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How to Use Low-Cost Devices as Teaching
Materials for Children with Different Disabilities

Chien-Yu Lin
National University of Tainan
Taiwan

1. Introduction

This chapter focuses on how to use assistivetechnology to help children with disabilities.
The real situation is that many classes do not have enough resources to buy much
equipment for children with different needs. We will introduce how to use low-cost devices
to make a simple interactive whiteboard, a low-cost AirMouse and interactive feedback for
rehabilitation treatment. Some research has combined the use of a Wii hand controller and
infrared (IR) emitter to create a low-cost interactive whiteboard; we applied and extended
the relative issues in this chapter that utilizes the Wii hand controller as a key of assistive
technology. The contents are applied in Flash software or PowerPoint, so that resource
teachers could design the teachingmaterials without any training.

Computer-aided instruction is widely used in special education and assistive technology. In

fact, teachers sometimes may have trouble whenteaching their students to use different
computer tools (Shimizu & McDonough, 2006), but advances in computer technology have
meant replacing translation of traditional pape r questionnaires with novel display versions

(Hung et al., 2010). Although wi th the progress of technology the functions of interface have
become more complicated day by day, the purpose of this chapter is not only to help
children through new teaching ma terials to enhance their motivation, but also to consider
teachers' work load and feelings.

Through the assistance of assistive techntogy and multimedia design, teachers have
enough ability to produce the learning material s of custom-made design in order to support
learning by disabled students (Kawate et al., 2009). User-friendly design is defined as a
structural design of an interface (Cho et al., 2009; Kim, 2009) and teaching interaction
procedure is a systematic form of teaching used by teachers to gauge behaviour (Leaf et al.,
2010). The important aspect of the resource for teachers is taking care of the children,
technology is a method to help children. The first thing we want to promote is that the
content is easy to create and flexible for the teachers, providing positive motivation to join
the activities.

Interface design exists at the junction of computing sciences, design arts and social sciences.
Human-computer interaction (HCI) is a discip line concerned with the design, evaluation
and implementation of interactive computing sy stems for human use (Rosinski et al., 2009).
The purpose of interactive design in HCI is to improve the experience for students with
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disabilities of direct feedback. Computer-mediated communication facilitates the
understanding of communication patterns, forms, functions and subtexts, which can in turn
engender an understanding of how to derive meanings within such contexts (Bower &
Hedberg, 2010). Patterns or figures are increasingly being used not just in education, but
also in many other areas such as softwae engineering, engineering and business
management, and are also frequently advocated for teaching HCI principles (Kotze™ et al.,
2008). Interactive whiteboard systems comprisea computer linked to a projector and a large
touch-sensitive electronic board displaying th e projected image. Children or teachers can
operate the content from projector directly by an IR device (Warwick et al., 2010). Because
intuition is an operating feature of assistive te chnology, it is not necessary for operators to
use a tool, such as a mouse or keyboard, to learrhow to control it. Therefore, it is easier for
users to touch the low-cost assistive technology. In this way, information and
communication technology is a powerful tool for learning and rehabilitation, which has
prominent influences on helping teachers explain difficult concepts, giving access to a huge
range of examples, resources and inducing pupils to engage in learning easily (Waite et al.,
2007).

This chapter focuses on making some interactive devices at a low price to help children. In
studies related to the interactive whiteboard, it is indicated that the interactive whiteboard
technology has the potential of supporting teaching and learning (T ataroglu & Erduran,
2010). This assistive technology of interactive design describes a new design for teaching
materials developed in the frame of a research project supported by information interface
tools (Lin et al., 2010). The introduction of basic education or special education-based
computer-aided tools in the routine developmen t process of education is truly important.
The display of multimedia teaching materials relies on the operation of a mouse; however,
for students with disabilities, a PC mouse is not a good tool, because it is a load for children
in the process of learning.

One solution was to explore the application of devices used in contemporary gaming
technology, such as the Nintendo Wii or AirMouse (L6pez, 2010). An IR camera was
generally used in tracking systems, which lead often to unaffordable costs; particularly,
Wii remotes used as IR cameras (Shih, 2011). Some research combined a Wii hand
controller and IR emitter to create a low-cost interactive whiteboard, so that teachers were
enabled to design teaching materials that enhanced learning for children with
developmental disabilities. The interactive tec hnology consisted of a Wii hand controller,
IR emitter, a laptop and a projector. This kind of customized design is low-cost at less
than US$35. Combined with low-cost materials to create a cheap device, the laptop could
be controlled by the wireless IR emitter device that functioned much like a PC mouse
(Lee, 2008; Lopez, 2010). The application of arlR emitter is similar to a normal screen
update to touch screen.

The application of a low-cost AirMouse through the Wii hand controller was similar to
putting a PC mouse in the participant’s hand ; the design of the low-cost AirMouse and
virtual interfaces adopted an interactive meth od, while the design of teaching materials
adopted Flash software that could invent interesting displays in order to raise children’s
curiosity and increase the rate of use (Lin et al., 2011).

Recent advances in assistive technology have resulted in the mass production of the low-
cost Wii hand controllers, which incorporate a small IR camera capable of tracking light
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sources and transferring their pixel position vi a Bluetooth to a computer (Clark et al., 2011).
Using Wii as a tool in the teaching carried out in the practical results of the promotion has

been very effective (Amici et al., 2010). Interactive technology to promote the ability of

understanding via the teaching materials, links th e experience of learning styles (Lin et al.,
2011).

The design of learning interfaces adopts an intuitive design, while the design of teaching
materials adopts Flash software to invent interesting animations in order to raise students’
learning motives. In addition, students can not only truly experience the vivid teaching
materials, but are also impressed by them.

This chapter also tried to develop a low-cost and doable way to make an AirMouse and
interactive virtual interface, especially for people wishing to utilize a low-cost device to help
children with disabilities.

The virtual interface design had an advantage in that the application was able to make
corrections to the teaching materials, while the assistive technology may also be transferred
to other training courses. However, through the low-cost AirMouse, the process became
uncomplicated for the children; they could op erate the tool by intuition. This chapter
focused on the equipment in helping children with disabilities and tried to enhance the
quality of the equipment which could be tailored to people’s different needs.

Some of the related research focuses on a Wibalance board to help people to train their
activities (Bateni, 2011; Young et al., 2011). Irthis chapter, we also discuss the issue of
rehabilitation. With rehabilitative work users do it by their willpower, but do not use
feedback, in fact, the process of rehabilitation is so boring, people do not have the
motivation to do the work. Especially for ch ildren with cerebral palsy and the repeated
action needed to train for physical activity [c 1]. Cerebral palsy is one kind of series of
obstacles caused by an immature brain cell injury, including psychological and social
adjustment, active function, walk ing function and daily living etc. Because the plasticity of
the brain is high, with the relevant medical re habilitation for children with cerebral palsy as
soon as possible, early training and learning could promote the ability of children (Valencia,
2010). The final cases of this chapter make an application of the Wii hand controller to help
children with cerebral palsy using interactive work during the process of rehabilitation.
Children with cerebral palsy might not have the ability to control the computer well, but
custom-made alternative devices are always more expensive; one kind of solution is to
explore the application of devices used in contemporary gaming technology, such as the Wii
(L6pez, 2010) or Xbox (Xynos et al., 2010). AnlR camera is generally used in tracking
systems and often leads to unaffordable costs, particular the Wii hand controller which is
used as an IR camera (Shih, 2011) so that é&hers are enabled to design interactive custom-
made materials for children with cerebral pals y, enhancing learning interest for children
with developmental disabilities.

Through the Wii hand controller and IR emitter, the process becomes uncomplicated for the
children. Although traditional interactive teaching materials may be suit normal children,
there is some burden for children with differe nt disabilities; this chapter focuses on using
the advantageous parts of the interactive effect and on creating a cheap device to help
children with disabilities to enhance and improve their activities.
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2. Method

Interactive whiteboard to promote the ability of understanding in the teaching materials
links the experience of learning styles (Lin et al., 2011). Children with disabilities were
unable to use base computer control devices, but custom-made alternative devices were
always more expensive. Thanks to Johnny Chung Lee (Lee, 2008) a program about low-cost
multi-point interactive whiteboards using the Wii hand controller was created and shared
freely on his website tp://johnnylee.net/proj ects/Wii/. The fore part of a Wii hand
controller is equipped with an IR camera which enables receiving IR light, while its interior
provides Bluetooth for communication purposes; that is to say, it is available to connect with
other computers possessing by Bluetooth apparatus. Therefore, the chapter is able to
integrate the outcome of Flash and to develop teaching materials for children.

This chapter is based on the Wii hand controller and attempts to design an application of a
low-cost interactive virtual interface. The Wii hand controller is a handheld device just like a
television remote, with a high-resolution high speed IR camera and wireless Bluetooth
connectivity. When the Wii hand controller added an IR filter lens, the Wii hand controller
camera was sensitive only to bright sources of IR light emitter. Moreover, the tracked objects
must emit a significant amount of near IR light to be detected. Other IR video cameras can
obtain this function, but the Wii hand controller was the cheapest. That met the research’s
goal which was to make the equipment as cheapas possible so that children with disabilities
could be helped in a very easy way.

The extended interaction concept enabled the userto stand in front of the screen to operate
using the IR emitter pen. This concept was similar to the AirMouse idea. This design will

help some children who have difficulties in using a mouse. The Wii hand controller was
Wii's remote controller and it was fixed in th is research design. The interactive virtual
interface device in this research needed a lgtop, Wii hand controller, IR emitter pen and

cursor calibration software. Besides the laptop, all the cost would be under US$35. A Wii
hand controller camera was sensitive only to bright sources of IR light emitter and tracked

objects must emit a significant amount of near IR light to be detected.

It would be hard for the children with disabilities to learn to find a position where the
sensor of the Wii hand controller would not be blocked. For children wi th disabilities, they
needed to come close to the screen and operate. In the experimentsthe children with
disabilities took the IR emitter pen near the screen and they covered the IR emitter easily.
That made the Wii hand controller unable to receive the message from the IR emitter
successfully, so that interactive activities could not work smoothly. It would be easy for
normal children to be asked to hold the IR emitter pen as a PC mouse using a hand, and at
the same time, pay attention to not blocking the Wii hand controller and the IR emitter pen
transmission direction. However, for children with disabilities or even multi-developmental
disabilities, they have more difficulties in the learning process of using an IR emitter pen.

In this chapter, the Wii hand controller-b ased, interactive design build interesting
applications. The Wii hand controller makes a simple interactive device and in recent years
many people and researchers in the relevant studies have opened up their programme
codes free of charge to download [c13]. For thepurpose of this chapter to be applied to help
more children with disabilities, the price of equipment is the key consideration.
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The device in this chapter is easy to use; what participants have to do is to operate the IR
light, using a prototype which relies on designing to the specification of users. In addition,
the apparatus can adjust the size and scope of projection.

2.1 Low-cost interactive whiteboard

The theory that this chapter applies is making use of Bluetooth to connect a computer and a
Wii hand controller. By means of an IR emitter, a Wii hand controller can track the accurate
launching location of IR light and then generate a simple whiteboard. According to the
course design of participating teachers, image projection based on low-cost interactive
whiteboard is divided into two categories.

The first category: a projector shows images on the wall or the projector screen, letting the
Wii hand controller point to the projection po sition. Based on the requirement of students,
the range of exhibition can be adjusted. For students with extreme short sight, for instance,
we can make use of amplification displaying a larger size in order to improve inconvenience

for short-sighted students because the presentdion on normal computer monitors is too

small, as Fig. 1 illustrates. The second category: letting the Wii hand controller point to a
computer monitor which originally merely has the display function. With the assistance of
Wii hand controller, the computer monitor thus becomes a touch screen, as Fig. 2 illustrates.

Fig. 1. How to use the low-cost interactive whiteboard on a wall

Fig. 2. How to upgrade a screen to a touch screen

The display mode of these two methods is an intuitive learning tool. The operator does not
need to use a mouse as a tool, which is egecially useful for children with learning
disabilities who therefore do not have to learn the use-pattern of the PC mouse. Students
will raise their interest towards learning and less en the generation of frustration during their
learning processes.
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An interactive whiteboard is an interactive di splay interface that connects to a computer and
a projector. A projector projects onto a board's surface where children can control the
display using a pen or other devices, but it is very expensive so teachers cannot use them in
many places. Since the Wii hand controller can track sources of IR light, it can track IR light
from theled in the tip. In this research, teaching materials are designed using Flash software
and the interactive whiteboard is used to develop children’s abilities. According to the
requirements and preferences of students, participating junior and elementary teachers
devised and adjusted the design of the IR emitter.

Fig. 3. IR emitter design 1 (demonstration by Te-Hsiung Chen)

Fig. 3. is designed by teacher Te-Hsiung Chen. Because children with disabilities are
generally lack the ability to manipulate operational tools and their action sensibilities are
also not nimble enough, teacher Chen therefore makes use of micro switch to launch the IR
emitter. In addition, with regard to the IR emitter, in order to prevent the Wii hand
controller receiver from being interrupted by th e location of the body, teacher Chen extends
the launching section. This improved design creates distance between the hand and the
launching section, and the effect is better than before.

2.2 Application of the low-cost AirMou  se for children with physical disabilities

The AirMouse is a device for people to control a computer. The motion-sense technology
inside the AirMouse delivers precise in-air cu rsor control and convenience. The principle is
through motion-sense technology which translates your hand movements into on screen

cursor motion for in-air operation. The AirM ouse not only works on the desk, it also can
work in the air or anywhere else. It is more comfortable for users to use and compact and
portable enough to be easily used, using naural and comfortable wrist movements to take

in-air control of your computer.

This part will show how to use the Wii hand controller and IR emitter not only to make a
low-cost interactive whiteboard, but also a low-cost AirMouse. Just like many videos shown
on YouTube, the low-cost interactive whiteboard was good for children to use, but the light
of the projector would be a burden for people wh o used it. It would be good for a teacher to
start the cursor calibration software, fix the IR emitter pen position and tracking utilization
for children. If tracking utilization was lower than 50%, the Wii hand controller position
should be adjusted and relocated. By doing so, people could upgrade their normal screen to
a touch screen. The participant could sit in a chair, holding an IR emitter pen as a PC mouse
in the learning process. It is easy to make a vitual interface; forgetting the method of how to
make a low-cost interactive whiteboard, face the IR receive of the Wii hand controller
toward the user and prepare an IR emitter.

Just as Fig. 3 shows, follow these steps to set up the virtual interface. Step 1: double click the
executable file of Wiimote or Wiimote smoot hboard than make sure you go into the
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situation of “Quick calibration” (Wiimote button A) . Step 2: you can see the first red point of
calibration, don't let your IR emitter touch the screen, just think of a virtual interface behind
you, and push the micro switch of the IR emi tter at the corresponding position. Step3: when
the second red point of calibration shows on the screen, just like step 2, think of a virtual
interface again, and push the micro switch of the IR emitter at the corresponding position.
Step 4: follow step 3 and finish the four red points; when the four red marks have been
calibrated, you have created a virtual interface. So, the users do not approach the screen or
the wall that the projector projects upon, the user is only sitting on th e chair, using the IR
pen like an AirMouse. The Wii emitter needs to face the user.

Fig. 4. How to calibrate the virtual interface

Fig. 5. Low-cost AirMouse and virtual display

The purpose of this chapter was to help children with disabilities to enjoy their learning
process. Assistive technology was a helpful method for learning, which had prominent
influences on helping teachers explain difficult conc epts and giving access to a huge range
of examples and resources. This low-cost AirMouse could also help children with
disabilities to learn easier; the principle is illustrated in Fig. 5.

This chapter benefited greatly from many experts who devoted their interactive
whiteboards technology using the Wii hand controller. Using the IR emitter and Wii hand
controller an AirMouse-like system was created - a low-cost and custom-made tool.
Therefore, it was able to integrate the real-ime feedback via Flash software and PowerPoint,
and also contribute to developing teaching materials for children with disabilities.

The theory was applied using Bluetooth to connect the computer, the Wii hand controller
and the IR emitter. Through the IR emitter, the Wii hand controller could track the location
of the IR emitter. The function of the IR pen was just like an AirMouse, and the children
with disabilities could use it easier with a pen instead of an AirMouse as a controller. In
order to suit the needs of children, the weight of the device held was only that of a simple
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pen with a micro switch. The display mode of th is method is an intuitive learning tool and
better than an AirMouse; children with disabilit ies would raise the sense of achievement. In
virtual display, whenever the ch ildren pressed the micro switch in this area, the IR emitter
could control a system just like an AirMouse. Th e virtual display showed the function of the
IR receiver. It is like a pen for children to control via the micro switch, and the teaching
material could be modified for other courses.

It is a simple tool for children to control the micro switch and the teaching material could be
modified for other courses. In the research, the researcher used Flash software to design
interactive teaching materials. When the researcher set up the device in the classroom, only
the children with developmental disabilities who took an IR pen behind the virtual interface
could make use of the interactive effect. Participants from the resource classroom could
recognize how to operate this virtual interface, because it only took one object just like a pen
which could be waved to see the content.

2.3 Application of low-cost interactive rehabilitation
An IR light array and reflected band could make a low-cost interactive rehabilitation tool.

Reflected band is one kind of flexible tape, it could be tied on the different part of children's
body then do to rehabilitation .A projector projects onto a wall where children can control
the display using the relative devices, but is very expensive and not portable, so it is not
convenient for teachers to use the device in different places. By means of an IR light array
and Wii hand controller via reflected band, it could track the relative position of the
reflected band and then became an interactive teaching material. A projector shows images
on the wall, letting the reflected band reflect fr om the IR light array to transfer information
to the camera sensor of the Wii hand controller. The weight of the device which is held by
the children is only a few grams, which is sufficient for the childre n’s requirements. The
display method of this part is an intuitive lear ning tool. The operator does not need to use a
PC mouse as a tool and the children will raise their interest and lessen their frustration
during the learning process. Since the Wii hand controller could track a source of IR light
array, as Fig. 6 shows, so the research add apply this technology to make a low-cost
device. A reflected band on the leg or other parts of the body are good examples that could
benefit from minimizing tracking instrumentation, as Fig. 7 illustrates.

Fig. 6. Simple IR emitter
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Fig. 7. Simple IR emitter

The Wii hand controller is the Wii's control, from the training process, this chapter
illustrates making the Wii hand controller point to IR emitter by which it can detect the IR
emitter signal. If the participant achieved the action, the screen will sh ow the contents from
PowerPoint next page. The interactive design needs a laptop, a Wii hand controller, an IR
emitter, all costing under US$ 35. As teachers design teaching materials, they need to
consider the funding constraints which preven t providing interactive teaching materials.
Therefore, using a Wii hand controller as a connecting tool, the normal projected screen
could upgrade to an interactive device. For teachers to prepare teaching materials depends
not only on low-cost, but also easy ways to learn, and an effective interactive interface is a
good way to help this process. In the resource classroom or special classroom, teachers care
for children with different disabilities, and particularly children with cerebral palsy need
physical rehabilitation.

We modified the method connected with the Wii hand controller and IR emitter. With the IR
emitter we simplified the emitter bulb and butto n cell battery, and the weight is no burden
for children who need to exercise different parts of muscles according to their different
situation. It is easy to process this modification, as shown in Fig. 8.

Fig. 8. Simple IR emitter

The theory applied making use of Bluetooth to connect to the computer, the Wii hand
controller and the IR emitter. Via the IR emitter, the Wii hand controller could track the
location of the IR emitter, so, the IR pen functioned just like a PC mouse. The children with
disabilities could use the pen easier than a mouse controller. Based on the requirements for
the children, the weight of the device held is only that of a simple pen with a micro switch.
The display mode of this method is an intuit ive learning tool. Children with disabilities will
raise the sense of achievement. Since the Wihand controller can track sources of IR light
emitter, so the research makes a virtual inteface and there is a virtual operating range.
When the children press the micro switch in this area the IR emitter acts just like a mouse to
control to system, as shown in Fig. 9.
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Fig. 9. Simple IR emitter

2.4 Participants

All the participants in this chapter are Taiwanese children. This ch apter focuses on two
parts. Firstly the design of the digitized teac hing materials is examined and then when we
experimented in the lab and test it inor resourse classelementary, we revised the ideas on
the low-cost interactive whiteboard so that teachers could better participate in the research.
The first step is to select teachers from elementary and junior high schools, and make sure
they have experience in basic computer sklls. Then we discussed how to design the
contents for children with disabilities. The teac hers designed interactive teaching materials,
according to the needs and ages of the students they teach in their schools. The second step
focused on how to make the relevant device to suit their children. All the children who
participated were from Taiwanese elementary and kindergarten schools.

3. Case study

Children always need to repeat training and students with learning disabilities have
difficulty concentrating on teaching materials; this chapter therefore attempts to introduce
the concept of custom-made learning for teaching materials. The learning materials are
customized for students themselves so as toimprove their learning interest. The range of
custom-made applications is considerably extensive, including attire, architecture, medical
care, rehabilitative instrument etc. This chapter begins from assistive teaching, which
provides diverse learning methods in the design of teaching materials. Using an IR emitter
and interactive whiteboard can link to correspondi ng information, which is able to increase
the attraction and intimacy of teaching materials. Here are six cases and explanations of this.

3.1 Case study 1 (based on a low-cost interactive whiteboard)

This teaching material could be used as an intuitive class resource. The teaching materials
made using PowerPoint, so there is no burden for teachers. In this teaching and learning
activity, the teacher introduces and demonstrates how to operate first, and then the student
operates it on his/her own, but in this way, it is also easy in a normal class where the
children could handle a PC mouse without any working load. Fig. 10 shows the teaching
materials in Chinese. In Fig.10 the Chinesewords mean MRT(Mass Rapid Transit) and the
teacher demonstrates how to put the IR emitter appliance on his finger. When he touches
the wall, the macro switch will let the IR emi tter work, so the Chinese word can be moved.
This design of digital teaching material offers an intuitive way of learning for students when

they learn new words. Teacher Huang considers children are not good at holding a pen, so
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putting the IR emitter on just the ring finger is easier and furthermore, teacher Huang has
also devised an IR emitter in glove form.

Fig. 10. Application of Chinese teaching materials designed by Kenendy Huang

The tool is in a start up state when the child’s palm presses on the wall, which seems as
though the machine responds once their hands touch the wall. It has certainly humanized
the design for children to absorb knowledge because it is not necessary to teach them how to
operate learning tools.

3.2 Case study 2 (based on low-cost interactive whiteboard)

Case 2 is the teaching of Chinese characters. Tdteaching material of Chinese characters is
divided into categories, just like stationery, fr uit, transportation, sport, furniture, animals
and kitchen appliances, respectively, that are basic words for children with disabilities. In
the content of Fig. 11 there are the nine Chirese words within the category of stationery,
including “pencil”, "crayon" , “ruler”, “textbook ", "exercises", "school bag", "scissor", "glue"
and "tape". Therefore, the teacher used amulti-media teaching method of Chinese
characters, which is different from the traditio nal style of learning, and used pictures and
sounds to help him memorize phrases. When clicking on a particular word, a picture and
sound will appear accordingly.

Fig. 11. Course of space training

Particularly in the lesson of recognizing word s, the teacher recordedthe pronunciation of
the corresponding word and used the connection between the word, the pronunciation and
the picture, so that the children could receive indirect feedback when only touching the
wall. The teacher makes use of the good interactive speciality of the Wii hand controller to
design this lesson. The teacher is able to undestand students’ cognition of left and right,
and concepts of extensity. Studerts show that it is very novel to use a Wii hand controller, as
shown in Fig. 11.
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3.3 Case study 3 (application on a low-cost AirMouse)

Many children didn't control their posture wh en using a PC mouse with the participants
leaning toward the screen closely. Another problem is that the PC mouse should be used on
a platform like a desk, but with the image projected on the wall, they are not on the same
axis, so the PC mouse is not suitable for children for disabilities. Now by the advance of
technology, the AirMouse could be used in the air to control the computer, it could be
through try-and-error process before use regular AirMouse, that will reduce their
motivation and increase their burden for child ren with disabilitiesbut it maybe suit for
normal student but for students with disabilities, it could be take more trainings to use it, for
children with disabilities ,it will reduce their motivation and increase their burden. This case
suggested that a PC mouse and a regular AirMouse were not convenient to use for some
children with disabilities. Therefore we developed other equipment for these children, so
that they could interact more easily in the learning process. Thus, we designed a low-cost
interactive interface to act asa substitute for a PC mouse.

The participant was a child studied at resource class. With the use of this low-cost
AirMouse, it could train the ability of hand-eye coordination. When th e child operated the
low-cost AirMouse in the virtual interface rang e, the screen showed the relative image. The
do-it-yourself AirMouse was very easy to use. There was a micro switch on the IR emitter
pen, when the child pressed on it, it came on. On the other hand, when the child did not
press on the switch, it stayed off. The size ofthe virtual interface is adjustable, so depending
on the participant's hand-eye coordination, th e appropriate virtual interface size could be
made for different users. The content was designed using Flash software - teachers could
easily change the content via updating different pictures. It is no burden for teachers to
prepare the teaching materials thereby supplying more motivation to use this low-cost
AirMouse to help their childr en. Teachers could use this deice to train their students'
activities, as illustrated in Fig. 12. In addition, the operating method of this low-cost
AirMouse is easier than the regular AirMouse; the method allows the child to hold in the
style of a pen and press the micro switch then wave, as such the child could erase the blank
area and see more parts of the picture. This way, teachers could change different pictures to
attract children to do hand-eye coordination training.

Fig. 12. A participant’s posture when operating a PC mouse

In the research process, the research demonstrated how to use the assistive tool to help the
child with disabilities, and the child was asked to hold the IR emitter pen in her hand. Then
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the child used the IR emitter pen to do work shown by the researcher. The child only
needed to hold the IR pen, press the micro switch, move the pen in the air in any direction,
thereby the child could see the movement of the low-cost AirMouse reflected on the screen.
In this case, the participant sat on a chair and held a low-cost AirMouse in the virtual
interface range, when the child pressed the micro switch of the low-cost AirMouse, it was
just like she was operating a real AirMouse.

In the teaching of using this low-cost AirMouse, the child learned how to use it very quickly
since it was similar to how she used a normal pen. After observing the child in this research,
the researcher found that using this low-cost Ai rMouse allowed the child to interact with the
computer learning programme with appropriate gestures, additionally, it allow the training
of hand-eye coordination.

3.4 Case study 4 (application on a low-cost AirMouse)

These cases are custom-made for children with disabilities in kindergarten to increase their
attention. Using a virtual interface and low-cost AirMouse could make an interactive design,
which is able to increase the attention on the contents of teaching materials. This case
demonstrates how we use interactive effects to help a child who is five years old in
kindergarten. In this case the researcher showed how to use the low-cost assistive tool and
then the young child was asked only to hold it in the style of a pen to control the computer.
When he pressed the micro switch of the pen, it was just as if using an AirMouse and the
child could see the images that the projector projected on the wall.

The teaching materials in this case werecustom-made by Chang Ling-Wei, using the low-

cost AirMouse to help her to communicate with the child. Because the child has
developmental disabilities and did not want to talk, she used this device to attract his
attention. She show the slides page by pageand asked for the child follow her in reading the

relevant words and doing the relevant actions - when he finished, he could use the low-cost
AirMouse. The child did not talk during his class or even at home, he just said a few words

when doing this activity.

The case is not only a custom-made teaching mé&erials design, but also a real-time feedback.
Fig. 13 shows the teaching materials. Because their curriculum is focused on how to brush
teeth the care about themselves, a volunteer, Clen, made the relative teaching materials as
assistive materials to help him. This case focused on how using low-cost assistive
technology could have an interactive effect; children are offered a digital presentation of
designing and learning concepts for easier ways to operate, in this way, children can train
their body ability by virtual inte rface design with interaction.

In the experience of many experiments, the children with disabilities took the IR emitter pen
near the screen, they covered tle IR emitter, making the Wii hand controller not able to
successfully receive the IR emitter of the message, so that interactive activities could not
work smoothly.

Normal children were asked to hand hold an IR emitter pen as a PC mouse and at the same
time pay attention to not covering the Wii hand controller and the IR emitter pen
transmission direction. For normal children's understanding it should be a simple command
and also very easy to implement, but for children with disabi lities or children with multi-



16 Assistive Technologies

developmental disabilities, the learning process could potentially cause a lot of trouble with
the learning load.

Fig. 13. A boy participant in a custom-made course

3.5 Case study 5 (application for rehabilitation)

The teacher makes use of the good interactive speiality to design this lesson. The exercise of
step test is to step up with one foot and then step down via a box, the height of this box is
approximately 10 cm. This is a basic exercise for children to train their bodies. In this case,
the researcher used a tool box with a height of almost 10 cm, then put a reflected band on
one of the participant’'s legs. There are four steps in the exercise, children must follow the
steps when asked. Step 1 lifts the left foot on the tool box, step 2 lifts the right foot on the
tool box, step 3 puts the left foot down from the tool box, step 4 puts the right foot down
from the tool box, the projector will proj ect the relevant number to encourage the
participant. So, in case 5, the participant could learn two skills at one time, one is the skill of
counting and the other is training his physically abilities - it is a win-win strategy, as shown
in Fig. 14.

Fig. 14. A participant’s tie a reflected band as posture of operatinga pc mouse

The strategy of case 5 is to design different physical activities to help children with
disabilities and help them enjoy their rehabilitation process. Through the use of assistive
technology participants have a positive attitude toward rehabilitation. The contents are only
designed through the use of PowerPoint. Teachas or parents could make the contents more
interesting than this case, preferably the contents could be connected to the participant’s life
to attract the users to do the routine rehabilitation. This case 5 was appreciated by many
experts who devote their technology to interactive technology using the Wii hand controller.
With IR array, reflected band and Wii hand controller the contents could be custom-made
and flexible. Therefore, case 5 is able to intgrate the real-time feedback of PowerPoint to
develop different teaching materials for children with disabilities.
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3.6 Case study 6 (application for rehabilitation)

Case 6 is not only focused on a low-cost device, but also paid attention to easy design and
application. This case aimed at promoting and redesigning the process of interactive
rehabilitation, so we used the simplest method to do the process of rehabilitation. Because
being low-cost and easy to follow are very important factors for teachers and parents, low-
cost assistive technology could make interactive effective. Children with disabilities are
offered digital presentations of designing and learning concepts for easier ways to operate.
Children have cerebral palsy due to different injuries and many often have other barriers,
including visual impairment, hearing impairme nt, speech impairment, mental retardation,
learning disorders and so on. For development and life, children with cerebral palsy need a
lot of help and practice, but they lack motiva tion and also a lack spontaneous interaction
with the external environment. Children can do the rehabilitation for their coordination. The
participant in this case is a child with cerebral palsy in elementary school, she must do
rehabilitation everyday to keep the abilities of her hand-eye coordination. We hope to keep
the basic body motion using digital technology. Daily and routine rehabilitation for training
the energy of her body is her basic work, but there is no immediately feedback from
traditional rehabilitation and the child found it difficult to give full effort to her exercises.
Case 6 wanted to use a low-cost and do-it-yourself interactive tool to enhance the rate of her
daily rehabilitation. In case 6, we only put an IR light with on e button cell to make sure the
IR emitter is at the working position. Because the button cell is a small single cell battery
shaped as a squat cylinder like a button on a gament, they are used to power small portable
electronics devices. Therefore,it has enough power for IR light in the working state, so we
can control the weight as light as we can. We put the low-cost and do-it-yourself device on
her wrist, when she put her hand up, the Wii hand controller received the signal of the IR
emitter and gave an instruction via Bluetooth to let the contents of PowerPoint jump to the
next page. Because the teaching materials are custom-made for the child, case 6 designed the
interactive contents from her pictures, therefor e, the contents will attract her and the child
will have strong motivation to see the next page. She made efforts to raise her hand high
again to let the PowerPoint go to next page, it is a special experiment for us to make this
light device to help a child under no weight burden, as shown in Fig. 15.

Fig. 15. The experimental process

In the whole experimental process, step 1 connected the Wii hand controller and the laptop,
step 2 let the child put on the low-cost and do-it-yourself device, wherever that she wanted

to do the rehabilitation. Step 3 made sure the Wii hand controller was toward the direction

of the IR emitter and made sure the mode of PowerPoint was in play state. When that was
complete the child could do the real-time interactive activity.

Extension of the concept of interaction allows the operator to wear with IR emitter of the
tool, depending on which parts of child’s body needs to be trained. The IR emitter could be
affixed to their hat, wrist, knee etc. The concept of the IR emitter is as the left button of
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mouse and for children with cerebral palsy it can work different areas of the physical
training. With regard to software, teachers only designed teaching materials using
PowerPoint. For teachers, because it is the basic software used in class, teachers do not
require additional software training, making it a better way for teachers prepare the content
of teaching materials for children and as such they could pay more attention and motivation

on the training process for children with cerebral palsy.

In case 6, the child was very happy to finish the activities and completely finished her daily
rehabilitative work for her arms. When she fini shed the repeated practice, she was sweating
and felt very tired. Her teacher also participated with case 6 and observed all the
procedures; the teacher pointed out that the real-time interactive feedback is an important
effect for her, so she paid attention to her rehabilitation and really stretched her arms for full
effect.

4. Conclusion

The chapter used case studies to discuss low-cet interactive devices to help children with
different disabilities. From the processes of this chapter, the obvious differences between the
traditional and the custom-made design of teaching materials could be observed when
children needed different help. Children also enjoyed the custom-made and custom-
teaching materials. Therefore, according to the outcome of the six cases, the goals of the
research were achieved. We focused on using cheap devices with assistive technology to
create directly interactive effects; children were offered digital presentations of designing
and learning concepts for easier ways to operat. In this way, children could improve their
gestures when using a computer as an interface.

Using assistive technology as a tool to enhancethe variety of teaching materials is a trend.
So, the assistance of the Wii hand controller and IR emitter could support teachers and
students with disabilities giving more chance to improve their situation. Particularly for
children with disabilities, they can obtain real-time feedback via low-cost devices that
increases their motivation toward learning processes or rehabilitation. Our conclusion is
divided into three parts. The first part is a conclusion about the low-cost whiteboard, the
second part is conclusion about the application of the low-cost AirMouse, the last part is a
conclusion about the application for rehabilitation.

4.1 Conclusion about the low-cost interactive whiteboard

For teachers who work with children with di sabilities, designing teaching materials and
interface design of the learning process could be user-friendly. Some skills are very
spectacular, but not easy to understand and one must have a programming background. We
found it was too difficult for teachers to learn so the purpose of our topic was easy learning

that will create interest for teachers and their students. Some of the topics in designed
teaching units make interactive interface design of assistive techndogy as their learning

goals. Technology-based learning focuses on content learning in order to explore more user-
friendly and collaborative approaches in their active learning aspect.

From case 1 and 2, the children concentra¢d on the interactive content during the
operating process. Most of the children were very interested in digital teaching materials.
It was found using multi-media to teach and learn is easier and gives rise to greater
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student motivation than general activities which use books or pencils and papers. With
pictures and sounds as hints, the scaffold of learning is built up. From the children who

used the interactive teaching materials, some children felt that the learning process was
no longer so difficult.

This multi-media teaching material is pres ented through multi-senses, which makes the
content more vivid and adds interest to the pr ocess of learning. Students can also choose
learning methods (visual approach, auditory appr oach) which is suitable for them to learn,
this creates a deeper impressionand the effect of learning is better; moreover, it saves time.
Furthermore, thanks to the application of an in formation interface, students are inclined to
absorb knowledge actively and aggressively. They can learn independently with no need of
assistance. The interactive media interface for children with learning disabilities has become
an important and helpful computer-aided desi gn for teaching materials. The interface
arrangement also gives students assistance wherthey attempt to learn different units. There
is a close link between assistive technology, special education and communication design
research, as well as studies that examine how interactive design of teaching materials can
influence learning. HCI is a valuable issue for disabled students’ learning in the future. By
using the Wii hand controller to develop an interactive whiteboard, this made it cost-low
and easy to carry. It was also good for the classroom with a limited budget. However, the
eyes of the user could not avoid the light of the projector. Althou gh people could use a
short-focus projection machine to solve the problem, for teachers who needed to teach from
one school to another, it would be hard for th em to carry the equipment. This difficulty was
a common problem for people who used a low-cost interactive whiteboard or normal
interactive whiteboard. This chapter focused on children with disabilities and tried to
upgrade a normal screen into an interactive whiteboard using a Wii hand controller. This
only cost under US$3540. In this chapter, theresearchers made the Wii hand controller face
the user and the user did not need to point the IR emitter pen close to the screen or the wall.
By doing so, the user did not need to face the light of the projector; in addition, it could
correct the user’s inappropriate gestures.

4.2 Conclusion on the application of the low-cost AirMouse

There could be more applications in the field of virtual interface because the virtual interface
focused on easy operation and easy use, morever, the virtual interface provided not only
real-time feedback, but also a lower price to execute the experiment. It was real and helpful
to design interactive teaching materials for teachers, especially for resource and supply
teachers. Based on the fundamentals of makingthe operating interface simpler and burden-
free, the assistive technology used by elementay school students and kindergarten children
to produce fun learning.

The main theme of the project was the assessmenbf the application of a virtual interface for

the design of interactive teaching materials; Flash was used as the main application software
to produce the interactive contents such as videos and animations. The main concern was to
induce the interest of the elementary teachers who have participated in the first stage to use
the easy-to-learn software. Since they were already equipped with basic skills to use the
software while formulating the teaching material s, the teachers would be able to focus their
energy on designing the teaching materials. In terms of the hardware, the IR emitter was
modified so that the projected images were interactive in real-time, relieving the burden of
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using keyboard and mouse for the children. Furthermore, the introduction of interactive,
assistive technology also facilitated the children’s learning process.

When teaching children from resource classes, the teaching materials were modified
according to their needs. The development of case 3 and 4 may cater to children with more
diverse needs; by introducing Wii’s interactiv e technology into the project, the project was
not only academically sound, innovative and flexible, it also had significant influence on the
design and development of teaching materials. During the children’s learning process,
instead of employing creed-oriented teaching, knowledge was obtained via interaction, a
process less onerous for children. The developrrent of digitization possessed high potential;
as far as children were concerned, not only was the application of digital content refreshing,
since the teaching materials emphasized methods such as interaction and coordination, the
children also became more interested while learning, which in turn generated a sense of
accomplishment. Therefore, the development of an interactive interface to assist the
children’s learning is imperative.

By using the application of low-cost interact ive technology, the emphasis was placed on
aspects such as ease of learning by resourcelass teachers, low equipment costs and ease of
promotion. The sensor from the IR emitter could transmit th e signals to the computer and
the screen at the same time. To put it simply, we used an IR emitter pen as a mouse,
therefore, for continuing research different teaching materials could be designed. The main
purpose was to instruct children in the applicat ion of physical activities. This chapter tried
to design different courses for children with different disabilities.

This type of AirMouse could be developed as an assistive device for children with different

disabilities, plus be used by teachers when developing the design of teaching materials.
Particularly for students with special needs, via the application of interactive appliances,
they could train themselves in an interesting way.

4.3 Conclusion on the application for rehabilitation

Rehabilitation can reduce some problems associated with cerebral palsy. Case 5 and 6 used a
Wii hand controller to assist physical therapy for child with cerebral palsy. In this case, by
the arm training to explore rehabilitative activity by interactive design, observe the results
about the assistive technology applied for child with cerebral palsy.

Just as with the application of low-cost interactive technology, the emphasis is placed on
aspects such as ease of learning by resourcelass teachers, low equipment costs and ease of
promotion. The sensor from the IR emitter could transmit th e signals to the computer and
the screen at the same time. To put it simply, we used an IR emitter pen as a mouse,
therefore the continue researcters could design different teaching materials. The main
purpose is to instruct children in the applicatio n of physical activities. The chapter tried to
design more different course for children with different disabilities.

There will be more application on the field of virtual interface, because the virtual interface
focus on easy operate and easyuse, moreover ,the virtual interface provide not only real-
time feedbacks but also lower price could execute the experiment. It is real and quite
assistance to design interactive teaching materials for teacher, special for the resource
teacher and itinerant teachers. Based on the fundamentals of making the operating interface
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simpler and burden-free, the assistive technology is applied on elementary school students
and kindergarten children to produce fun learning.

In this chapter, in the application of tools to improve rehabilitative methods for children
with cerebral palsy, we found that concentr ation can be increased. By training it can
improve hand-eye coordination and improve shor t attention span, lack of patience and the
problem of low concentration. Children with cerebral palsy need to receive long-term
rehabilitation and, as with case 5 and 6, interactive real-time feedback is needed so that
children are motivated to participate in the proc ess. The interactive process was designed to
link the interactive effect to rehabilitatio n and to positively support the child.

In support of this, in case 5 and 6 the participant only needed to raise her hands and then see
the exchange of images. The child's expression was very exd¢ed and the child made great
effort to raise her hand high to see the interaction of different images. In particular, the
content is closely related to the child, as the dynamic characters in the images are all about
her real life so she knew the content was custommade. The interactive feedback is related to
her daily life. This is the cause of motivation for rehabilitation. The application of the simple
design of assistive devices and materials to the process of rehabilitation means there is two-
way feedback.

4.4 Final conclusion

In this era of advanced technological assistivetools, students with special needs have a more
convenient life even in the process of learning or exercises.

The primary direction and the main goal for sch ools and teachers is the efficiently promote
the learning process. Teaching materials as well as teaching methods have been
continuously developed and innovated, especially in technological assistive tools.

The importance of information and communication skills in interface design in the future

has been asserted to support the development ofthese skills and tools in schools. Students
need to possess the capability to use techntogy and information. Teachers therefore can
integrate information technolo gy into teaching activities.

By changing the application of equipment, th e results offered children with disabilities
different ways of learning, as well as enhanced their ability to pay attention. Since this
chapter defined that the teacher should redesign and create the devdopments, the teaching
materials used Flash and PowerPoint software. This chapter focused on using easy software,
because if the software is too complex teachers would lose their momentum. The results
obtained in this chapter can be extended to different types of activities, especially for
children with cerebral palsy, making it very attractive in rehabilitation programmes.

This chapter focus on As material designed to beusing simple materials and software to
make an interactive environment, power point can be execute basically, so, it is easy to share
and promote in in the applicative fieldon and very suitable for promotion. The design of
teaching materials uses common software which can be used to exchange different content
easily; it is a great interactive interface for the physical activity of training. This chapter
relates to different age categories of children with different disorders and can be adjusted to
expand to the scope of services.
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1. Introduction

The subject of this chapter is disabled pupils" use of assistive information and
communication technologies (ICT) in Norw egian primary and secondary schools. The
chapter investigates how use, or non-use, of assistive ICT at school influences disabled
pupils’ opportunities for active participation in an inclusive educational system within the
regular school system. This investigation draws on a qualitative pilot study carried out in
Norwegian primary and secondar y schools in autumn 2010.

After years with separate educational systems for disabled children, the prevailing view
today is that such educational segregation shoud be avoided, and that all children should

be educated with their peers in regular schools. These inclusive schools are perceived to be
“the most effective means of combating discritoinaattitudes, creating welcoming communities,
building an inclusive society and achieving education for all; moreover, they provide an effective
education to the majority of children and imprdlie efficiency and ultimately the cost-effectiveness
of the entire educational system” (UNESCO, 1994:9). This perspective includes more than
valuing the inclusion of all in a common education system; it is also perceives an inclusive
education system as a means to develop a society that welcomes diversity. Several countries,
including Norway, have committed to this view by signing declarations and conventions

that intend to provide every child an acceptable level of education, regardless of the child’s
individual characteristics, abilities, interests and learning needs (ibid.). Moreover, according

to the Norwegian Education Act, every child in Norway has th e right to attend their local
school, and a regular class or group at ths local school (Education Act, 1997).

The goal of this inclusive education policy is to provide for the full participation in
environments and activities that are common and positively valued, and to remove
arrangements that are devalued and stigmatized — such as special arrangements for disabled
pupils (T@ssebro & Lundeby, 2002). However, being included is more than being present.
Being included in an ordinary school means, “Being in an ordinary school with other students,
learning the same curriculum, at the same time, in the same classrithnfull acceptance by all in
a way which makes the student feeldifferent from any other studeniBailey, 1998:184). This
means that inclusion is achieved only when the concept has lost its content, and there is no
longer any distinction between “ordinary” and “different.” To what extent this “all
inclusive” education takes place during an ordinary day at school may vary (Wendelborg,
2010). The question asked and answeed in this chapter is to what extent the use of assistive
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ICT for disabled pupils in Norwegian compulsory school contributes to the full inclusion of
these pupils in regular Norwegian schools.

1.2 The Norwegian context

Norwegian ICT policy aims at securing an information society for all, emphasizing the
importance of technology for all, including disa bled people. One priority area for ICT policy
is the compulsory school (MD, 2005). Authoritie s point to accessible and usable ICT as a
vital means in securing the basic principle of inclusion, equality and full participation for
disabled people (MD, 2005; NOU 2001:22, ReportNo. 17 to the Storting, 2006). According to
the Norwegian Education Act every child in No rway has the right to attend their local
school, and a regular class or group at this local school (Education Act, 1997). How the
individual school is organised has, however, proven to be of vital importance for disabled
pupils’ possibilities for participation and inclusion (Wendelborg, 2010; Wendelborg &
Kvello, 2010; Wendelborg & Tagssebro, 2010). Everwhen a disabled child attends a regular
school and is a member of a regular class he or she may not be included in the school
setting. Research suggests that disabled pupils in Norwegian regular schools participate less
in activities at school than their non-disabled peers, and they have less access to curriculum
activities (Erikson, Welander & Granlund, 2007; Sheuin, Kenny & McNeela, 2002;
Wendelborg & Tgssebro, 2010). The public ideology is that when special education is
needed this education shall take place in a regular classroom setting together with
classroom peers. Nevertheless, there is a docmented development of establishing more and
more special classes in regular schools, and of using a variety of segregated arrangements
for disabled pupils (T@ssebro et al., 2006; Wenelborg, 2010). Resent research shows that 70
percent of disabled pupils in regular schools attend their classes less than 50 percent of the
time spent at school (Wendelborg, 2010). This meas that in spite of an effort to promote an
inclusive school system, exclusion and marginalization of disabled pupils still takes place in
Norwegian schools. Viewed against this background my question is if -, and how -, use of
assistive ICT for disabled pupils promote or hamper their inclusion and participation in
ordinary classroom settings. What is really assistive ICT, and how do Norwegian pupils
access this technology? We will examine this closer in the next paragraph.

2. Provision of assistive technology in Norway

ICT has become a central facilitator in Norwegian inclusion policy. This emphasis on ICT is
called the digital inclusion policy. This policy has three main pillars: digital accessor
everyone, universal design of all ICT, andligital skillse. g. by enhanced use of digital learning
resources in education (MD, 2005). Two different strategies are used to promote access to
ICT for all. The first strategy, which emphasises the universal design of ICT, has focused on
public Web sites, open standards, and open sairces (Fossestal, 2007). The second strategy is
a rights-based national assistive technology diffusion system. Every Norwegian county
houses an Assistive Tehnology Centre that provides assistive technologies, free of charge,
to people whose ability to function in everyday life is considerably and persistently reduced.
These centres provide assistive technology solutions for use at home, school, work, or
leisure, and for people of all ages. Common assistive ICT include standard computer
devices, ICT tools, and equipment for handlin g the computer and other communication aids
(Hansen, 2007).
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Providing and maintainin g assistive ICT for disabled pupils requires the involvement of
many different professions and services. Professbns and services which are involved in this
process most often are occupational therapists assistive technology centres, various centers
of expertise, technical suppliers, teachers, school IT consultants, and technical departments
of local municipalities, along with the disabled pupils and their pare nts. These professions
and services are required to cooperate in testing, adjusting, educating, implementing,
maintaining and upgradin g the disabled pupils® assistive ICT. The disabled pupils in the
current study were all assigned assistive ICT due to their visual or mobility impairment.

2.1 Assistive ICT for persons with mobility or visual impairments

Assistive technology may be defined as any item, piece of equipment, or product that is
applied to secure, increase, mairtain or improve functional capabilities (Wielandt, et al.,
2006). Assistive ICT for mobility- impaired people usually involves equipment that
eliminates the requirement of fine hand and finger motor skills. The assistive ICT used by
the mobility-impaired pupil in the current study are different software programs, especially

an eye tracking prograncalled MyTobii, an enlarged keyboard called BigKey, and a joystick.
These assistive ICT equipment provided access tothe computer for this pupil who had very
limited control of her fine motor movements.

The main goal of visual assistive ICT is to provide the best possible sight-enhancement or
sight-substitution mechanism. For partially sighted people, these goals mean magnifying
the screen display in order to facilitate the performance of visual tasks such as reading texts,
selecting menus, responding to system prompts, and navigating between different parts of
Web sites. Usually this magnification involves the use of a screen magnifier software application
that runs as a background task. Such screen magnifiers enables users to enlarge text and
graphics across a wide range oflevels (Chiang et al., 2005).

Providing ICT access to blind persons involves non-visual alternatives for tasks that are
traditionally understood as visual, through the use of assistive ICT that translate the visual
interface into either tactile or auditory ou tput, or a combination of the two. The most
common assistive ICT for blind people is an electronic Braille displaythat produces a
refreshable, line-by-line tactile output on a special keyboard. However, as this tactile output
is purely text-based, it is less helpful in translating graphic interfaces. To access graphic
interfaces a blind person needs a screen reader, a software application that interprets and
translates text and graphical displays into auditory output. Overall so lutions to visual ICT
access problems, however successful, require not only that assistive ICT is well-designed,
but also that Web site content and layout are flexible and organised to promote accessibility
(Chiang et al., 2005). This sight-enhancing and sight-substituting assistive ICT equipment
provided access to the computer for two of the pupils in the study, one of them being
visually impaired and the other one being blind.

In addition to examining the disabled pupils = use of these technologies, we will also
scrutinise what premises are required for the full utilization of the anticipated possibilities
inherent in these technologies. As this chapter will show, this investigation provides deeper
insight into the significance of some decisive details, as well as contributing new knowledge
to this field. However, before we investigate these circumstances in more detail, | will
provide a short overview of (i) relevant resear ch, (ii) theoretical perspectives, and (iii) a
methodological approach in the current study.
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3. Relevant research

For several years Norwegian authorities™ have emphasized the significance of using ICT and
digital learning materials in Norwegian compulsory school. Nevertheless, knowledge about
the use of ICT and digital teaching materials is still very limited (Juul et al., 2010; Norwegian
Research Council, 2008), and even more limied regarding the use of assistive ICT for
disabled pupils (Murchland & Parkyn, 2010). Ther efore, the following overview of relevant
research will look into research about (i) the use of ICT and digital teaching materials, (ii)
the significance of ICT for disabled children and young people, and (iii) the significance of
assistive technologies for disabled children and young people.

3.1 Use of ICT and digital teachi ng materials in Norwegian schools

Even though ICT are widely di sseminated throughout Norweg ian society, and especially
among young people, it turns out that Norwegian compulsory schools lag behind this
development. Furthermore, a digital differentiation among pupils in compulsory school is
documented (Arnseth et al., 2007; Hansen et al., 2009).

Digital differentiation denotes variables in the use of ICT among those who supposedly
have equal access to ICT. More importantly is the focus of digital differentiation on the
implications of these differences (Peter & Valkenburg, 2006; Sassi, 2005; Yu, 2006). While a
digital differentiation perspective perceives the characteristics of the users as more
important for his/her use of ICT than the ch aracteristics of the ICT, studies on young
disabled people finds the characteristics of the ICT to be of vital importance for their use of
ICT (Séderstrém, 2009a, 2009b; Sdderstrom & Ytterhus, 2010).

Available research shows that Norwegian compulsory schools employ ICT and digital
teaching materials as an integrated part of the teaching only to a very small degree
(Klgvstad, 2009; Juuhl et al., 2010; Vavik etal., 2010). While approximately 20 percent of
teachers in compulsory schools use ICT regulaly, the majority state that they use ICT
“sometimes.” The reason for this low use of ICT is because teachers lack experience with
ICT, lack technical and educational support, and experience a shortage of time and
equipment (Vavik et al., 2010). Moreover, there is very little research on how decisions are
made when teachers choose which learning materils to use in their teaching (Juuhl et al.,
2010). Available digital learning materials are only occasionally universal designed, and are
inaccessible to disabled puwils, for the most part (Begnum, 2008; Bekken, 2009). These
circumstances point to the need for more research on how the school may employ ICT, and
especially assistive ICT, to implement the principle of inclusive education.

3.2 The significance of ICT for disabled children and young people

Western people, and especially young people, use objects, technologies and ICT equipment
as symbols of identity and belonging. However, to display a desired self-identity, people
have to use adequate symbols in appropriate ways, i.e. in ways that are culturally and
historically contextualised (Buckingham, 2006; Hocking, 2000). In this way the use of
technology in general and of ICT in particular, may promote or inhibit appearance,
performance, and identity (Haraway, 1991; Latour, 1992; Séderstrom, 2009b). While this
applies to most people in general, it is especially the case for children and young people.
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Disabled children and young people are first and foremost ordinary children and young
people with the same desires, aspirations, and needs as any other children and young
people. The significance of ICT for disabled children and young people is quite similar to
that of other children and young people. This means that ICT is above all valued for its
social, interactive and communicative potential in networking and identity negotiations
(Lonkila & Gladarev, 2008; Storsul et al., 2008; Soderstrom, 2009a, 2009b). However, these
characteristics of ICT lead to a permeability of the virtual and the material world. This
means that the material world and the virtual wo rld are no longer separate entities, but are
permeable, mutually constitu ted, and embedded in s young peoples™ everyday lives
(Buckingham, 2006; Peter & Valkenburg, 2006; Stderstrom, 2009a). This permeability
involves some challenges in disabled children and young peoples’ participation and
inclusion in the peer group. One of these chalenges is connected to the accessibility and
usability of ICT. While accessible ICT is ICT a person can operate, usable ICT is ICT a person
can use for his or her intended purposes (Soderstrom, 2009b).

Another challenge is the permeability of the virtual and the material, which leads to a
dependency on usable ICT (McMillan & Morrison, 2006). This dependency is a double-
edged sword because it embraces more andmore of young people’s everyday lives.
Consequently, the social, interactive and communicative use of ICT is vital for young
people’s social inclusion and participation in the peer group. Furtherm ore, withdrawal from
the use of ICT, or the inability to engage in digital forms of communication, is perceived to
represent one of the most damaging forms of exclusion for young people (Livingstone &
Helsper, 2007; McMillan & Morrison, 2006; Sdderstrom, 2009a). Therefore, accessible and
usable ICT holds great significance in disabled children and young people’s lives.

3.3 The significance of assistive technologi  es for disabled children and young people

Assistive technologies are technologies used to improve, expand or extend people’s
performances, actions and interactions, and thus they are often experienced as an extension
of the body (Lupton & Seymore, 2000; Moser, 2006; Winance, 2006). However, using
assistive ICT involves more than overcoming environmental barriers; it also involves
symbolic, historical and cultural contexts. Assistive technologies are loaded with collective
cultural traditions, symbols and values, and su bjective feelings and meanings are assigned
to the technology (Pape et al., 2002; Wielandt etal., 2006). While young disabled people find
the use of ICT to symbolise competence, belongng, and independence, they find the use of
assistive ICT to symbolise restriction, difference and dependency. Therefore, to pass as
ordinary young people, they reject using assistive ICT whenever possible. However, those
disabled young people without the option to participate online without assistive ICT make a
“forced choice” to adopt these technologies. Disabled young people who adopt assistive
technology seek to make the technology coherentwith their preferred self-identity, and if
this is not achieved they reject the technology (Soéderstrom & Ytterhus, 2010). This
contradiction makes the combined use of ICT and assistive ICT of special interest to
disability studies, the field of the current study.

4. Theoretical perspective

The current study draws on a perspective rooted in social science and the cross-disciplinary
field of Nordic Disability Studies, and therefore it holds a relational perspective on
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disability. This perspective conceptualises disability as a social construction, which takes
place in interpersonal relation ships, in encounters between individuals and environments,
and between individuals and society (Gustavsson et al., 2005). Consequently, this chapter’s
perspective is that it is not the disabled pupils ’ impairments as such that governs their use of
ICT or assistive ICT, but rather the social practices in which the use of these technologies
takes place.

Furthermore, this study employs an actor-netw ork theory (ANT) perspective to elaborate on
its findings. This perspective seeks to reveal what is happening, how it is happening, and
what is involved in that which is happening (Moser, 2003). This perspective refuses to make
a priori distinction between entities and actors, or define in advance what kind of entities
might be granted agency and explanatory force. According to an ANT perspective one
should have as few assumptions as possibleabout what there is in the world and how the
different entities in the world are related. Also, one investigates what something is by
asking what and how it is made to be, what its possibilities are and what relations it
emerges from, what is done in practice, and what effects it brings along (ibid.). These
conditions materialise in socio-material practicas which facts, objects, and nature are not
given but are effects of interactions, relations and orderings. Such socio-material practices
may be how disabled pupils use their assistive ICT, how the assistive ICT influences a
disabled pupil’s possibilities for actions and in teractions, and how these possibilities affect
the disabled pupil. Or in other words; how a disabled pupil’'s actions, participation, and
identity are made and unmade in specific relations and interactions holding both social and
material elements. This chapter investigates sich socio-material practices in the Norwegian
compulsory school.

The actor-network theory was originated by Latour (1987). He claimed that objects,
machines, technologies and humans are all equal parts in reciprocal networks of connections
and joining actions, all actively influencing ea ch other, and all being actors (Latour, 2008).
Actors generate effects. Therfore, any object, artefat, or person who generates an effect by
making a difference is an actor. Actors may indicate, encourage, permit, influence, make
possible, determine, or obstruct actions. Therefore, who and what enter into an action, or
social practiceneed to be carefully scrutinised. While human actions, communication and
symbols only constitute one part of social practices, things, objects and technologies
constitute the other part. In social practices the connections and joining of actions create
network effects that constitute social structure.Follow the actor, reveal their actions, and
show how the social is created says Latour (ibid.). What | find promising in an actor-
network perspective is its sensibility to the ways in which technologies are made to be and
people are made to do.

However, the ANT perspective does have its critics. Some have attacked it for being a
reductionist perspective, while others are disturbed by its liberal argument for extending the
notion of actors to non-human entities. Some critics accuse the perspective of being too
preoccupied with productivity and network bu ilding, and consequently losing sight of
contradictions, ambivalence and complexities. Feminist researchers in particular used in this
criticism of an ANT perspective. However, studies employing the ANT perspective are
executed in so many different locations and contexts that the perspective is constantly
developing (Moser, 2003). Law (1994) is one ofthe present ANT perspective’s proponents,
emphasising the perspective’s constructivist elements and pointing out that the researcher
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adopting this perspective also takes part in shaping reality, just as the socio-material
practices the researcher studies do (ibid.).While the ANT perspective has developed from
focusing on network building an d the production of objects, to focusing on complex socio-
material practices and enactments, to the collectives which make these practices possible,
and to the actions and identities they enable (Moser, 2003).In this chapter | use this latter
version of the ANT perspective to investigate how the use, or non-use, of assistive ICT in
schools influence disabled pupils’ opportunitie s for active participation in an inclusive
educational system within the regular Norwegian school system.

5. Methodological approach

This chapter draws on a qualitative pilot study with three disabled pupils, their parents and
teachers, and two employees at an assistive tehnology centre. The participating pupils are
between 10 and 15 years of age, and they tend primary or secondary ordinary local
schools in Norway. One of the pupils uses an electric wheelchair and has considerable
mobility difficulties, one of the pupils is visu ally impaired, and the last pupil is blind.

While this study is a pilot study it was vital to recruit a purposeful sample. A purposeful
sample selects potential information-rich casesfor in-depth study and, therefore, maximises
the potential for discovering as many dimensions and conditions related to the investigated
phenomenon as possible (Patton, 2002; Stnass & Corbin, 1998). Thus, the current sample
was selected after purposeful criteria about who might best generate theory. The
participants were voluntarily and anonymously recruited through an assistive technology
centre. The two groups of disabled pupils were chosen due to previous research that points
out that people with mobility impairments encounter few ICT-related barriers, while
visually impaired people encounter the most ICT related barriers (Fuglerud, 2006; DCR,
2004). Therefore, these two groups of youth might represent different aspects of knowledge
to the study. All participants gave their informed consent, and they were assured full
anonymity and confidentiality.

The data collection took place as individual semi-structured qu alitative interviews with the
three pupils, their parents, teachers and the employees at the assistive technology centre.
Each interview lasted for approximately one ho ur. An interview guide was used to ensure
that the same basic lines of inquiry were pursued with each participant (Patton, 2002). The
subjects of the interviews were the participants™ experiences of use of assistive ICT in the
school, and what they thought mi ght promote or hamper the use of assistive ICT in school.
In addition to the interviews, participant observ ations were made of the three pupils™ use or
non-use of assistive ICT during a school day. Notes were taken during the interviews and
the observations, and complementary notes were taken right after each interview or
observation.

The analysis started right after the first inte rview was conducted and continued throughout

the data collection period and the writing of this chapter. Th e data collection took place
during autumn 2010. Data were analyzed using a constructivist grounded theorgpproach
characterized by a continuously content comparative method. While traditional grounded

theory is criticized for being too positivists and reductionist a constructivistgrounded theory
adopts grounded theory (GT) guidelines as tools but does not subscribe to the objectivist,
positivist assumptions in GTs early formulations. The constructivist GT approach details
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processes and contexts and goes into the social world beyond the investigative story
(Charmaz, 2005). These guidelinesfor analysing the data were very much in line with the

theoretical perspective of the actor-network- perspective (Latour, 2008) employed in this
study.

Even though this process is inductive, no qualitative method rest on pure induction. All

knowledge arises through interpretation of the data: theoretical analyses are interpretive
renderings of a reality and not solely objective reporting of it (Charamz, 2005). Out of this
continuous content comparative interpretive a pproach the following categories emerged: (i)
technological properties, (ii) interdisciplinar y collaboration, and (iii) school administration

and management. These categories will be expaded and discussed in the following section
on the study’s findings.

6. Findings

The findings that are described and discussed in this section are presented using case
descriptions and quote excerpts. All description s are real and all excerpts and correct. The
description and excerpts used are selected beause they illustrate circumstances which are
common for all participants. However, to en sure the participants’ anonymity, some
personally identifiable details are changed. For the same reason all pupils are referred to as
she the teachers are referred to ashe the parents are referred to asmother, and the employee
from the assistive technology centre asthey. All three pupils participating in this study were
assigned a personal computer, both at school and at home, with the necessary assistive
technologies to make the computer accessible for them. We will now look closer into how
the participants experienced the use of assisive ICT in school and what they thought of
their experiences.

6.1 Technological properties

Sometimes the technologies the disabled pugls were assigned worked just fine, and
sometimes it did not work as they were supposed to work, and sometimes they did not

work at all. The question is what the consequences of this are for the possibilities of
inclusion of the disabled pupils and their participation with classmates.

6.1.1 Useful and compatible assistive ICT

One of the disabled pupils participating in the current study, Lisa, is a girl in fifth grade
with severe mobility difficulties. Lisa uses a lot of assistive ICT at school. Sometimes she
receives her teaching in class along with her classmates,and sometimes in a separate room
alone with one teacher.

When Lisa is learning mathematics she attends he regular class. Lisa sits in an electrical
wheelchair at a large desk in the front of the class. The teacher asks the class to solve the
math tasks on some specific pages in the mathbook. A teacher’s assistant helps Lisa start the
math program on her computer, and Lisa uses a joystick to navigate the marker on the
screen to solve the same math tasks as the s of the class. One by one the math tasks
appear at the screen, proposing several possibleanswers. Lisa uses the Joystick to click on
the answer she thinks is correct. Clicking on the right answer she is given points, more
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points for more difficult math tasks, clicking on the wrong answer she is given no points.
Lisa navigates the marker quite quickly around on the screen using the Joystick. Because she
has some involuntary movements in her upper limbs it is sometimes a little bit hard for her

to stop the marker exactly at the correct answer. However, most of the time she stops the
marker at the correct answer, and at the end of math class she has a lot of points. Lisa
proudly shows all her point to some of her class mates, who stop at her desk and
compliment her before storming out to recess.

In this math class the assistive ICT Lisa usedfunctioned as an actor enabling her to be in
control of things, participate in class, and to show a positively valued identity as a
competent pupil. In this way the compatible software mathematics program and the usable
Joystick functioned as an ador empowering Lisa in her ed ucation, and making her no
different from the other pupils. Through the prov ision of this assistive ICT in this setting
Lisa was made able to demonstrate her competence in “doing being ordinary” and thus,
pass as ordinary. In as much as people do every day ordinary things people pass as
ordinary (Goffman, 1963). These properties of the assistive ICT, the usefulness and the
compatibility, are vital prerequisites for disabled pupils® possibilities to participation and
inclusion in ordinary schools. When the assistive ICT works as expected the disabled pupils
find them very intriguing. When asked about what they think of a ssistive ICT expressions
such as “I think ICT is an ingeious invention”, “I would be lost without it”, and*’It would be a
boring life without it” illuminates this technologies’ central role in the disabled pupils®
everyday lives.

However, action is not an activity done by one actor alone. Action involves many actors,
human and non-human, in a network of conne ctions (Latour, 2008). In that respect the
possibilities of actions provided the disabled pu pils by useful and compatible assistive ICT
are made possible by a set of actors in network of connections. Lisa’s empowerment in math
class is, thus, not solely due tothe properties of the technologies used. It is also due to the
combined interaction between, and properties of, Lisa, the assistive ICT, and the classroom
setting. Thus, Lisa’'s empowerment is made possible through three interrelating
circumstances; (i) her mastering of the useful and compatible assistive ICT, (ii) her presence
and participation in the classroom, and (ii) her classmates recognition of her competence.

| find this investigation of what is done in pr actice, what relations it emerges from, and what
effects it brings along to illuminate how the socio-material practiceés which the these things
takes place are not given but effects of socio-material interactions, relations and orderings.
Or, in other words what relations, people and objects interrelate and contribute to the full

inclusion of, in this case Lisa, in the regular local school. This investigation of what actually
takes place and what effects are brought alorg when Lisa employs useful and compatible
technology is quite illustrative for all of the three disabled pupils in this study. However, it

is not always that the assistive ICT is useful or compatible; quite frequently it turns out to be

errors and shortcomings of the assistive ICT.

6.1.2 Errors and shortcomings of the assistive ICT

While Lisa sometimes experiences the assistivelCT as useful and compatible she just as
often experiences it having errors or shortcomings. For writing and reading Lisa is assigned
the assistive technologies MyTobii, which is an eye tracking software program for the
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computer, and BigKeys, which is an enlarged keyboard for the computer. Lisa enjoys
writing and reading, she is expresses herself vay well, and she wants to become an author.
However, due to quite a bit of involuntary head and upper limb movements it is quite
strenuous for her to focus her eyes long enowh at one particular point when using the
MyTobii, or to control her finger moveme nts to hit the right key at the BigKeys.
Consequently she needs a lot of time to solvereading and writing tasks which really is quite
simple for her and it is quite exhausting for her to work on the computer over some time.

Lisa receives her writing and reading lessons in a separate room alone with one teacher. The
assignment today is to write about the night be fore when she attended the local youth club.
Lisa chooses to use MyTobii for this assignment, and she and her teacher sit close side by
side at the computer. Lisa concentrates on foctsing her eyes on the letters she wants to write
in order to tell her story. It takes quite some time to write a whole sentence, and after a
while she gets tired and they switch over to using the BigKeys. Every time Lisa tries to write
the letter “A” nothing happens. She tries over and over again, but nothing happens. Lisa
gets very upset by this, and after some time the teacher also gets a little bit frustrated. The
teacher tries to figure out what is wrong, and after a while he discovers that the key for “A”
really functions as a “delete” key. Both Lisa and the teacher appear to be happy to figure
this out, and Lisa continues to write her story. But now she deliberately tries to avoid
writing any word with the letter “A” in it. This is not easy, and it takes some creativity on
Lisa's behalf. After approximately 45 minutes (one class hour) Lisa has written four or five
sentences about the local youth club she went to the night before.

When the writing lesson is over the teacher asksLisa if she wants to print out her story and
share it with the rest of the class later that day. Lisa thinks this is a great idea, and they start
to print out her story. However, it turns ou t that the printer which is supposed to be
connected to Lisa's computer is not connected after all. The teacher says this is the
responsibility of the school’s IT manager, and that he himself is not able to do anything
about this shortcoming. They have to notify the IT manager and wait for him to connect
Lisa's computer to the printer. Consequently, at the last class hour that day, when everyone
is supposed to share their stories with one another, Lisa is not able to share her story with
her classmates.

The missing letter “A” at the enlarged keyb oard BigKeys was an obvious error of the
assistive ICT, but whether the missing connection between the computer and the printer

was an error or a shortcoming is hard to tell. Regardless of what the technical barrier
consisted of it constituted a barrier in Lisa’s participation in her class. Thus, in this setting

the technical error or shortcoming excluded Lisa from her classmates’ sharing of their
writings, and placed her outside the classmates' fellowship. Such consequences of technical
errors and shortcomings are usually ascribed the disabled person, and not acknowledged as
the consequence of the technology's property (Séderstrom, 2009b). Lisa's mother tell about
the same errors or shortcomings of the sameassistive ICT Lisa is allocated at home;

“When the letter “A” is not working this represent a barrier for Lisa. The missing “A” means
that she has difficulties reading and writing eitand chatting with friends, thus she misses

out on a lot of information and interaction. The assistive technology equipment just has to work.
Why do they not check this out at the assistive technology centre before delivering it to us? Do
they not expect her to need the letter “A”, what do they think she uses the computer for? It is
vital for her quality of life that all her assistive ICT just work all the time”.
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Here Lisa’s mother describe how little strokes fell great oaks, and what consequences this
may have. An assistive technology’s usability is reflected by its impact on the user’s activity
and social participation (Arthanat et al., 2007). To obtain a high level of usability assistive
technology must reduce physical, cognitive, and linguistic efforts, promote convenience,
efficiency, and productivity. And even more importantly, it must support a positive
impression of the user on significant others.

Assistive technologies which do not work as anticipated or needed creates frustrations
which very often lead to the rejection of the technologies (Pape et al., 2002; Ravneberg, 2010;
Sdderstrom & Ytterhus,, 2010). Especially children and young people have low tolerance for
technical errors or shortcomings which hamper their self-presentation or interactions with
peers. Encountering such technological barriers disabled children and young people feel
that their impairment is placed on the fron t stage to use Goffmans terminology (Goffman,
1963), and this is something they strongly want to avoid. Consequently many of them avoid
using any technology which makes them stand out as disabled, especially in their
interaction with classmates and peers. As far as disabled children and young people have a
choice most of them will chose to manage without using assistive ICT, because they
experience the use of assistive ICT as stigmtsing. However, many of these children and
young people do not have this choice if they want to participate and be included in the peer

group.

One of the other participants in the current stud y, let us call her Anna, is visually impaired,
having a progressive condition. Some time ago Anna was assigned a lot of sight
enhancement assistive technologies. She didnot want to use them because she felt
embarrassed using them, feeling they ascribed her as different from her classmates. After
some years her condition became worse, and now she realises that she has to use assistive
ICT to be able to do any schoolwork at all. Anna’s teacher comments that he thinks Anna
has gone through a maturation process which has helped her realise the long term
consequences of not using the assistive ICT. Adopting assistive technology is a time
consuming process which very often is conflicting, and also associated with individual
functioning and maturity level (Craddok, 2 006; Soderstrom & Ytterhus, 2010). However,
even when the assistivelCT is well integrated in the disabl ed pupils’ everyday activities and
all technical details are in place, there still occur barriers to overcome.

6.1.3 Useless and incompatible assistive ICT

Anna is now in seventh grade, and she very often experiences her assistive ICT to be
incompatible with ordinary ICT. At school Anna uses the following assistive ICTs screen
magnifier, screen reader, speech synthesis, ad Braille display. She also uses assistive
technologies such as whiteboard camera andreading TV at school. Anna enjoys school and
takes pride in her homework. She attends her regular class the whole time at school, but
because she needs a lot of space for all her assistive technologies she is seated a bit on the
side of the rest of the class. Her classmates is seated in pairs at one desk, but Anna needs
two desks by herself in order to make room for all her technologies. When | ask Anna what
she thinks about using all these technologies at school she answers:

“I don’t mind. It is convenient to have all theassistive technologies, but sometimes it is quite
tiring too. Especially with the screen magnifeerd the screen reader... For the most part | really
use the school's desktop PC".
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Why Anna for the most part uses the school's desktop PC when she is allocated her own
portable PC is illustrated by the following case excerpts.

At a history class the pupils are asked to choos one of the history’s famous explorers, to
gather information about the person, and then write an essay about this person. For this
assignment they have two history classes (90 minutes). Anna’s group goes to the computer
lab. Each pupil sits down with a desktop computer and starts surfing the web, looking for
information about the one explorer they want to write about. Even though Anna is allocated
her own portable PC and the assistive technologies necessary to make the PC accessible to
her, she now chooses to use the schools ordinary desktop PC in the computer lab. The
teacher explains that the assistive technology centre quite recently have installed a new
software program called Supernova on Anna’s portable computer. Unfortunately it turns
out that after this new software program has b een installed Anna’s computer is no longer
compatible with the web.

Nevertheless, Anna embarks with great enthusiasm for the task she is given. She decides to
write about the Norwegian explorer Nansen, an d starts searching the web for information
about him. However, to be able to read anything on the school’s computer screen she has to
enlarge the font to the size of font 36. When ste tries to read the enlarged text on the screen
she sits with her nose almost inside the screen and reads one word at the time. Reading on
the screen Anna has to move along one line atthe time, and word for word. This takes a lot
of time, and many times she has to go back andread the line once more, probably to get the
context right. After a long time spent on reading Anna writes one sentence about Nansen
fairly quickly, even though she has to stare hard on the keyboard to hit the right keys when
she writes. After writing one sentence she goes back to searching the web for more
information.

The menu keys at the top of the screen can, havever, not be enlarged, and Anna is not able
to find the right menu key when she needs one of them. One of Anna’s class mates is sitting
right next to her at the computer lab, and every time Anna needs one of the menu keys her
class mate helps her out by point directly at the menu key Anna needs. During the two
history classes (90 minutes) spent at the computer lab Anna manage to write seven
sentences about Nansen. The most of this tine Anna has spent on searching the web,
moving along one line on the screen, reading one word at the time about Nansen. When her
class mates tells Anna they have to stop because the time is out Anna gets very stressed
saying; “But | am far from done”Her class mate, who have finished her assignment a long
time ago, says; “Well done, you are clever”.

This case excerpt illustrates how incompatible technology creates barrier in disabled pupils
school work. Furthermore, incompatible technology creates barrier for Anna’s possibilities
to show her competence and similarity to class mates. During the two history classes Anna
was only made able to write seven sentencesabout Nansen. This was not due to her having
poor writing or reading skills, but to inaccessible menu keys on the computer and almost
unreadable web sites. If her allocated portable PC had been compatible with the web Anna
could have acquired information about Nansen much more quickly, solved her task in time,
and proved herself as a competent seventh gracer. Anna’s class mate’s comment at the end
of the session about Anna being clever might suggest that the class mate do not expect Anna
to produce the same amount of text as she herself and the other class mates did. Or, maybe
she did understand what a struggle it was for A nna to work on an inaccessible computer?
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The relation between universal design of ordinary ICT and individual adaptation of
assistive ICT is central in research on disabledpeople and ICT. While some researcher focus
on the inaccessibility of ordinary ICT to pr omote the need for flexibility and universal
design, other researchers argue for the necessity of individual adaptations of assistive
technology, and others calls for the combination of the two. However, it turns out that such
experiences with incompatible technology creating barriers for activity, just as Anna
experienced in history class, are quitt common (cf DCR, 2004; Sdéderstrdm, 2009b;
Sdderstrom & Ytterhus 2010; Wielandt et al., 2006). For assistive ICT allocated disabled
pupils to promote enhanced inclusion and participation in school settings these technologies
have to be compatible with the ordinary IC T used at school. Moreover, for this to work
satisfactorily it requires commitment from several sources, and close interdisciplinary
cooperation.

6.2 Interdisciplinary collaboration

To ensure disabled pupils the benefits of using ICT tools in school life requires a concerted
effort from many different actors. Regular te sting, customization, training, operation and
maintenance of equipment are prerequisites for appropriate usage of the equipment. Actors
involved in this work are local occupational therapists, assistive technology centre, various
centers of expertise, technical suppliers, teachers, the local school's IT manager, and the
municipality. To coordinate efforts of all these actors through interdisciplinary collaboration
proves to be difficult. In this pilot study espe cially two aspects of collaboration around the
use of the individual pupil's IC T tools turns out to create barriers to pupil participation and
inclusion. The first thing we will investigate is the consequences of things taking time.

6.2.1 Things takes time

The third pupil who participated in this pilot st udy is a severely visually impaired girl in
ninth grade. Let us name this girl Eve. Eve is a clever pupil and she is allocated the same
assistive technologies as Anna is. As the other disabled pupils Eve has a double set of
assistive ICT, one set at school and one set ahome, and she does virtually all school work
using the assistive equipment allocated her from the assistive technology centre. As long as
all the equipment works all goes well, but as soon as something doesn’'t work everything
falls apart. Eve is totally dependent on her ICT tools in order to do school work. When an
error occurs on the assistive ICT the assistive technology centre is responsible of repairing
this (Svendsen, 2010)Eve's mother tells:

"It feels like it takes years from the time wend in assistive equipment to the assistive
technology centre until it is repaired. In the améime, Eve must do without this equipment and
this has major consequescfor her schoolwork. | get seeti of calling in to the assistive
technology centre and nag at them, it's so tiridgid then it's a little hardto complain too, for
we are really grateful for all the help we gett Bis so much that is missing, and we're totally
dependent on them."

That things take time is something most of us have experienced, especially where multiple
agencies have to collaborate on complex mattes. This also applies to the dissemination and
maintenance of assistive ICT equipment. This is confirmed by many users of this sort of
equipment, and also by various service providers in the municipalities. Especially is
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information about what happens along the way, where the equipment is, and how long it
takes before it is repaired something which is missing (Svendsen, 2010). Many disabled
pupils are completely dependent on their ICT tools to work at any time in order to do their
school work. When the parents have to take responsibility and to make calls to check and
nag, it feels both frustrating and tiring for th em. They also experience it as a dilemma to
complain about a service they basically are not happy with, but which they are totally
dependent on, and also thankful for. The assistive technology centre confirms that it takes a
long time to repair assistive ICT, and they explain:

"When the assistive technology is sent to be regdt is being sent directly to the engineers at

the assistive technology centre, without notifying us who provide the users with the necessary
equipment. We want to be notified to followthe user when he or skiewithout any assistive

ICT, or to provide them a replacement for the equipment while they are waiting. These things we
have discussed here at the assistive technology center, we want to do something about it, but so
far nothing has happened”.

However, it is not only the assistive technolo gy centre which is involved in maintaining the
assistive ICT, and even though it takes a long time to get the equipment repaired just to find
out who is supposed to repair the equipment may take just as long time. One of the teachers
explains:

"It's been a lot of back and fbrtwith the assistive equipment fthris pupil, not least when it

comes to figuring out what to do when the equipment does not work. For instance; it is the IT

manager at the local municipality who is responsible for providing access to the web. The
printer, which, for the time lieg does not work, is the respdoifity of the IT manager at our

local school, and the eye tracking program is it the technical supplier which is responsible for,
while the enlarged keyboard is the responsibilith@fssistive techngg centre. Whatever can

be fixed here at our school runs more smoothly, but anything that needs to be done by the
municipality, the supplier or thassistive technology centre takes an incredibly long time."

The teachers in this pilot study all report that they spend a lot of time figuring out things
which they feel it really should be clear procedures for, such as who is responsible for what.
This leads not only to the fact that many things take longer time than necessary, but also
that many other important things are not done.

6.2.2 Unclear responsibilities

One of the teachers wants to show how the brille display on Anna’s laptop is working.
After much trial and error he must give up this attempt. It seems like he is a little confused
and unsure whether it really is the Braille disp lay that is not working properly, or whether it

is actually he himself who do not remember quite hoe to use it. Somewhat resigned he
exclaims:

“The hardest part is actually finding out who is responsible for what when it comes to
maintenance, upgrading and training in using teguipment. That is how the formal division
of responsibility is between the school, the agsigtchnology centre and the resource centre”.

This teacher started to work with Anna about one year ago. When he started to work with
Anna he got no training or guidance in how to use her assistive technologies, and he still
have not received any training in use of this technology. He is, however, a young and
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dedicated teacher and not afraid to try out new things, so he has taught himself how to use
the most of Anna’s assistive technologies. In the beginning he felt it a little overwhelming as
it was so much equipment to being so much equipment to learn to use at once. It took really
a long time before he felt he had some kind of overview. To be able to do his job reasonable
proper he believe it has been imperative that he is not afraid to try out new things, and that
he is interested in technology. Both the assistive technology centre and resource centre offers
various courses in use of the assistive technéogy equipment that Anna uses. However, the
teacher has not received any infaomation about these courses, ard he is not aware that this
service exists. It is one of the other teachers who are responsible for providing training and
education for teachers when needed. This teacher is also respnsible for providing
information about relevant courses. This inform ation has, however, for some reason Anna’s
teacher not received. Usually it is not the lack of relevant courses which is the problem, but
rather that the teachers don't get the opportunity to attend them (Bekken, 2009). According
to this pilot study this might be due to lack of information about relevant courses.

The assistive technology centre organizes a lot of courses about use of various assistive ICT.
These courses are intended for teachers, parets and other persons working close to the
pupils who use assistive ICT. The courses are free of charge, and the assistive technology
centre distribute information about their courses to the local municipality’s contact person
for assistive technology. This contact person is then supposed to disseminate this
information to teachers, parents and other persons working close to the persons using
assistive ICT. This means that it is of vital importance that the contact person for assistive
technology in each municipality is able to keep track of everyone who is assigned assistive
technologies. It appears that this is not always the case. In addition information about the
courses has to go through several segments before reaching its target. In our case first from
the assistive technology centre, through the locd contact person, then to the local school,
and finally to Anna’s teacher. It appears that somewhere along this road the information get
lost. Moreover, in cases where this information do reach the local school it is entirely up to
the school if they want to make use of the courses they are offered or not. Even though the
courses are free of charge, nevertheless, to attend these courses turns out to be an economic
issue. If one teacher attends a course for one dgathe school has to hire a substitute, and this
involve an expense. In times where budgets are thigh the schools have to make priorities,
and courses and education are usually not prioritized areas when resources are scarce.

The assistive technology centre does not have the capacity to follow up everyone who is
assigned assistive ICT. Thus, the courses theyoffer are the only arena for guidance and
training in use of the assistive ICT equipment, which can be very complicated and
specialized. The courses are also intended toprovide an arena for sharing experiences,
successes and frustrations. Thus, from the assistie technology center’s point of view it is up
to the individual person working close to the user of the assistive ICT how well they make
use of the potential of the assistive ICT. However, this argument makes the presumption
that everyone who needs it is given the opportunity to attend their courses. This is,
however, not always the case, which the excerptsfrom Anna’s teacher on the previous page
illustrates.

From the assistive technology center’s point of view the cooperation with the teachers varies
a lot. While they experience some teachers assery interested and eager to learn, others are
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quite reluctant and appear to have mental blocks when it comes to technology. Similar
experiences are also known from other studies in the field, describing professional helpers
either as enthusiasts who makes everything possible, or as plugs that stops everything
(Bekken, 2009; Egilson, 2010, Lundeby & Ta@ssebro, 2006). Further, the assistive technology
centre experiences the cooperation with the different teachers as dependent on the teachers
working culture. That is what kind of subjec t or discipline the teacher belong to, or the
workplace milieu the teacher is socialized into. Last, but not least, the assistive technology
centre also finds the frames and structures under which the teachers work to be very
influential on how the teachers are made able (or unable) to employ the potential of assistive
ICT.

Unclear responsibilities are not only an issue for the cooperation between different
departments. Clear distribution of responsibilit ies inwards at the individual local school is
also a challenge. Such unclear distribution of responsibilities involve an extra strain for
parents of disabled pupils in that they take on responsibility which actually is the school's
responsibility. One of the mother s expresses this as follows:

“In general the teachers lack creativity wherc@mes to adaptation of the curriculum to my
child. It appears that they do not plan anything ahead. They tell me that they want to make the
adaptation that is necessary, but that they have no time for this kind of work. Especially in math
classes it is important that they make the necessary adaptations for her. It is so hard for her to
figure out a calculation if she has to navigate herself through a divided text”.

Further on this mother tells that she constantly has to remind the teachers about what her
child needs. This mother finds that all the teaching is organised for sighted pupils, and that
the special teacher then has to help her daughterto acquirer what she can of this teaching.
The mother thinks it should be an easy task to adapt the teaching for the class so that her
daughter too could participate in math class together with her classmates. It ought to be easy
to use enlarged text on the blackboard, sheets handed out, and power point presestetisags.
This mother experience that she has to do hdf the job the school is supposed to do by her
herself making the teaching material accessible to her visually impaired daughter. This is in
accordance with Bekken (2009) who found that parents of disabled pupils put a lot of
voluntary work into adaptation of curriculum, teaching material and technology. Unclear
distribution of responsibility inwards at the individual local school does not only hamper
cooperation with external partne rs, but it also involves an enhanced strain on parents of
disabled pupils (Lundeby, 2008; Wendelborg, 2010). This is actually a question of the
individual schools incorporated routines abou t how to meet pupil’s individual needs. How
the individual school is organised and administer ed is of vital importance when it comes to
evaluating to what extent the school is an inclusive school or not (Wendelborg, 2010;
Wendelborg & Kvello, 2010; Wendelborg & Tgssebro, 2010).

6.3 School administration and management

According to Tronsmo (2010) school administration is to take responsibility for achieving
good results. Additionally, the school administra tion has an indirect impact on the teachers’
level of ambition, the educational setting, norms and culture, in addition to the schools
collaborative relationships with external partners (ibid.). How the school day is organised
for pupils with disabilities has proven to be of vital importance for their possibilities of
inclusion and participation with classmates (Bekken, 2009; Wendelborg, 2010).
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At one of the schools in the current pilot stud y it appears that the way in which the school
administration organizes the school provides enhanced possibilities for disabled pupils’
participation and inclusion. There are several disabled pupils at this school, and the school
administration is very keen on includin g all pupils regular teaching settings. “The
administration is very good dacilitate individual adaptationthe teacher at this school explains.
When the partially sighted pupil attended this school the administration told the teacher to
let them know if he needed anything special in order to adapt his teaching to this particular
pupil. In other words, the administration was not only aware of the pupils’ potential special
needs it was also very forthcoming and benevolent in its attitude to make an effort to
include this pupil in the ordinary school setting . The teacher at this school has also been
given the opportunity to get an education as a special educator for visually impaired pupils.
Consequently this visually impaired pupil receives all her teaching in the classroom
together with her classmates, which is a prerequisite for being included.

This particular school has gathered a number of disabled pupils in the same class. The
teacher tells how all the teachers teaching in this class have been carefully chosen according
to their ability to be flexible, creative and innovative. Nevertheless, even though the school
administration appears to be very forthcomin g, and the teachers highly qualified, the
teacher participating in the pilot study experience that the other teachers lean a lot on him.
He feels he has to take responsibility for many things that are not really his responsibility, e.
g. universal design of classrooms etc. He thirks this is partly because he has some special
education in the area, and partly because this is no one else’s responsibility in particular.
This illustrates the necessity of having a clear distribution of responsibility, inward in the
individual school, and for the special areas of universal design and of individual adaptation.

In total, it still appears that the school admini stration’s deliberate and positive focus on the
issues of individual adaptation and full inclusio n of disabled pupils is a prerequisite for the
participation and full inclusion of disabled pupils.

At one of the other schools in the pilot study, however, it appears that the school
organization and administration may hamper the disabled pupils’ possibilities for
participation and inclusion. The teacher at this school tells that there are no other disabled
pupils at this school besides the one participating in this study. Universal design and
individual adaptation for pupils with specia | needs are not an issue among the teachers.
“The school administration does not haaelue about disabled pupils‘ rightsays this teacher,
referring to the Education Act of 1997, which proclaim that all children have the right to
attend their local school, and a regular class or group at this local school (Education Act,
1997). Even though the participant having mobility difficulties attend this school, which is
her regular local school, it turns out that she rarely attends her ordinary class. Most of her
teaching she receives in a separateoom and alone with one teacher.

The argument for this exclusion from the ordi nary classroom setting is that the assistive
technologies this pupil uses requires a lot of space, and is best kept in a separate room. This
argument is in line with the developmental tr end of exclusion ordinary local schools which
Wendelborg (2010) discovered. Wendelborg (2010)found that about 70 % of disabled pupils
attending ordinary schools receive their education in separate settings, excluded from their
classmates, in more than 40 % of the timespent at school. Moreover, Bekken (2009) found
that when it comes to the exclusion of blind and partially sighted pupils this is due to the
schools lacking competence, and the lack of follonv-up at all levels. This development trend
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is quite contrary to the inclusive ideology of the Norwegian Education Act (1997) and other
public documents in the area. In addition, this trend illustrate s that no matter what potential
assistive ICT holds for disabled pupils the technology itself do not contribute to enhanced
participation and inclusion in the ordinary sch ool setting. The triggering factor for the full

utilization of assistive ICT's anticipated benefits is first released when it is employed in an
inclusive setting with classmates.

To be familiar with assistive ICT takes time and to learn how to utilize all its potentials takes
time. Time for this kind of testing and prepar ation is, however, something the teachers feel
they do not have. Even though some of the teaching is done by means of quite advanced
technical equipment none of the teachers in this pilot study are given any extra time to
prepare how to use this advanced technical equipment. This means that very often the
pupil’s assistive ICT is not fully utilized, and sometimes not used at all. The non-use of
available technical equipment is also well known from research on teachers’ use of
technology in general (Vavik, et al., 2010). It appears as if the introduction of new
technological equipment provokes insecurity an d that many teachers have an indefinable
resistance towards employing new technology. The parents in this study all strongly point
out that they experience the teachers’ technolgjical competence as insufficient. One of the
younger teachers tells, however, that he has touse some of the time intended for teaching to
get acquainted with the assistive ICT. This is absolutely necessary he claims, in order to be
able to use it, but this time is also valuable teaching time which is lost. The question is if the
school administration’s organization of the te achers™ time, the teaching and the pupils’
schooldays is a question of resources, of competence or of attitudes?

When a pupil is allocated a new kind of assistive ICT the pupil's teacher is offered an
introduction in how to use its co re functions, either by the assistive technology centre or by
the supplier of the technology. However, in order to be able to make use of all its
possibilities the teachers say they need regularly courses and guidance in use of the
technology. Such courses are offered twice a year by the assistive technology centre, though
without any of the teachers in this study be ing aware of this. To disseminate information
about these courses throughout all levels of services is an organizational challenge, a
challenge which obviously is not met. The school administration’s lack of focus on
individual adjustment and the significance of advanced assistive ICT have an impact, not
only on the teachers premisesand competence in this area, but also on the disabled pupils’
possibilities for participation and inclusion in school. It might be that school administrations
perceive this as a resource question, or as a question of priorities. It most certainly is a
question of organization and management. Even though some teachers do a very good job
in adjusting the teaching to the individual needs of their pupils they are still quite
dependent on the school administration’s support . Securing individual adjusted teaching to
disabled pupils requires a combination of thorough planning, collaboration, competence
and the full utilization of individually assigned assistive technologies.

7. Perceived barriers and recommended solutions

All parents participating in this study accentua ted the lack of competence in school when it
came to assistive technologies. Further they pointed to lack of focus on the significance of
individual adjustment of the teaching material and teaching situation. The parents pointed
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to these two conditions as the two greatest bariers for the full employment of the potential

in assistive ICT. Even though the parents experience that someteachers do their best, the

parents think this is still not enough. The parent s think it is important that the teachers can

be good examples to their children, also when it comes to using technology. This includes

making use of assistive ICT an ordinary task in line with use of any other kind of
technology. “Actually, school administrations’ competan regarding individual adjustments and
inclusion of disabled pupils are in general quite inadequate and especially inadequate when it comes
to the significance of assistive technologidsiis is a statement re-occurring in the interviews

with the parents.

The teachers also experience encountering barriers in their work with pupils who are

allocated assistive ICT. They accentuate the lackof time to prepare and learn how to use the
assistive ICT as the greatest barrier. Moreover,the teachers point to technical properties as
barriers, such as non-working keys and missing software programs. One of the teachers also
point out that resistance among teachers to employ new and unknown technologies also

represent a barrier.

From the assistive technology center’'s point of view it is the lack of environmental
accessibility that represent the grates barrier in using assistive technology in school. They
think the lack of universal design of school buildings and classrooms hamper the full
utilization of the potential of assistive ICT, and of inclusion of disabled pupils in classroom
settings. They also turn the focus in another direction; the inclusion of non-disabled pupils

in the teaching of disabled pupils. This kind of a somewhat reverse thinking might also
facilitate the inclusion of disabled pupils according to their point of view. Eventually they
also accentuate the significance of teachers’ competence, attitudes and experiences in the
area as a possible barrier.

Parents, teachers and the assistive technology catre all experience barriers in using assistive
ICT. They experience these barriers somewhatdifferent, and they perceive the causes of
these barriers different. However, all of them express the same concern; the lack of
technological and digital competence in using assistive ICT. The parents emphasize the
significance of school administrations™ atti tudes towards disabled pupils, the teachers
emphasize the lack of time for preparations, and the assistive technology centre emphasize
the practical adjustment and inclusion of non-di sabled pupils in the teaching of disabled
pupils.

The recommended solutions also differ according to ones point of departure. The parents
think the solution must be providing all teachers enhanced competence in use of
technology and in individual adjustment of th e teaching. The teachers think the solution
must be providing them more time for preparation, planning and testing of the assistive
ICT. And the assistive technology centre thinks the solution must be a much more active
effort in adjusting the environments to includ e disabled pupils in the ordinary classroom
setting.

While the findings in this study to a certain degree is colored by the participants’ different
relationships to the participating pupils, th e finding also correspond with previously
research in this area (cf. Bekken, 2009;Craddok, 2006; Murchland & Parkyn, 2010;
Sdderstrom & Ytterhus, 2010; Wendelborg, 2010).
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8. Conclusion

The subject of the current pilot study is disabled pupils® use of assistive ICT in Norwegian
primary and secondary schools. Taking this pilot study as a point of departure this chapter
has investigated how use, and non-use, of assistive ICT at school influence disabled pupils’
opportunities for active participation in an inclusive educational system within the regular
Norwegian school system. The findings elaborated on in this chapter illuminate the
existence of barriers on several levels for the utilization of assistive ICT in Norwegian
schools. Some of these barriers are technicabarriers connected to the equipment, some
barriers are human barriers connected to competerce and attitudes, and some barriers are at
a system-level connected to interdisciplinary collaboration and school administration.

The first barrier described is the technical barrier which o ccurs when the assigned assistive
technology does not work as intended. This might be due to simple technical errors, or
incompatible software or hardware. Such technical barriers put an effective end to any
attempt of participation or inclusion of the disa bled pupils in the teaching or the interaction
between classmates.

Another barrier is the unclear distribution of responsibility among collaborative
professionals, both between different levels of services and within the same service level. It
is a huge amount of service providers involved in the provision of assistive ICT to pupils,
e.g. the local occupational therapist, the assstive technology centre, the technical supplier,
various resource centers, the local municipality, the local school, the teacher etc. While all
these actors spend time figuring out who is responsible for what the disabled pupils who
are dependent on assistive ICT is left at a dead end, so to speak.

This study illuminates how the individual school is organised and administrated is of great

significance for disabled pupils’ possibilities in participation and inclusion at school. School
administrations™ attitude towards making an acti ve effort to include disabled pupils in the
ordinary school settings set the framework for teachers™ possibilities to make individual
adjustments in their teaching. While the administ ration at one of the participating schools in
the current study had a positive and active approach in including disabled pupils in the

ordinary school setting, this was not an issue at all in the two other participating school
administrations.

This study highlights phenomena and practices which have an impact on the use and non-
use of assistive ICT in Norwegian primary an d secondary schools. Insum these phenomena
and practices turn out to be about teachers, school administrations® and collaborative
partners’ knowledge, competence and attitudes towards technology and disability. These
findings are also in line with previous research in this area (cf. Bekken, 2009; Craddok, 2006;
Murchland & Parkyn, 2010; Séderstrdom & Ytterhus, 2010; Wendelborg, 2010).

This current study points out how practical details and situations make a difference in
disabled pupils® every day at school. When the assistive ICT works as intended and use of
this technology is integrated in the teaching in ordinary classroom settings use of assistive
ICT facilitate enhanced participation and inclusion of disabled pupils. It appears, however,
that this integration of assistive ICT in ordi nary classroom settings takes place only to a
limited extent. When the assistive ICT does not work as intended, is not put to use, or is
used only in separate and excluded teaching settings it is perceived as a symbol of
difference which hamper partic ipation and inclusion.
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Further, there are two factors which emerge in this study which are found to be of special
importance to underline and repeat in conclusion . First and foremost it is the significance of
integrating use of assistive ICT for disabled pupils in the ordinary classroom setting. This
integration will restrain potential stigmatization and subsequent rejection of the assistive
ICT (Lupton & Seymour, 2000; Murcland & Par kyn, 2010; Séderstrom & Ytterhus, 2010). The
other factor which is found important to underline and repeat is the assistive technology
center’s suggestion about turning the focus on inclusion into another direction; namely the
inclusion of non-disabled pupils in the disabled pupils™ use of assistive ICT. This suggestion
is found very interesting, and might be a new strategy in promoting appreciation and
inclusion of disabled pupils.

When it comes to what new knowledge this study provides the current pilot study
highlights two conditions not described in previously research. First and foremost the study

provides new insight into the consequences for the individual disabled pupil of the

complexities of actors involved in allocating , operating and maintaining the assistive ICT.
The second new insight this study provides is the consequences for the individual disabled
pupil of her/his teacher’s perceptions of technology and disability.

The current study is a small pilot study and, th us, is perceived as a preliminary study in a
relatively new combination of research area. The study’s intention is, however, to provide a
basis and direction for further and more comp rehensive research in this field. Besides
investigating the current subjects on a larger scde, further research in this field should also
look closer at the perspectives of school adninistrations, municipal authorities and the
various service providers on technology and di sability. In a Norwegian setting there still
exist some gaps in the knowledge of what significance use of assistive technologies holds for
disabled pupils in ordinary schools. This know ledge gap is especially present when it comes
to how purposeful and efficient use of ICT and assistive technologies may provide new
inputs to the principles of ad apted learning environments and inclusion of disabled pupils.
In this context it is important to note that how use of assistive ICT for disabled pupils
creates possibilities, or barriers, in their participation and inclusion can only be revealed by
closely investigating the cultural context and interactive processes in which the persons,
technologies and environment are embedded. In practice this means to ethnographically
study the phenomenon over time.
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An Implementation of Intelligent
HTMLtoVoiceXML Conversion Agent
for Text Disabilities

Young Gun Jang
Chongju University
Republic of Korea

1. Introduction

HTML represents information in a visual manner and as a result text disabilities such as
visually impaired individuals and dyslexics are unable to access their content. Beyond
doubt the vast majority of modern web applic ations neglect the special needs of disabled
people. The acoustic representation of the web content contributes to the purpose of
pervasive learning and offers great help to disabled individuals. Proposed application of
this paper is based on VoiceXML in order to become accessible acoustically by a standard
phone or by a computer.

Almost all internet contents are constructed by HTML and the contents which internet user
prefer are various and extensive. Manual contents conversion from HTML to VoiceXML for
the general public needs so much costs and seems to be practically impossible. Therefore
automatic or semiautomatic conversion is very necessary for practical acoustic service.

The possible applications on the internet and intranet are as various as the contents
contained on the internet and as the users who utilize the inform ation. This variety increases
the attempts of making an automated internet for its complexity of information and service.
Especially, these attempts are very necessary fothe web contents processor to decrease the
cost of producing and managing web contents which is increasing rapidly, also to minimize
the number of mistakes caused by human error. Including filling out forms, web automation
should automatically operate the web activities, and it should also operate according to the
plans or requirements. However, information on the internet often changes its contents, and
even its structure. Because HTML describes more for visual expression than for the contents
or structure, web pages are still unable to be interpreted perfectly by present technologies
(Asakawa, 2000).

VoiceXML is an eXtensible Markup Language (XML) based language that aims to function
as a tool for the development of interactive voice response applications. VoiceXML is
designed for creating voice applications that feature synthesized speech, audio recognition
of voice input or Dual-Tone Multi-Freque ncy input, recording of spoken input,
reproduction of audio files, control of dialog flow, and telephony features, such as call
transfer. In general terms VoiceXML attempts to constitute the audio equivalent of
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Extensible Hypertext Markup Language (XHTML) for the voice web instead of the visual
web.

Before VoiceXML, VoxML which is one of the original types was published by Motorola,
also Goose, et al was the first to convert HTML into VoxML. Goose, et al presented the
study of Vox portal which makes it possible to access the web through a phone-line, also has
4 layer structures such as client, agent,web server, database, which was added to the
VoxML-Agent that can convert HTML to VoxM L in the traditional 3 layer WWW structure.
Concerning the VoxML-Agent, the interaction with a Vox portal was mainly mentioned,
however, the core part which is the design of the conversion function was not mentioned
(Goose et al., 2000).

Building a vocal interface by interpreting HTML documents, which use mainly visual
interface, is currently being studied (Mohan et al, 1999; Asakawa et al., 1998; Vankayala et
al., 2006), also code conversion based on the gmmmar characteristics is being studied mainly
with a tool to adjust and access the internet contents (Embley et al., 1999), code conversion
based on the structure characteristics of HTML (Goble et al., 2001; Huang, 2000; Buttler,
2001; Choi, 2001), Semantic code conversidhlori et al., 2000; Krulwich, 1997), manually
adding annotation code (Asakawa, 2000; Lieberman et al., 1999), code conversion used
structure and format information (W3C, 2000), semi automatic code conversion using the
interaction between structure model and computer (Li et al., 2004), however, these studies
are not being generalized because the purposeof the study is to rearrange web pages and
convert web objects for the easier voyage andunderstanding and only to solve a specific
user group's needs. It is impossible for not only computer but also humans who know
HTML well to guess visual layouts, and to separate each content perfectly just by reading
HTML code. Therefore, it is necessary to limit the converting subject and intelligent
methods of selecting, extracting and separaing the subjects. The converter selects the
contents, separates and extracts selected contdn, and converts the extracted contents into a
VoiceXML document according to the priory defined scenario. The core technology of the
converter is to select, and extract the conéents that the users want, regardless of the
expression of HTML and to accurately separate the contents according to the statistical,
grammatical, and structural characteristics of an HTML document and to increase the
automatic rate of converting contents by one time access for the practical purpose.
Regarding the separation of contents, Embley (1999,2006)Buttler (2001) and Choi (2001)
suggested a method of separating multi contents that are arranged in a row with the similar
contents like a bulletin board, according to the contents in the HTML document, that has
multi contents, and also suggested Heuristic algorithms that can extract separation tags
which is the standards of the separation by using the structural characteristics of an HTML
document. For the limitation of the suggested Heuristic algorithm, Choi (2001) limited the
subjects of the multi contents type to bulletin boards, lists and searching results. The limited
subjects should be selected safely on the wk page for the successful conversion. However,
in the case of using the structural characteristics to select the contents, the contents can be
selected differently according to the various expressions and changesof contents on a web
page. The minimum child node that is used by Embly and Goose can't properly reflect the
user's intention, also the minimum child node that is suggested by Choi and node selection
methods which combines included characters and numbers can make different selections
according to the number of nodes and the balance of included numbers of characters.
Therefore, other methods are required to use the structural characteristics. In the semantic
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approach, it suggests using ontology for this problem (Huang, 2000; Goble et al., 2001). The
documents should be described on an XML basebecause it is based on the meaning, also it
requires an RDF to interpret the ontology. Howe ver, it is very complicated to describe the
ontology to select contents on the web page that we already know, and it requires another
RDF and professional knowledge about the technical language and grammar, moreover, if it
doesn't exactly match with the ontological specifications, it responds to the slight changes of
the contents very sensitively (Goble et al., 2001). To reflect the user's intention, Krulwich
(1997) used the method in which the agent recads the interaction between the user and the
web page so that, when the user connects tothe web page again, the agent performs the
same work that is selected by the user. However, this method is very difficult to implement,
also it uses the HTML location defining la nguage as the converted result during the
automatic process. Lieberman of MIT suggested a way to make the agent recognize the
characters through training (Lieberman et al, 1999). This method removed the
professionalism that is necessary while manually entering the grammar and eliminating the
possibility for mistakes by suggesting examples to the agent and by training the semantic
character patterns which are in the unstructured web information. These studies concerning
the selection of contents all have some advantages, however, they are not very convenient
and strong because they might require unnecesry information to be defined by the users
or provide unnecessary interface, also they are very complicated to implement.

This study suggests; 1) the hybrid sequential contents group selection method that utilizes a
variety of factors including structural characteri stics, the users' prior knowledge, interaction
with the agent, and character information to ensure the inclusiveness and definiteness of the
contents based access methods to solve the problem of selecting contents accurately, and it
also maintains advantages such as there is no need for professionalism and convenient
character recognition and it covers the disadvantages. 2) the sequential recognition for
documents based on schematics that provide docunents interactively according to the user's
prior knowledge regarding the relationship be tween the documents, which is to increase
automation rate of the converter. 3) converting the entire structure of HTML to VoiceXML,
which is applied the above suggested 1) and 2),according to the content separation which is
the basic system and designated scenario. In Seabn 2, it is suggested the document type for
conversion, in Section 3 and 4, it is suggestedthe contents selection method and recognition
methods of sequential web documents and in Secton 5, it is suggested the converting from
HTML to VoiceXML agent structure which is combined the suggested methods, and
constructing methods, also described the contents separation method.

2. Selection by the convertible HTML document type and structural
characteristics

A web author tries to put a lot of information on one page by using various visual effects.
This information is visually categorized and th en is fragmented, For example, a web page in
Fig. 1 has A, B, C, D, E, F, G and H fragments on one page. It is necessary to determine
which fragment is the main information on this page and to separate the information
according to the contents and then it should be converted to VoiceXML document (W3C,
2000).

In order to convert HTML to VoiceXML, first of all, the HTML contents should be separated
into fragment units according to the contents, then a VoiceXML document should be created
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for each fragment. However, HTML tags are difficult to separate into fragments because
they only express how to visualize the information, and don't include any meaning as an
XML tag.

Fig. 1. Web page type

Therefore, it is assumed that the contents ae visually categorized. The probability of this
assumption was proved through the code verification of most web pages. For the detailed
separation of the contents into fragments, the heuristic method was used, which statistically
analyzed the structural characteristic of the tags. Therefore, the types that can be separated
by using this method are limited, also the qualitatively similar types of contents are
arranged in a row. The documents types that can be applied the conversion method of this
study are bulletin board, list and search result. This type of HTML document has many
features that are similar to child nodes when the documents are expressed in a tree
structure, also the contents include many characters, which means the location of the
contents can be found. The contents that can be converted to VoiceXML in Fig. 1 are the
News(D), Calendar(E) and Blogs, ITunes U, Facebook(G).

To analyze the structure of an HTML document, for the first step, it must be reorganized
into a tree structure. The reason is because itis easier to analyze an HTML document in a
tree structure.

The minimum reformed sub tree method is designed as the selection method of the main
content group by using the structural characteristics on the web page. The minimum sub
tree means the smallest tree that includes conents of the whole tree structure. Before the
contents are extracted, it first extracts the sub tree that includes the contents, and this sub
tree corresponds to each fragment of Figure 1. The minimum sub tree is the tree that uses
the nodes with the most child nodes as the path after finds out how many child nodes are in
each node. Usually, in the web page where conents are arranged in a row, the possibility
that the main contents are included in the sub tree that uses the nodewith the most child
nodes as its path, is very high. However, if the numbers of child nodes becomes the main
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concern of extracting the minimum sub tree, in the web page which has lots of menus, the
minimum sub tree can be the sub tree that includes the menu.

In this paper, it is suggested that the text size of the node with the most child node be used
to extract the minimum sub tree. Meaning that firs t it is necessary be find the node with the
most child nodes, then figure out the text size of each node and finally the minimum sub
tree should be the sub tree that uses the node wih the biggest text size as its path. In this
method, we can avoid the mistake of designating the sub tree that has most child nodes with
the small text size, like a menu, as its minimum sub tree.

3. Selecting an interactive contents group based on contents

When selecting a contents group through the structural interpretation of an HTML
document, it is difficult to apply the user's intention with any kind of rule platform, and
difficult to select multiple contents on one web page. Therefore, there must be a mechanism
to select contents again by reflecting user's irtention if the automatically selected contents by
using the structural characteristics are not reflecting user's intention. The suggested method
is the sequential selection method which provides the automatic selection and the user's
multi selection according the frequency of use based on the interactive selection with users.
It first applies the structural method to select the proper item, and if it is improper, then it
can be selected suggesting examples through tle character information and by checking the
composed results on the web page.

At this time, the suggested character row becomes the title of the documents that are created
as the result of the conversion. Also if the wrong contents group is selected, it can be
selected by designating numbers or numbers with logical calculus. In this paper, character
rows included in a web page were used to train the agent. Web authors usually try to show
the contents to users in a simple and effective way by using key words as characters or
graphics. Therefore, in this method, it uses the author's expression ablity and insight about
the web page that is showed to the users, am copy key words are selected for the contents
to transfer to an agent, also it designatesa sub tree that includes the valid key words among
the already written sub tree as the converting subject for the structural interpretation.
However, it is unable to copy the characters of key words if they are expressed graphically,
and this method can't be used if multiple contents or logically composed contents need to be
selected. Contents composition looks like the wrong selection or a visually same contents
group, however, it can be used very effectively on web documents that are made with a
different structure. If there is a problem for se lection from the character row, it can include
the index number of contents, which are made according to the result of structure
interpretation, on the original document, and can visually provide the composed web
document to the user, also it can select the catents by transferring the index number to the
agent according to user's judgments. Multiple selections is possible in this method, also it
supports logical composition + operator which me ans combining is only used for the logical
composition operator, however, it can be added by needs.

Fig. 2 is an example of the valid implementation algorithm. In this method, the structure
interpretation method as tree structure combined with the rule platform that uses the
amounts of nodes and characters,also if the automatic selection is failed because it doesn't
reflect user's intention: there are many web making methods that can have a similar visual
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effect: it is impossible to use for all methods that can be used on HTML interpretation, so it
utilizes a hybrid sequential method with a meaning based access that allows users to
interactively select the interpreted results of the system.

Fig. 2. Flow of the hybrid sequential contents group selection method.

4. Sequential recognition of web document based on interactive schema
utilizing the prior knowledge

Generally, if there are many contents that have the same characteristics and structure, the
contents should be made with several web documents and those web documents should be
connected through the link because the amount of contents that can be expressed on one
web page is limited. However, it is unable to determine which link is about the next
document by only looking at the HTML code, so it is impossible to extract automatically at
once. To solve the above problem, the entire contents can be extracted by interactively
providing the user's prior knowledge regardin g the link between the documents, and this
information doesn't designate the tag path by analyzing the HTML code, but provides the
link information like the link is located after ho w many links from the last contents so the
URL for the next document can be extracted. At this time, the link between documents is
usually located after the last contents, and the link that connects the next document can be
divided into three categories; text, image and serial number, as seen in Fig 3.

The prior knowledge information input scheme can be divided into 3 steps as seen in Fig. 4.
In the first step, the link type for the next do cument is designated, and in the second step,
the details such as link character, link location and serial number orders is designated
according to the link type, and in the last step, the location of the last document is
designated, like how many documents will be extracted.
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Fig. 3 Linking type for the connected page and link location

Fig. 4. Prior Knowledge Information Input Schema.

When the prior knowledge is provided, the URL for the next linked document can be
extracted through the procedure in Fig. 5.

The prior knowledge information input proced ure for the HTML document structure is
provided in a Windows Wizard style. The Prior knowledge information input wizard can be
divided into 3 steps as the Prior knowledge in formation input schema. In the 1st step, the
link type information should be entered, then, in the 2nd step, if the link type is text, enter
the text information, if it is image, enter link location information, and if it is serial number,
enter serial information. In the 3rd step, enter the final web document information which is
needed to be extracted.
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Fig. 5. Extracting URL Flow for the connected web documents.

5. Design & implement HTML to VoiceXML conversion module

The simplest way to change HTML into a markup document is to match the tags with
similar roles with another markup language to the tags in the HTML. This method of
conversion is usually applied when we convert an HTML document into a markup
document for wireless internet. However, HTML tags don't provide any meaning but the
visual expression of the contents, so it is difficult to convert and provide exact information
by using 1:1 matching for each tag. In another method, we can reorganize the scenario by
recording the web documents path and find the contents using that path so the information
can be provided with the markup language. At this time, the web document path will be
recorded as the absolute path that uses html or a body tag as its path in the tree structured
HTML(Freire et al, 2001). The problem of this method is that it can cause unexpected results
because the tags were deleted, modified, and irserted for the path. Embley, Butler and Choi
suggested separating the multiple contents that are arranged into similar types such as
bulletin board or searched results by using the documental structure, however, it is only
about one web document, so we need to connect each web document to separate the
sequential contents across several web documents.

The HTML to VoiceXML Conversion Agent th at is implemented in this paper can be
divided into three procedures as seen in Fig. 6; Extracting list and creating VoiceXML
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Fig. 6. HTMLtoVoiceXML Conversion Module Map.
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document, Extracting details and creating VoiceXML document, and Extracting URL of the
next connected web document. Extracting list and creating VoiceXML document procedure
is extracting list contents from the list HTML document an d then creating the VoiceXML
document that is valid for the list scenario. The dotted line part is selected contents after the
conversion in the tree structure in the first step, and it is implemented through the hybrid
sequential contents selection algorithm that is suggested in this paper. In this step, the
contents selection method which has faster processing speed and suggested in section 2, will
be applied, also if it is not the contents wanted, it will be applied the method that is
suggested in section 4. In the process of extracting details and creating a VoiceXML
document, it extracts the details from the detail contents do cument about the list contents
and creates it with VoiceXML documents wh ich will be valid for the detailed contents
scenario. In the process of extacting the URL from the next connected web document, if the
contents are across several web documents, itextracts the list and creates the VoiceXML
document after finding out the URL of the connected web page. It finds the URL of the
connected web document through prior knowledge of the list HTML document structure,
extracts the list, and createsthe VoiceXML document to extract all the contents during a
single connecting by transferring the value. This part has not been suggested in other
existing studies, however, it extracts connected web documents by using the connection rule
which determined by the connected web document recognition method, then transferring
that information to the 1st step and continuing to perform the same procedure. The dotted
line part which is the content selection block and the solid line part which is extracting URL
block for the connected web page in Fig. 6 oppacsite with the data block that uses the fist
interpretation result during the repeated connecting procedure, also it is connected
continuously by the scheduler.

First of all, the candidate tags for the separation of contents should be extracted in order to
separate contents to each unit. The contents cadidate tags should be the child nodes of the
path nodes of the selected sub tree.

If there is only one candidate tag for separating the contents, that candidate tag will be the
boundary tag to separate the contents, however, if there are more than two candidate tags,
then the valid tag should be selected as the searation tag. To extract a valid separation tag
from several separation candidate tags, the heuristic algorithm was used, which is based on
a few rules used when making HTML document. The heuristic that is used in this paper
makes: standard deviations about the amounts of characters between candidate tags:
repeating patterns of the tag pair which consistently shows on each contents: all path lists
from candidate tag nodes to other temporary no des then, counts how many times the partial
paths that are appeared by the identified path happened and sibling tags that adjoin to sub
tree happened, then, rearrange the sibling tags that categorize all tags in descending order
and tags which are frequently used to separate contents in the ascending order, then finally
use the identifiable path separator tag(IPS) for the candidate tags. Each heuristic is
optimized for the special type of web page, but it is independent from other heuristic
algorithms. Therefore, it is considered to combine each independent heuristic to increase the
possibilities of extracting correct contents separation tags of web document.

To decide on the best combination status for 5 heuristic algorithms, the Stanford Certainty
Theory was used (Luger et al., 1997). There are dotal of 16 ways to combine each heuristic
algorithm, however, most the exact way was to extract the separation tags after combining 5
heuristic algorithms.
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When the contents are separated for each separation tag, the starting and ending points of
the contents should be extracted. Meaning that it is necessary to first decide if the starting
tag of the separation tag and the next starting tag of the separation tag should be the starting
and ending point, or if the contents right before the separation tag and the starting tag of the
right next separation tag should be the starting and ending point to separate contents.
Separating procedure with the standard of th e separator tag, which is suggested in this
paper, is as following.

1. Find the first child node N of the path node of the minimum sub tree
2.UHSHDW

L(N == STYLE Tag R BCRIPT Tag R Annotation) Tag)

R UN == BR Tag D QBR Tag != Separation Tag)

RUN==HR Tag D Q G HR Tag != Separation Tag)

R UN == P Tag D QRGTag != Separation Tag)

WKHQ

N := Next siblingnode

FRQWLQXH 3HUIRUP WKH LI VHQWHQFH DJDLQ
HOVH

End the repeat sentence

HQG LI

XQWLO end-of-Minimum sub tree

3. LN == Separation tag WK H Q

Contents := The contents between the starting tag of the first separation tag
and the starting tag of the next separation tag

HOVH

Contents := The contents between the starting tag of the first separation tag
and the starting tag of the next separation tag

HQG LI

When the contents are separated with the seandard of the separator tag, the invalid
contents can be included. Therefore, the vdid contents should be extracted from the
separated contents. In each text of contents of the web page, there is an arrangement of
regular types of numbers, dates and charaders, so it is necessary to use these
characteristics to extract the valid contents. The suggested method of extracting valid
contents in this paper is as follows:

1. UHSHDW JRU DOO VHSDUDWHG FRQWHQWYV
Text type of the separated contents should be divided into numbers, dates
and characters to be saved at F arrangement

X QWL O end-of-Separated contents

2. Find the amounts of the same types from the saved information at F

arrangement.
3. Find the most types of information and extract the contents that have this

type of information.

The extracted contents through the extracting procedure shall be provided to the users
through the vocal interface. Because users can understand only a limited amount of vocal
information at once, compared to visual information, N vocal scenarios shall be created
according to the amount of extracted contents.
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In this paper, if the average characters of the extracted contents is less than 100, a vocal
scenario with 4 contents will be created, and if it is more than 100, N scenarios will be
created consisting of 2 contents in one vocal scenario.

Each vocal scenario creates VoiceXML document according to the VoiceXML 1.0 format. The
created VoiceXML document has the basic structure displayed in Fig. 7.

IV " GeE ™Ee—edIXUWIfe
eV i G E™MEe—@XUWIe
co—ma

c--CE‘GE
$+5G5-EnsE-m_—,
tEeeG—"G"—>
CZTM*"MTMe}—gA“G"GE-(EGHCE"G\/ZTM T ™ e
C"““C@e
Np*NGEEH>E+SEG SE-™c+e7G>-Gl+EG"E+G
sEESB--
cvee Bee
cV--CEGe
cVe—mle
cvey o

Fig. 7. Basic structure of the created VoiceXML document.

6. Test & results

To test the performance of the HTML to VoiceXML conversion agent that was implemented
in this paper, board type, list type and search result type employment sites, newspaper sites
and search engines with high access frequencywere selected. The specific sites selected for
test are listed in table 1, and the sites that wee tested for all 3 types are listed in table 2.

The test method is the same as the method inGIT, and the succeed rate of algorithm will be
counted in two steps (Li et al., 2004).First, the suggested algorithm was applied to each web
site page, the tag that with the highest score was found and the exact rate of the tag on that
page was counted. Second, an average of all web sites was calculated to see the success rate
of the heuristic algorithm an d the combined algorithm.

In the result of applying this method to 200 web pages, which are shown on table 1, the
separation successful rate was 100% exceptor the pages that described the wrong HTML
grammar. This was because most of the web sites consisted of tables, and in many case, it
had only one separation candidate tag, sothe heuristic algorithm was not needed.
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Division Name of Web site Web site URL
Incruit www.incruit.com
Recruit www.recruit.co.kr
I(E;F:?dyg;gg; Hellojob www.hellojob.com
Jobex www.jobex.co.kr
Devpia www.devpia.com
DongA Daily www.donga.com
JoongAng Daily WWW.joins.com
D(ﬁ:g tl;l/?g)s Sports Today www.sportstoday.co.kr
GoodNews www.kukminilbo.co.kr
Hankyoreh www.hani.co.kr
MSDN msdn.microsoft.com
Search Paran Wwww.paran.com
(Search results Altavista www.altavista.co.kr
type) Google www.google.com
Naver WwWw.naver.com
Table 1. Test subject web sites.
Name of Web site Web site URL
Hankooki www.hankooki.com
Hankook llbo www.hankooki.com/hankook.htm
Daily Sports www.hankooki.com/dailysports.htm
Seoul Economy www.hankooki.com/sed.htm
Korea Times www.hank ooki.com/sed.htm

Table 2 Test subject web sites for success rate
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Heuristic Algorithm No. 1 2 3 4
Separative Tag 0.85 0.1 0.15 0.0
Repeating Pattern 0.65 0.0 0.15 0.0
Partial Tag 0.95 0.0 0.0 0.0
siblingTag 0.80 0.2 0.0 0.0
Standard Deviation 0.70 0.2 0.1 0.0
Combination Algorithm 0.99 0.02 0.01 0.0

Table 3. The probability ranking of each algorithm and the success rate of the combined
algorithm.

Therefore, we tested the success of the separatin tag extraction rate for the web sites that
used various web page writing methods. In tabl e 3, the probability ranking of each heuristic
algorithm and the success rate of the combined heuristic algorithm is described for about
200 web pages from the web sites suggested in thle 2. The reason it had a higher succeed
rate compared to the GIT combination algorith m success rate of 94%, is because the different
types of web page were less than GIT. It is difficult to compared with the GIT case, because
there is no information about the web page. However, the test results show that the
implemented converter is very trustworthy for the regular table or the contents that links
are arranged in a row, also when the combined heuristic algorithm was applied for the web
page that used various methods, it showed a 99% success rate, so most of the web pages
were convertible. In table 3, it shows the success rate when each heuristic algorithm is
applied for the separation candidate tags of the web pages, and when each heuristic is
combined.

Web Site Name Prior Knowled ge Type
Incruit Numbers, Image
Recruit Numbers, Image
Helljob Numbers, Image
Jobex Numbers, Text
Devpia Numbers

DongA Daily Image

JoongAng Daily Image

GoodNews Image
Hankyereh Numbers
MSDN Numbers
Paran Numbers
Altavista Numbers

Google Numbers, Text

Naver Numbers

Table 4. Prior Knowledge type of each Web Site.
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The test regarding extracting web documents by using the prior knowledge was performed
for the web sites in table 1. As we can see from Fig. 5, the most popular type among the
types of prior knowledge for the connected web document was serial number type, and the
next most popular types was mixed types like serial numbers and image. Also the success
rate for using prior knowledge to extract web documents was 100%.

7. Conclusion

This chapter is regarding a conversion system using VoiceXML to provide the HTML

contents vocally through a mobile terminal or phone for text disabilities. To decrease the
cost and time needed to convert to VoiceXML, the HTML to VoiceXML conversion agent
was designed and implemented that is capable of automatically converting HTML

documents into VoiceXML documents.

Because it is unable to figure out the meaning of the information on HTML documents, the
convertible HTML document type is provided and a hybrid sequential contents selection
method was suggested to solve the problem of the stiffness of using structural
characteristics and that fail to reflect the users intention and its effectiveness was proved.
Also the contents were separated and extractel to be converted into VoiceXML documents
according to the vocal scenario by analyzing the document structure. In addition, the same
type of contents across several web documents was extracted at once through the prior
knowledge regarding the web linking structure to create practical and effective vocal
scenario.

The function and performance of the developed converter were tested on about 400 Korean
web pages. In the results, all of the web pages that applied HTML grammar correctly were

able to be converted into VoiceXML documents. Therefore, it is determined the application

is effective, practical and success rate.

A few web pages that didn't follow exact HTML grammar, especially, if there was no ending
tag for the starting tag, were not converted correctly, and to solve this problem, the HTML
should be converted into XHTML documents th at kept the XML format, and then converted
into VoiceXML documents. The presently implemented converter is limited to the
convertible HTML documents type because of the inherent problems, so a more
intelligential method should be combined to expand the subjects of the conversion.
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1. Introduction

“| suspect we will be seeing touch screens used for more applications than ever before
(Shneiderman, 1991).

It has been 20 years since Ben Schneiderman prddted that there would be an increase in the
use of touch screen applications yet it has beenonly in recent years that this prediction has
come to pass. The concept of a touch screen computer was first introduced in 1965 by E.A.
Johnson who described the possibilities of touch screen technology to support air traffic
controllers. In this article Johnson describes how “the touch display coupled to a computer
can be considered as a keyboard”, a novel gproach at the time. Touch screens were brought
into the public domain in 1971 by Elographi cs, Inc. which instigated the development of
public touch screen technology such as automated teller machines (ATMs) and information
kiosks (Brown et al., 2011). Another milestone in the history of touch technology was the
introduction of the personal touch screen computer, HP-150, developed by Hewlett-Packard
in 1983 (Sukumar, 1984). The purpose of this edy design was to offer individuals an
intuitive technology option. Although touc h screen systems have maintained this
intuitiveness and ease of use over the years,problems that existed with early systems still
provide challenges for designers and developers to this day.

It is largely due to the release of the Apple iPhone and iPad that was quickly followed by
similar offerings from competitors that we have recently seen a touch screen revolution.
Today, touch screen devices are easily available, portable and relatively inexpensive.
Furthermore, commercial touch screen technology offers a balance between accessible
interaction and aesthetics. This is welcome news for the older user. Although older adults
for the most part have positive opinions about technology (Mitzner et al., 2010), they are less
likely to use technology compared to younger in dividuals (Fisk et al., 2009). However, the
main predicting variables of technology acceptance for older adults are usefulness and ease
of use (Bouwhuis, 2003; Selwyn, 2004; Mitzneret al., 2010). These are variables which would
benefit all users of technology.

There are essentially three ways in which a person can use a touch screen device. These are:
(1) one user interacting with a device (e.g. amobile phone); (2) multiple users interacting
with one device at the same time; and (3) multiple users interacting with one device at
different times (e.g. tablet computer). Although it is worth noting the possibility for multi-
user interaction with a touch screen tabletop, such as the DiamondTouch or Microsoft
Surface, throughout this chapter we will most ly be referring to one individual interacting
with a touch screen system.
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In this chapter we will discuss the implications of touch screen technology for the older user.
Firstly in section 2 we will look at the definition of an “older adult” and outline the general
characteristics and capabilities of this age group. In section 3 we will discuss the advantages
and disadvantages of touch screens and refer toresearch aiming to increase the usability of
touch screens for older adults. Finally, in section 4 we will provide examples of touch screen
applications that have been developed and researched in the public, healthcare, home and
social domain.

2. Characteristics of the older user

Older people are living longer and the older population is gradually increasing. This
demographic shift has motivated researchers from various disciplines to work out ways to
improve the quality of life for older people, alleviating the effects of ageing through
medication and assistive technology (Astell et al., 2010). In a study focused on population
projections over 27 European countries, Mamolo and Scherbov (2009) showed that there will
be an overall population shrinkage with an expansion of the elderly population. One person
out of four is projected to be over the age of 65 by the year 2030. Figure 1 taken from
Mamolo and Scherbov’s report illustrates the growing population of older individuals
between the years 2007, 2020 and 2030. These stdits emphasise the need for researchers to
come up with innovative approaches to support older adults and to embrace this group as
potential technology users.

Fig. 1. Population projections for indivi duals 65+ years for the years 2007, 2020 and 2030,
across 27 European countries; Mamolo & Scherbov (2009).

2.1 Defining the “older adult”

Age classification is not a straightforward process as many variables impact the rate at
which a person ages. Chronological age markers are the most common measurement used,
for example, determining the age of retirement. However this does not take into account
biological, psychological and social factors. Newell (2008) groups older people into three
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broad categories: (1) Fit older people, who do not appear, or consider themselves, disabled
but whose functionality, needs and wants are different to those they had when they were
younger, (2) Frail older people, who would be considered to have a “disability” and in
addition have a general reduction in many other functionalities, and (3) Disabled people
who grow older, whose long-term disabilities may have affected the ageing process, and
whose ability to function can be critically depe ndent on the other faculties, which will also
be declining. Fisk et al. (2009) state that ahough individual differences exist, generally
older adults have common biological, psychologi cal and social characteristics. They suggest
grouping older adults into two groupings: (1) The younger-old, ranging in age from 60-75;
and (2) The older-old, for individuals over th e age of 75 years. We will briefly outline the
characteristics of ageing in the next section.

2.2 Age-related issues and implications for design

Understanding or, at the very least, being aware of the capabilities and limitations of older
users can help to guide designers and developes to create more useable technologies. As
we grow older we change and develop, increasing some skills, losing others and learning to
compensate for those in decline (for review see Bosman & Charness, 1996). Some of these
changes have more implications on how we interact with technology (e.g., vision problems)
compared to others (e.g., greying hair). The characteristics that we as designers are
concerned about include perceptual, psychomotor, cognitive and physical changes (see
figure 2 for summary). Perceptual abilities, most commonly for vision and hearing,
generally begin to show signs of decline from a relatively young age. Approximately half of
all men over the age of 65 and 30% of women suffer hearing loss, and most people notice
visual problems around the age of 40 (Fik et al., 2009). These figures highlight the
importance for interfaces to provide clear adjustable output from devices (Charness &
Jastrzembski, 2010). Designers of technologysystems should accommodate for this by
displaying appropriately sized text and design features, using high contrast colours and
including adjustable audio output at low fr equencies (Fisk et al., 2009; Hawthorn, 2000).
Multimodal output would also increase the usability of a design for an older user.

Cognitive changes also have a significant influence for older users. Age-related differences
in cognitive functioning can be seen to stem from the reduction of cognitive resources
available, impairing older adults’ ability to carry out cognitively demanding processes
(Kester et al., 2002). For example, working menory, the ability to store and retrieve new
information, along with declining informatio n processing speed, effects how older adults
learn and interact with new devices. Many sy stems rely on a person’s ability to keep
information active however this is unrealistic fo r older users unless they are proficient users.
Therefore designers should make use of appropriate feedback to the user informing them
where they are in the system and where they have been. Simpleuse of text, colour and icons
can significantly reduce confusion and increase ease of use. An age-related deterioration of
attention skills also means that extraneous or distracting information on screens can cause
further complications for the older user.

Older adults show changes in their physical abilities, due to loss of muscle mass and
flexibility. Physical problems can also occur as a result of accidents and falls (common with
frailer older adults) and age-related conditions such as arthritis and stroke. In computer use
this can result in difficulties grasping a mo use, and positioning and controlling the curser
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(Hawthorn, 2000). Even with “nor mal” ageing there is an overall slowness of movement and
older users may find it difficult to make precise selections of small interface targets. Frail
older users may also have problems pressing buttons on devices such as television remote
controls. Matching the input device to the task can go some way to supporting these issues
(Charness & Jastrzembski, 2010; Rogers et al2005). To reduce these problems, designers
should implement large targets for accurate cursor positioning, reduce scrolling when
possible and allow for slower response times. Touch screen interfaces are more frequently
being used to assist the technology experience ofolder adults as they require direct input,
require large button targets and eliminate the need for multi-components (e.g., a desktop
uses a mouse, keyboard andmonitor) (Jin et al., 2007).

Touch screen technology can accommodate for sme of these age-related limitations. The
technology itself requires that the screen size,even on mobile devices, is larger than non-
touch devices. In addition, designers of touch screen interfaces incorporate virtual buttons
that are large enough for a finger to press accurately. These features mean that items are
larger on the screen, making them (a) easierto see and (b) easier to select accurately.
Furthermore, the use of virtual buttons on th e screen means that older users do not require
as much strength to select a target, and theyalso do not have to divide their attention
between the keypad and the screen.

CHARACTERISTICS OF AGEING

hearing decline.

imprecision in
motor control.

working memory,
divided attention
and information
processing speed.

Perceptual Psychomotor Cognitive Physical
Vision and Slowness and Decline in Decrease in

muscle strength
and dexterity.

Fig. 2. Summary of age-related changes thathave implications on interactions with

technology.

2.3 Older adult’s use of technology

2.3.1 Technology experience

The number of studies investigating computer use by older adults has progressively
increased over the last twenty years (Wagner et al., 2010). This interest stems from a diverse
range of research disciplines including, human computer interaction, education and
gerontology to name but a few. Although older adults are currently the fastest growing
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group of Internet users (Wagner et al., 2010), theyare less likely to use technology compared
to younger groups (Czaja et al., 2006; Czaja & ee, 2007; Goodman et al., 2003; Morris et al.,
2007). Older people generally have a positive attitude towards technology and will use a
product if they have a need for it (Fisk et al., 2009). Positive attitudes are also more likely to
be expressed towards everyday devices in the home, such as the television, microwave and
house alarm (Coleman et al., 2010). Although madern versions of these devices are digital,
older users are familiar and comfortable with th em. Czaja et al. proposed that the factors
predicting older adults’ use of computers are age, education, fluid intelligence (abstract
problem solving ability), crystallised intelligen ce (cultural knowledge), computer efficacy
(belief about ability), computer anxiety and prior technology experience.

Morris et al. (2007) investigated the older adults’ use of computers and the Internet. In total,
473 older adults participated in this survey. The responses showed that word processing
and keeping in contact with othe rs (e.g. email) were the most frequently used computer and
Internet features. This finding was supported by previous research carried out by Selwyn
(2004). Of the Internet users in Morris’s survey, 64% stated that it had a positive impact on
their lives. The most common reason for not wanting to learn to use a computer or the
Internet was that they were simply “not inte rested”. Other reasons given were feeling too
old to learn, believing it to be too difficult, and not having access to a computer. Selwyn
(2004) found that as circumstances change, so dgpeople’s interest or lack of interest in
technology. For example, an older person may become interested in using email after their
grandchild emigrates abroad, and another older person who used a computer as part of
their profession may choose a computer free life after retirement.

2.3.2 Acceptance barriers

So why are older adults less likely to use computers compared to their younger
counterparts? As mentioned in the paragraph above, those older individuals who are using
computers believe that the technology enhances tteir lives (Morris et al., 2007) and previous
use of technology has an influence on the accepance of new technologies (Czaja et al., 2006).
Similarly, Jay and Willis (1992) tested the attitudes of 101 older adults before and after a two
week computer training program. It was found that direct computer experience can
significantly modify attitudes, particularly in relation to computer efficacy and comfort.
However in Morris et al.’s study, when non-In ternet users were asked if there were any
factors that would encourage them to learn in the future, the majority (60%) said there was
nothing that would influence them. As well as attitude and age-related changes to
perceptual, cognitive, and physical abilities acti ng as barriers for older adults learning new
technologies, there are the issues older people have in relation to their privacy, particularly
regarding monitoring technologi es (Charness & Boot, 2009).

In some situations, older adults are forced to interact with technology to avail of services.
For example, many transport services require travellers to purchase their ticket from a
machine. Some airlines even have a fee to cbck-in at person serviced desks to encourage
customers to check-in online. Instead of using these technologies it is more than likely that
older non-computer users would either avoid the situation or ask a friend or family member
to do it for them (Coleman et al., 2010). If users are not given a choice of transaction method,
then it is crucial for the available systems be user friendly, intuitive and accommodate for
disabilities. In the next section we will outline the advantages and disadvantages of using
touch as an input strategy and look at design guidelines for older adult interaction.
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3. Touch screens versus other pointing devices
3.1 Advantages and disadvantages

One of the most commonly used approaches fa evaluating the benefits of touch screen
technology is to compare it to existing methods. As briefly mentioned in the previous
section, the suitability of the device may depend on the task at hand. For example, direct
input devices such as touch screen may be suitable for novice users for point-and-click tasks,
and experienced users may find using indirect devices such as a mouse more suitable for
tasks requiring extensive keyboard entry (Charness & Jastrzembski, 2010; Fisk et al., 2009;
Rogers et al., 2005). In a study examining the #ect of direct and indirect input devices on
attentional demand, McLaughlin et al. (2009) found that mismatching the input device to
task requires high attentional demand of the users. McLaughlin et al. found that matching
the appropriate input device to a particular ta sk (e.g. touch screen for pointing tasks) has
considerable benefit for older adults, who experi ence normal age-related attentional decline.
Shneiderman (1991) points out the advantagesand disadvantages of touch screens over
other input devices. The advantages include:

X Touching a visual display of choices requires little thinking and is a form of direct
manipulation that is easy to learn.

Touch screens are the fastest pointing device.

Touch screens have easier hand-eye coatination than mice or keyboards.

No extra workspace is required as with other pointing devices.

Touch screens are durable in public access and in high-volume usage.

X X X X

The disadvantages include:

Users’ hands may obscure the screen.

Screens need to be installed at a lower pagition and tilted to reduce arm fatigue.
Some reduction in image brightness may occur.

They cost more than alternative devices.

X X X X

Although Shneiderman made these claims 20 years previously, they still apply to today’s
touch screen technology and the views are more recently echoed by Bhalla and Bhalla
(2010). According to research trese advantages outweigh the disadvantages for older users.
For example, in a study comparing input devices for numeric entry tasks it was found that
both younger and older participants preferred using the touch screen compared to physical
keypad (Chung et al., 2010). Similarly, Umemuro (2004) showed that anxiety towards
computers was reduced significantly for elderl y users trained with a touch screen terminal,
whereas there was no significant decline in anxiety for those using a keyboard based
terminal. In comparison to a computer mouse, using a touch screen can significantly reduce
the age effects for the time it takes to carryout pointing tasks (lwase & Murata, 2002). Ease
of use and reduced anxiety towards technology follow well designed systems and
interfaces. In section 3.2 we will discuss some guidelines suggested for touch screen use.

3.2 Touch screen design guidelines

The usability website Sap Design Guild put together a comprehensive guide to designing
touch screen applications (Waloszek, 2000; http://www.sapdesignguild.org/resources/



Touch Screens for the Older User 101

tsdesigngl/index.htm). In this document they state that there are five golden rules for
designing touch screen interfaces. These include:

1. Speed - make sure the application runs fast,

Intuitiveness — avoid making the user think about what they need to do,

Choices — limit choices,

Guidance — guide the user through the application, and

Testing — use focus groups or observations totest the application before putting it in the
“wild”.

akrwn

In relation to the interface design of touch sensitive displays, Waloszek (2000) also provided
some guidance. The main areas that were coered were the screen layout, maintaining
screen space, data entry, buttonsand menus, and complex controls. We will outline some of
the main points here along with other research conducted on these subjects.

3.2.1 Screen layout

Some of the factors that impact the experierce for touch screen users are the size of the
screen, the precision needed to skect a target and the design of the screen elements (colour
and grouping etc.). With large screens, designers can afford to offer large input and output
features. Users should easily see menus andcontent on the one sceen. On smaller screens
however, such as mobile phones, there needsto be a compromise between these elements.
To investigate just how much of a compromise is needed for older users Ziefle (2010) asked
40 participants between 55 and 73 years of age tdake part in a series of navigation tasks.
The focus of this work was betw een the visual density (font size; 8pt compared to 12pt) and
preview size (menu; 1 option at a time compared to 5). Overall she found that the preview
size had more impact on usability and navigation. Effectiveness and efficiency was lowest
when only one menu option was shown on the screen, even with a large font size. The best
performance was observed for the display wi th large font size and large preview.

With touch screen systems, users are not only boking at the screen, theyare interacting with

it. The layout of target buttons on the screen impacts this interaction. Larger features such as
big buttons benefit users with vision problems but they also support accurate target

selection. Conversely, decreasing the size of the buttons below finger width reduces
performance (Lee & Zhai, 2009). Fitts (1954) hypotheized that the time needed to move to a
target area is a function of the distance to the target and the size of the target. This
speed/accuracy trade off is referred to as Fitts's Law and has been applied and modified

extensively to assist interface designs such as target size and grouping, pop-up menus, and
using the corners of the screen (Sears & Bneiderman, 1991). Providing large targets is
particularly important for older users. Fezzani et al. (2010) looked at the effect of target size
on performance for younger and older individu als. The study showed that reducing the

target size resulted in difficulties with poin ting accuracy, increased the time per task and
increased the mental cost associated with perbrmance. For the older users, the impact of
motor difficulty on performance was considerable.

When designing the interface you need to consder what you want the user to see, for
example, being consistent when grouping elements to aid navigation and eliminating
extraneous features so the screen is not clutterd. Colour is also an important variable. For
older or colour blind users it is necessary to have high colour contrast. Grouping menus by
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colour alone can also lead to difficulties for these users. Instead it would be preferable to use
text, spacing or frames. Regarding the bakground colour, Waloszek (2000) does not
recommend black or dark colours as they highlig ht finger prints and in crease glare. Perhaps
this suggestion is more applicable for public touch screen kiosks or applications for larger
devices, as it contradicts the popularity of touch screen mobile phone applications such as
on Apple’s iPhone. It should be noted however that the iPhone offers a reversal of
background/foreground colours as an accessibility option for those who want higher colour
contrast (http://www.apple.com/acce ssibility/iphone/vision.html).

3.2.2 Data entry

Virtual alphabetic or numeric data entry is not ideal for touch screen users as the virtual
keyboard or keypad obscures the screen and the inputting arm can quickly become fatigued.
Data entry should be kept to a minimum, however if possible, other options could be
offered, such as clicking on predefined values, providing buttons or sliders for increment
and decrement values or lastly using a physical keypad or keyboard (Waloszek, 2000).
Although there are issues with data entry on touch screens for extensive interaction, virtual
data entry may be preferable to users for small data input activities. For example, as
mentioned in section 3.1, both younger and older people show a preference for touch screen
keypads in numeric entry tasks (Chung et al., 2010) As the virtual keypad is situated on the
screen display the user does not have to divide their attention between the entry device and
the screen content. This is of particular benefit to older users as there is an age-related
decline in divided attention (see section 2.2).

Other types of input that have been considered as an input strategy are speech and eye-
gaze. However, these forms of input are not commonly associated with touch screen
systems. These methods would accommodate motor difficulties associated with ageing such
as arthritis or tremble. Developments into these techniques are already underway. For
example, Google have recently released an application which allows users to speak actions
or search queries into their mobile phone (http://www.goog le.com/mobile/voice-
actions/). However, there are several issues thatimpede the efficiency of speech input, such
as the variation of users’ intonation and the effect of external noise. Furthermore,
Shneiderman (2000) pointed out in one of his articles “The Limits of Speech Recognition”
that people have more difficulty simultaneo usly thinking and speaking, than they do
thinking and walking, or thinking and typing on a keyboard. This is because the part of the
brain responsible for problem solving and recall also supports speech.

Eye-gaze may have potential as an input strategy for older users. Murata (2006) examined
pointing time and performance of young, middle aged and older individuals when using a
mouse and also an eye-tracking system for input. Not surprisingly based on the previous
research mentioned, compared to younger users the older adults found the mouse more
difficult to use and were the slowest to perf orm the task. There were less age differences
when using the eye-gaze input. Interestingly the younger participants liked the eye-gaze
input least. This may be because they were more confident using the mouse. It was noted by
the author that issues such as the necessityof calibration existed when using the eye-gaze
input and that the technology would need to be further developed before it is considered as
an acceptable input strategy.
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3.2.3 Buttons and menus

Touch screen applications best afford point and select interaction and buttons are the most
appropriate target for this action. The optimal button size for finger selection is believed to
be at least 20mm square (Chung et al., 2010Waloszek, 2000). Strauss (2009) proposed that
wider buttons (20mm by 31.75mm) are more appealing to users based on the Golden Ratio
Phi (Livio, 2002). Minimum recommended bu tton size is 10mm (Lee & Zhai, 2009) and a
slightly larger 11.43mm for older users (Jin et al., 2007). Regarding button spacing, Jin et al.
recommended that a space between 3.17mm ad 12.7mm is needed to lower performance
error rates for older users.

The design elements of buttons, such as text, colour and icons, can either help or hinder
users and should be consideredcarefully (Maguire, 1999). In a review of user guidelines for
public touch screen kiosks Maguire reported on the necessity of providing text that users
can see and read (such as sans-serif, 16pt), and terms and/or icons that users will recognise.
It is also recommended that colour is used to group items together and provide activity
feedback but that it should be used sparingly and with colour blind users in mind.

Physical hard buttons have advantages over sdt touch screen buttons in that users have
direct tactile feedback that the button has been pressed. With soft buttons on a screen,
common forms of feedback are visual output such as changing the colour of the button after
selection. Audio and haptic feedback, commonly associated with mobile phones, may
benefit other forms of touch screen systems. For example, Lee and Zhai (2009) compared the
speed and accuracy of users for soft buttons with no feedback, audio feedback, haptic
(vibration) feedback, and both audio and haptic together. They found that having either
audio or haptic significantly improved perfor mance over having no feedback. There was no
further increase for having both forms together however.

Menus provide a way for users to navigate a system. We mentioned previously that users
perform better when they are displayed a large menu preview (Ziefle, 2010), or in other
words, when they can see all their menu options. Maguire (1999) supports this finding
stating that where possible all menu items should be displayed on the one page. Waloszek
(2000) advises that different menu groups (e.g. main menu and secondary menu) should be
differentiated by their shape and style.

3.2.4 Complex controls

Complex controls for touch screen applications include the use of lists and tables
(Waloszek, 2000), which may be more suitable for high precision input such as a computer
mouse. On standard PC'’s, scroll bars are typically used if the information extends beyond
the screen size. However, scroll bars are not suited to touch screen interaction, and older
users find them particularly difficult to use. Dickinson et al. (2010) carried out an 11 week
study examining the barriers older people experience when learning to use computers.
Some of the problems peoplefound most difficult included double clicking the mouse and
using scroll bars. As the researchers had ensured that all targets and icons were enlarged,
there were no problems with precision or seeing objects on the screen. Features such as
double tapping and scroll bars should be avoided for touch screen use to accommodate
older users.
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Other options to view an extended screen could be incorporating next/previous or
up/down buttons, or using gestures such as swiping the screen horizontally or vertically,
depending on the navigation structure. Swiping gestures are common forms of input for
smaller touch screen systems such as mobile pbne or tablets where the user can swipe their
index finger from one side of the screen to another to change the page. Larger surfaces
would require more physical effort for this task to be achieved. Familiar gestures such as
using a finger or stylus in a crossing off motion (X) to delete an item or ticking ( 9) to save an
item are particularly compatible for older user s learning this input strategy (Stobel, 2009).

3.3 Designing for disability

The purpose of this chapter is to discuss the accessibility of touch screen technology for
older users and to review the recommendations for designing to uch screen interfaces. This is
with the assumption that both able-bodied users and users with impairments can benefit
from touch screen devices like mobile phones, tablets and public kiosks. Newell (2008)
argues however that the concept of “design for all” is unrealistic as there are distinctions

between mainstream technology and assistive technology (including rehabilitative devices).

Newell outlines some of the factors that should be considered when designing for users
with a disability:

X Much greater variety of user characteristics and functionality.

X The difficulty in finding and re cruiting “representative users”.

x Possible conflict of interest between accessibility for people with difference types of
disability.

x  Conflicts between accessibility, and ease of use for less disabled people.

x  Situations were “design for all” is certainly not appropriate (e.g. blind drivers of motor
cars)

X  The need to specify exactly the characterisics and functionality of the user group.

X Provision of accessibility via the provision of additional components.

Although Newell makes the point that users with disabilities have specific needs when it
comes to technology, he points out that the aesthetics of a device are just as important as its
functionality (Newell, 2003; Newell, 2008). He reasons that assistive technology could look
more like the aesthetically pleasing mainstream technology if developers were motivated
enough. There has been someimprovement over the last few years suggesting that
developers are listening to their users. For example, current hearing aids are much more
discrete compared to past designs.

Often, older and disabled users come under the same category as both groups tend to have
one or more perceptual, cognitive or physical disabilities. In the previous section we have
discussed the design needs of older users in relaton to target size and spacing etc. but it is
interesting to consider whether users with disa bilities have similar needs. To answer this
question, Irwin and Sesto (2009) examined the performance of people with and without
motor control disabilities on a touch screen device. Of the 30 participants in the study, there
were 11 with Cerebral Palsy, 11 with Multiple Sclerosis and 8 age matched controls.
Performance levels were based on timing and accuracy using buttons ranging in size from
10mm square to 30mm square, with spacing ranging between 1mm and 3mm. Similar to
older users, the optimum button size for the participants in this study was between 20 and
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25mm. There was a 23% reduction in performance time for buttons at size 25mm and error
rates began to level off for buttons with size 20mm. If the screen size is large enough,
designers could easily accommodate for disabled users by implementing these features in
application interfaces or at the very least implementing the option to adjust settings to

increase accessibility.

Mobile touch screen interfaces are more challenging due to the limited screen space. Besides
the applications installed in touch screen mobile phones, there are many usability benefits
for people with motor impairments. For exampl e, the soft buttons support users with low
muscle strength and the phone itself can be easily carried and used in one hand. Touch
screens devices afford many types of user input. Users can tap the screen to select a target,
swipe across the screen to view up or down a page, and they can resize the screen by
pinching or releasing their fing ers on the screen surface. Garreiro et al. (2010) evaluated
touch techniques with a group of tetraplegic participants. They looked at the techniques of
tapping, crossing (swiping), exiting (swiping the edge or corners to leave the screen) and
directional gesturing (swiping in a particular direction). The participants were asked to
complete tasks using these input gestures. The ste and position of targets were also under
scrutiny. There were several interesting observations from this study. Firstly there was little
difference in performance between the medium (12mm) and large (17mm) target size. There
was a significantly higher error rate for the smallest targets (7mm), supporting Lee & Zhai's
(2009) finding that using a target size below 10mm decreases performance. The position of a
target (corner, edge or middle of the screen)did not affect performance however the authors
suggest that using corners and edges allow participants to tap targets more precisely. The
exiting gesture proved to be the most diffi cult whereas tapping and crossing gestures
produced higher performance levels. These findings should give designers some insight into
appropriate target design and gesture input for motor impaired users.

Touch screen devices do not offer the tactile £edback that people with visual impairments
rely on with physical objects, like a keyboard or telephone keys. Screen readers provide
blind and visually impaired computer us ers access to information on their screen.
VoiceOver is an application available on the iPhone which tells the user what item they are
currently touching (http://www.apple.com/accessibility/iphone/vision.html). The speed

of the voice over can be adjusted depending onthe users preference and other phone related
sounds are automatically lowered when the voice over is activated. There is no doubt that
this application is a useful one. Bonner et al. (2010) evaluated the usability of iPhone’s
VoiceOver text entry system compared with an eyes-free technique that they developed
called No-Look Notes. The aim of the No-Look Notes technique was to provide a text entry
system for blind users that was robust, had a familiar layout and allowed users to painlessly
explore the system’s layout. Keyboard characters are arranged in an 8 segment pie menu
from which the user can select one segment (e.gABC) (see figure 3). This brings them to the
secondary screen where they can select their lette of choice (e.g. A). Different gestures, such
as resting a finger on a segment and tapping asecond finger, are used to allow the user to
both explore and select with their fingers. The authors noted that they did not integrate
haptic (vibration) feedback into the system as this may not be available on all mobile
phones. Visual and auditory feedback were included however. An iPhone was used to
evaluate both text entry techniques, VoiceOver and No-Look Notes. A group of 10 visually
impaired participants were asked to use both systems for one hour (after 15 minutes
practice), inputting words from a predefined list. Performance was measured based on entry
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speed and accuracy. A questionnaire was also given at the end of each session to obtain
subjective feedback. Nearly all of the particip ants (90%) performed significantly faster using
the No-Look Notes system and error rates were lower. Although participants were
enthusiastic about both techniques, they rated the No-Look Notes as easier to use and learn.

(o )
4 A

Fig. 3. Structure of touch screen keyboardfor No-Look-Notes (Bonner et al., (2010); Left

image shows the main screen fom which the user selects a letter grouping. This allows
them to then choose a specific letter, as shown on the right.

Raman and Chen (2010) at Google also created a method for eyes-free gesture input on a
touch screen mobile phone. This method was designed to support people to accurately enter
characters without having to see the screen. Instead of the uses trying to find the correct
character, wherever they touch on the screen becomes 5. The user can then swipe in
different directions to enter fu rther numbers, up for 2, down for 8 etc. The input is also
supported by visual, auditory and haptic feedback. Having multiple forms of feedback like
this is useful for users of all abilities to compensate for noise or distractions in the
environment.

In this section we have outlined some of the design recommendations for touch screens put
forward by researchers and designers in the field. Adhering to these guidelines is
particularly important for older and disabled users who may have perceptual, cognitive,
and physical difficulties.

4. Touch screen applications

We have touched on some of the research wilich highlighted the benefit of touch screens for
older users compared with other input devices. It is because of these advantages that touch
screen technology is so frequently used for general public use. The following are only some
of the applications of touch screens.
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4.1 Public environments

Public information displays must cater for the largest possible target group, including the
young, old, disabled and non-native. Public touch screen kiosks include airport self-check
in, supermarket self-checkout, tourism information points, public transport ticket dispensers
and many more. In many retail establishments staff also use touch screen devices. To
accommodate the broad range of users these pulic touch screens tend to have large screen
displays at a low height or with a tilted scr een. The interface usually displays large target
options with a combination of image and text, along with short concise instructions (see
figure 4 for example). This allows for information to become easily and quickly accessible
for users only requiring finger-touch interaction.

Fig. 4. Airport check-in kiosk; The interface makes use of large, short instructions and
combines text labels with images for target options, supporting non-En glish speaking users.

In order for touch screen kiosks to be attractive to the public, it should be quicker and easier
to use this system compared to a person serviced desk. This is not always the case however.
In supermarkets for example, self-checkout systems are often a cause of frustration for
customers (Smith, 2010). Although the self-checkout can be quicker for customers with a
small number of items, often the attention of staff is needed to verify the age of a customer
buying alcohol, to remove security tags or if there are any errors messages. Until a more
efficient system is put into place for shoppers it is likely that the preference of customers
will remain with manned tills. Public kiosks also have to take into account the context of
where it will be used. The location of public kiosks needs to be conspicuous so that people
will notice and use them. Applications need to be very easy to use to accommodate for the
busy and noisy environments wh ere they are situated, such assupermarkets and airports.
The scenario of desperately trying to figure out how to use a self-service system while a
queue forms behind you is familiar for many people, young and old. The pressure is
amplified if the people in the queue are in a hurry, for example to catch the next train or
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flight. It is also particularly important that users feel competent interacting with systems
such as ATMs that might requir e the input and output of private information. Systems such
as these can be placed in a secluded area suchs a booth, so that users feel more secure
about entering sensitive information in a public place. This can also help to reduce the
exposure to noise and other distractions.

4.2 Home environments

The integration of touch screen systems into the home environment has been somewhat
slower compared to public and mobile phone touch screen use. The popularity of tablet
computers, coupled with the advances made in sensor network monitoring, has encouraged
the development of a series of applications based on home living. For example, the home
security company uContol recently released a touch screen system which can be placed in the
user's home allowing them to monitor and control the security status of the house
(http://www.youcontrol.com/touchscreen.html). Another example of home monitoring is in
relation to energy consumption displays. Such prototypes include home energy systems
developed by Intel (cited in Eisenberg, 2010) and CLARITY (see figure 6; Doherty et al., 2010).

Researchers and manufacturers have taken note of this touch screen “revolution” and it
might not be long before we see touch sensitive displays embedded in many of our home
appliances. For example, Gorenje introduced the iChef, an oven with a large touch screen
colour display, where the user can choose different functions such as the temperature, timer
control etc. (http://www.gorenjegroup.com/en/livingkitchen2011-pressroom/ichef-
revolutionary-oven-touch-control). Similarly, Luo, Jin, and Li (2009) proposed the concept of
a “smart fridge” which consisted of a touch scr een display integrated into the door of a
fridge. The purpose was to offer nutritional an d recipe advice based on the food contained
in the fridge.

Fig. 5. Example of dark background with bright information; In-home display electricity
monitor, Doherty et al. (2010).
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It is worth noting that all of the touch screen interfaces mentioned in this section have one
similar design characteristic; the colour scheme. In all of these interfaces a dark grey and
black background is used, with important information highlighted in a bright colour and
less pertinent information displayed in a light grey colour (see figure 5 for example). A
reason for this display option is given by Doherty et al. (2010). They explain that having a
dark background and bright information allows the display to be seen in a bright or darkly
lit room. For example, a bedside digital clock can be easily read in a dark room, however if
the background display was white it woul d momentarily blind the sleepy individual.

There are obvious benefits to applications such as the ones just mentioned, including
security, and awareness of energy consumption etc. However it is not only the usefulness
and usability of the device that is significant. Factors such as the cost of the device, the
Internet connection and the subscription to th e company monitoring the home have to be
considered, particularly in the context of older users who may not have a regular income.

These issues may not be a problem in thefuture if technology costs are reduced and
applications like the ones mentioned above come as a standard feature of household
security and electricity services.

4.3 Healthcare environments

There has been extensive research carried out looking at the use of touch screens in medical
environments. This may be due to the busy nature of hospitals and medical centres where
staff cannot always provide patients with th e amount of time they would like. Medical
centres such as the Summer Town Health Centre in Oxford, UK, have installed a touch
screen arrival system for patients to register their information before an appointment. Other
applications include touch screen way-finding kiosks in hospitals (Wright et al., 2010),
medication management applications (Siek et al., 2011), and self-health status assessment
(Yost et al., 2010).

Many studies using touch screen kiosks do not assess participants’ subjective opinions about
the touch screen technology, concentrating more onthe applications installed. Wright et al.
(2010) for example noted that during their ethnographic study of a hospital way-finding
touch screen kiosk, it was impractical to intervie w visitors as they were in a hurry to get to
their destination. Other studies were able to obtain feedback however. For instance, Nicolas
et al. (2003) found that a third of people using a touch screen health information kiosk found
it difficult to use compared to only 23% of In ternet users. They believed that the kiosk users
were less computer literate and therefore less familiar with the computer terms such as
“prev screen” used in the application. This hi ghlights the importance of following design
guidelines to support users of all levels. In contrast to this finding, Allenby et al. (2002)
looked at the use of touch screen technology fa obtaining self-report information from 450
cancer patients. The touch screen systems were placed in cubicles to support patient
privacy. Accessibility was accommodated for patien ts in wheelchairs or confined to a bed by
providing mobile touch screen systems. An assistance button was also included on the
screen so that users could call a nurse if theyneeded help. After the participants completed
the touch screen self reports, they were aske to fill in a questionnaire regarding touch
screen acceptability. Overall, 99% of the partidpants found the touch screen easy to use and
over half of these had never used a computer before.
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Way-finding in hospital buildings can be challeng ing for visitors. This may be because of the
large size of the buildings and the division into clinical departments and wards. The state of
mind of the person visiting the hospital should also be taken into account, as it is likely they
will be upset or in a hurry to find their sick friend or relative. To compensate for this
problem, Wright et al. (2010) developed a touch screen kiosk for visitors to retrieve way-
finding information. Particular attention was paid to the accessibility of the kiosk. This was
in relation to the physical structure, the in terface and the information output. For example,
the kiosk was put at wheelchair height at a slant so that standing users would be able to use
it easily. The interface consisted of a limited number of large targets, an audio output option
and an animated map with a photograph of the destination. Users were also provided with
the option to find wheelchair friendly routes av oiding staircases. Wright et al. carried out a
field study over 10 weeks to evaluate the usefulness of this system. During this time they
followed 22 visitors who used the kiosk and they found that 19 of the 22 successfully
reached their destination without further help. However, hospital staff reported that after
using the system visitors often asked for further way-finding information at the reception
desk. Feedback concerning the usability of the system could not be obtained as the users
were in a hurry to find their destination; th erefore, it was unclear whether the users had
difficulty using the touch screen kiosk itself or whether they were looking for reassurance
about the directions given.

Health care systems do not have to be limited to hospital or health-based information.
Bedside patients can also benefit from touch screen applications to entertain them and
alleviate boredom. An example of this is MEDIVista, an innovative computing platform
developed by an Irish bedside computing and media solutions company, Lincor Solutions
(Murphy & O’Donnell, 2010). MEDIVista is an information management and entertainment
system placed at a patient’s hospital bedside. The terminal comprises of a touch screen and
telephone mounted on a swivel arm for easy patient access. The patiet information system
consists of electronic hospital information, patient records, meal ordering, and employee
tracking. The entertainment system comprises of a television, radio, Internet, audio books,
online shopping, games, and films on demand. Nearly 20,000 of these systems are currently
installed in hospitals situated in Europe, No rth America and Asia Pacific. The widespread
distribution of MEDIVista suggests that it is a well received application by both hospital
staff and patients.

Touch screen applications in health care settings can be a valuable time saver for staff or a
source of entertainment for patients. The key factors that need to be taken into account for
these applications are (1) accessibility — in a haepital setting it is likely that users will not
have full physical abilities or may be wheelchair or bed bound, (2) knowledge of computer
terms — users, particularly older people, may have never useda computer before and would
not be familiar with computer-related terms, and (3) knowledge of health terms — users may
not be familiar with medical terminology, theref ore they should be explained clearly. From
the studies outlined above it is clear that although touch screen systems can support
hospital patients and visitors up to a point, most often people in healthcare environments
need comfort and advice along with medical information that only humans can provide.

4.4 Communication and social devices

Communication devices such as mobile phones are probably the most popular touch screen
for social use. However, research has shown that older adults are less likely to use mobile



Touch Screens for the Older User 111

phones than younger adults (Cullen et al., 2008). Kurniawan (2008) examined older adults’
mobile phone use and found that it was mostly limited to basic functions such as making
calls and sending text messages. In this study,older participants claimed that the design of
mobile phones, such as the size of screen features, inhibited their use of the device. The
mobile phones discussed in these studies were not touch screen enabled, however the issues
raised are common problems and can be applied generally.

Fig. 6. Multi-touch screen tabletops allow multiple users to interact with the data on display.

Novel applications have been developed for mobile phones to encourage social interaction
of multiple users with the one device. A storybook application, StoryKit, was designed for
the Apple iPhone (Quinn et al., 2009). With this application story books are created by
inputting text, illustrations, audio recordings and photographs into the device. The purpose
of this was to promote adult guided learning , encouraging grandparents and grandchildren
to work together to create stories on the mobile phone. Although th e creative and social
aspect of the application was well liked by both older and younger users, some older users
reported difficulty using intricate iPhone features such as the touch screen keyboard.
Although using a touch screen phone as a plaform for socially interactive applications
supports the mobile aspect of using features in the environment to build a story, larger
screen sizes may be more suitable for multi-person usage.

An example of a social interaction system on the opposite end of the size scale is Sharetouch
(Tsai et al., 2011), a multi-touch tabletop (see figure6). The purpose of this system is to act as
a coffee table and share-display system in one,so that older adults in senior centres can
communicate with others, share data, or play games. Other systems have been designed to
support reminiscence between older adults and their family, friends or caregivers. The
CIRCA reminiscence system was designed to support communication and reminiscence
between older adults with dementia and their carers (Astel et al., 2010). The system is a
touch screen device that allows users to explore a set of text, photographs, sound recordings
and film recordings. These media items act asa trigger for discussion and allow the older
user control over the discussion topic. Astel et al. found that interacting with the CIRCA
system increased the level ofeye contact and intimacy between older participant and their
carer.
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Touch screen technology could also support older adults’ lifelogging activities. Lifelogging
is automatically recording activities and events in one’s life and is now becoming more and
more possible with sensors such as accelerometers (recording movement), Bluetooth
(identifying the people around you) and ca meras (capturing a visual record) being

Fig. 7. Touch screen to support older adults browsing through lifelog images (Caprani et al.,
2010).

integrated into everyday devices like mobile phones. Recording all this information can
provide people with a rich collection of info rmation about what they did, where they were
and who they were with. Even after only a year , a person could collect millions of files and
presenting this vast amount of data in a manageable way is challenging. However
researchers have come up with methods to do this, such as segmentig the information into
separate events or activities (Doherty, 2009).Using this segmentation method, Caprani et al.
(2010) designed a touch screen browser for olde users to upload and view lifelog images
(see figure 7). Older participants were involv ed throughout the design process, advising
features such as text and image size, colourcontrast and labelling terms. Each image on the
main screen represents an event.An event is a group of images related to one activity like
eating lunch or doing the crossword. A field study was conducted over a period of two
weeks to evaluate the usability of the browser with a small sample of older adults with no
computer experience. Although th ere were initial difficulties learning to turn on and off the
computer and double tapping to open the browse r, overall the participants felt comfortable
using the touch screen. They also reported £eling more confident towards computers and
enjoyed interacting with it. It has been shown that lifelog collections can support recall for
people with memory impairments (Berry et al.,, 2009). Therefore a lifetime of data
representing our activities could support our memory as we grow older. Until then, other
motivations for capturing visual lifelogs coul d be to support reminiscence by sharing and
exchanging these photographs with family (Caprani et al., 2011) or using the data to create
narratives of events that we experienced in our life (Byrne et al., 2011).
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The purpose of social and communication devices is to encourage individuals to interact
with each other through a medium. Touch screen devices offer older users with limited
computer experience access to this. In the exarples outlined above, the ease of use of the
systems allowed the older users to take control of their own activities and conversations
with others. Communication technology can help to alleviate the feeling of isolation and
loneliness that many older adults experience by providing them access to friends and
family. This may be through phone or video calls, email or data sharing.

5. Conclusion

Shneiderman’s prediction in 1991 that touch screen technology would become ubiquitous
has proven to be an acutely accurate one. We have discussed in this chapter the progress
that has been made since touch screens were ffst conceptualised by E.A. Johnson in 1965.
Now touch screen technology is used in public, healthcare, and home environments, and the
commercial market has greatly profited from th e popularity of touch screen mobile phones
and tablet computers. But it is the intuitive na ture of direct finger input that makes touch
screen technology so appealing to usrs of all ages and abilities.

An increase in longevity together with declin es in birth-rate has resulted in an ageing
population and developers have come to realise that older adults will soon be a major user
market. Technology is becoming easier to use and many systems incorporate accessibility
features to support users with impairments. Research has shown that older adults perform
better and prefer using touch screens compared toother input devices. There is also less of
an age-related difference in performance when using touch technology. Having said this
there is still some way to go before mainstream technology can fully accommodate for the
needs of older and disabled users. However, aswe can see from the research outlined in this
chapter, there has been extensive work carried out investigating optimum design features
for touch screen systems to support older and disabled users. These have included button
size and spacing, menu structures, and dataentry among others. Although other forms of
input such as eye-gaze or irdeed the computer mouse may become more usable for older
adults in the future, touch screens provide an accessible alternative. By following the
guidelines and recommendations put forward by researchers in this field it should now be
possible to design applications that are functional, accessibleand aesthetically beautiful.
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