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Science & Technology, Nottingham Trent University, Nottingham, UK *&adulty of Medicine &
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Abstract

Following an earlier review in 2007, a further review of the academic literature relatirgguset of
assistive technology (AT) by children and young people was completed, covering the period 2007-
2011. As in the earlier review, a tripartite taxonomy: technology uses to train or practise)dagy

uses to assist learning and technology uses to enable learning, was used in order to structure the
findings. The key markers for research in this field and during these three years were user
involvement, AT on mobile mainstream devices, the visibility of AT, technology for ini@naand
collaboration, new and developing interfaces and inclusive design principles. The paper concludes by

locating these developments within the broader framework of the Digital Divide.

Introduction

This literature review is designed to build on a previous publication (AbB0%) and to indicate changes in
the scope and trends found in assistive learning technologies and related r@$ealitdrature reviews one of
the outcomes of theK Economic and Social Research Council (ESRC)-sponsored seminar series:
‘Researching the use of assistive technologies by children and young people: Interdisciplinary Perspectives’

These seminars were attended by established and early career researdetswittoaspects of assistive
technologies from UK and European universities. Assistive learningd&ies, in this context, cover a range
of digital technologies which assist or enable learning. Some of these are hardseat ésbah as keyguards,
mouse alternatives or voice output devices), others are software-based (susdresnokeyboards, writing
frames and predictive word processing) but all have the potential to beipatary or of little effect,

depending upon how they are used. This literature review, howewagraigyed not by type of device but



through an established taxonomy of use. Our focus throughoutlie mise of assistive learning technologies,

but for the sake of brevity we use the term assistive technologies iarttainder of the paper.

M ethodology

The method for the development of this literature review was as followsadthors attended each of the
seminar series , the aim of which was to identify key trends and gevefds within the field of assistive
technologies. The four seminars each consisted of presentations, pangiscassion fora on one of four key
topics: Theoretical frameworks for researching the use of assistive tedegdiwgplving young people with
disabilities in assistive technologies research; Cross-disciplinary academic andgrafgssspectives; and
Researching assistive technologies for communication and literacy. Followingtteagtance at all four
seminars, the authors then defined the criteria for inclusiondnetiiew and the process by which literature
would be searchedThe new version of ISO 9999 (ISO 9999:2011) was found ttekiblie enough to be able
to include many examples of new types of ICT AT. The ISO itséléisg reviewed and includes the definition
"assistive products used by persons with a disability, but which reqaisssistance of another person for their
operation” but is not restricted to those products. Given the wide ranging use ofdggtpresented in the
series which did not always neatly fit within this definition, and revaéthe inclusion criteria of the European
Thematic Network of Assistive Technologies (ETNA: Framework 7 Co-openataact) a more forward-

looking inclusion criteria was adopted

The authors then adopted a taxonomy to classify ATs (assistive technolbgilelijg on a previous review

where ATs were classified by use rather than form (Abbott 2007b):

. Technology uses to train or practise
. Technology uses to assist learning
. Technology uses to enable learning

Although there is some sense in which the adopted classification can ks stsroting chronological stages in
the development of assistive technology, we would suggest that tm®tayxds a classification by use rather
than by stage of development, ahis not intended to indicate themes derived from the reviéw authors

then held post-seminar meetings to classify the literature identified thisrigxonomy: the group involved was

a multi-disciplinary team with expertise in Education, Special Educational Neggis;imental Psychology and



Computer Science. The period covered was 2007 to, 2bitilinvolved a search of 27 academic journals,

conference proceedings and the ESRC seminar series.
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In addition to extending the scope of the previous 2007 literature revigglped by Futurelab (Abbott 2007a),
the review took account of a recent review of European research whithvery limited amounts of research
very little that was longitudinal in naturand the link between this and funding, since “the number and focus of
studies seems to relate to research funding that has been availablepa’Esaiminen 2008: 176). The
current paper attempts to provide a descriptive analysis of much of the extaniréte@rdEurope. We

acknowledge the Eurocentric nature of much of our review, withnd@intion being to bring to wider



recognition the nature of scale of this research and scholarly activétyl& acknowledge the longer history of
publication within this area in the United States and we cite relevant North Americarchmesbare this
supports or even contradicts European findings. We also cite soheeedily research appearing from Asian

countries, again in order to acknowledge relevance to the European sthidie$orm our major focus.

Salminen also makes the point that longitudinal research is needed in theasettbat its complexity may

also be part of the reason for the apparent dearth of European literature.
AT is a complex phenomenon that takes place in real life, involving technblognans and activity,
while taking place in different contexts... Given the complexity of the whole pleroomit is a
significant challenge to decide on the correct [methodology]... It neryles that methodological
compromises in the studies related to children and AT do not fulfil the crifttiase who fund
research or review journal articles, and thus the whole research area becoenewnginalised than
it deserves.

(Salminen 2008: 177)

Issues of classification, nomenclature and definition have been addrgsstheis attempting to provide an
overview of assistive technologies, often when editing special issuasrodjs. Editors such as Raymaekers
(2009) have sought to bring clarity and understanding to new angligs case, enactive interfaces. Gesture
input and haptic devices are among the technologies in the same speciaf ingeracting with Computers

edited by Raymaekers (2009), and these are technologies to which weunill ret

Quite rightly, it is unacceptable today to defend research methodologies thadtideofve users of

technologies themselves. In the past, young users and those who sugpdratte not often been asked for
their opinions or been involved in research. This has begun to chrevgever, particularly within projects such
as Devices for Dignity (www.devicesfordignity.org.uk). At an eathge of that project, researchers asked
assistive technology users what they wanted from the technologies theydie goestionnaire they
developed for this is now available to others (Townend & Judge) 2008nother more transitory initiative,
more than 600 teachers in Australia were involved in a rapid data gateeeirmise at an Australian conference
(Abbott 2010) and the response alone indicated the enthusiastic willingnalks part if only users of assistive

technology are given the opportunity to do so. Calls within the litexdbr the adoption of concepts such as



Universal Learning (Rose & Strangman 2007) and Design for All (H@®®6: xvi) recognise the wider
conceptual framework of individual learner difference. A model of leatifference, acknowledging variety
rather than isolating and labelling particular learners also resonates withdihgdiof an earlier study
(Forrester Research 2004) which showed that many computer usersdisalgildy and also that,

paradoxically, many users of assistive technology do not have a disability

In order to present our analysis, we do so under three headieg® feadings are derived from the taxonomy
that informed the previous literature review written by one of us (20@nd which has since been adopted by
others (Galloway 2009). We have adopted these same headings in dddetitp changes since our previous
literature review. Although we present our findings under three breadifgs, we recognise that not all
research which is relevant to the topic can be placed neatly into these cat¥gersas learn from User-
Centred Design (UCD) approaches for example, which encourage considefatiiomsers, including carers
and trainers. The significant robé carers in the successful use of assistive technology is also made clear
elsewhere (Williams 2008; Bailey 2009; Bailey & Bunning 2010). Theaegiowing and welcome literature
around technology use policy (de Jonge 2007) and disability rigbtai¢ 2010) which cannot easily be fitted
into a neat tripartite approach. Too often, school Virtual Learning Envirasr{iibEs) do not meet the World
Wide Web Corporation’s Web Content Accessibility Guidelines (currently version 2.0; W3C, 2008a; 2008b;
20089 or follow good practice guidelines such as W3C and Horton
(www.universalusability.com/access_by_design/index.html), as well as gadeie from agencies such as

Techdis (www.jisctechdis.ac.uk), Fix the Web (2011) and othetst{ & Brown, 2005; Brown et al 2010)

Technology usestotrain or practise

It has been suggested (Abbott 2007a) that technology fitting into this patefien of a drill and practice
nature, has too often been seen as central to the needs of those with lefienenges, despite the close
association with simplistic behaviourist models of learning. This use of tlegynis persistent however, and
continues to be practised and researched. Too often, unfortunately, theffddasesearch is an evaluation of
a particular product, often by someone closely associated with that prodsatriginators. Such research,

although not without interest, is likely to be unconvincing within wider resedrcles.



Some technologies have been developed to train for specific skills or pra&tgase prototype (Umanski et
al 2010), designed for use by speech and language therapists, pregeatess of syllables in specific
rhythmic patterns, with this interim paper describing limitations to dateuaiticef developments proposed.

In Taiwan, a group of researchers developed a music-learning systechatithose who have a hearing
impairment (Yang et al 2007). The aims of the system were to trdie iifferentiation of tone, and to enable
the learning of what is described as song. In its present state, howevestdine agpears to offer essentially
practice opportunities for identifying single notes. Liu and Hong (2007) atenapmore holistic type of
support for students with a hearing-impairment through the deweloipof extra-curricular support via smart
phone, which was found to be manageable and effective. TheféodLia et al (2008) was software to teach
word recognition to those identified as having learning difficulties, althdugbuld seem likely that the
program outlined would provide practice rather than learning opportuig@égation strategies were the focus
for a group of researchers (Groenewegen et al 2008) who develojed wiorlds which could be used to train

learners for independent living.

The rapid development of access to the Internet for all users has led to dysiajiliar development of Web-
based training sites and other mechanisms for providing online prd¢isearchers from five European
countries working on the SEVERI project (Starcic & Niskala 2010) createdemmreéng environment for
students with a range of special educational needs, finding evidegoeatdr student autonomy as a result, and

an increased ability to manage communication difficulties.

Animated sequences have long been popular as a medium for training cRexsesr Germany (Spannage et al
2008) compared the effectiveness of animated sequences and other deti@sstgining wheels (programs
with reduced functionality) or text manuals. The task involved was to feawrto use a spreadsheet to solve
Maths or Physics problemlathematics was also the curriculum area that was the focus for the wBrkog
and Standen (2011), who present some emerging evidence for thamdfEsaf gaming technology for
mathematical understanding. A similar curricular focus is found in Se8yadt (2009), a meta-study of 11
accounts of the effect of computer-assisted instruction (CAl) om#tkematical understanding of students
with learning disabilities. In the latter case, however, the team found that&Ahot found to be significantly
effective in these studigalthough it was recognised that the group size caused methodological difficulties

Building on this work, Seo and Woo (2010) again focus on Madtiesiand students with learning disabilities



in their study of the use of a particular CAIl program. As witlsadh single-product evaluation papers such as
this one, there are limitations to what can be claimed, especially where the résaaretne also the originators

of the product.

Therapists, as well as teachers, have long used technologies within eduesatwnoalments, or to support what
goes on there. Saz et al (2009) describe a study involving Speech and LaFpragésts (SLTs) working with
a range of young people with a degree of language impairment. Reioggem increasing demand for SLT
support, the team developed a semi-automated system to provide intespetech therapy. A more recent
development linked to this type of technology implementation, though t#tescending its limitations, is the
use of what have come to be known as serious games, for exampledeirtg teach employment skills to
young people with intellectual disability (Sik Lanyi et al, 2010). Such gaees leen described (Puttnam,
2009 as ethical laboratories that show you how things are and how they coalttlin therefore be used to
influence change. Multiple player online games and other social networkilsgoféer not just a mechanism for
online presence; they also serve as incubators of a new pop cosmaogpulizci an ability to navigate in an

increasingly globalised, diverse and socio-technical world (Steinia068).

Savidis et al (2007) describe how they have used serious games withwidofdarning disabilities in Crete,
finding these to be pleasant, motivating and highly engaging interasipeziences, improving training and
learning. Motivation and engagement were also issues that arose duimtgraention by a team of
psychologists in the Netherlands who aimed to explore the potential of teghtolsignificantly improve short
term memory (van der Molen et al 2010) and they claim that tHigégirst demonstration that working
memory can be effectively trained in adolescents with mild to borderline intellectual disabilities” (van der

Molen et al 2010: 433). An earlier study (Brown et al 2008) showedféhaieeness of games to improve the

memory skills of people with intellectual disability.

In order to access any of these technologies, appropriate interfaces needaidde. These continue to be
researched and developed, with Visell (2009) providing a review aéxBomple, varieties of touch interface
and the principles of tactile sensory substitution, and Evett et al (2009) consitheruse of Wii technology
Touch was the focus of research in Sweden (Moll et al 2010) on the extent tcawtdadio and haptic

interface encouraged collaboration between users with and without.\Asiother interface used by a team in



the United States was a PDA (personal digital assistant) as a cueing device. As panji@arpecto teach fire
safety, the researchers (Burke et al 2010) worked with a six yourttg ad the Autism Spectrum and found
that it was only after the introduction of the cueing system that fitteegparticipants could respond to the

behavioural skills training, assisting the prospects of learnersA8ithbeing employed in future.

Technology usesto assist learning

We suggest that “technology that assists is usually linked to the need to compensate for a physical disability or
difficulty” (Abbott 2007a: 13). It is for this reason, above all others, that we find ourselves in thisrséz be
more often reverting to the use of categories of impairment as a mechanigmch to consider the range of
practices discovered. Although there is some discussion in the literahasiofiesign principles for inclusion
(Langdon & Thimbleby 2010), much of the research into technalegg to assist learning is focussed on a
particular technology or way of working. There has also been a partcuofarasis on the needs of those with
sensory impairment, although more recently there has been more attertiemeeds of users with cognitive
difficulties, as in Gregor and Dickinson (2007), who propose an interaiisign perspective when creating
resources for this group of users. In particular, they disbessagnitive load associated with particular
technology-related activities and with the needs of those with dysleximnth Davies and Dautenhahn (2010)
have published guidelines for the design of softwaaed software trials for children with autism. McMorran
(2009) provides a detailed case study of a young head switch usevestitually progressed to the use of eye
gaze. The EU-funded COGAIN project also examinedgege-technology, and the report (Majaranta & Bates
2009) of a conference set bp the project provides a useful summary of the work completed and an

introduction to the more specific papers included in this special issue.

Although assistive technologies have been in use for many yearss lktlewn about how they are used. This
was the focus for McGuiness and Farrand (2010) who investigategdduple use their voice output
communication aids (VOCASs). They found that VOCAs enabled greater communieatiyeeand autonomy

for some users, but not all. An international team investigated a similafLarezoni et al 2007) in their study
of three adolescent VOCA users with more severe learning difficulties. A teamntle Child Computer
Interaction Group at the University of Central Lancashire looked at éhefymen, keyboard and graphics tablet
for the entry of text (Read 2007). They found that lengthier texts preduced by the children (who were aged

7 and 8 years) using a graphics tablet than the other alternatives. Ocalpghécapy research has much to



offer in this area, particularly with the clear identification of the tygkrature of difficulty with handwriting

(Hen, Josman & Rosenblum 2008), and the potential for computer-ledesdailitation

Speech recognition is now a well-established technology which is muchaffanéable than was previously

the case. A team at the University of Southampton looked at the poterflaloohatic Speech Recognition
(ASR) for user®f assistive technology (Wald & Bain 2008), and found that, at least whthilearning context
examined, there was clear potential for ASR use to assist with note;takiimg searching of multimedia,
automatic captioning and communication skills. A major difficultyrésearchers in the speech recognition

field is the lack of tested and reliable instruments, although current warkesiresponse as reported by parents
(Griffiths et al 2009) should result in enhanced capability in this &véh.a focus on established software

tools, researchers from two US universities examined the use of grapitiolsyfor emergent literacy (Paeett

et al 2008; 2009). Recent and current PhD studies also focus on graphal sge though within more
developed theoretical frameworks and across the disciplines of teachiagesuh and language therapy
(Greenstock & Pampoulou 2009) or the role of symbols for aiccekeracy in the mainstream school
(Pampoulou & Detheridge 2007, Greenstock 2088gcific symbol sets such as Makaton, Widgit or PCS, or
symbol-enhanced teaching systems such as PECS or TEACCH, habeagbe subject of research, a recent
example being the study of current attitudes to Makaton within inel@slucation paradigms (Sheehy & Duffy
2009), which showed how that symbol set has moved from asaeemedial technique to being seen as a tool
for inclusion. The rapid development of symbol use within mainstssdrmols is also at least part of the driving
force behind the development of inclusive symbol resources by nsdfpthary teams (Mead, Mead &

Williams 2009; Mead, Mead & Williams 2010; Mead, Mead, Sebuliba & Willi2®k0).

Braille could be seen as one of the first assistive technologies, and computeenhbled it to be a much more
varied and useful tool. Audio, too, has much to offer those young leanitarsignificantly impaired vision

and researchers at the University of Iceland have produced a reviesvaffitacy of audio vs. Braille for a
range of everyday tasks (Shimomura, Hvannberg & Hafsteinssd)).2Dhe study aimed to look at how young
learners use technologies such as screen readers with audio or Braille, antifiotfte barriers that may be
found, as well as the strategies that support their use. The researchers alscmfierendations for interface
designers and suggest future areas of research. Screen-readers havechagsed by learners with impaired

vision, but the various menu hierarchies that may be created on websites pretederariably by different



reader software. A variety of hierarchical menu structures has baahtfblead to varying results (Hochheiser
& Lazar 2010), with this study of screenreader users showéttgr results with broad, shallow structures than

with narrow, deep ones

Skimming and scanning remains problematic for some Web-w#rgmpaired vision, and browsing shortcuts
are mechanisms that may help in this area (Kouroupetroglou, Salampkisi&aris 2007). It has been shown
(Zanica & Clemente 2007) through research with users with impaisedh\that they see the Internet as a
valuable tool for accessing information and communicating with othexge¥w, the researchers also report
that the same users found frequent and important problems of accgdtiiliteduced the effectiveness of
these resources. Other research (Manset-Williamson, Dunn, Hinshaw &126188) went further and
examined the role of a self-questioning strategy as a way of enhameiagognitive strategies on the part of
the learner who is struggling to use screen-readers meanin@uiarly, signing is a very well-developed
language in use among many learners with a hearing impairment.dMaikues on the effective translation of
speech to avatar-based signing, and Elliott et al (2008) provide an ovef\dewetopments in this area,
focusing on sign language generation from English text and theuttis presented by grammatical and other

issues.

As with the technologies for practice, there is considerable work on techndlmgigsist learning within
Mathematics and Science curriculum areas. Young learners in the Netherlangsnghdentified as having
learning difficulties were tested with an ICT-based assessment which wagsdsibed as a dynamic visual
tool (Peltenburg et al 2009). Within the wider mainstream curriculuminaileed within professional adult
training environments, animation has long been seen as a modaiin@ftlarity, engagement and control for
the author. One mainstream school (Burdett et al 2010) has developed a galefranimated help modules to
support students with learning difficulties who have been included in tbelséuture amalgamation of this
work with other developments on automated captioning could be mulgaibficial. Digital video production

in general has been shown to be an effective technology use for ¢estnogiing signs of challenging behaviour
and those with learning difficulties (Orr 2007), although sufficient timet imeigllocated for the activity to be

successful.
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Mobile computing has developed rapidly in recent years and a revieve dietti (Power and Jirgensen 2010)
focussed in particular on the use of mobile technologies to assist learnevssuatimpairments. Covering
PCs, PDAs, media players and mobile phones, the authors look at sawetg of options now available to
present textual, graphical, mathematical and Web-based documents througimauuiptic modalities. Stock
et al (2008) evaluated software which aimed to increase independent accestet@hooies by people with
learning difficulties, through the use of an off-the-shelf phoitke special software installed, and it is
increasingly the needs of users with cognitive difficulties that arsidered in recent and current mobile
computing use and researddobile phone interfaces are also the focus for a paper looking at desigiplpsn
that could improve accessibility for those who struggle with literaajji(& Good 2008). Learning in the
widest sense is the focus of a study of the use of a wrist-weigatiag device (Fickas, Sohlberg & Hung
2008), in which the authors compare four different prompt modgsefuple with cognitive impairments.
similar result arose (Zentel et al 2007) when investigating the barrierg f@h users with cognitive
difficulties; as with Fickas et al (2008), audio feedback was found toobe @ffective than unstructured
graphical symbol support. The way forward for these usersbmthyough designated portals which can enable

users to explore the Web independently and to a greater depth (Willidtasson-Baldauf 2010).

Games and puzzles have a long history of use within assistive technologjigerGin the autism spectrum
have been given the opportunity to access a puzzle throughathreand interactive technologies such as
multimedia tables, tangible technologies or virtual environments (Battochi et al 2008wdklsag with

children on the autism spectrum, Davis et al (2007) identified a deficit in narcataprehension among these
young people, and sought to address this through an interactivarsoftystem which would also recognise the
social world in which they live. Reporting on this longitudinal stubg,authorglescribe enhanced
understanding of narrative components and a correlation with real-marriative comprehension tasks. Shih,
Shih and Wang (2010) also looked at technological prompts for collaboragitimy developed a driver that
would allow two users with multiple disabilities to co-operate in moving aseoLiu, Conn, Sarkar and Stone
(2008) took a different approach by investigating the ways inhwiechnology-based tasks might elicit the
affective states of liking, anxiety and engagement that they report as mpioidant in autism intervention. The
system they describe involves constant monitoring by a therapistseisan assistive therapeutic tool, a
development the authors report as being the first time that the affective stehédrefn identified with ASD

have been experimentally detected by way of physiology-based affeghitimo technique.
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Users in Finland with a variety of levels of visual impairment played a seriesrafggusing audio and other
support (Evreinova, Evreinov & Raisamo 2008). Sanchez anddRed (2010) developed a sound-based
videogame in Chile, to be used alongside a haptic device for imprav@rgagion and mobility in children with
impaired vision. Results showed a high degree of acceptability omthefhe target user group, and
researchers hope the next phase will show significant gains in the developteemp@b-spatial orientation
skills of children with visual impairment when navigating in unfanspaces. Working with a different
colleague (Sanchez & Saenz 2010), Sanchez has also published researchatiomdor those with visual
impairment through an underground railway system, witHighéwork having taken place in the Santiag
Metro. A team from Nottingham (Brown et al 2011) have used segmues alongside location-based
technologies for young people with severe learning disabilities and additiosargémpairments. Location-
based services enable learning to take place in a real context, with all the suppds tloatétxt and assistive
technology can provide when working in tandem: for example, wde tearning in a real context by young

people with disabilities using an Android device.

It seems likely that robotics will have much to offer in the field of teldgoto assist learning, and indeed to
assist daily living, although the latter is beyond the scope of this papeaveilability of gesturing
technologies led to exploratory work with learners with a motor disabilitywdre able to interact with a
multimedia robotic device (Petersson & Brooks 2007). More recentlgd&teet al (2011) have evaluated the
use of the Wii Nunchuk as an alternative assistive device for people with physidatellectual disabilities

who normally use switches to interact with computer software

Assistive play was the focus for other robotics development in Canadoandal (Cook, Encarnacéo &
Adams 2010). From a rehabilitation engineering and robot design pirep#te authors aimed to define a set
of desirable characteristics for robots and assistive play. Their early a®dhbwn that, after watching the
assistive play, parents and teachers thought that children were more altheyhlaad assumed. Raya et al
(2010) worked with very young children to investigate whether a teaitiol mouse would be an effective
solution for learners with motor disabilities. They found that their targeipgrould control the cursor in this

way, although they had more difficulty with finer movements.

12



Assistive technologies also have learning-related uses to enable young p@apieifate enjoyably and
meaningfully in a range of activities. This was the focus for thefiaanotion-sensitive environment which
provided interactive control of responsive multimedia (Brooks 2008). Notptesof social networking are as
accessible to assistive technologies users as might be the case, as Bates, Vickersarfddd@rshow in

their discussion of the use of gaze interaction with on-line commumiigisin a longitudinal study of eye-gaze
technology (Bates et al 2007), and focussing in particular on Secontheifeuthors show that current access
possibilities do not offer effective gaze control and thus impair the atilitgers to make their disability
transparent. Early research into the use of Skype video communication mimde@tarrison & Robertson
2008) is encouraging. Similarly, Web-based libraries open up possibilitieslfaboration and cultural

exchange (Komlodi 2007)

With such a range of assistive technologies available, it can be difficult for eugfiogmed professional to be
aware of the whole range of possibilities. Some see the toolkit appasactvay forward (Judge, Floyd & Jeffs
2008); others locate the driver for assistive technology use as beingjitiatiee framework in position, as is
the case with a review of implementation in one Canadian state (Mo2G€3) which showed that the most
important factor, as has often been shown, was teacher attitude and comftetiwitilogy. Too often, ICT

may be all-pervasive but not used particularly to assist or enable inclusion, as@mdimdstrand (2008)
found in their study of young children with motor disabilities. There well-developed literature on the use of
assistive technologies by people with AAC needs, for example a study of clildrespitals (Sherlock 2008)
which refers to previous literature on the topic and notes again the gezpooe of low-tech devices. Outside
of AAC, autism and to some extent sensory impairment, there is still lImsghesearch literature on technology

uses to assist learning than would be expected given the very largerrafrabntexts in which this takes place.

Technology usesto enable learning

Theseuses of technology make “learning possible where it was not possible before” (Abbott 2007a: 13).

Perhaps amongst the most truly enabling of technologies are thoseakasit possible for people to
communicate where they would otherwise be unable to do so (Nianou ebal 26ite Output Communication
Aids — VOCAs- have long been an essential component of the technologies resourcealttildap users,
such as students in Further Education, will have specific needs arel stuzhs (Howarth & Slaughter 2009)

identifies these and suggests some possible solutions. Assessing thef yeedger children is particularly
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challenging, and four case studies (Harding 2009) identify the keysissbe considered, such as the receptive

language capability of the child and whether the necessary cognithrequisites are in place

Aesthetic and creative aspects of the use of technology feature less dftefiterature, but can be enabling in
a most profound way. The use of an immersive, multimodal us¢retled installation in France was found to
have great potential (Ghedini, Faste, Carrozzino & Bergamasco 2008). The instdlassages, offered users
the opportunity to create, explore and interact with a virtual environmesdlitime. Grierson (2008) also
addressed creative uses of technologies, in his paper about children with migtipiitids, including deafness
and autism, making music with images. The paper describes the technicabbtsssfystem, which involves

real-time transformation of sound into moving images, and thek to sound again.

It is also unarguable that many technologies used by people with visual impaanmaéruly enabling, in that
without those technologies it would be very difficult if not impossible fos¢hasers to access the resource in
question. An Italian team describe (Dini, Ferlino, Gettani, Martinoli & Ott 2007) hewekaluated the
accessibility of educational software aimed at students with low levelsiofivThey propose an educational
software accessibility checklist which is intended to be used by teachenmay have little experience of
children with limited vision, and covering areas such as general readabdlising field extension and
position, menu location and coherence, characters and colour. A teaseaifchers in Finland (Evreinova,
Evreinov & Raisamo 2008) looked at alternative input devices, a camera joystiekmaanual version, as part
of ongoing work in this area. The efficacy of the devices forinpert was compared in a target acquisition

task, where neither the targets nor any pointers were available visually.

Alternative interfaces were also the focus for a usability study (Feffaydeiredo, NovakStépankova&

Gomes 2008) which looked at hands-free interaction. For users with lionitedluse of arms and hands, touch-
free interfaces offer considerable promise. In this paper, two new Istnsygstems are described, both making
use ofthe user’s eyes or nose movements to control the cursor. The process of using these alterma/es
found to be rather slow, although this did improve over timdy thi¢ use of mouse-controlled toys being found
to be helpful in building confidence and controlling home appliancessmilar focus was adopted by a group of
Finnish and UK researchers (Istance, Hyrskykari, Vickers & Chaves 20@9wéstigated multiplayer online

role-playing groups, such as World of Warcraftd the potential for interacting with these through eye gaze.
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Games of a different kind were the focus in Finland, where a tactile meaumiy with multimodal navigation

support and audio cues was developed for visually impaired childremfRai®atomaki, Hasu & Pasto 2007).

Some researchers have further developed the use of assistive technologiesday ahittle autism spectrum in
order to enable learning where it was not previously possible. Usitigipatory design methodology, Cobb et
al (2010) have explored two different collaborative interaction technologies: Callafeoyirtual

Environments and Shared Active Surfaces. A different perspecti@ekaborative Virtual Environments is
provided by Cheng, Chiang and Cheng (2010) in their stutlyeadise of these environments to develop and

enhance empathy and the ability to take a particular perspective.

Also involving working within a participatory design framewdokit with a focus on providing inclusive
education for a boy on the autism spectrum in Germany, is a cageéatet in a mainstream school classroom
(Lingnau & Lenschow 2010). In this study, the researchergesiighe role of the enlightened teacher is vital, as
is the emphasis on collaborative learning. Checkley et al (2010) wiffer@nt approach to participation,

asking for children who use VOCASs to give their personal reactiongse technologies. The participants,
three boys with autism, were clear that they found VOCA use to be pldasamabmotivating, these responses

being obtained through using parents and school staff as expert guides.

Again with a focus on learners on the Autism Spectrum in Nottinghamarea of impairment more researched
than some othersa study of the use of interactive whiteboards (IWBs) found fiateprovided that the

teacher involved was clear about the aims and objectives of the technology use2QH2)c Key guidelines

are provided for others who wish to explore the use of IWBs wishuer group. IWBs are also involved as the
delivery technology for software written with the needs of usersaaitism in mind: Reactickles (Keay-Bright
2008). Guldberg et al (2010) focussed on the development of sociglssitlivare for children with autism
within the ECHOES Il learning environment. The group once again fthatdhe benefits of participatory
design were clear, as was the complex nature of social intervention. Socialntberi@a major area of
research within autism and technologies, and the team developing the GoNabBuzzle Game described

above have continued to explore its potential (Battocchi et al 2010).
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Researchers within Human-Computer Interaction (HCI) are well-represented aitism-related research, not
surprising perhaps in view of the perceived interaction needssafithip of users. Conversation was the focus
for a French project, which looked at two groups, those with autisithmse developing typically, and their
responses to a range of support modalities: text, speech and images (GryMszfia & Nadel 2008). After a
series of structured interventions for both groups, the researchedstfainhose on the autism spectrum
showed poorer performance on the richer multimedia interfaces, pdrbepuse they lacked the ability to
organise the available range of modalities. Judge & Landeryou (2007 edht#iconsiderable undeveloped

potential for text entry, using these technologies and mobile phones, byitlis the AAC community.

As has been described above, different modalities can assist in the acgesSilfidlitexample, websites. The
use of audio and image can be more than a support to those wgglestrith text; such technologies can in
some cases enable access by a user who is unable to cope with testtfiehfscus of work by Chen et al
(2009), who looked at the effect of different support modalities onetding of digital text. Their conclusions
include a call for flexible solutions, since they found that text-picta® tve most suitable combination for

students with autism, while those with learning difficulties were magupated by text-voice.

Robotics continues to develop its role as a discipline where there would seeroitsilerable potential for
current assistive technologies to be superseded or greatly enhanced. AsjdetUlarsed at the University of
Hertfordshire is working on the development of robot-assisted pldyirfiRet al 2010), with the robot playing
the role of social mediator, encouraging children with special educationaltoegidsover a range of play

styles, from solitary to collaborative play.

Conclusion

Throughout this review of the period 202@11, we note a continuing move from a focus on technology to a
focus on use and effectiveness. This has been enabled by rapid &pte midnges and developments in the
technology itself, which has become cheaper, more easily available andiaespread. It is also, often, more
effective, reliable and flexible. AT and accessible products are becoming chedpaore widely available,
although the situation is complex. The increasing involvement of Cisatred Design takes into account
context of use and the range of stakeholders concerned; and experiragigtalodin meet that challenge (e.qg.,

Brown et al, 2011b).
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It is clear that there are some key areas of development within current artchesigtive technologies research.
Whilst recognising the relatively small number of papers and projects @dsale put forward the following as

significant issues for consideration by those in the field .

User involvement

A significant number of projects have acknowledged the need ttvénueers in the research which relates to
them and their needs. The use of participant design approaches ensussetrahmrojects are less likely to be
abandoned at a later stage, though this needs to be at a genuine andfmdawnéh. A helpful measure here
would be the levels of participation identified by Hart (1992) withLhigder of Young People’s Participation,
ranging from tokenism and decoration (classified by Hart as non-participtittongh information to shared

decision-making.

Mobile mainstream devices

The rapid deployment and popular acceptance of mobile phones, particulargtszne and other personal
digital assistants, has led to an understandable demand for digital assistivéotgeltio be mediated through
these devices. Products such as the Apple iPhone 4 and Windows 7 hawe fopti@cessibility built in rather

than there being a need to add it as an afterthought.

Visibility of assistive technology use
Assistive technologies have become much more visible, particularly as a reékalhudve of speech synthesis,

speech recognition and graphic symbols into mainstream and inchesiireys.

Interaction and collaboration

Much of the research included in this paper focuses on interaction bgie@gle with disabilities and,
importantly, with those not identified as having disabilities. Interactional raugesultiplying and

diversifying, as has been identified in the wider literature on multimodaditieéshanging literacies.

Developing interfaces and technologies
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One of the few trends driven by technological advances rather thanmipaiiifudes is the rapid development
in alternative interfaces such as brain control, gesture control and eye-gameeTfi@obotics is another
developing technological trend. The move towards a greater focus on Nagardhtérfaces which
accompanies these emerging technologies is sympathetic to people with disdbiliilebe important that
developing interfaces reflect young people’s experiences and expectations, for example of games controllers, as

well as the full range of complex and multiple disabilities.

Inclusive Design
Increasingly, researchers are choosing to focus on those deviceSieart phones) and Software Tools (e.g.,
games engines such as Unreal Development Kit) that a wide range of userstvomse to use themselves, and

extend their application to also take into account the learning and interaction npedplefwith disabilities.

As can be seen from this series of emerging themes, almost all charbeterised as being part of the
imperative to move from the special to the mainstream, from the medicaldodihémodel and from
adaptation to meeting the needs of all. Assistive technologies research isrgeewenimore inclusive. In order
to assess impact, however, we need longer term studies and for these toybededs who are independent
from the developers of the technologies in question. Not only usersand loat also gatekeepers need to be
involved in such research. No matter how inclusively and expertly desiigaeechnology, if the gatekeepers
(teachers, teaching assistants and therapists for example) are not tramedeénor sympathetic to it, the
beneficiaries will never get the chance to use it. There are issues of classificagatetat with here, and
awareness and knowledge of products can be difficult to maintain in ayrepatiging field. However,
European thematic networks such as ETNA and ATIS4All are providiligeoresources to address these

issues.

Despite these moves, there is growing awareness of that version afithledivide that affects those who may
still not be fully included in society, due to learning difference or digahs well as socio-economic factors
(McKenzie 2007). Noting that technology could form a mechanism faiging social capital, McKenzie goes

on to state the continuing deficiencies in current society.
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...people with learning disabilities generally still experience significant batogenuine social participation.
...[and] can be considered to be digitally excluded... IT can hetpdam re-link the marginalised to their
community]. However, there is still a distance to go before this godieachieved.

(McKenzie 2007: 21)

Charities such as th@hildren’s Society (Murray 2007) and MENCAP have been clear in their call for all

children to access technology and online resources: the use of approprititee @ssisenabling technologies is
one way in which this can begin to be achieved. It would seem tikatya key focus for assistive technologies
researchers for the next few years should be continued consideratieraffbtidlances of these technologies for
bridging the digital divide, enhancing inclusjand minimising the “differentness” of assistive technologies. In
the most recent papers covered, we welcome a renewed emphasis on accetisededsimlogy as a human

right.

Assistive technologies are included among the [UN Convention on the Bighssons with Disabilities]
measures to ensure three specific human rights. First, the right to frekelkpnession and opinion and access
to information should be ensured...

Second, to ensure the right to education, governments should facilitatedeafBraille and augmentagv

and alternative communication. They should also ensure that educat@ivésed using the most appropriate
modes and means of communication.

Third, governments are required to facilitate the use of assistive technologiesite the right to participate

in political and public life... (Borg et al, 2011)
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