups which can lead to unfair comparisons being made. Additional
standardisation using populations who have similar impairments to the TG is recommended.

c) Assessment content: As aresult of differing life experiences and vocabulary development,
content may need to be adapted to suit groups who have disabilities.

d) Mode of presentation: Video clips may be more appropriate for assessing certain concepts,
such as those involving movement. Itis recommended that this approach is used more within
digital assessments.

e) Perseveration: One of the participants of this study exhibited behaviour that could be
regarded as perseveration. Further work is required to understand this phenomenon and

how assessments could be designed to avoid triggering this behaviour.
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10.8.2 Robotics-based systems

To achieve widespread adoption within special education environments, solutions need to be

affordable, reliable and easy to use, and well supported. The system described within this study,

whilst relatively affordable, is still complex and currently requires a high level of technical support.

It also had intermittent technical issues which made it unreliable at times. With these factors in

mind future directions for this area of work could include:

a)

b)

c)

d)

f)

Addressing the lack of suitable robots: In line with Cook et al. (2010) and Miguel Cruz et
al. (2017) itis recommended that low-cost purpose built robots are created for CYP who have
profound motor impairments. End-users, researchers and industry should work together to
address this situation.

Addressing the lack of accessible HRIs: Cook et al. (2010) also highlighted the lack of
accessible HRIs. This is especially true for many modern computer or tablet-b a s e d
controlled technologies which often use Bluetooth technology. Such apps are not accessible
to many who have disabilities as fine motor control is required. Furthermore, unlike infrared
signals, the radio frequency signals emitted cannot easily be captured and so AT IR learning
devices cannot be used. AAC software such as Grid 3 can be used to provide an accessible
interface, but often requires 6émiddl ewar e
the toy or robot and the interface, as was done in the present study. There is also the
additional cost of this software. Companies could open up their robot communication
protocols and work with stakeholders, researchers, Assistive Technologists and the open
source community to develop alternative access software which provides both the
accessibility features and the connectivity to mainstream robots required.

The dMakeréd movement: There are an increasing number of mass-market and hobbyist
robotic devices entering the market, some of which could be adapted, or interfaced with, via
AT. For those who are technically minded, Arduino-based robotics are particularly flexible in
terms of interfacing and are low-cost.

Communication pages: These could be combined with robot control pages to allow the PPs
to communicate whilst using the robot, as typically developing children do (Adams 2011).
This might also enable the participants to provide an indication of the workload demands they
are experiencing.

Use with other groups: Such systems could also be used with other groups such as those
who have spinal injuries.

Scale up: Experiences could be made to be more immersive and realistic, involving more
precise robotics and more realistic feeling haptic devices, however, this would raise the cost

and complexity of such systems.

10.8.3 The Intervention

a)

Other tasks: During this study, the LSAs who were involved suggested other ideas for using

the system, for example creating other stories using different resources.
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b) Examine awider range of concepts using tasks: Such asin front of, behind, above, below.

10.8.4 Haptics

Overall, the haptic device trials carried out with SPs, use of the haptic device with PPs during the
assessment and intervention stages, and feedback from LSAs, indicated that haptic feedback
provides a pr omi s CYPgvhohave dishbdities. dlapticiesdbacknmay be useful
where physical contact is not possible due to motor impairment. It is recommended that haptic

devices are used to reinforce contact experiences during assisted manipulation experiences.

The haptic prototypes developed during this study have a number of further future possible

applications:

a) Virtual Environments: Haptic devices could be used with virtual environments, combining
the benefits of affordable, easy to support virtual systems with a simulated physical
component.

b) Boundaries, collisions and guidance: When using robots, haptic feedback could be used
to alert the TG of scene boundariesor t o hel p them to 6feel d
them towards objects of interest.

c) Further trials: Trials could be carried out with groups similar to the TG in terms of motor
ability, but who also have verbal expressive communication, and/or typically developing CYP

to gather feedback and establish the value of the haptic devices.

10.9Conclusion

The TG face even greater restrictions on their life experiences than most who have disabilities.
This can impact upon their development and ability to experience and participate. This need not
be the case. Research and technological advances can provide new mechanisms which help to

provide this group with experiences that are available to their typically developing peers.
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AppendixA TG compari so@Ywith | CF

Description of the target group (TG)

The group of individuals or target group (6 T )Aaho are the focus of this research, consists of
cognitively able young people who have profound motor impairments. To provide a deeper
understanding of t he T GO6s di s ab icdmpared dere against éhe Internagional
Classification of Functioning, disability and health: Children and Youth version (ICF-CY) (World
Health Organization 2007).

Disability and the ICF-CY

Disability is a complex topic and a full discussion is beyond the scope of this study. The ICF-CY
(World Health Organization 2007) is very detailed but sections pertinent to this research will be
used here to illustrate the functional levels of the TG, together with examples of how these levels
may impact upon their development. This will help to build a profile of the TG and also

demonstrate some of the barriers that they face.

A.1 ICF-CY Section: BODY FUNCTIONS

Mental Functions

Al t hough members of t he T Gnclasev aziteri@ o ohe Méthodologg ni t i o |

chapter), some may have cognitive impairments:

1 The difficulties involved in assessing this group using standardised testing methods may
mean that some cognitive disabilities (and abilities) may go unnoticed.
1 Developmental delay may occur as a secondary effect resulting from restricted life

experiences.
Example Impacts

1 They could have undiagnosed cognitive disabilities relating to e.g. memory, intellect,
thinking.

It is likely that they will have gaps in their knowledge due to a lack of experience.
Executive functions (see Glossary) may be affected by a lack of experience.

They may have difficulties with perception through a lack of exposure to situations.

= =4 =4 =4

They may have underdeveloped receptive and expressive language.
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Sensory functions (and pain)
The TG may experience sensory stimuli differently. They may have:

9 Limited knowledge of the propertiesof object s t hr ough aohac&xpér bbaa

9 Altered sensation e.g. hypersensitivity / hyposensitivity.
Example Impacts

1 They may be unaware of differences in size, shape or colour.

1 They may not be able to process sensory input effectively.
Neuromusculoskeletal and movement-related functions
Those in the TG have severe physical limitations, comprising:

1 Severe motor control impairments involving all limbs. Any intentional movement may be
variable, slow and require huge effort.

1 Involuntary movement may be present.
Example Impacts

1 They are likely to be completely unable to manipulate objects without AT.
1  They will be unable to receive tactile feedback through intentional touch.

1 They may lack almost all physical control of their body.

A.2 ICF-CY Section: ACTIVITIES AND PARTICIPATION

Learning and applying knowledge

The TG individuals may have difficulties Al ear ni ng, applying the know

thinking, solving problems, and making deci sions

1 Conventional approaches to learning and applying knowledge may not be possible e.g.
expression using speech and language and physical activities such as writing.
1 A person's disabilities and a non-supporting environment may cause interruptions to their

education.
Example Impacts

1 They may have developmental delay.
1 There will be many interruptions to their education, including the need to attend

therapeutic sessions, hospital appointments etc.
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Communication
Those in the TG have communication impairments:

1 The TG may have difficulties with communication in all modalities, i.e. non-verbal
communication, verbal and written expression, auditory and written comprehension.
They may have some ability to vocalise. Communication impairments may result from
damage to the oromotor apparatus, cognition or both. They will be heavily reliant upon
communication partners or a Voice Output Communication Aid (VOCA). Their usual form
of communication involves eye-pointing using symbol-based systems, both low-tech
(Communication Book i see Glossary) and high tech (eye gaze systems), but they may
also have some literacy. Although they are unable to use sign language to express

themselves, it may be used by others to aid their understanding.

Example Impacts

T The TG may rarely have the opmdhratunist y htad ?a&s k
1 Conversation may be slow and involve the use of simple sentences often consisting only

of verbs and nouns.
Mobility
Members of the TG have mobility limitations:

1 They are wheelchair users, but are unable to propel themselves manually. Additionally,
they are unlikely to successfully access assistive technology alternatives such as
powered wheelchairs.

They are often unable to maintain a body position without proper support.

They may have little or no reliable intentional control over limbs, hands and digits.

Example Impacts

They are unable to crawl, walk or stand unaided.

They will have no means to explore or move closer to something in order to examine it

without AT.
1 With limited ability to support their trunk, limbs and head, they often need support

harnesses to keep them safe and in a good posture.

They are unable to manipulate objects without AT.

They cannot use touchscreen devices, a computer keyboard or mouse and are unlikely

to be able to use alternative conventional assistvet ec hnol ogi es such as 0
1  Without physical interaction, the TG will observe others doing an activity, but this may not

be the same as experiencing it first-hand.
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A.3 ICF-CY Section: ENVIRONMENTAL FACTORS

Products and Technology
The TG may face barriers resulting from the design of their environment:

1 They may be unable to interact physically with conventional environmental features such

as doors, electrical light switches, remote controls etc.
Example Impacts

1 Without adaptions, such as environmental control equipment, the individual will have little
or no control over, or interaction with, their environment. This will make them heavily

reliantuponcare-gi ver s, which may | ead to o0l earned

A.4 Additional background information about the TG

Medical and therapeutic needs

1 The TG require ongoing therapeutic treatment from a large team of health care
professionals including doctors, nurses, physiotherapists, occupational therapists and

speech and language therapists.

Care needs

1 The TG are heavily reliant upon caregivers for all aspects of personal care (e.g. toileting,

washing, and dressing) as well as the provision of nutrition and hydration.
Eating and drinking

1 The TG may receive nutrition and hydration by alternative means i.e. via a feeding tube

(non-orally).
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AppendixB Concepts

under i

The concepts under investigation during this study are shown in Table B.1. These span a range

of temporal, spatial and movement concepts and were focussed on within various stages of the

nNvest

intervention.
Table B.1 Concepts under investigation
Assessments fintervention|
2| &
4 3.
g z
- @
5si85| 8]E| £ |s
e o Example language used in sessions
Concept Concept type |Task group (by investigator or system)
Red ) ) Adjective Cubes Put the red cube in the box
Green ) Adjective Cubes No green cube was used
Blue ) ) Adjective Cubes Put the blue cube in the box
Yellow 5 5 Adjective Cubes Put the yellow cube in the box
Left . & Preposition Cubes,‘Directions & The tower is on the left
: : : : Scenarios
Moving left Verb + Cubes & Scenarios Moving left
: : > |Preposition
Right . g Preposition Cubes,‘Directions & The tower is on the right
> > > > Scenarios
Moving right Verb + Cubes & Scenarios Moving right
> > > |Preposition
Middle ) ) ) N Preposition Cubes & Directions Put the middle cube in the box
Up E N , |Preposition Directions & Scenarios Move up
Moving up Verb + Cubes & Scenarios Moving up
> : > |Preposition
Higher Preposition Directions & Scenarios You will need to move the gripper
higher/up
Above Preposition Directions & Scenarios The gripper is above the tower
Down E Preposition Directions & Scenarios Move down
Moving down Verb + Cubes & Scenarios Moving down
Preposition
Lower Preposition Directions & Scenarios You will need to move the gripper
lower/down
Under 5 Preposition Directions & Scenarios The tower is under the gripper
Forwards E Adverb Directions & Scenarios Move forwards
Moving forwards N Verb + adverb Directions & Scenarios Moving forwards
Backwards E Adverb Directions & Scenarios Move backwards
Moving Verb + adverb  |Directions & Scenarios Moving backwards
backwards
In front Preposition Directions & Scenarios T h e én fiorst of the gripper
Behind Preposition Directions The tower is behind the gripper
On Preposition Scenarios The <winning character> on the
<location>
In Preposition Cubes Put t he indheboxcube
Far apart Preposition Directions & Scenarios Too far apart/too far away
Near Preposition Directions & Scenarios The gripper is near the tower
Gripping Verb Cubes & Scenarios Gripping
Releasing Verb Cubes & Scenarios Releasing
Key

indicates the sections in which the concept occurs
L indicates that left and right were involved, but not verbally

E movement was involved
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AppendixC SP Tr  RalusdPHlysi cal

Assessment

Practice Answers

Participant’s Name: Date: Time:

With hands visible

Trial Number | Hand stimulated | Participant’s response | Correctly identified
1 Left Yes No
2 Right Yes No
3 None Yes No
4 Both Yes No

With hands hidden

Trial Number | Hand stimulated | Participant’s response | Correctly identified
1 Left Yes No
2 Right Yes No
3 None Yes No
4 Both Yes No
Figure C.1 SP Trials: Physical assessment form (Hands)
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[post assessment trial questi [for vEC staff

Name: Sassion date:

Time: w© GipigLstaff present:

1 Was the initial explanation of the assessment clear?
w0 wo O

Please give details of anything that you feel should b clarified or would improve the
Sxlastion:

2. Do you think the young people who are the focus of the research will understand the
explanation given to the membsr of staff who played the ‘Pupil role2

w0 wo O

17 No, please offer suggestions:

w

You haa any concerns abot tha assassment (i thera zny par thet you think young peopla
will find distrassing cr uncomfortable]?

w0 Ho O
I g5, plesse explain:

4. How did you find the ggt.yg of the equipment?

5. Do you have any further suggastians or Commants about how the sssessment could be
improved?

Thank you for for taking the time to answer these quastions

Wark Mossley

Figure C.2
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Table C.1

SP Trials: Physical Assessment T questionnaire (Answers)

Question 1
Group | SP Occupation Q1. Was the initial | Please give details of anything that you feel
No. No. explanation of the | should be clarified or would improve the
assessment clear? explanation:
14 SaLT Yes X No & < No answer given >
1 19 oT Yes X No 8 It just looked like there was quite a lot of
paperwork that researcher was trying to
negotiate
8 LSA Yes X No 8 The instructions were very clear and the brief
2 informative.
12 oT < Form not returned >
15 Teacher < Form not returned >
3 1 LSA Yes X No 3 Nothing. | thought the explanation was quite
clear.
Summary
Y: 4 N: 0 1  Too much paperwork.
1 Clear explanation.
Question 2
Group SP Occupation Q2. Do you think the young | If No, please offer suggestions:
No. No. people who are the focus of
the research will understand
the explanation given to the
member of staff who played
the O6Pupil 6 ro
14 SalLT Yes X No 8 Well explained, especially with updated
symbols, and use of Makaton to support the
1 symbols during their explanation
19 oT Yes X No 8 < No answer given >
8 LSA Yes X No 3 As mentioned after the assessment, visual clues
may also help when explainingt he déact
2 example, picture of both hands, left hand etc. so
the pupil will already have an understanding of
what they are to look out for on the E-tran.
12 oT < Form not returned >
15 Teacher < Form not returned >
3 1 LSA Yes X No 8 < No answer given >
Summary
Y: 4 N: 0 1  Good explanation.
1 Use symbol cards and Makaton sign
language
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Question 3

Group SP Occupation | Q3. Do you have any concerns | If Yes, please explain:
No. No. about the assessment (is there

any part that you think young

people will find distressing or

uncomfortable)?

14 SalLT Yes X No 8 | think some students may find something
happening which is hidden from them a little
strange or worrying initially, but every effort is
being made to reassure them and explain, with
the trials first being done in their sight.

1 Staff also are being asked to monitor for any
signs of distress or anxiety.
I dondét have concerns
it is not appropriate, but need to be responsive
to the studefmeeded. r eact

19 oT Yes & No X < No answer given >

) 8 LSA Yes 3 No x < No answer given >
12 oT < Form not returned >
15 Teacher < Form not returned >
3 1 LSA Yes 3 No X Although. Shorter groups of questions with
students who need assistance keeping hands
still would be good.
Summary
Y: 1 N: 3 1 Be aware of needs of PPs.
1 Help with keeping hands still.
9 Shorter groups of questions
Question 4
Group SP Occupation Q4. How did you find the setup of the equipment?
No. No.
14 SalLT Fine i all practical / safe / ethical and with familiarity with the routine should
1 work smoothly
19 oT Communication aids may need to be positioned closer for visual impairment
8 LSA The set up was clear, and Mark explained that a longer pole was in the process
2 of being made which would be more practical.
12 oT < Form not returned >
15 Teacher < Form not returned >
3 1 LSA Frame used for curtain may get tangled in wheelchair wheels 1 not sure what
else could be used.
Summary
| 1 Address issues with pole
Question 5
Group SP Occupation Q5. Do you have any further suggestions or comments about how the
No. No. assessment could be improved?
1 14 SalT No!
19 oT It may need to be done in 2 stages because of fatigue
2 8 LSA < No answer given >
12 oT < Form not returned >
3 15 Teacher < Form not returned >
1 LSA None.
Summary

| 1  Splitinto 2 stages to allow for fatigue
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and symbol s

frame

AppendixD E-t r an

E-tran frame with the symbols used for (some of) the physical touch

Figure D.1
assessments

For an explanation of E-tran frames please see:
http://www.communicationmatters.org.uk/page/e-tran-frames

None

right hand both hands

left hand

The symbol cards used in the 'Physical' assessments

Figure D.2
BoardMaker PCS symbols (Tobii Dynavox LLC 2018a)
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AppendixE SP Tri al s-HRptuind 1
prototypes

Feedback form ~ Haptic devices 3 Positives.
Negath
Name:

NNNNNNNN

mmmmmmmm

ssssssss

Your Preferred 3:

aaaaaaaaa

uuuuuuuu

‘‘‘‘‘‘‘‘‘

Figure E.1 SP Trials: Haptic prototypes - feedback form
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Table E.1

SP Trials: Collated answers from feedback forms

Prototype | Group SP Occupation/ Positives Negatives Comments Suitable for
No. No. Job role
1 14 SalLT Easy to attach/remove Less powerful than 2. ¥ n o ii soeld be positive or negative Those able to open fingers.
Not flexible so less comfortable (increased multisensory feedback or a
1 Most info. seems to be in palm i not distraction)
fingers/wrist.
19 oT Easy to attach Less vibration through hand. Rubberised ball gives greater vibration Most students except for those
Simple design More localised in ball sensation & is more effective. listed below (see device 2).
Potential limited finger involvement if May need additional straps
unable to grip the ball.
Candt wi(wauldcebdecareplace
ball).
2 8 LSA Stays secure in palm of hand. Difficult to use with students who have < Nothing entered > < Nothing entered >
clenched fists.
Rough feel. Noisy
12 oT Can be attached to palm + any Doesndt feel as s ec| <Nothing entered > < Nothing entered >
fluctuating tone d Lessfeedbackwhenremoving fingers,
feels like a weaker sensation in palm.
3 15 Teacher If you can wrap your hand around the | Wires. Ball is quite hard. Hand stayed Afuzzyo Students who are older & able to
ball & get a fAwhol after taking it off. close hand (i.e. to wrap around
ball),
1 LSA Whole hand feeling Ball too large. < Nothing entered > Good for good hand control
Not good with involuntary
movement
Summary

Easy to attach/remove.
Whole hand feeling possible.
Fits in palm.

Less powerful/vibration.

Hygiene issues

Rough/hard feel.

May be too large, not appropriate for
those who have clenched hands

The noise (from the vibration) may be a
positive or a negative depending on the
wearer/user.

Residual effect

Good for those who have open
fingers and are able to close hand
around.

Not so good for involuntary
movement.
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Prototype | Group | SP Occupation/ | Positives Negatives Comments Suitable for
No. No. | Job role
14 SalLT Easy to attach/remove, comfortable. May impact on palm only or Could vary size of ball Students with poor hand control but able
Size impacts on larger portion of palm + fingers or intermittent for young children. to open fingers. Those with
2. hands/fingers. Sensation affects large Definite vibration on/off athetoid/unintentional movements.
area of hand. sensation
1 19 oT Easy to attach to hand & acceptable to May not receive adequate I like the simplicity of this | Most students except those with fixed
student. Effective vibration sense. sensation with fingers one. Very acceptable for | deformity/contractures or sensory
Can wipe clean potentially not involved if student to hold a ball defensiveness.
student unable to position in May need additional
grip straps
8 LSA Comfortable to hold. Difficult to get into clenched < Nothing entered > < Nothing entered >
5 Easier to grip. Quiet fists
Stronger sensation

12 oT More comfortable than previous one. < Nothing entered > < Nothing entered > Students with variable tone.

15 Teacher Squishy ball i more comfortable. Depends if student likes a Made my wedding ring Students who have a tendency to have
deeper sensation. More vibrate too. More more involuntary movements. Students
intense. intense. who need a deeper sensation.

3 More comfortable.
1 LSA Feels stronger i feel right to end of Very aware of fixings. < Nothing entered > Better for involuntary movement as
fingers easier to squash.
Feels o6nicerd squi Felt in scar tissue i possibly check if
students have any injuries.
Summary

Easy to attach/remove.
Stronger/larger area of sensation.
Comfortable/nice feel/squishy.
Good/easier grip.

Quieter.

Good hygiene - wipe clean.

Sensation may go mainly to
palm not fingers.

Difficult for those who have
clenched hands.

Strong sensation.

Aware of fixings.

Could use different sized
balls.

Simple

Clearly defined on/off.
More intense.

Flexibility allows for involuntary
movement/variable tone.

Those who need a deeper sensation.
Be careful with scar tissue (from
injuries/operations etc.)
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Prototype | Group | SP | Occupation/ | Positives Negatives Comments Suitable for
No. No. | Job role
3. 14 SalLT Cosy! Hygiene? As 4 As 4
Flexible. Noisy (but could be +ve) Main sensation in fingers when
1 Strong sensation. wrapped around it, then in palm
19 oT Nice texture i softi student may/or may not like. Less vibration -? Dampened | As 4 As 4
Easy to apply. by soft fleece material.
8 LSA Good shape to get into fingers. Less of a sensation < Nothing entered > < Nothing
entered >
2 12 oT Good for students that have tight hands or have better Tickles a little. < Nothing entered > < Nothing
movements at finger joints + tend to grip more with fingers entered >
then palm.
15 Teacher Soft to hold and comfy in hand. Very | ocal i s ed <Nothingentered > < Nothing
Could be resisg entered >
3 texture.
1 LSA Nice fluffy feeling Stronger pulse T possibly < Nothing entered > < Nothing
too much entered >
Summary

Nice texturefflexible.
Easy to fit
Good for those who have tight hands.

Hygiene issues
Less sensation, but stronger

for one SP

Sensation mostly in fingers.

234




Prototype | Group | SP | Occupation/ | Positives Negatives Comments Suitable for
No. No. | Job role
4. 14 SalLT Variable vibration sensation | Less easy to attach/remove May need assistance to Those who could only open
when squeezed (inverse of Hygiene? attach/remove to avoid hurting fingers a little.
what youdd exg Noisy(butcould be +ve) studentsdé fingers
fingers.
19 oT Easy to apply Vibration only felt through fingers and not | May need strapping to maintain Many students
1 Able to vary the sensation i much through hand i may not be position in hand. Not suitable for those with
loosen grip = greater effective for those with reduced reduced sensation which can
vibration. sensation. be more evident in fingers.
Sound feedback + this can
also be varied by grip
strength
8 LSA Moulds to a comfortable grip | Changes frequency of sensation through < Nothing entered > < Nothing entered >
5 grip.
12 oT < Nothing entered > When not grippi ng i t <Nothingentered> < Nothing entered >
than gripping really tight.
15 Teacher Good to hold and better to May not like the texture of foam. Very intense on fingers if solely in Students with minimal grasp.
3 hold. that position.
1 LSA Nice to hold i easy to grip. Stronger sensation i almost unpleasant < Nothing entered > Strong grip or some hand
movement.
Summary

Inverse vibration i vibrates
less when squeezed?
Easy to apply.

Feels nice.

Good grip.

Less easy to attach/detach.
Hygiene issues

Noisy.

Sensation mainly in fingers.
Variable sensation

Strapping needed to maintain
position.
Intense on fingers.

Tight hands
Minimal grasp/strong grip
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Prototype | Group | SP | Occupation/ | Positives Negatives Comments Suitable for
No. No. | Job role
14 SalLT Good sensation over whole Less flexible If hand posture could be achieved | Requires open hand posture
hand/fingers. Less easy to attach gives regular sensation across
Increased sensation + change in tone whole hand
when squeezed
1 19 oT Easy to hold Devi ce does ndt Maybe harderto apply to hand Students with resting hand posture
More whole hand sensation. secure and moves about. with spasticity without tone or spasticity or
Vibration can vary with hand Thumb potentially not contractures.
movement giving more feedback. involved.
Sound feedback too.
8 LSA Quiet Doesndt f eel 4§ <Nothingentered > < Nothing entered >
5 12 oT < Nothing entered > Relies on a student being < Nothing entered > < Nothing entered >
able to get into a flat hand
position.
15 Teacher Whole hand experience Didndét | i ke it Feltitinback of hand. Students with open palm.
much fAsensory Need a lot of support.
3 1 LSA Whole hand experience Straps need to be tight < Nothing entered > Better hand control i hand needs to

Feeling into back of hand through

Holes needs fixing in

be flatter i different sensation when

straps. middle. clenched.
Summary
Whole hand sensation. Less flexible. Harder to attach to non-flat/open Requires open/flatter hand.
Variable sensation depending on grip. | Not so secure. hands.
Quiet. Needs an 6operi

Some transference.

Might be too much for some

236




Prototype | Group | SP | Occupation/ | Positives Negatives Comments Suitable for
No. No. | Job role
6. 14 SalLT Easy to clean Hard to get contact Feels bit awkward but if right Open hand posture/athetoid movement
Allows free movement of hand. with skin if not able to shape/flexible texture could be
move good.
1 Bit hot/sweaty! i not
so comfortable
19 oT Continuous vibration sense with Slips around a bit May need additional strapping Students with flexibility & good range of movement
hand in all positions including not that secure & extra weight to get better as would be unable to apply and get skin contact
fingers curling into tight grip. contact with hand. for those with contracted hand position.
8 LSA All over sensation. < Nothing entered > < Nothing entered > < Nothing entered >
Nice to grip,
Good for students sensitive to
2 vibration. Quiet
12 oT Can forget itods Might be harder to get | < Nothing entered > < Nothing entered >
Less o6tickl yd as|ontoahandwithhigh
tone.
15 Teacher More tolerable. Good material to | Needed to put ball in Need to be shaped to get < Nothing entered >
move. centre to get the sensors in the correct position.
3 sensation.
1 LSA All over hand Too strong for me i < Nothing entered > Flatter hands i good control.

picked up alot in scar
tissue.

Summary

Good hygiene - easy to clean.
Allows free hand movement.
Even sensation.

Quiet

Flexible material.

All over hand sensation.

Poor contact with skin.

Can be hot/sweaty.
Poor sensation 1
putting a ball in the
middle helped.

Too strong.

Needs to be shaped better.

Openl/flatter hands.
Involuntary movement.
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Prototype | Group | SP | Occupation/ | Positives Negatives Comments Suitable for
No. No. | Job role
14 SalLT Allows freedom of Slightly more fiddly to attach. < Nothing entered > Nearly all i anyone who was able
movement. Less finger sensation i mostly palm. to open hand enough to attach it
Unobtrusive. No variation in feedback when gripped
Most natural feeling so
far!
Positive sensation i
1 strong
19 oT Increased hand No finger involvement | feel the sensory feedback is much Nearly all students.
freedom. greater & more obvious with this device.
Much greater vibration
sense
Easy to apply
Secure fit.
8 LSA Majority of student < Nothing entered > < Nothing entered > < Nothing entered >
2 would easily use this.
12 oT Less invasive. Easy to < Nothing entered > < Nothing entered > < Nothing entered >
put on.
15 Teacher Strong sensation in No sensation on fingertips Could change the sensation so that you < Nothing entered >
palm. Difficult to put onto a student. can channel feeling into finger.
3 1 LSA Small + easy to hold < Nothing entered > < Nothing entered > < Nothing entered >

Very localised vibration
(Pos + neg)

Summary

Allows freedom of
movement.
Natural feeling
Easy to apply/fit.
Secure fit

Strong sensation
Small

May be more difficult to attach.
Little/no finger sensation.

Greater/more obvious sensory
feedback.

Nearly all students.
Anyone with hands that can open
enough to attach it.
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Prototype | Group | SP | Occupation/ | Positives Negatives Comments Suitable for
No. No. | Job role
8. 14 SalLT Easy to get on/off Duller i less direct sensation Less transfer of sensation than no. 9 Those able to move
Direct sensation to fingers Less secure on your finger fingers/open hands
which made me move less i to
1 stop it coming off
19 oT Easy to fit & feels secure May be difficult to apply to Looks appealing and fun colours. Could Those with good range of
Obvious vibration sense unusual hand posture add characters to Velcro straps to appeal movement in thumb and
Comfortable to younger students. index finger.
8 LSA Strong sensation < Nothing entered > < Nothing entered > < Nothing entered >
5 Soft material
12 oT Intense vibration easy to pick up. More fussy to put on < Nothing entered > < Nothing entered >
Might not stay in place.
15 Teacher Very powerful < Nothing entered > Cold sensation afterwards!!! Students who need fine
prescriptive sensation.
3 1 LSA Love the idea of having fingertip < Nothing entered > < Nothing entered > Students with good hand
sensation but far too intense needs control
to be much less
Summary

Easy to attach / detach. Secure.
Comfortable, soft material

Direct / obvious / strong / intense /
powerful sensation.

Too intense for SP1.

Duller sensation
Less secure.
May be difficult to attach

Appealing/fun appearance. Could be
customised for younger students.
Residual sensation (cold)

Those with control of hands
and digits.
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Prototype | Group | SP Occupation/ | Positives Negatives Comments Suitable for
No. No. | Jobrole
9. 14 SalLT Intense/direct delivery of the sensation. | Fiddly (possibly) to apply, Good/positive sensation Person with mobility in fingers,
Transfer of sensation to rest of the although actually easier able to open hand.
hand. Very 6obvi ol thanitlooked NOTE: Only used finger and
Allows movement thumb version
19 oT Easy to apply to relaxed hand position. | Would be difficult to apply The sensory feedback is very clear & Sensory seeking students who
1 The most vibration sense i direct to more unusual hand obvious. benefit from increased
contact with skin. Felt throughout posture or increased tone May be too much for some students vibration sense.
hand. Good contact. Less secure with hypersensitivity/sensory Students with reasonable
defensiveness range of movement in thumb &
index finger.
NOTE: Only used finger and
thumb version
8 LSA Feel sensation in all fingers and clearly | May be difficult to put on < Nothing entered > More able students
defined. and keep on some students
5 Easily adjustable
12 oT Felt secure + in the right place, + whole | Mi ght be o6f af | <Nothingentered > < Nothing entered >
hand feedback not just one place in
hand
15 Teacher Better sensation throughout the whole Perhaps a bit tricky to get The best one for the task as a genuine | Students who have good
finger. on. feeling personalised to each finger. finger dexterity.
3 Quickly adjustable.
1 LSA Both fingers stimulated i better than Strong feeling i maybe too < Nothing entered > < Nothing entered >
singular. strong.
Summary

Intense/direct sensation
Transferred to rest of the hand.
Allows movement.

Good contact/secure
Adjustable

May be difficult to attach
and keep on.

Less secure.

Strong sensation

Strong/clear sensation.
Might be too much for some.
Personalised to each finger.

Good mobility/dexterity in
fingers.

Sensory seeking students who
need stronger sensation.

More able students.
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AppendixF SP Tri al s: Haptainc prototyp

[Physical Touch or Haptic Feedback (Hands) Assessment Answers
Participant’s Mame: Physical touch / Haptic feedback
Date: Time: Baseline / Qutcome

Trial Number | Hand stimulated | Participant’s response | Correctly identified
1 Left Yes No
2 Right Yes No
3 Right Yes No
4 Left Yes No
5 None Yes No
6 Right Yes No
7 Both Yes No
3 None Yes No
9 Left Yes No
10 Both Yes No
11 Left Yes No
None Yes No
13 Both Yes No
14 Right Yes No
15 None Yes No
16 Both Yes No
17 None Yes No
18 Left Yes No
19 Both Yes No
20 Right Yes No
Figure F.1 SP Trials: Form for trials with haptic prototype 7 (hands)
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Actual Assessment Answers

Participant’'s Name: Date: Time:

Participant’s hand:

Trial Number | Hand | Digit Participant’s response | Correctly identified
1 Left [ Thumb Yes No
2 Right | Liitle Yes No
3 Right | Ring Yes No
1 Left | None Yes No
5 Mone | Middle Yes No
6 Right | Index/Forefinger Yes No
7 Both | Middle Yes No
8 Mone | Index/Forefingar Yes No
9 Left [ Thumb Yes No
10 Both | None Yes No
11 Left | Little Yes No
12 Mone | Ring Yes No
13 Both | Ring Yes No
14 Right | Little Yes No
15 Mone | Thumb Yes No
16 Both | None Yes No
17 Mone | Middle Yes No
18 Left | Index/Forefinger Yes No
Figure F.2 SP Trials: Form for trials with haptic prototype 9 (fingers)
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Haptic prototypes 7 and 9 trials (Results)

Table F.1 shows the results of the SP trials of haptic prototype 7. Table F.2 shows the results of the

SP trials of haptic prototype 9.

Prototype 7 was designed to send a haptic sensation predominantly to the palm of the hand. Trials
were to determine if the wearer could discriminate between the sensation being sent to one hand,
neither hand, or both hands. A total of 20 trials were carried out with each SP (see Figure F.1). This
involved 5 sets of 4 of each of: 1). left hand only, 2). right hand only, 3). both hands, 4). neither hand.

Prototype 9 was designed to send haptic sensations to the front of the tips of individual digits. Trials
involved only the SPs dominant hand and sensations were delivered to one or none of their five digits
(see Figure F.2). A total of 18 trials were carried out with each SP. This involved three sets of six of

each of: 1). thumb only, 2). index/forefinger only, 3). middle finger only, 4). ring finger only, 5). little

finger only, 6). no digit.

Table F.1 Results of haptic detection trials (Prototype 7)
SP Scores
SP | SPHandedness |Pr ot ot ype
No. | (Dominant hand) | (both hands used)
14 | Right 20/20
19 | Right 20/20
8 Left 20/20
12 | Right 20/20
15 | Right 20/20
1 Right 20/20
Table F.2 Results of haptic detection trials (Prototype 9)
SP Scores
SP | SPHandedness |Pr ot ot ype
No. | (Dominant hand) | (Single hand only)
14 | Right N/A
19 | Right N/A
8 Left 18/18 | Left hand
12 | Right 18/18 | Right hand
15 | Right 18/18 | Right hand
1 Right 18/18 | Right hand
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AppendixG SP Tri al s-HRptuind @Rrototype 7

Vibration motor spin speeds and start/stop behaviours

Table G.1 SP Trials: Haptic vibration motor spin speeds and spin up and spin down / start / stop behaviours
Date Time SP Occupation Dominant Left hand Right hand Speed
No. hand Preferred Preferred Preferred Preferred On Off
sensation speed sensation speed
behaviour behaviour
23/03/17 15:00 14 SalLT Right 2 (Definitely) 175 2 175 000 000
175 000
23/03/17 15:00 17 Teacher Left 1 175 2 150 000 175
175 000
23/03/17 15:30 19 Teacher Right 1 175 1 175 000 175
175 000
23/03/17 15:30 7 SalLT Left 2 175 2 175 000 000
175 000
23/03/17 15:30 8 LSA Left 1 255 (Pupil 175) | 1 175 000 255
255 000
24/03/17 10:00 27 Physiotherapist Right 1 150 1 255 000 255
255 000
24/03/17 11:00 1 LSA Right 3 175 3 100 100 000
100 000
24/03/17 11:00 6 Teacher Right 2 150 2 175 000 000
150 000
Totals N=8 1 (Fade in, fade 150=2 1 (Fade in, fade 100=1
Right =5 out) =4 175=5 out) =3 150=1
Left=3 2 (Fade in, 255=1 2 (Fade in, 175=5
immediate stop) = immediate stop) = | 255=1
3 4
3 (Immediate start 3 (Immediate start
and stop) =1 and stop) =1
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Round 27 Session 11 Haptic prototype 7 only

SP Questionnaire (Form)

Haptic feadback device — Feedback form

Mame: Date & Time: Code:

How did the sensation feel?

How was the fit of the haptic device?

Do you think that it will be suitable for the Target Group that the researcher described?

Other comments:

Thank you
Mark

Figure G.1 SP Trials: Haptic prototype 7 - questionnaire
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Round 21 Session 17 Haptic prototype 7 only: SP Questionnaire (Answers)

Table G.2

SP Trials: Haptic prototype 7 questionnaire (Answers)

Question 1. How did the sensation feel?

Group | SP Occupation Question
No. No. How did the sensation feel?
14 SalLT Rampingwasgoodi had no sense of fAshockodo d
this will inhibit startle response. Comfortable. Definite + defined, but not too
1 intense. Focussed my attention on my hand.
17 Teacher Buzzing/fizzy( Di dndét | ove the buzzy feelinrn
(Slightly tickled).
19 Teacher Rather like holding an electronic fan
Slightly tickly, not unpleasant
) Rat h éiral afadmig 6
7 SalLT Sensation was comfortable and remained even when it had ended.
8 LSA Comfortable, fade in fade out sensation prepared me for what was coming
and didndét startl e me.
3 27 Physiotherapist Comfortable but more irritating as the motor speed increased. Too slow
didndédt create enough feedback.
1 LSA Relaxed and interesting.
6 Teacher A bit buzzy but OK.
4 Preferred the slower speed i b u t | dondt | ike buziy
toothbrushes yuk)
Lots of students love vibrations.
Summary
1  Some liked fade in, fade out/ramping sensation
1 Focussed attention on hand
T Some didndét | i ke the vibration, t{
1 One SP experienced residual sensation
1  Lots of students like vibration
Question 2. How was the fit of the haptic device?
Group | SP Occupation Question
No. No. How was the fit of the haptic device?
14 SalLT Comfortable
1 | was concerned that the sensation of the Velcro strap would be a distraction,
but once the haptic feedback starte
17 Teacher Good/comfortable
19 Teacher Snug + comfortable
2 7 SalLT Comfortable. Fits nicely in the palm of hand + cable was unobtrusive.
8 LSA Devi ce again felt comfortabl e and
movement.
3 27 Physiotherapist Comfortable at the base of the thumb
Sitting in the palm.
1 LSA Fitted well after adjustment. Felt comfortable after time to get used to it.
4 6 Teacher Felt a bit tight initially, preferred it looser.
Wires a bit annoying
Summary
1 Most found it a good and comfortable fit
1 Di dmedirict hand movement

246



Question 3. Do you think that it will be suitable for the Target Group that the researcher

described?
Group SP Occupation Question
No. No. Do you think that it will be suitable for the Target Group that the researcher
described?
1 14 SalLT Yes
17 Teacher Yes, strength of buzz will need to vary?
19 Teacher Probabl vy, but may need to be made ¢
5 7 SalT Yes i they may need some support to get used to the fit + sensation
8 LSA Yes, should be easy to attach.
| think the fade in, fade out sensation would be most suitable.
3 27 Physiotherapist Yes i position may need checking during longer periods of use as the thumb
may adduct (move inwards) epam t ake
1 LSA Yes, with attention to fit (tightness)
Remember to have wires tucked away.
4 . :
More Velcro cross over to avoid being able to knock off.
6 Teacher Yes
Summary
1 Most thought it suitable for the TG
1  Easyto attach
Question 4. Other comments
Group SP Occupation Question
No. No. Other comments:
14 SalLT iStrongero seemed to be actually s
1 The slower vibration was more wobbly + felt less stable/regular.
17 Teacher < Nothing entered >
19 Teacher < Nothing entered >
2 7 SalLT < Nothing entered >
8 LSA < Nothing entered >
3 | 27 | Physiotherapist Post use stimulation may indicate sensitivity to device.
4 1 LSA None.
6 Teacher - Fingerless mesh gloves?
Summary

1 Stronger sensation was smoother
1  Some may be sensitive to device
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AppendixH NASALX

Source: https://humansystems.arc.nasa.gov/groups/TLX/downloads/TLXScale.pdf

( For m)

Figure 8.6
NASA Task Load Index

Hart and Staveland’s NASA Task Load Index (TLX) method assesses
work load on five 7-point scales. Increments of high, medium and low
estimates for each point result in 21 gradations on the scales.

Name Task Date

Mental Demand How mentally demanding was the task?

Very Low Very High

Physical Demand How physically demanding was the task?

Very Low Very High
Temporal Demand How hurried or rushed was the pace of the task?
NN
Very Low Very High
Performance How successful were you in accomplishing what

you were asked to do?

Perfect Failure

Effort How hard did you have to work to accomplish
your level of performance?

Very Low Very High

Frustration How insecure, discouraged, imitated, stressed,
and annoyed wereyou?

Very Low Very High

* Paper and pencil version

NASA-TLX (National Aeronautics and Space Administration (NASA) 2019) is a subjective rating

scal

e

of

perceived workl oad. I't cont ai

ns

t he

component which allows subjects to attach greater importance to particular subscales, depending

upon which they considered contributed most to the task workload.

Only the ratings scale was used in this study. The weightings element was omitted, as the

intention was to identify which subscales had the highest ratings rather than the relative

importance of the subscales themselves and to simplify the evaluation process.
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Appendixl SP Tr IN&AISL:L X s cioAlds

task groups

6 Cu b ©eedNASA-TLX form was completed for the whole stage. Average of all SP scores.

Table 1.1 SP Trials: 'Cubes' - NASA-TLX Scores i All SPs 1 Arithmetic mean
Q. Sub-scale Range Arithmetic mean
(n=6)
1 Mental Demand 0= Very Low 27
100 = Very High | [
2 Physical Demand 0= Very Low 17
100 = Very High | [
3 Temporal Demand 0 = Very Low 15
100 = Very High | ||
4 Performance 0 = Perfect 19
100 = Failure I-
5 Effort 0= Very Low 18
100 = Very High -
6 Frustration 0 = Very Low 15
100 = Very High I-

6 Di r ec OnedNASATLX form was completed for each task. Averaged by task number.

Table 1.2 SP Tri al s:-NASATLXScdres oAl SBs i Arithmetic mean
Challenges (Arithmetic mean)
(n=7)
1 2 3 4 5
Q. Subscale Range
5 |27 3% [ SR g
=] z 2 x == R = S —~ | Averaged
2| 58| 532 | 92| 52
0 = Very Low 28
1 | Mental Demand 34 16 31 24 34
100 = Very High -
0= Very Low 19
2 | Physical Demand 30 15 19 16 17
100 = Very High I-
0 = Very Low 14
3 | Temporal Demand 14 13 13 15 13
100 = Very High I-
0 = Perfect 18
4 | Performance 19 18 21 11 19
100 = Failure -
0= Very Low 31
5 | Effort 39 25 33 26 33
100 = Very High .-
0= Very Low 20
6 | Frustration 15 26 24 16 18
100 = Very High I-

5 tasks, each carried out by seven SPs: 17, 8,7, 19, 27,1, 6
Scores averaged by task and subscale

Example: Task 1 (Left/Right), Mental demand = 7 subscales added together (1 for each SP) / 7
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0 S c e n a Orie BIASA-TLX form was completed for the whole stage. Average of all SP scores.

Table 1.3 SP Tri al s:-NASAeTEXSzares o All &Ps 1 Arithmetic mean
Q. | Sub-scale Range Arithmetic mean
(n=7)

1 | Mental Demand 0 = Very Low 59
100 = Very High | I
2 | Physical Demand | 0 =Very Low 30
100 = Very High | [N
3 | Temporal Demand | 0 = Very Low 29
100 = Very High | NG

4 | Performance 0 = Perfect 17
100 = Failure | [N
5 | Effort 0 =Very Low 56
100 = Very High | I
6 | Frustration 0 =Very Low 32

100 = Very High | IGN
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AppendixJ System Usability Scal e

Source: Brooke (1996)

System Usability Scale

& Digital Equipment Corporation, 1986.

Strongly Strongly
disagree agree

1.1 think that | would like to | ] | [ | |
use this system frequently 1 ;

2. | found the system unnecessarly
complex | | | | | |

3. | thought the system was easy
[ T T T |

4. | think that | would need the | | | | | |
support of a technical person to
be able to use this system 1 2 3 4 3

5. | found the varous functions in | | | | | |
this system were well integrated 1 2 3 4 3

6. | thought there was too much | | | | | |
inconsistency in this system 1 3 3 s !

7. | would imagine that most people | | | | | |
would learn to use this system 1 2 E ] E
very quickly

8. | found the system very
cumbarsome to use

9. | felt very confident using the 1
system

10. | needed to leam a lot of 1 2 3 4 3
things before | could get going
with this system
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AppendixK SP Tri al s
(SUS)

6Cubesbd:

Table K.1

siadried ask

groups

SP Trials: 'Cubes' - Individual SUS Scores

SP | SUS score
No. | (Out of 100)
14
17 [l 525
[ PE
N 55
19 [ 65
27
1 [ g7 s
6 |5

Number of SPs who attempted the task = 6. Arithmetic mean = 79 (A higher SUS score is

preferable i.e. closer to 100)

Table K.2 SP Trials: 'Cubes' - Collated SUS results
Question Comments
1. | think that | would like to use this | A spread of answers. This is perhaps an inappropriately
system frequently phrased question for the SPs as they have no need to use
such a system. It may have been better to have rephrased
the question with the emphasis on the TG
2. I found the system unnecessarily | Bl /6 Answered towards the 'Strongly disagree’ end of the
complex scale
3. I thought the system was easy to | BN 4/6 Answered ‘Strongly agree’
use SP17 answered 'Strongly disagree’ which was in conflict
with their answer to Feedback form Q3. 'Did you experience
any difficulties or things |1
which was 'No i it seemed straight forward'
4. I think that | would need the BN 4/6 Answered towards the 'Strongly disagree’ end of the
support of a technical person to scale
be able to use this system
5. | 1found the various functions in | I 4/6 Answered towards the ‘Strongly agree' end of the
this system were well integrated scale
6. | I'thought there was too much B 5/6 Answered towards the 'Strongly disagree’ end of the
inconsistency in this system scale
7. I would imagine that most people | [ 6/6 Answered ‘Strongly agree’
would learn to use this system
very quickly
8. | I'found the system very B 5/6 Answered towards the 'Strongly disagree’ end of the
cumbersome to use scale
9. | felt very confident using the B 5/6 Answered towards the 'Strongly agree' end of the
system scale
10. | I'needed to learn a lot of things B 6/6 Answered towards the 'Strongly disagree' end of the
before | could get going with this | ¢ gje
system
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6Directionsbo:
Table K.3 SP Trials: 6 Di r e e $US oesulisod
SP | SUS score
No. | (Out of 100)
14 -—
17 [ 925
-I 77.5
- 70
19 N5
27 - 55

1

85

!

57.5

Number of SPs who attempted the task = 7. Arithmetic mean = 71 (A higher SUS score is

preferable i.e. closer to 100)

Table K.4 SP Tri al s:-S0®resultsicdandlysisby question

Question Comments

1. | think that | would like to use this | A spread of answers. This is perhaps an inappropriately
system frequently phrased question for the SPs as they have no need to use

such a system. It may have been better to have rephrased
the question with the emphasis on the TG

2. I found the system unnecessarily | B 7/7 answered towards the 'Strongly disagree’ end of the
complex scale

3. I thought the system was easy to | I 6/7 answered towards the 'Strongly agree' end of the
use scale

4. | think that | would need the | The scores were mixed. This is perhaps attributable to the
support of a technical person to | technical issues which sometimes occurred during trials
be able to use this system

S. | found the various functions in | I 5/7 answered towards the 'Strongly agree' end of the
this system were well integrated scale

6. | | thought there was too much BN 5/7 answered towards the 'Strongly disagree' end of the
inconsistency in this system scale

7. I would imagine that most people B ¢/7 answered towards the 'Strongly agree' end of the
would learn to use this system | ¢ 5o
very quickly

8. I found the system very | BB 6/7 answered towards the 'Strongly disagree’ end of the
cumbersome to use scale

9. |1 felt very confident using the | Il 5/7 answered towards the 'Strongly agree' end of the
system scale

10. | I needed to learn a lot of things | M 6/7 answered towards the 'Strongly disagree’ end of the
before | could get going with this | ¢.gje
system
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6Scenari osb:
Table K.5 SP Trials:-SUSreselisar i os 6
SP | SUS score
No. | (Out of 100)
14 ---
17 - 90
- 85
-. 62.5
19 - 65
27 | M 52 5

1

80
47.5

!

Number of SPs who completed task = 7. Arithmetic mean of scores = 72 (A higher SUS score is

preferable i.e. closer to 100).

Table K.6 SP Tri al s: -StSresealts iaagollatedshd question

Question Comments

1. | think that | would like to use this | A spread of answers. This is perhaps an inappropriately
system frequently phrased question for the SPs as they have no need to use

such a system. It may have been better to have rephrased
the question with the emphasis on the TG

2. [ Tfound the system unnecessarily | [l 5/7 Answered towards the 'Strongly disagree' end of the
complex scale

3. I thought the system was easy to | [l 5/7 Answered towards the 'Strongly agree' end of the
use scale

4. | think that | would need the | Ambiguity in question - is technical support for set up, or for
support of a technical person to | them to use the system?
be able to use this system

5. | found the various functions in B 6/7 Answered towards the 'Strongly agree’ end of the
this system were well integrated scale

6. | | thought there was too much BN 4/7 Answered towards the 'Strongly disagree' end of
inconsistency in this system the scale - technical issues?

7. I would imagine that most people B 5/7 Answered towards the 'Strongly agree' end of the
would learn to use this system | .51
very quickly

8. |1 found the system very | Il 5/7 Answered towards the ‘Strongly disagree end of the
cumbersome to use scale

9. I felt very confident using the | Il 5/7 Answered towards the 'Strongly agree' end of the
system scale

10. | I needed to learn a lot of things | MM 6/7 Answered towards the 'Strongly disagree’ end of the
before | could get going with this | ¢.gje
system
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AppendixL SP Trlimatservention task g

SPQuestionnaires

Round 2 - Session2-6 Cubesdé (For m)

Eick up cube (One stage onlyl — Feedback form

Name: Date & Time: Code:

Did you find that the hand-based haptic device added to the experience or was it distracting?

Do you think that accompanying the robotic arm's movement with speech synthesis would help or
hinder the experience" .g. "moving forwards", "moving left" etc"?

Did you experience any difficultizs or things that didn’t make sense toyou?

Other suggestions or comments;

Thank you
Mark

Figure L.1 SP Trials: Intervention - 'Cubes' - questionnaire
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Round 2 - Session2-6 Cubesd (Answer s)

Table L.1 SP Trials: Intervention - 6 C u b-&se8tionnaire
Group SP Occupation Question
No. No. (1). Did you find that the hand-based haptic device added to the experience
or was it distracting?
1 *14 SalLT < Didno6t do this part >

17 Teacher It added to the experience. Helped me to focus.

19 Teacher Added toiti woul d f eel more Orelevantd i
my fingers rather than a 6buzzd, buy
someone who has use of my hand.

2 7 SalLT Added to the experience i it was not distracting.
| think having some experience previously made it less novel therefore less
distracting.

8 LSA Added to the experience i reinforced in my mind that | was picking up the
block.

3 | 27 | Physiotherapist < Unable to take part in this part >

1 LSA Liked having the sensation when something happened

| would prefer it to vibrate more on pick up/release and less when just holding
4 (if this were possible).
6 Teacher | di dnotitirdand dty |Ilii keosdibly prefer ongfingers i less
tickly.
It surprised me when it came on!
Summary
1 Most thought the haptic device added to the experience
1 A haptic sensation involving pressure may be better
T Some didndt bensatmn t he haptic
Group SP Occupation Question
No. No. (2). Do you think that accompanying the robotic arm's movement
with speech synthesis would help or hinder the experience" e.g. "moving
forwards", "moving left" etc."?

*14 SalLT When you first mentioned it | thought that having speech commenting on the
movement would be helpful, but having seen it I'm not sure. | think the

1 movements are too complex to describe accurately and it could just be an
overload of information. I'd probably opt not to have it.

17 Teacher | thought that it would be good initially to have the speech reinforcement then
once the student understands the movement that it could be taken away.

19 Teacher Would not like a verbal commentary to accompany the action of the arm 1
liked the quiet concentration time.

2 7 SalLT Giving auditory feedback of direction may be distracting but if used as a
teaching tool would be good to help with learning.

8 LSA I think students may find speaki by
perhaps there could be an option to add these as they gain confidence.

3 | 27 | Physiotherapist < Unable to take part in this part >
1 LSA Having the vocal prompts is a good thing and great for reinforcing the
4 positional words.
6 Teacher Variable i not necessary in this task i but possibly interesting with more
complex instructions i and for bit by bit instructions i direct control.
Summary
1  Some felt that it would not add value, whereas others did. It depends
on the activity and mode of operation
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Group SP Occupation Question
No. No. (3). Did you experience any diffic
you?
1 *14 SalLT < Didnoét do this part >
17 Teacher Noi it seemed straight forward
19 Teacher Seeing the black arm against the black cloth was a little difficult.
2 7 SalT Haptic sensor continued to stay on when block had been dropped.
8 LSA Haptic sensation started and finished a little too early.
3 | 27| Physiotherapist < Unable to take part in this part >
1 LSA None
4 6 Teacher Problem calibrating glasses i quite disturbing doing it without them. Not
used to eye gaze and found it hard to keep head still & just use eyes.
Summary
1  Hard to see the black robotic arm against the black background
1  Some haptic device timing issues
Group SP Occupation Question
No. No. (4). Other suggestions or comments:
1 *14 SalLT < Didndét do this part >
17 Teacher | think, | would like the sensation to end when the cube is dropped.
19 Teacher < No comment >
5 7 SalLT | think the speed was good but the initiation of movement could have been a
little quicker, less of a pause.
8 LSA | found the different viewpoints useful.
3 | 27 | Physiotherapist < Unable to take part in this part >
1 LSA I'f trying to pick up a cube thatos
4 there?
6 Teacher White background for cubes so arm more visible? (Being picky!)
Summary
1 The two different viewpoints were useful
1  Change background to make cubes more visible

* SP14 Did not use the system i they only observed SP17 using it
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Round 2 - Session3-60 Di r e citd Toonveedr s & ( For m)

Session 3 - Towers — Feedback form

Marme: Date & Time: Code:

1. After last week's session, did you experience any after-effects e.g. headaches or sensations in
your hand?

2. When directing the robot arm today, could you see what you were doing? Were you able to
wark out where the robotic arm was relative to the tower?

3. Did you experience any difficulties or things that didn't make sense to you?

4. Other suggestions or COMMments:

Thank you

Mark

-

Session 3 - Feedback form - Towers v1.0.docx

Figure L.2 SP Trials: Intervention - 'Directions' 1 6 T o w & qusstionnaire (Form)
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Round 2 - Session3-60 Di r e cit dowersO@nswers)

Table L.2 SP Trials: Intervention 'Directions' i 6 T o w & qusstionnaire (collated answers)

Group | SP Occupation Question

No. No. 1. After |last weekds sessi o reffectsda.gd
headaches or sensations in your hand?

1 *14 SalLT No after effects

17 Teacher No

19 Teacher no

5 7 SalLT For a small while after session | felt aware of my hand i the feeling was not
uncomfortable or distressing.

8 LSA No

3 [ 27| Physiotherapist No ongoing effect

4 1 LSA None

6 Teacher No

Summary
1  One SP reported greater awareness of their hand for a time, but without

adverse effects

Group SP Occupation Question

No. No. 2. When directing the robot arm today, could you see what you were doing?
Were you able to work out where the robotic arm was relative to the tower?

*14 SalLT Yes i easy to look between the live action and the screens.

1 17 Teacher Once it started | coul d, but on th
used the screen all the time, so for me the 1 mvmt (?movement) guessed
the direction from memory.

19 Teacher Yes i but needed to look at both screen + real objects, especially when

2 deciding whether to move forwards/backwards or up/down.

7 SalLT Yes, @ times | used both the screen + real life perspective.

8 LSA Yes, it was very helpful having two angles.

27 Physiotherapist Some slight confusion from looking at the screen and then having a clear

3 visual field of the actual model. May have benefited from moving the model
nearer.

1 LSA Was fun working it out. with practice was able to demolish tower.

Slightly harder as wearing glasses this week (RESEARCHER NOTE: usually

4 wears contact lenses).

6 Teacher It was a bit of a struggle i Would have liked a birds eye view i If with student
would have wanted to show them from the other side. | tried to do it without
glancing across, and just using screen but not obvious with later challenges.

Summary
1 Some SPs found this easier than others
T It was suggested that a birdés ey
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Group SP Occupation Question
No. No. 3. Did you experience any mdkes$ehseyou?
*14 SalT No
From where | was sittingi The r obotic arm movemen
1 I dd anticipated e.g 6forwardsd was
17 Teacher No it was very straight forward. Only thing was not seeing the bricks on the
screen initially.
19 Teacher Technical issues
5 7 SalLT No
8 LSA Robotic arm reached movement limitations (going down) but this was easily
resolved by choosing a different movement.

3 | 27 | Physiotherapist Some problems with the technical aspect.

1 LSA Slight problems with calibration this week (see above)
All made sense.

4 6 Teacher | was so caught up in the sitting still and trialling it, | forgot what | needed to
do, and gazed at wrong icons at times. | needed to say what | intended out
loud. A little frustrating at the arm not going as low as | would have liked.

Summary
1 Some technical issues encountered
T Some | imitations to the robot arn

Group SP Occupation Question

No. No. 4. Other suggestions or comments:

*14 SalLT Mute the sounds with table cloth/fe
more tolerant + it adds to the anticipation.
May colour the pincers to make it more obvious which bit should contact the

1 tower

17 Teacher Could the arrows be on the same screen as the view of the arm?
The bricks were initially very noisy i with all of them falling on a hard surface
(got used to it)
19 Teacher n/a
2 7 SalLT < Nothing entered >
8 LSA < Nothing entered >
3 | 27 | Physiotherapist Understand the need for a really good visual understanding of the model.
4 1 LSA At the extremes someti mes 6good vie
6 Teacher 16d |like to try hitting a hanging c

Summary
1 Makethet abl e surface 6équieterd
1 Colour the gripper to make it stand out more
1  Combine camera view and interface controls

* SP14 Did not use the system i they only observed SP17 using it
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Round 2 - Session4-6 Scenari osd®é (For m)

Eession 4 - Scenarios — Feedback form

Mame: Diate & Time: Code:

1. Do you consider this to be an appropriate activity for the target group in terms of difficulty etc.?

2. when directing the robot arm today, could you see what you were doing? Were you able to
wiork out whers the robot arm was relative to the ship and what you wers trying to do?

3. Did you experience any difficulties or things that didn't make s=nse to you?

4. other suggestions, improvernent or comments:

Thank you
hark
Session 4 - Feedback form - v1.0.doox
Figure L.3 SP Trials: Intervention - 'Scenarios' i questionnaire (Form)
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Round 2 -Session4=6 Scenar i

0s0 (Answers)

Table L.3 SP Trials: Intervention - 'Scenarios' i questionnaire (collated answers)
Group | SP Occupation Question
No. No. 1. Do you consider this to be an appropriate activity for the target group in
terms of difficulty etc.?
*14 SalLT Yes.
1 Highly engaging + motivating. Fun!
17 Teacher Yes, it is challenging but it can be accomplished.
19 Teacher Yes.
Good fun and age appropriate for junior pupils.
2 7 SalLT Yes, very engaging & interesting. It will be something they have not ever had
the opportunity to do before. Quite a big cognitive load however.
8 LSA Yes, it is fun and has been set up nicely. They would find it exciting when
reaching attack and feel satisfied afterwards. The voice helps motivation.
27 Physiotherapist Yes . It creates a O6sensation of in
3 ) } . )
haptic feedback was inconsistent with the command.
1 LSA Excell ent for problem solving. I 6 m
4 work it out
6 Teacher Yes for level 2 etc. (16d be intere
many steps for them!)
Summary
I 1T Appropriate and within the TGob6s 4
Group SP Occupation Question
No. No. 2. When directing the robot arm today, could you see what you were doing?
Were you able to work out where the robot arm was relative to the ship and
what you were trying to do?
*14 SalLT Need different camera angl es, b ur¢al +I
helps development of judgement over height/distance etc. from a fixed point.
1 17 Teacher Yes, | could see what | was doing,
Yes, | could work out where | needed to place the robotic arm, but it was really
good to have 6éask the roboto.
19 Teacher Left & right were easier than up & down (depth).
Using the real scene helped with this.
2 7 SalLT @ times | had to move my head to see where the arm was but generally this
was very good.
8 LSA Attimes | had to move head forward to see a different angle. However having
both camera and real life angles is very helpful.
27 Physiotherapist Mostly.
3 | needed to look at the model occasionally as the image on the screen was
slightly confusing.
1 LSA Looking at the ship was easier. Th
4 in a different position, and positioning the arm harder.
6 Teacher Not very clearly i hard to see depth on the screen i the background visual
clutter also a little distracting.
Summary
1 Some perspective difficulties
T Background caused o6visual clutter
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Group SP Occupation Question
No. No. 3. Did you experience any difficulties orthingst hat di dnét ma
*14 SalT No
1 17 Teacher Only difficulty was video camera i the camera made it look at a different angle
to reality.
19 Teacher It all made perfect sense. | had to concentrate quite hard to avoid selecting
2 cells incorrectly i it felt quite quick.
7 SaLT No.
8 LSA No, the activity went very smoothly.
27 Physiotherapist No difficulties.
3 Slight confusion about the hand sensation and its relevant to grip although
would link to édmovement 6.
1 LSA Asabove. And haptic sensation wasn
4 6 Teacher Glad to see other participant first 7 | di dnot qguite tw
needed to move i thought | could do either until | asked for clarification.
Summary
1  Need to synchronise haptic sensation with gripping
1 Some perspective issues encountered
Group SP Occupation Question
No. No. 4. Other suggestions, improvement or comments:
*14 SalLT Youdve thought of everything!
1 17 Teacher I1'toés real |l y girtheapedkihg - thédaem istle semsation all work
really well together.
19 Teacher Maybe sound effects T cheers, sighs, splashes.
2 7 SalLT Really lovely activity i fun & exciting!
8 LSA No.
27 Physiotherapist Review haptic feedback sensation possibly or apply to a different area of the
3 game.
i.e. vibration when picking up the shark etc.
1 LSA I dm not keen on the constant haptic
Personally would prefer it on grip, attack, release only and off when just
4 moving about.
6 Teacher Watching other participant, all the noise etc. seemed very distracting i but it
did not seem so, nor did the haptic feedback, when | was actually doing it.
Summary
| | 1 Sound effects

* SP14 Did not use the system i they only observed SP17 using it
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AppendixM PPs: St at-bhasaednaggesessmen

results (Full)

Table M.1 PPs: Static image-based assessment results (Full)

Page No. Correct Answer Baseline

Practice
1 Horse (Top-Left)
2 Boat (Bottom-Right)
3 Banana (Top-Right)
Total: Upper half (Out of 3)

Assessment

1 Red (Top-Left)
Abowe (Bottom-Right)
3 Green (Bottom-Left)
4 Left (Bottom-Right)
5 In Front (Bottom-Left)
6 Middle (Top-Left)
7
8
9

Blue (Top-Right)
Right (Top-Left)
Behind (Top-Right)
10 Lower (Top-Right)
11 Yellow (Bottom-Left)
12 On (Bottom-Right)
13 Higher (Bottom-Left)
14 Under (Top-Left)
15 In (Bottom-Left)
16 Far apart (Top-Left)
17 Near (Top-Right)
Total: Lower half (out of 17)
Grand Total: Upper + Lower (out of 20)

Key: Red highlighting indicates an incorrect answer and green a correct answer
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Appendix N PP s:

(Ful 1)

Table N.1

Vb adseeod

assessment

PPs: Video-based assessment results (Full)

Correct Answer FF2
" Baseline
Page No. |Question . g "
Answer|  Position Given answer Given answer
No. Concept Position No. Concept Position No. Concept Position No.| Concept Position

1 Moving forwards 3 (Bottom-Left) Moving backwards |(Top-Right) Moving backwards |(Top-Right) Moving up (Top-Left) Moving up  |(Top-Left)

1 Moving backwards 2 (Top-Right) Moving forwards  |(Bottom-Left) Moving forwards  [(Bottom-Left) Moving forwards |(Bottom-Left) Moving up  |(Top-Left)

1 Moving up 1 (Top-Left) (Top-Left) (Top-Left) (Top-Left) (Top-Left)

1 Moving down 4 (Bottom-Right) (Bottom-Right) (Bottom-Right) (Bottom-Right) (Bottom-Right)
2 Releasing 3 (Bottom-Left) (Bottom-Left) (Bottom-Left) (Bottom-Left) (Bottom-Left)
2 Moving left 1 (Top-Left) (Top-Left) (Top-Left) Releasing (Bottom-Left) Moving right | (Bottom-Right)
2 Gripping 2 (Top-Right) (Top-Right) (Top-Right) (Top-Right) Releasing |(Bottom-Left)
2 Moving right 4 (Bottom-Right) (Bottom-Right) (Bottom-Right) Moving left (Top-Left) Moving left |(Top-Left)

Totals (out of 8)

[e]

[e]

[4]

[ [a]

I

Key: Red highlighting indicates an incorrect answer and green a correct answer
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AppendixO PPsPhysi cal

sensat.

Table O.1

ons

Trial |Correct Physical

Haptic

resul ts

touch and

(Ful 1)

PPs: Physical touch and haptic sensations results (Full)

P2

Physical

Haptic

No. |Answer Baseline

Outcome

Baseline | Outcome

Baseline Outcome

Baseline Qutcome

05/05/2017

Left
Right
Right
Left
None
Right
Both
None
Left
Both
Left
None
Both
Right
None
Both
None
Left
Both
20|Right
Totals

=
Plolo|lo|N|o|u|d|lw[N]|-

=
N

=
w

[N
N

=
[4)]

=
(o]

[uny
~

=
o]

=
©

04/07/2017

09/05/2017|05/07/2017

10/05/2017 04/07/2017

11/05/2017| 05/07/2017

Key: Red highlighting indicates an incorrect answer and green a correct answer
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AppendixP PPllnterve@ubé&sesults
(Ful I)

Table P.1 PP1: €ubes62 results (Full)
Task Description of task Answered Comments
No.
Using original interface (cell positions map directly to those of the m - -

6l ived/real scene) -m
L &3

1 All cubes PP1:R,B,Y
(Right to left)

2 Blue cube (replaced)

3 Red cube (replaced)

4 Yellow cube (replaced)

5 Yellow cube (not replaced)

6 Blue cube (not replaced)

7 Yellow cube (not there!) Tried Y

8 Red cube (replaced)

9 Middle cube

10 Left cube Chose right (R)

11 Right cube Chose left (Y)

Using 'mixed'/rearranged interface (cell positions do not map directly to - m -

those of the 6lived/real scene) -.,ﬂ

12 Blue cube
13 Red cube
14 Yellow cube

Total correct

Key: Red highlighting indicates an incorrect answer and green a correct answer
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PP1: Ful | results of 6Cubes 36

Table P.2 PP1: &€ubes63 results (Full)

Task Description of task Answered | Comments
No.

Using original interface (cell positions map directly to those of the

6l ived/ real scene)

15 Put cube in box (Pointed to real red
cube) (replaced)

16 Put cube in box (Pointed to real yellow
cube) (replaced)

17 Put cube in box (Pointed to real blue
cube) (replaced)

Using 'mixed'/rearranged interface (cell positions do not map
directlytot hose of the oO6liveb/real

18 Put cube in box (Pointed to real blue
cube) (replaced)

19 Put cube in box (Pointed to real red
cube) (replaced)

20 Put cube in box (Pointed to real yellow
cube) (replaced)

Using original interface (cell positions map directly to those of the

6l ived/ real scene)

21 Put all cubes in box starting from left Started from right

22 Put all cubes in box starting from right R, B, Y (Right to left)

23 Put blue & red cubes in box B,R(&Y)

24 Put yellow & blue cubes in box Y (forgot B until
prompted)

25 Put red and yellow cubes in box R (forgot Y until
prompted)

29 Put the middle & left cubes in box Middle (B) (forgot Left/Y
until prompted)

30 Put left & right cubes in box Left (Y) (forgot Right/R
until prompted)

Total correct

Key: Red highlighting indicates an incorrect answer and green a correct answer
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AppendixQ PP2Lnterve@ubé&sesul ts
(Ful I)

Table Q.1 PP2: €ubes6 reaults (Full)

Task Description of task Answered Comments
No.

Using original interface (cell positions map directly to those of the

6l ived/real scene)

1 All cubes Y, B, B, R (Left
to right)

2 Blue cube (replaced)

3 Red cube (replaced) Y

4 Yellow cube (replaced) R

5 Yellow cube (not replaced)

6 Blue cube (not replaced)

7 Yellow cube (not there!) R

8 Red cube (replaced)

9 Middle cube

10 Left cube Chose middle
(B)

11 Right cube

Using 'mixed'/rearranged interface (cell positions do not map directly to

thoseoft he 6l i ved/ real scene) -
12 Blue cube

13 Red cube Y

14 Yellow cube R

Total correct 7/14

Key: Red highlighting indicates an incorrect answer and green a correct answer

Colour question answer scores:

1 Blue3/3
1 Red1/3
1 Yellow 1/4
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PP2: Ful | results of 6Cubes 36

Table Q.2 PP2: &€ubes63 results (Full)
Task | Description of task Answered | Comments
No.
Using original interface (celll
scene)
15 Put cube in box (Pointed to real red cube) (replaced)
16 Put cube in box (Pointed to real yellow cube) (replaced)
17 Put cube in box (Pointed to real blue cube) (replaced)

Using 'mixed'/rearranged interface (cell positions do not map directly to those

of the o6livedb/real scene)

18 Put cube in box (Pointed to real blue cube) (replaced)

19 Put cube in box (Pointed to real red cube) (replaced)

20 Put cube in box (Pointed to real yellow cube) (replaced)

Total correct 6/6

Key: Red highlighting indicates an incorrect answer and green a correct answer
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AppendixR | nterventi on: Fi nal

~

Final Questionnai

Your Name: Date:

Just to remind you, the activities that you observed the participants performing using the robatic

arm were:
a. Picking up cubes and putting them in 2 box
b. ‘Feeding the giraffe
c. Knocking down ‘towers’ of blocks
d. Story-based play involving a pirate ship

Which of these activities do you consider the participants found:
a. The most enjoyable (please circle one or more)?

PL a b [4 d None
P2 a b [4 d None

b. The most difficult {please circle one or more)?
PL a3 b c d Nene
PR a b c d Nene

Did you think that the participant(s) would be able to control a robotic arm? Please explain your
answer.

Has sesing the participant{s) use the robotic arm changed the way that you think about them (it
50 please explain)?

-

Were there any moments that particularly stood out for you?

Do you consider that the participantis) has/have learnad naw skills? If sowhat?

@

Have you discovered things about the participant{s) that you didn't know? If so, what?

7. Do you think that the haptic feedback device was useful [please explain your answer]?

8. Could you please suggest any other activities that the participant(s) could perform using the
robotic arm?

3. Any other comments or suggestions?

Thank you very much for taking part in this research

Mark

Figure R.1 PPs - Intervention: Final LSA questionnaire (Form)
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Intervention: Final LSA questionnaire (Answers)

Table R.1 PPs - Intervention: Final LSA questionnaire (collated answers)

LSA Question

No. a. Picking up cubes and putting them in a box

b. 6Feedingd the giraffe

c. Knocking down o6towersd of bl ocks
d. Story-based play involving a pirate ship

1. Which of these activities do you consider the participants found:
a. The most enjoyable (please circle one or more)?

PP1 a b - - None

PP2 a b - i None

b. The most difficult (please circle one or more)?

PP1 a b c - None

PP2 a , c - None

Summary

Activities ¢ and d were rated as the most enjoyable for both PPs
Activity d was also rated as dnost difficultéfor both PPs

LSA | Question

No. 2. Did you think that the participant(s) would be able to control a robotic arm? Please explain your
answer.

1 | thought PP1 would be able to do it. | was surprised how well he did it.

2 | actually hadnodt r e al |pgrticipamtomowddhbe abke bopluwes justiexcitetl about
seeing what was involved.

Summary
LSA 1 was surprised at how well PP1 was able to control the robotic arm

LSA | Question

No. 3. Has seeing the participant(s) use the robotic arm changed the way that you think about them (if
so please explain)?

1 Given me some ideas for future uses and things like positional words (left/right and forwards/backwards) to
do more work on in class.

2 | was really pleased to see how much participant 2 got out of using the robotic arm. His focus was really
good and he really seemed to enjoy it.

Summary
LSA 1 had ideas for what to work on in class with PP1
LSA was pleased to see PP2 enjoying using the system

LSA | Question

No. 4. Were there any moments that particularly stood out for you?

1 To see both participants work out moves was amazing.

They both did better than | had expected.

2 Really, participant 26s ability to transfer his |
and focus, particularly for long periods of time, and even when not being in a great mood at the start of a
session, he quickly got on with the job in hand and thoroughly enjoyed it.

Summary
LSA 1 reported that both PPs did better than expected
LSA2wasimpr essed by PP26s problem solving skills, de

LSA | Question

No. 5. Do you consider that the participant(s) has/have learned new skills? If so what?

1 Needed patience as some activities took a while to set up.

They both obviously enjoyed the activity as moods and determination showed when they went for sessions.

2 Participant 2 has become more aware of his left and right and also how it feels to hold and move objects.
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Also he has learnt more about spatial awareness.

Summary
LSA 1 considered that PP1 had developed patience
LSA believed that PP2 had become more aware of

objects and also spatial awareness

LSA | Question
No. 6. Have you discovered thingsabout the participant(s) that you
1 Need more support with L/R.
Already know, but enforced willingness to please/work even when uncomfortable.
2 How participant 2 can be motivated with the right activity, also how independent he can be.
Summary
LSA 1 stated that she considered that PP1 needed more help with the concepts of left and right
LSA 2 discovered that PP2 can be motivated and independent when appropriate opportunities are
presented.
LSA | Question
No. 7. Do you think that the haptic feedback device was useful (please explain your answer)?
1 Worked well as a 6new0 experience as participant
to experience such feeling. Both showed signs of surprise and enjoyment.
2 Yes, because the participants got the sensation of how it feels to move an object. Also the sensation helps
to make the experience more fulfilling and interesting.
Summary
LSA 1 believed that the hapti c edtteesensaioh uabl e and
LSA 2 considered the haptic device to be important to the overall experience.
LSA | Question
No. 8. Could you please suggest any other activities that the participant(s) could perform using the
robotic arm?
1 Could aid story making activities, and sequencing work.
Both things Participant A (PP1) struggles with.
Excellent for reinforcing positional words.
2 Pouring dry substances e.g. rice, sand, pasta
Summary
LSA 1 suggested using for story making, sequencing and reinforcing positional words.
LSA 2 suggested pouring dry substances e.g. rice, sand, pasta
LSA | Question
No. 9. Any other comments or suggestions?
1 Would like to use again for same activities and to make and act out new stories. Possibly using
characters/objects made in other lessons.
2 | think Participant 2 would benefit from further activities like this. | could see that his concentration would

really improve from these experiences. | really am pleased to have seen how much he got out of this and
have really enjoyed being involved.
Thank you Mark.

Summary
LSA 1 wished to use the same and new activities
LSA 2 also wanted to use the system for other ac
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AppendixS PPsl nterventi on: LSA Ses

not es

S.1 LSA 1: Session notes
Directions

6/6/17 Tuesday 13:15 PP1 with LSA 17 Directions 2 - Towers 1

Gets frustrated quickly when waiting, making next task harder until he settles again.

Worked out quickly right and left movements when wrong select first.

Up and down took extra goes to get used to, same as forwards and backwards.

Remembered after a technical issue break which way to move. Often forgets after a short break.

7/6/17 Wednesday 13:15 PP2 with LSA 11 Directions 2 - Towers 1

Came into school in a grumpy mood but mood changed when he realised it was research day and was very happy to
come and work.

Worked out quickly after initial mistake left or right.

Enjoyed the fact it was all going wrong!

Took a few goes to understand forwards/backwards when needing to move backwards.

Very keen to knock down the last one after the effort to build it.

8/6/17 Thursday 13:15 PP1 with LSA 11 Directions 2 - Towers 2

Giggly but getting frustrated with eye gaze

Forgot what he was doing in the short gap while eye gaze off.

Very surprised with working out so quickly.

PP1 was least frustrated out of the 3 of us about the eye gaze problems.

Excellent working out of the puzzle J

Getting quicker every time, amazing problem solving.

Wow! Just wow! Smug face

Completely amazed i | was unsure if PP1 would be able to work these out.

Good planning but gives in easily and asks for help before trying something he is unsure of.

12/6/17 Monday 13:15 PP1 with LSA 11 Directions 2 - Towers 2 (Continued)
Gives up very easily on first go, a lot sooner than | expected him to.

Suggestion for improvement: Woul d an éeasydé6 warm up exercise help to

15/06/17 Thursday PP1 with LSA 171 Directions 2 - Towers 2 (Continued)

Much better today with left/right

Suggestion for improvement: | think the arrows backwards/down and forwards/up were confusing for PP1 as they both
had arrows.

When 6on a roll & moving arm is easy.

Scenarios

21/06/17 Wednesday PP1 with LSA 17 Scenarios
Suggestion for improvement: Possibly have a winner card to remind who is the winner. Printed picture?
PP1 really struggling with the heat today i so did really well.

23/06/17 Friday PP1 with LSA 11 Scenarios

PP1 much cooler (weather) and able to concentrate better today.

Seems worried about doing if wrong; likes to ask for help very quickly.

Got quite frustrated when he couldnét work out what to

Overall Summary

PP1:

Gets frustrated at times e.g. when waiting, when
Often forgets

Getting quicker at solving problems

Excellent problem-solving

= = =a =
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1  Feltthat he can give up easily

1 Issues with left/right

1  Heat affected him

1  Appears worried about doing something wrong. Asks for help quickly
PP2:

1  Mood change when he realised it was research day

1  Enjoys things going wrong!

Al Determined to knock down

S.2 LSA 2: Session notes

Directions

09/06/17 Friday 13:15 PP2 with LSA 27 Directions 2 - Towers 2

Always very keen to start each task and needs no prompting.

Very focussed when doing task.

Works out problems quickly.

Realises how to correct any wrong moves quickly.

Enjoys knocking tower down.

Mark very attentive to PP26s needs whilst he waits for new t a
PP2 got the hang of using two directional movements (forwards/backwards, left/right) really easily.

Didnét remember which way was | eft ahidhowght hentay hane yemenmdberedr i ght fr
PP2 found left/right, up/down easy to do.

| feel very happy seeing PP2 get so much enjoyment from task and being so focussed.

PP2foundup/ down easy to use (PP2 hadnoét needed up/down so wor ked

13/06/17 Tuesday 13:15 PP2 with LSA 27 Directions 2 - Towers 2 (Continued)
PP2 likes the screen on to see the tower being built.

PP2 started straight away with the correct movement (left)

(left/right up/down)

PP2 moved the arm in exactly the right way. Down twice, left twice

Perfect!!

(left/right forwards/backwards)

PP2 moved the arm again in the right way with fewest moves.

Perfect.

(F/B U/D)

PP2 chose to just use forwards, which surprised me.

(F/B LIR)

PP2 moved forwards instead of backwards to start with. PP2 kept going left and then worked out he needed to go
backwards

(L/R F/B)
PP2 started going left (wrong way) and then realised.
Help needed/requested: PP2 asked for hel p. He didnoét try out forwards b

Help needed/requested: Mark suggested backwards.

PP2 has really enjoyed all the tasks today and particularly enjoyed things going wrong. Really nice to see PP2 happy.
(L/R U/D)

PP2 worked out that going up would get the block that was overhanging i really good.

20/06/17 PP2 with LSA 21 Directions 2 - Towers 2 (Continued)

L/R U/D

PP2 took a while with this but worked out how to get to the blue block at the top. Very well worked out.
F/B U/D

PP2 took a lot of time with this, working it out carefully. Did it really well though.

Using stick F/B U/D

PP2 moved up to correct place and then moved it back down again which took it to the wrong place.

Help needed/requested: PP2 neededh e | p . He |l istened to Markés instructions a
U/D F/B LIR

Practice moves. L & R mixed up. Picked left straight away for direction towards tower. Use up though, which took him

away from tower . PP2 di dnwads.try down. He used left & for

PP2 asked for help, PP2 got confused even after help.

Help needed/requested: Needed lots of help after this to complete the task. PP2 showed great determination to complete
the task.

PP2 completed this task very quickly.

Final task i
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PP2wasdetermi ned t o knock more of the second
more.
Final tower easily got.

Scenarios

22/06/16 PP2 with LSA 2 - Scenarios

Pirate ship

PP2 coped well with technical problems.

PP2 enjoyed this activity.

Tried pushing boundaries but the robotic

Help needed/requested: PP2 needed help, asked for hint but PP2 picked the wrong cell.

PP2 worked out what he needed to do in the end.

Well done!

PP2 chose to do the activity for a third time. Chose crab as winner this time.
Still pushing boundaries and enjoying it.

Overall Summary

PP1:
N/A

PP2:

Always keen to start and very focussed.

Good and quick problem solving skills.

Good at correcting mistakes

Found it easy

Liked being able to watch the towers being built onscreen
Good at following instructions

Determined
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Appendix T PPsl nter vent iToLnX

compl et ed

f NoA S1hs

Table T.1 PPs - Intervention: NASA-TLX forms completed
[ epa ] PP2
Task | LSA | No.of Task | LSA | No.of
No. forms No. forms
Cubes 1 N/A 1 1 N/A 1 1
2 All 2 1 All 2 1
3 All 1 1 All 1 1
Total 3 3
Directions | Towers 1 Paperwork error Paperwork error
(only 5 forms (only 5 forms
completed i completed i
should have been should have been
6) Redone from 6) Redone from
video video
4 was set up
incorrectly and
was redone in
Towers 2
Towers 2 Paperwork error
(only 6 forms Forgot to do in
completed i session i done
should have been using video
7) Redone from 11 2 1
video 13 2 1
15 2 1
1 1 10 2 1
16 1 1 16 2 1
14 1 1 14 2 1
17 1 1 17 2 1
18 1 1 18 2 1
12 1 1 12 2 1
19 1 1 19 2 1
20 1 1 20 2 1
24 1 1 24 2 1
Total 21 21
Scenarios | Scenarios 1 1 2 1
1
Scenarios 1 1 N/A | N/A
2
1 1 N/A | N/A
1 1 N/A | N/A
Total 4 1

Key: Areas highlighted in red indicate an error with the NASA-TLX form. Yellow indicates when

a configuration error occurred.
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AppendixU St ati c-biamagle assessment

samplleg file
Date Time Page Cell/Correct Answer Given Answer Correct/Incorrect

27/06/201714:16:47 Right Which one is right?

27/06/201714:16:54Right Which one is right?

27/06/2017 14:17:01Right Right (Top-Left) Left (Bottom-Right) Incorrect
27/06/201714:17:07 Behind Which one is behind the table?

27/06/2017 14:17:20Behind Which one is behind the table?

27/06/201714:17:27 Behind Behind (Top-Right) Behind (Top-Right) Correct
27/06/201714:18:09Lower Which one is lower?

27/06/201714:18:18 Lower Which one is lower?

27/06/201714:18:24Lower Lower (Top-Right) Lower (Top-Right) Correct
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AppendixV. Academi c

posters

CVMP (the 14th European Conference on Visual Media Production)

The use of technology to provide physical interaction experiences for cognitively able young people who
have complex motor impairments

Who is the focus of this research?

The Target Group (TG) are cognitively able young
people who have complex physical disabilities,
resulting in little or no reliable control over their
limbs and an inability to communicate verbally.

What is the problem area?

Itis difficult for clinicians to assess the TG's
cognitive abilities using traditional assessment
methods, as these often require answers to be
indicated verbally or through pointing.

There are limited ways in which the TG can
interact with the physical world, making it hard for
the TG to demonstrate their existing knowledge
and abilities and to develop new skills.

What input method is available to the TG?
Eye-tracking technology can provide an input
method for environmental control (and
communication) but is limited.

What are the aims of this research?
1. To suggest more suitable ways to assess these
individuals.

N

. To provide a tool
which allows the
TG to control a
robotic arm
using just their
eyes (using eye-
tracking
technology).

When the robotic arm grips
an object, the user receives a
haptic sensation in their hand
via a bespoke 3D printed
device.

L
This provides them with
a sense of what it is like
to grip an object —
something they cannot
do for themselves.

Mark Moseley

EngD (Year 4), Centre for Digital Entertainment, Bournemouth University

A hod: Where was the research carried out?
Pupils were Victoria Education Centre (VEC) /7=

assessed before and
after an intervention +
using bespoke - L
image-based, video-
based and physical
sensation methods.

How many people were involved in this

research?

+ 2 Pupil participants (aged 16+)

+ Many VEC staff including Speech & Language,
Occupational Therapy, and teaching staff

Interventions
1.Cubes 2. Feed the giraffe
The participant instructs the ‘ The robotic arm's gripper is
robotic arm to pick up cubes manipulated by the
and put them in a box. During e participant in order to ‘feed’
leaves to the giraffe.

gripping, a haptic sensation is
felt.

cDe

e
ey

Existing assessment techniques are not well
suited to the TG.

The TG are able to control a robotic arm using
their eyes and appear to have a high level of
ability and understanding of the concepts involved,
given their limited experiences in this area.

The haptic technology is useful for assessing
sensitivity to physical sensations.

The participants seemed to enjoy the haptic
feedback and using the robotic arm.

What are the contributions of this research?

1. New methods for assessing the TG

2. Anew tool for the TG — allowing them to
demonstrate their abilities and learn through
simulated physical experiences

e |

3. Designing haptic devices for this user group,
- The interface controls include and providing insights for use with wider
-.- ‘forwards’, ‘backwards’, ‘up', ‘down’, groups
[- ‘left' and 'right’. 4. Interface layout design for complex users
— 5. Adeeper understanding of the TG and how to

3. Towers 4. Scenarios carry out research with them

Towers are constructed which The participant builds a ‘story’ _
the participant then has to from a range of possible

demolish using the robotic
arm. The towers are
positioned in increasingly
difficult locations, requiring
greater planning skills and
more complex movements of
the robotic arm.

options.

They then enact their story
using the robotic arm. The
prototype can assist them
with the task.

The results are currently being analysed.

What is being analysed?

+ The number of moves and the time taken to complete the challenges
+ The utility of the haptic device

= Assessment scores

What has been discovered?
+ The TG demonstrated unanticipated high levels of skill and dge in ing the
+ The bespoke assessments worked well for one participant, but not so well for the other
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« Investigate the value of the haptic feedback
device

Explore a greater range of challenges

Use with a greater number and wider range of
individuals

Compare use with typically developing
individuals

Telepresence approaches

Key References
A. Cook, K. Adams

Acknowledgements
Leigh McLoughlin, Sarah Gilling, Venky Dubey,
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The 30th International BCS Human Computer Interaction Conference (HCI 2016):

B

BU The use of technology to provide physical interaction experiences for cognitively able che
Boumamoun young people who have -complex physical disabilities -

Abstract:
Children who have complex physical disabilities often have extremely limited opportunities to experience and have control of the physical world. This research aims
to explore new ways in which such children can build mental models of tangible objects and concepts.

1 Mark M (EngD C: (Post Graduate Researcher) — Year 2
Centre for Digital Entertainment (Bournemouth University) )
mmoseley@boumemouth.ac.uk — Faculty of Media and Communication

gy — Disability, eye gaze, robotics, haptic/artificial
sensation and HCI

If you have never been able to
pick up an object and hold it,
what does it mean to you?

\ 4

A child who has complex
physically disabllities may
find such a task very difficult
or even impossible.

\ 4

Whatif they could have

this experience... f
\ ....using a robotic arm and just
i their eyes!
/% Whatif they could also feel
what the robot feels'?
Would this change the child’s

perception of objects and the
ical world?

ing and Physical Sciences
h Cauncil

EPSRC

Stage Aim/benefits

Improve spatial awareness,
understanding of 3D and
control of real-worid objects

Young person selects an object for
the robot arm to move towards and
grip using eye gaze technology

_—

Reinforce an action by

Robot am me totl in
obot a oves to that point Siinado

and grips the object

Person ‘feels’ (fingertips and/or Improve understanding of
arms) what the ‘gripper’ is holding what it is like to pick up and
via haptic feedback/artificial hold an object

sensation

Improve understanding of
what it is like to let go of an
object

Select where to move the object
to and release the object.

Methodology

In this study, the predominant research paradigm,
or philosophy employed is Interpretivism
i described as P 3

AMixed Methods or Pragmatic methodology will
be used. This approach uses data gathering
methods from both the Positivist and Interpretivist

i.e. both and
The data collection methods used wil include
surveys, interviews and observation.

+ Develop a haptic glove

+ Create an eye gaze interface

+ Implement an eye gaze controlled robotic arm
with haptic feedback

« Carry out experiments with the target group

Acknowledgements

The author would lke to thank

Leigh McLoughlin and Venkey Dubey for their
supervision

Victoria Education Centre for participating in this
research study
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+ M. Donegan
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AppendixW | nt er vé&as$ kidinr e c di idfloonwsedf Pi ct ur es)

Table markings (for positioning towers)
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1. Left

Challenge Order Direction controls Structure Location Arm start X,y Coords Position of tower (marker
Number Performed provided Type Position (software) colour)
1 1 Left/Right Tower Left Left & Right 8,7,90 Blue-
Left-
Forwards
Interface Position of tower Alternative view

Starting position

Right side view

Above

m\“

\ A
Ty

L\

e\
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2. Forwards

Challenge Order Direction controls Structure Location Arm start X,y Coords Position of tower
Number Performed provided Type Position (software) (marker
colour)
2 2 Forwards/Backwards Tower Forwards Forwards 2,7,90 Red-
Forwards
Interface Position of tower Alternative view

s bzt

Starting position

Right side view

Above
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3. Down

Challenge Order Direction controls Structure Location Arm start X,y Coords Position of tower (marker
Number Performed provided Type Position (software) colour)
3 3 Up/Down Arch Down Down 4,5, 90 Middle
(Near yellows)
Interface Position of tower Alternative view

Iy

e

S

Starting position

Right side view

Above

N\

)Y
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4. Right

Challenge Order Direction controls Structure Location Arm start X,y Coords Position of tower (marker
Number Performed provided Type Position (software) colour)
4 4 Left/Right Tower Right Left & Right 8,7,90 Blue-
Right-
Forwards
Interface Position of tower Alternative view

B Ny
O

H

Starting position

Right side view

Above
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5. Back

Starting position

Right side view

Above
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mr

A

\“\“

Alternative view

\.i

Challenge Order Direction controls Structure Location Arm start X,y Coords Position of tower
Number Performed provided Type Position (software) (marker
colour)
5 5 Forwards/Backwards Tower Backwards Backwards 7,11, 90 Red-
Back
Interface Position of tower

























































































































