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Abstract

A common trend in current teaching methods and atthrtal software is to focus on
providing reading intervention to children at a mguage. However, reading
difficulties still persist in older children readigyj secondary school and thus need to be
dealt with. A product is needed that can provideappropriate level of learning
content, within an environment that can motivatd atimulate older users. During
this project the theoretical background of this domis considered, followed by an
in-depth stakeholder based empirical investigatitoestablish the requirements of the
proposed system. Through a user-centred desigregsax high fidelity prototype is
developed and evaluated. Preliminary indicationsfthese evaluations suggest that
the system provides high levels of motivation angyment to the target users whilst
also developing literacy skills. It is concludeatthvhilst these results show promise,
further evaluations are needed to demonstrateotigeterm benefits of the system.
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1 Introduction

A reading difficulty has many interpretations. Qufethe more familiar forms is Dyslexia,

literally meaning a ‘difficulty with words’. Howevereading difficulties can be varied, and
if left un-tackled can impede a pupil's academitieeements as well as opportunities
outside of the school environment.

The teaching of literacy, due to its nature, caterofbenefit from the multi-sensory
environment that a multi-media software tool caovjate. For example a word on the screen
(the visual representation) can be heard (an aydigpresentation) as well as manipulated.
For this reason many tools have been created it&t asthis area of learning.

Initial investigations into the software currendlyailable in this domain has shown that the

target age range for these tools can often be legd, in some cases targeting users as
wide apart as 5 to 15 years. This raises questiboat the effectiveness of the tool for such

a large audience. Can a tool that is used by aab gld also provide the same benefits to a
15 year old user, and will the environment and eohltevel be appropriate for such a broad

range of user?

The tools that target specific age groups tendotug on the younger school pupils. The
reason for this may be the fact that interventiechhiques have been shown to be more
effective in younger children (Sylva & Hurry, 199%jowever up to 20% of 11 year olds
entering secondary education are still failing @ad at an age-appropriate level (House of
Commons Educational & Skills Committee, 2005), awitlence found by Lynch, Fawcett
and Nicholson (2000) shows that computer-assiststling intervention can still be
successful at this age.

1.1 Aim

Bringing these factors into consideration, the pmynaim of this project is to create a tool

specifically designed for the use of secondary stipopils (aged 11 — 16) with reading

difficulties. The tool will need to include conteahd tasks at an appropriate level in an
environment that captures and holds the attentiaider users. This could be referred to as
high interest/low level software.

1.2 Objectives

The key objectives of the project are as follows:
* To carry out reading into learning theory and téaghechniques.

» To look into contemporary issues in the area oc&b&ducational Needs (SEN)
teaching. For example the area of Synthetic Phors@nalytic phonics.

* To carry out research in the area of HCI and how@imum environment can be
created for older users with reading disabilities.

» To observe lessons in a secondary school to analysent teaching methods and areas
that the tool could assist with.



* To carry out evaluations of current software tkavailable on the market including
stakeholder evaluation and HCI analysis.

» To talk to relevant SEN staff and pupils to elfcitther stakeholder requirements.

* To carry out a detailed iterative design processltig in the creation of a high fidelity
design prototype that can be evaluated by SEN ataffpupils.

* To carry out extensive and varied testing of tla o a school environment with SEN
pupils and staff.

» To consider the future use of the tool and areashwdould be developed further.

The following chapter considers the extensiveditere within this domain.



2 Literature Review

2.1 Introduction

Preece (2002) states that when creating an inikegasystem you need to firstly consider
who is going to be using the system, where theyganeg to be using it, and what activities
they will be doing when interacting with the systdror this reason, prior to designing the
system, it is important to consider literature tmaty provide information in these areas.

The users of the proposed system will be secorstdrgol children with reading difficulties
as well as secondary school teachers. The envinonm# be schools and the activities
involved will be both literacy and learning.

It is, therefore necessary to look into how a cld@/elops and the differences between a
child who reads normally and the special needs athéd with reading difficulties.
Additionally, to understand the possible activitiesing carried out, a review of reading
development and literacy will be undertaken. Thill e followed by a consideration of
teaching methods and the school curriculum asagethe use of ICT in schools.

2.2 Cognitive Development

A prominent and much studied theorist in the arfe@ognitive development is Jean Piaget
(originally a zoologist) who was interested in humiatellectual development.

Piaget’s underlying belief was that humans aregafrivy a desire to make sense of the world
and to achieve equilibrium. Equilibrium is a lewal organisation and harmony with the

current environment. If a state of disequilibriusrtd occur a human will be driven to make

changes in their behaviour and understanding ttifyegbe situation through a process of

adaptation.

When a child is growing up they gradually develogeaes of organised behaviour patterns
for dealing with the world around them. These arevin as schemas and are developed and
expanded through assimilation and accommaodation.

For example when a child is young their store dfesgas will be relatively small. When
encountering a new situation they will try and tlie situation to one of their existing
schemas, such as when a child sucks a new tojiepsate used to sucking something to get
food (this is the process of assimilation). Howevkethese schemas do not fit the situation
(i.e. sucking the toy is not achieving anythinggyttwill be in a state of disequilibrium and
will be driven to adapt their schemas or even ereaw ones to accommodate this. In the
example of a new toy they may discover that shakipgoduces a stimulating noise.

This is a key idea in teaching as it indicates #gdchwillingness to learn and develop,

especially when faced with a state of disequilibriclhe implications of this are that, if you

can provide a child with a situation where the glisébrium is just right, it can encourage

growth. But as Hunt (1961, cited in Wolfolk, 200=kates, you need to match this to the
child’s current level of understanding. The chiltbsld not be bored by work that is too

simple nor left behind by teaching that is tooidifft for them.



Another theory of Piagets that can help in anatysive developmental stage of a child is his
4 Stages of Cognitive Development. These, he peahaoare the stages that every human
will go through in the same order.

Sensorimotor Stage (approx. 0 — 2 years)

At the beginning of this stage a child is limitesdecan only make a small number of reflex
responses to the environment (such as the suckmppe stated above). As discussed the
child can already use the processes of assimilatiah accommodation to develop these
responses into organised, more flexible patterrimebviour.

Additionally at this stage a child will also devplthe notion of object permanency - that an
object exists even when it can no longer be seka.ability to reverse simple actions is also
gained.

Pre-operational Stage (approx. 2 — 7 years)

By this stage a child will be able to use schenmasyever these do not help a child with
concepts such as recalling the past and plannitogtime future. This requires the child to
develop the ability to plan and reverse actionstaibn a skill which develops during this
stage.

At this stage the semiotic function will develophid is the ability of the child to use
symbols such as words to represent things. For pleamsing a picture or the word ‘bike’ to
represent a real bike. This development enabldsld © develop a vocabulary that rises
steeply during the ages of 2 — 4 from around 2@ @60 words.

An egocentric view of the world is taken and cleldrwill often perform a collective
monologue by talking about what they are doing eéf/anbody is listening.

Concrete Operational (approx. 7 — 11 years)

This can also be described as the stage of ‘hamdbiaking. The main step in this stage is
the ability to recognise the logical stability dktworld, such as the concept of conservation
and reversible thinking that will have been diffidior a child prior to reaching this stage.
The ability to classify objects according to certaiharacteristics and recognising the
concept of sub-classes is also a key developmenthiat stage which leads to the
development of seriation. This is the ability tal@rthings from large to small and vice versa
which in turn allows for more logical thinking suak if a < b < ¢, then b can be larger than c
but smaller than a.

However thinking is still based on a physical ngafind hypothetical and abstract reasoning
is not yet accessible.

Formal Operations (approx. 11 + years)

In this stage thinking begins to shift from the aths’ to the ‘what might be’. This leads to
the ability to form hypothetico-deductive reasoninghe ability to consider a situation and
reason deductively about it. This leads to an iindial being able to form hypotheses and
test them as well as systematically consideringadkible alternatives in a situation.

Adolescent egocentrism is also likely to occur,stag the teenager to become very focused
on their own ideas, beliefs and attitudes. This k&t to the feeling that “everyone is
watching them”, described by Elkind (19781, citedWoolfolk, 2004) as an imaginary
audience. In this mindset any imperfections oradgiunders can seem devastating to the
teenager.



However, not everyone may reach this final sta¢pe first three stages according to Niemen
(1985, cited in Woolfolk, 2004) will be forced onthildren by physical realities and
eventually even Piaget himself agreed that the Bbfperational stage may be achieved
only in some areas. Another problem with this tiggsrthat the timing of the onset of each
stage can vary greatly between individuals.

The implications of these stages of developmettids students in one year group may not
all have reached the same level of thinking amday even be difficult to tell which stage a
child is at. This will make it difficult to set éndifficulty of class material to match the levels
of each student in the class. For example a studihtreading difficulties may well be
advanced in many respects even though their reatflilg are behind that of their peers

An adaptable multimedia tutor may be able to asgsishis area as the nature of computers
enables the level of the work to be adapted todezls of each student.

The tutor being developed is to be aimed at 11 —yédr olds (Key Stage 3) and
subsequently the children using it are likely todtea transitional stage between concrete
operational and formal operations. It may be egflgdmportant to consider the effects that
adolescent egocentrism may have. For example, ld wlith reading difficulties may be
becoming increasingly aware of being behind theierp in reading and this could in turn
lead to much anguish at this stage of cognitivesbigpment.

2.2.1 Sociocultural Theory

A key problem with Piaget’'s theory is that is takesery westernised view and represents
the expectations of the western culture. Russigchmdogist Lev Semenovich Vygotsky
supported an alternative view to Piaget’'s calledi®@umltural theory. This is the view that
culture and social interactions shape cognitiveettgpment.

He proposed that every function in a child’s depeatent will first appear in a social context
before being internalised and used independenthes@& functions will develop through
interactions with people who are more advancediiking such as a teacher or parent.

He also stated that tools such as computers cgnagbeery important role in cognitive

development. There are 3 ways that this type oéramtion can pass on knowledge

(Tomasello, Kruger & Ratner, 1993, cited in Wodkiol

» Imitative learning, where the learner imitates @usi

* Instructed learning, where learners internalisguicsions from a teacher (or tutor tool)

* Collaborative learning, where learning occurs thoug group of peers trying to
understand each other

When passing on knowledge Vygotsky believed thaivdls important to do this in a
structured way through guidance and assistance.

Scaffolding

Vygotsky proposed that this structuring could bevpted through scaffolding. Scaffolding

is the process of giving information, prompts, nedgrs and encouragement to the learner at
the right time and in the right amounts. This isrtlieduced, allowing the student to do more
and more of the learning on their own. This cardbee in the form of walking the student



through the steps of a problem, doing part of gineblem for them and then giving detailed
feedback (Rosenshine and Meister, 1992, cited inli0&).

Zone of Proximal Development

One key theory of Vygotsky's was that at a pointime a child will be close to solving a
problem. Yet, at this point in time they will nog lable to solve the problem on their own.
However, under guidance from a teacher or througlalworation with a more advanced
class member they will be able to. This is calle&lzone of proximal development.

It is important in teaching as it emphasises thedrte work with someone, or something else
(such as a tutor) to work though problems thahaaly in the reach of the child.

The overall implications of these theories for apater based tutor is that it needs to help a
child develop by providing tasks of an appropriatel for the child - tasks that will stretch
the child to the right extent in order to promotewgth. It also needs to provide structured
assistance to the learner through the use of $daffp Finally, the tool should be used to
vary the task difficulty to match that of the usecurrent developmental level as this can be
vastly different, especially in a special needssilaom.

2.3 Reading

Reading is a crucial skill for any child to develapit can have a fundamental effect on their
development in other areas, particularly at sclvdwtre reading plays an important role in
the classroom. It can effect imagination, emotiamrals and verbal intelligence and
subsequently the type of person that a child mapine (Harrison, 2004). It can also open
the door to information and knowledge as well athéosimple enjoyment of reading a book.

For these reasons it is important that every cinildchool is given the chance to develop
reading skills.

2.3.1 Reading Development

Reading is the ability to decode words in text intoneaningful mental representation. In
order to do this the reader needs to know whatdotime letters represent and how to put
these sounds together to make a word. For thi:me@ading involves both the processing
and representation of visual information and theeessing of auditory information.

Prior to reading development can begin, it is galheagreed that a child needs to develop
phonological awareness. This is the ability to kreaword up into its component sounds
(but not yet linking them to written text). For ewple cat would become c-a-t. This skill can
in fact be used as a measure of a child’s futuading ability (Goodwin & Thomson).

There are three stages in the development of pbgivall awareness.
1. Awareness of syllables. This is the simplest wagriEak up a word. An example of
this would be splitting the word footballer in feloll-er.
2. Awareness of onset and rime. This is the abilitgigtinguish between the beginning
and ending sounds in a word, for example the ghditsplit the word bounce into b-
ounce.



3. Phoneme awareness. This is awareness of the diffepends in a word such as sh-
ee-p. As syllables this would be sheep and in casdtrime it would be sh-eep.
(Goodwin & Thomson, 2004)

If this phonological awareness is not developed @ehild will struggle to benefit from the
teaching of phonics (Harrison, 2004). Phonics ésriationship between words and print. It
is important for a child to learn this skill, as evhthey are presented with a new word they
will not be able to recognise it as a whole. Indtdzy will need to split the word up into
letters or blends of letters that represent sounlsy will then be able to put these sounds
together to pronounce the word.

Once the key concepts of phonics have been graspeli)d will also become able to use
analogies to decode unfamiliar words. This is thiéitg to use similarities between the new
word and already familiar words to aid word rectigni. For example if a child sees a word
beginning with ‘ca’ and they are familiar with therd ‘cat’ they may be able to work out
that the new word will begin with the same sounttas.

Through using analogies and phonological awareagsader will continue to increase their
vocabulary until they have a huge wealth of quiglklgognisable words available to them.

The recognition of whole words is the key differefetween good readers and poor readers.
However, even fluent readers still process a lamgmber of words through letter-by-letter
analysis, although this process is achieved moaiekiguby this stage. (Harrison, 2004)

Stonovich (1980, cited in Harrison, 2004) has psmgban interactive compensatory model
of reading. This is the view that good readers gase whole words rapidly, as decoding is
NOwW an unconscious process, however poorer readerpensate for this by devoting extra
resources to the process Therefore, whilst wordgmition is important to being a fluent

reader a learner reader must be able to use as tmalsyas possible for word recognition

(i.e. phonological awareness, analogies and context

It is now, therefore, generally recognised thatdrbn need to develop both an automatic
and phonological approach to reading words.

2.3.2 Teaching Reading

Over the last century there have been many appesacted in the teaching of reading and
to this day much debate exists on the best techriqu

In the 1970s and 1980s a whole word approach tohieg was generally used. This

involved using flash cards based on whole wordsrntourage children to develop a large
vocabulary of instantly recognisable words. Chitdigere also encouraged to use picture
and context cues to decode words.

The problem with this is that rapidly recognisablerd vocabularies is often the result of
being a good reader rather than the cause, astibke word approach does not allow for
decoding new and unfamiliar words.

Research done by Bradley, Goswami and Bryant (Goswad Bryant, 1990) argues the
importance of phonemic awareness in learning td.ré€aey claim that:



1. There is a strong correlational link between kn@mmrsery rhymes and acquiring
phonemic awareness.

2. There is a strong correlation between acquiringiphtdc awareness and learning to
read.

3. The connections are causal.

Long term research undertaken in over 20 schoaisda link between a child’s knowledge
of nursery rhymes at the age of 3 and their readimspelling at age 6. Any differences in
intelligence, social background and initial phoryal knowledge were controlled so that
they could not impact the results.

This research emphasises the importance to teaoheygending time looking at nursery
rhymes, action rhymes and using word games to stpipe development of phonics and
also the importance of a child acquiring phonolabawvareness before reading.

The implication of this is that the teaching of phus is the key to reading development and
that teaching of reading should focus on this aravever, such implications are the basis
for an on-going debate. For example some teachsdisvb that reading is not just about
decoding, it is about teaching children to becoeelers (Harrison, 2004) i.e. to read real
books and enjoy the reading process rather thangséeas a task. This is known as ‘real
reading’.

It is argued by Harrison that phonics cannot dgvéhe interest that is required to get a child
to read real books and without reading books adchilll not develop the depth of
vocabulary that is needed to become a fluent reader

The implication of this is that in addition to té#@mgy a child the basic skills in reading it is
necessary to try and also encourage an enjoymerganfing. This is perhaps less easily
achievable when carrying out repeated learningibfskills rather than reading real books.

2.4 Reading Difficulties

The tool that is being developed for this projectaimed at trying to teach reading to
children with reading difficulties. Subsequentlyistimportant to understand the nature of
reading difficulties.

2.4.1 Dyslexia

With 3 million people in the UK suffering from dgslia, it is probably the most well known
form of reading difficulty and when translated ditg literally means a “difficulty with
words”. However, there is currently much debatehie area of dyslexia as to the specific
causes of the condition and even whether it eatstdl.

The Dyslexia Myth

In September 2005 a Channel 4 Dispatches progthket fThe Myth of Dyslexia’ was aired.
In this program Julian Elliot put forward his thgahat dyslexia is a myth and that poor
readers are poor readers, regardless of whethgratieedyslexic. The recommendation that
Elliot made based on this was that it was no usssidlying a child as dyslexic as the
teaching methods needed would be the same asyatlaer child.



However, Rod Nicholson debates this in his artitiethe Psychologist (2005) titled
‘Dyslexia Beyond the Myth'. In this article he satthat the condition cannot be a myth due
to the fact that 50% of dyslexia is genetic andrdf@e must have a ‘clear and distinct
basis’. He also points out further problems, sugkkiot's argument that ‘children with low
IQ can be helped just as much as children withingggroblems with a high 1Q’. Nicholson
states that nobody has ever suggested that childtera low 1Q can’t be helped in learning
to read and that the fact that children with a Ivcan learn to read just as well as a
dyslexic child is one of the key enigmas of dysdexi

In conclusion Nicholson states that a one-sizedltsapproach to literacy is not realistic

considering such strong psychological evidencetdte sotherwise. However he does state
that perhaps the furore caused by the program cprdchpt researchers in the field to

collaborate more in their work in this area.

The issues arising from this debate are somewhabfothe scope of this project, and the
project will be based on the assumption that Dyaléx a ‘real’ condition. However, any

further issues arising as a result of this reseawih be taken into consideration if

appropriate.

2.4.2 The Effects of Dyslexia

Before looking further into the causes of dyslekia important to look at the least disputed
area — what the effects and symptoms are.

A definition of dyslexia produced by the governmeanh be found on teachernet - an online
resource for teachers. This definition is basedthm symptoms rather than the cause of
dyslexia and provides a simple overview of the dtiort

“Pupils with dyslexia have a marked and persistkfficulty in learning to read, write and
spell, despite progress in other areas. Pupilshmsg poor comprehension, handwriting and
punctuation. They may also have difficulties in centration and organisation and in
remembering sequences of words. They may mispragcommon words or reverse letter
sounds in words”

Dyslexia Definition (www.teachernet.gov.uk)

From this definition it can be seen that thereraamy difficulties that dyslexic children face.
These can differ between individuals but can cemdimany, or all, of the following:

* Problems with reading

» Fluctuating concentration

» Unorthodox spelling and grammar

* Problems with physical coordination and handwriting
» Difficulty remembering information

+ Difficulties working to time limits

+ Difficulties thinking and working in sentences

* Visual difficulties (e.g. blurring and distortiori print)
(Goodwin and Thomson, 2004)

A tutoring tool for dyslexic pupils will need toka these difficulties into account as they
could all affect the way in which the child leaarsd also how they interact with the system.
However, the primary focus of the tool is to deyedmd enhance reading ability.



The main types of difficulties that arise when dctls learning to read are as follows:

* Remembering the different sounds of vowels

« Telling the difference between certain letters p.g.q, and b —d.

* Pronouncing th and f

« Remembering the sound for ‘ough’ in words such tasotgh’, ‘though’, ‘cough’,
‘enough’ and ‘bough’.

(Goodwin and Thomson, 2004)

* Breaking down words into syllables
* Remembering rhythmic patterns
(Griffiths, 2002)

2.4.3 The Causes of Dyslexia

Above is a summary of the types of difficulties sad by dyslexia, but it is now necessary to
look into the causes of dyslexia as this may impacthe ways in which dyslexic children
can be taught effectively.

Extensive conflict exists in theories about thecexauses of dyslexia. Fawcett suggests that
this may be due to the overlapping yet conflictmeeds of researchers who, in order to
secure funding, are emphasising the differencesthieir theories rather than the
commonalities.

In the 1990s the dominate theory was that dysléexiaaused by a phonological deficit
(Bradley and Bryant, 1983, Snowling, 1986, Stanioyvi®©88, cited by Fawcett, 2003).

The deficits were said to be caused by abnormslitidhe language processing areas of the
brain, therefore causing dyslexic children to use alternative and slower, less reliable,
visual spatial centre of the brain when reading.

This is supported by Rack at al. (1992, cited byéeit, 2003) who state that the most clear
and common sign of dyslexia in a child is difficedt with the reading of non-words.
Reading of non-words can only be achieved throbighuse of phonics as the word cannot
be recognised by sight.

The proposed solution for this deficit was to caoyt intensive phonics training with
children.

In more recent years new techniques in neuroscidmaa imaging and genetics have led to
much progress in dyslexia research. Evidence flwnldS suggested that the cerebellum in
human brains may be involved in language dextdrityaddition to speed, learning and

motor skills as was already known).

This led Fawcett et al. (1996, cited by Fawcet)3Qo conduct research into whether this
area may be a possible cause of dyslexia, and imgdso, found strong evidence of
abnormalities in cerebellum function in dyslexicdividuals. This was supported by
Nicholson et al. (1999, cited by Fawcett, 2003) wioond reduced activation in the
cerebellum in dyslexia.
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These findings suggest that there are more widadgeoblems in dyslexia and may explain
some of the dyslexic difficulties (such as poor dhariting and concentration) that cannot
simply be linked to a phonological deficit. Howeyiris important to note that these brain
abnormalities could be a result of dyslexia rathan the cause.

2.4.4 Teaching Pupils with Reading Difficulties

The methods traditionally recommended for dyslextervention usually involve
overlearning. This is a process where newly acdquikdlls are practiced beyond the point of
mastery to automaticity (wikipedia, 2005).

This concept is supported by Nicholson and Faw@00, cited by Fawcett, 2003) who
suggest that performance can become automati¢chautwith dyslexic children this process
can take much longer. Their “square root rule” g that this can in fact take longer by a
factor of the square root of the time normally take acquire a skill. So, a skill that would
take a normal learner 400 sessions to acquire ¢akéda dyslexic child 8000 sessions.

As a result of this it is understandable that dekjs child may find it difficult to maintain
motivation levels when repeatedly carrying outskia

In addition to this, once a child reaches secondatyool they may well have become
frustrated and discouraged by slow progress tqthet that they no longer bother trying.
This is due to them holding the belief that they ¢ longer control or improve their
learning — a mindset known as learned helplesqivéssifolk, 2004).

The implications of this are that, whilst an intdize tutor may be able to provide a useful
opportunity for over learning, it is important taseire variety in these activities in order to
avoid motivational issues. The tutor could alsoused to provide additional motivational
techniques and reward schemes to encourage adyafteamotivated child.

If instruction is effective it can be highly sucskd and can even cause a dyslexic child’s
brain to alter in appearance to resemble more lgldbat of a typical reader (Knight and
Hynd, 2004).

However, the efficacy of intervention strategiesr dawer as a child’'s age increases.
Research evidence seems to indicate that earlyvamgon in children with reading
difficulties is more effective than remediatioredfiter stage (Sylva and Hurry, 1995).

This may be due to reasons such as the ‘MathewtEffgtanovich, 1986, cited by Lynch,
Fawcett and Nicholson, 2000). This is where anaftilure to read can lead to a vicious
circle of reduced exposure to print, reduced mditiva and reduced opportunities to
participate in literacy based activities. This aperate above the initial difficulties of the
child and make remediation very difficult.

This poses the question of whether it is cost &ffedo carry out intervention schemes with
secondary school children?

The fact that up to 20% of 11 year olds enterirgpedary education are still failing to read

at an age appropriate level (House of Commons Hiducand Skills Committee, 2005)
suggests that it is at least necessary in some from
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In addition to this a study by Lynch, Fawcett anidhdlson (2000) found that computer-
assisted reading intervention in a secondary sateobe both successful and cost effective.

This finding is positive, as, with the need foreintention demonstrated, it is encouraging to
find that a tool can be effective at this late stagreading development.

When developing a tutor it is important to consitte@se key areas such as the teaching of
reading and issues faced when teaching childrem r@iding difficulties. However, within
schools, teaching is also governed by the NatidBatriculum and other guidance
documents. Subsequently, it is necessary to lowktirese areas to understand how teaching
in the classroom is currently carried out and #guirements that the curriculum places on
this.

2.5 The National Curriculum

The national curriculum outlines the learning eigraces that should be provided by schools
to all their pupils. It secures an entitlementdach child to certain areas of learning as well
as establishing national standards for pupils énstibjects that it covers.

The curriculum covers many subject areas, but lyjbtd two areas that must be taught
across the curriculum. These are:

» Use of language (reading, writing, speaking, listgh
* The use of information and communication technoldgycept non-core foundation
subjects at Key Stage 1 and in PE).

This highlights the importance of a computer baBtmtacy tutor, because, as well as
developing the use of language for the studenddsd will provide additional exposure to
ICT.

2.5.1 Special Educational Needs (SEN)

Within the national curriculum SEN is not expligittovered as a subject. However, the
curriculum is enclosed by an inclusion statemeat tutlines how teachers should modify
programs of study as necessary to provide all pwgith an appropriate level of challenging
work throughout each Key Stage. It sets out threaciples to provide an inclusive
environment:

» Setting suitable learning challenges
* Responding to pupils' diverse learning needs
« Overcoming potential barriers to learning and assest for individuals and groups of

pupils

This means that special needs teachers will nealle¢othe curriculum to meet the differing
needs of the pupils in their classes, which inciustedents with reading difficulties.

In addition to the inclusion statement a SEN CofiPractised also exists. The purpose of

this document is to provide practical guidance ®©AE, school governing bodies and
providers of early education. The document setspalities and procedures that should
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enable pupils with SEN to reach their full potehtiad make a successful transition from
childhood.

Within the document a child with SEN is describedalows:

“A child has special educational needs if they havkearning difficulty which calls for
special educational provision to be made for them.

A child has a learning difficulty if they:

(a) have a significantly greater difficulty in leamg than the majority of children of the same
age; or

(b) have a disability which prevents or hinders ¢théd from making use of educational
facilities of a kind generally provided for childref the same age in schools within the area
of the local education authority

(c) is under five and falls within the definition @) or (b) above or would so do if special
educational provision was not made for the child.”

The code of practice is an in depth document tiist gut many key needs for teaching SEN
children. This will, therefore, be consulted reglylavhen developing the literacy tool.

2.5.2 Literacy

The expected levels of a Key Stage 3 pupil for ireadthe targeted age group in this
project) at the end of year 9 is to be a shrewdflagat independent reader:

» orchestrating a range of strategies to get at mgaini text, including inferential and
evaluative skills

* sensitive to the way meanings are made

« reading in different ways for different purposes;liiding skimming to pick up quickly
the gist of a text, scanning to locate specificolinfation, close reading to follow
complex passages and re-reading to uncover lajensaning

» reflective, critical and discriminating in resporteea wide range of printed and visual
texts

However this is an unlikely level of attainment farstudent with reading difficulties to
reach. Teachers may therefore use the flexibilibyioled by the inclusion statement to draw
on curriculum advice for younger pupils.

A useful source of guidance may be the Nationakraity Strategy (NLS) which was
introduced by the government in 1997 and is alignil the national curriculum’s teaching
of English. It is now also part of the Primary Nl Strategy.

The aim of this strategy is to provide a framewfankteaching and to set out objectives for
reception pupils up to year 6. The key objectivioighese pupils to become fully literate.

The current NLS framework promotes reading in aabirsense, including decoding,
comprehension and grammatical understanding. Nivithehl aspect such as phonics (as
discussed in section 2.3.2) is given a priority.

For example when a child sees a word that is utianto them they are encouraged to work
it out by either:
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» Inferring the meaning from the narrative contextymtax.
* Sounding out the word.
» Recognising the shape of the word from a previousenter.

This model is known as the searchlights model figeee 5.1).

Phonics

Knowledge of Grammatical
contex Text knowledgt

Word recognition &
graphic knowledge

Figure 2.1 Searchlights Model (House of CommonscRtion and Skills Committee, 2005)

The belief is that the more searchlights that aviéchked on, the less critical it is if one of
them fails. It is, therefore, optimising the rargfeues for pupils.

In recent reports by the House of Commons Educaiwh Skills Committee (2005) and
former HMI Director of Inspection at Ofsted Jim Rothis method has been criticised.

In Rose’s report (2005) it has been pointed ouit tiere seems to have been a tendency to
look at what a fluent reader would do and assurat dh strategies used here need to be
covered when a child is learning to read. Howetrgs, can be a daunting prospect to a child

and also reduces the priority on phonics.

It has therefore been recommended in these refi@atshe searchlight model be replaced.
This has led to the proposal of a new phonics basstel.

There are two approaches to the teaching of phonics

» Analytic phonics — breaking down the words into onset and rimeshegeep, rather than
into it's smallest units (known as phonemes).

» Synthetic phonics — segmenting words into the smallest units of doand then
teaching children to blend these together to makera.

Enquiries mentioned in the reports found that tewrin synthetic phonics produced the
greatest improvements. A key study by ProfessornBhiohnston and Dr Joyce Watson
carried out in a school in Clackmannanshire, Sodtkkompared synthetic phonics, analytic
phonics and an alternative analytic phonics method.

-14-



The findings were that after a year those who heshliaught using synthetic phonics were 7
months ahead of the other pupils in reading. Alldchn were subsequently given synthetic
phonics teaching over the next 7 years. At thedértlis period all children were found to be

achieving significantly higher levels in readingdaspelling than would be expected for their
chronological age.

The report therefore recommends that the NLS isigbe to support a synthetic phonics
approach to teaching literacy.

Key features of a synthetic approach are as fotlows

» Letter/sound (grapheme/phoneme correspondences dleaaly defined, incremental
sequence.

* To apply the highly important skill of blending piemes in order to read a word.

» To apply the skills of segmenting words into thainstituent phonemes in order to spell.

e That blending and segmenting are reversible presess

This new strategy will have a large effect wheredmining the contents of the literacy tutor
that is to be created during the course of thigeptoWhereas previous tutors may have used
whole word or searchlight approaches to teachihg, new tutor will need to be able
accommodate dividing words in the style of synthgthonics. This will give the tool
longevity, as to produce a tool that uses the ettiniques may not fit in with the classroom
curriculum.

The National Curriculum places an emphasis on ukffigacross the curriculum. However,
it is important to look into the specific benefitsat ICT can provide to schools and more
specifically to children with reading difficulties.

2.6 ICT in Schools

Today ICT is widely used in schools across the whnlrriculum. On average secondary
schools own 240.6 computers each which is 1 comgfoteevery 4.1 pupils. Of these

computers, 218.2 in 2004 were used for teachinglaaching which is double that of the

1998 figure of 100.9 (ICT in Schools Survey, 200)is shows the rapid development that
is occurring in the area of ICT in schools.

In the BECTA review of ICT (2005) support for theeuof computers in schools is noted by
Passey et al (2003) who found that the impact otivatoon provided by ICT was positive.
Although this can only be the case if underpinngd lolear task orientation.

An additional finding in the report is that whill€T has a positive impact on pupil’s
motivation to learn, this is of a higher level withys than girls.

It is reported by Cox et al (2003) that high qualitteractive learning resources are more
likely to result in higher gains in pupil learnitigan other resources.

However, the report goes on to state that thersoiuniversally agreed framework for
content quality. It suggests that the quality af@ational resources can be affected by:

» Technical aspects such as interoperability andssduiéity.
» System facilities such as tracking learner progtiessigh a package
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» Pedagogical design aspects such as whether itthaitseeds and learning styles of the
users and whether it is appropriate for the sulgjess it is trying to address.

These are all aspects that will need to be corsibdathen creating a learning tool to ensure
that it is of as high a quality as possible.

Cox et al (2003) also stated, however, that théipesffect on attainment is greatest when
ICT resources have been integrated into teacheaitstipes. This means that ICT needs to be
accepted and used effectively by teachers to suppr work rather than to replace it.

2.6.1 ICT and SEN

In terms of SEN, it is perceived by schools thal IRas a positive impact. 61% of the
teachers asked, agreed that it had some impadst\V@0i% said it has a substantial impact.
This is a very positive outlook for the use of a@lte aimed at SEN pupils. In fact 47% of
secondary schools are equipped with specialist &Htware (ICT in Schools Survey, 2004).

Thomson (1984, cited by Lynch, Fawcett and Nicho)s2000) noted that there are several
potentially crucial advantages of computer basedentation for dyslexic children:

» |t provides immediate feedback

* Itcan go at a child’s own pace

* Itis non-judgemental and predictable

» It can provide essential overlearning

* It can store and access information about the égarn

* It can provide new motivation

A BECTA Overview of SEN and ICT provision (2002)ghlights the following advantages
that ICT can provide to children with special needs

- ICT can be a motivating medium as many users acgeelkby computers and want to
use them. Software that uses colours, picturemaions, sounds and humour can build
on this interest and engage the pupils in learning.

- ICT can enable the presentation of data in diffevesys. This is beneficial as students
learn through different channels. Information presd in this way can provide more
opportunities for the child to connect with thearrhation being presented. For example
information can be presented though text, grapbicsound to suit the individual’s
strengths and learning style providing them witkralative routes to understanding.

- ICT offers differentiation. Software packages cdferodifferent levels of difficulty to
suit the various needs of SEN pupils. Teachersevan create tasks themselves which
can then be saved and adapted for the level ofosuppquired by each individual
learner.

- ICT offers an efficient way of keeping records. Beckeeping of pupil progress as well
as contacts with outside agencies is an importaritqs the work of SEN teachers and
coordinators. However this can be time consumirgeré&fore using specially designed
software can save valuable teacher time.

This supports the evidence that computer baseditepapproaches using ICT can have a
very strong impact for students with learning dikitidss.
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2.6.2 Computer Assisted Learning

Taylor (1980) (cited by Merrill et al.,, 1996) sugged that all educational computer
applications can be placed into one of three caiggiions. These are tutor, tool and tutee
applications. We will focus on tutor applications this is the area that the tool being
developed will most probably fit into.

Tutors

Here the computer performs a teaching role soithaffect the student is being tutored by
the computer. This can be known as computer-basstiduction (CBI), computer-assisted
instruction (CAIl) or computer-assisted learning (GA

The general format for these systems is that tmapader will present some information,
which the student is asked to respond to by ansgesi question or solving a problem
related to it. The computer will then evaluate shedent’s response against specified criteria
and based on this will determine what to do next.

Tutor applications can be split into further supdgy, three of which are as follows.

Drill-and-practice
The aim of a drill-and-practise tutor is to helptadent memorise the appropriate response to
a stimuli such as drilling a child in the spelliafwords.

An example of this would be a student enteringrtipelling of a word which the computer
would then analyse and give appropriate feedbackdoexample if incorrect the computer
would present the right answer and move on to thé problem. In a way this can be seen
as a high-tech form of flashcards but the diffeesbeing that the questions can be tailored to
the user’s responses.

Tutorial

The primary purpose of these tutors is to teach inéevmation. For example presenting the
definition of a noun to a student, following thig Bhowing examples of nouns and then
asking the student to practise identifying themtf@mselves.

This method can once again be used to tailor naédgeio the individual needs of the student.

Game Applications

These application types are a way of bringing @gerand motivation to learning. They
generally involve competitive play between a sti@em one or more opponents. Aspects of
game applications can also be used in other typiesao.

The literacy tutor being developed for this projectmost likely to be based around a drill-
and-practice tutor. Anderson (1980) and Gagne (L98ath cited by Merrill et al, 1996)
point out that the more a skill is practiced therenautomatic it becomes. This ties in with
the recommended method of overlearning when tegahyslexic children and can be easily
implemented through a drill-and-practice tool.

However, a tutorial approach may be required tovige the initial scaffolding for the
children when they first use the tool or if it tasntroduce new concepts.
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One problem is that drill-and-practise is unlikely it's own to be very interesting for the
learner, but if gaming elements were to be incafmat into the system this could bring
some interest and motivation to the work.

2.6.3 Studies of Computer-Assisted Learning and Reading
Development

This section will look how ICT can be used speadiiicin the development of reading.

It has been argued that the use of multi-mediaeptetons that utilize the motivational
aspects and the ability of software to be used wrargety of ways can contribute to the
success of computer assisted learning as a megmewdding practice in reading instruction
(Reinking and Bridewell-Bowles, 1991, cited in Undeod, 2000).

Computer interventions in the past have proveretgurcessful. For example Van Daal and
Reitsma (1990, cited by Lynch, Fawcett and Nichols2000) trained children with reading
difficulties using words flashed rapidly onto thereen whilst the computer sounded either
the whole word of the sub-lexical parts of the word

Additionally Olsen and Wise (1992, cited by Lynéfgwcett and Nicholson, 2000) found
that students using ROSS (Reading OrthographicsSaeech Support), a system allowing
children to read stories with speech support, ghitwdce as much as control groups in
untrained reading. However this approach can oelhbéneficial if an adult is present to
provide further guidance.

Later studies (Wise at al. 1997, cited by Lynchywztt and Nicholson, 2000) emphasised
the importance of phonological decoding instrudictue to the rise in research that
suggested a causal role between phoneme awarerkssaaling disabilities. In fact many
commercial intervention packages are now formethanbasis.

However, these current techniques offer only pathe solution to the whole problem of
literacy as they do not offer much flexibility thet teachers and have built in assumptions
about the development of literacy

A study conducted by Lynch, Fawcett and NicholsB@0Q) which looked into the cost-
effectiveness of a computer assisted reading iebtdion in secondary schools used a
variation on these current tutors. The system usedcalled RITA.

RITA stands for Readers Interactive Teaching Aasisand was designed and programmed
by Nicholson. The aim of the system was to comtiieeadvantages of human and computer
support by creating an intelligent teaching asstsffA). The role of an ITA is to act as an
assistant to the teacher rather than replace #ubée. The idea is to free the teacher to carry
out tasks where human instruction is vital (andncarbe replaced by computers) and allow
the computer to carry out tasks which it is welitesdi to such as motivating, engaging,
repeating, being non-judgemental, providing immediéeedback, record keeping and
replays.

Within RITA teachers can specify activities for ithetudents based on suggestions from the
system (or they can choose an alternative). Thaggestions are based on the child’s
current progress, guidelines and other availabd®uees. Once the activities have been
selected the sessions are pre-programmed and $etiduy RITA. Subsequently whilst a
child carries out the scheduled activities theeyswill store and analyse the results.

-18-



Flexibility is introduced by allowing the computéo carry out the scheduling of the
activities on its own and also allowing a child teke some control of their learning
activities.

The key principle in RITA is that the teacher has tentral role and the computer is an
assistant. The teacher can adapt material to n@fickent school activities and also on an
individual basis.

The results of this study were that the intervansocheme showed excellent effectiveness
and cost-effectiveness. In addition to this it wiased that the computer based presentation
caused the children participating to show signifta higher levels of enthusiasm and
commitment than with the traditional approach.

The researchers interpreted the findings as fotlows

» It is possible to provide intervention in secondachools where targets are set at an
appropriate level for each individual child andtttieeir Individual Education Plan (IEP)
is followed.

* The RITA system proved effective in phonics, wotek, fluency and comprehension
skills.

* The system was unsatisfactory for children with Ishgas a second language — higher
quality speech output is needed to distinguish iEhglhonemes.

» If a child is in need of extensive support in satany school, computer assisted learning
may prove more effective than traditional methdglg. continuing support will still need
to be provided.

« Significant improvements in standardised scoreevi@und, together with reading rate,
accuracy and comprehension. Several children madggss of 12 months or more after
10 week intervention.

A similar study conducted by Underwood (2000) askdtether there is evidence that
computer supported learning can be an effectiaegy in the reading classroom?

The study compared two different forms of interi@mt one based on a sub-skills training
and the other on whole word books. The sub skiélming used a system that is commonly
known as an Integrated Learning System (ILS). A8 Ik based on a behavioural model of
learning using drill-and-practise to deliver ther@ulum content and skills. The tutoring

and practise is individualised for each user, ohticed through a computer model of the
child’s current skills, which are then matched be tdomain of knowledge that is to be
acquired.

Brown (1997; cited by Underwood, 2000) says thatls&h uses three main components to

facilitate the management of learning by teachers:

* Curriculum content — This consists of a range dbrial, practise and assessment
modules covering a large part of a pupils curriouland across a range of subjects and
abilities.

* A pupil record system — This stores and maintaifisrmation on every pupil as well as
their current level of achievement.

* A management system — This links and controls ldhe 6f data within the system and
may perform functions such as:

1. Interpreting the pupils responses in the tasks
2. Updating students records
3. Choosing a pathway through the curriculum content
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4. Delivering the appropriate sequence of learning urexd
5. Providing feedback to pupils and teachers.

An ILS tool can operate independently of the teachdearner.

The results from this study were that whilst théotuprovided a positive motivational
stimulus, the progress made by the ILS groups antta groups were much the same.

Where positive gains were made it was noted that:

» Children used the software in short sessions o2@%ninutes three or more times a
week.

» Children were focused on the task

* Teachers made significant interventions in the rganmeent of the learning environment,
taking some control back from the computer.

However, in schools where a differentially negativecome occurred it was observed that:

* The children used the software in 1 hour sessi@e anveek.

« Children were selected as needing ILS remediaadmer than being involved with their
peers.

« Children were distracted by the task as attenterels deteriorated during the long
sessions. Additionally in some circumstances théden were un-supervised and
attention to the task was limited.

The interpretation of these results is interestiagno benefit was found between the ILS and
normal teaching except when a teacher took aneacdtile in setting the agenda of the tool.
This would suggest that using a highly automatedrtuather than allowing for teacher
intervention can remove the advantages that compasgsted learning can provide.

It is, therefore, important to retain features thddw teachers to take control over the tool
and adapt it to meet needs of the curriculum ahdratlass activities.

It also highlights the need for a tool to be desijto be used ‘little and often’ rather than in
longer sessions as it is not realistic to keem#tr for such a long period of time.

Computer assisted learning is shown within thisptérato be useful in teaching literacy to
students with reading difficulties as long as iniplemented in an appropriate way.

To enable the tool to be effective in motivating ghildren and maintaining their attention,
the user interface will need to be designed cdsefalallow cognitive effort to be expended
on activities and tasks rather than on interactigitls the computer. In order to ensure this,
relevant HCI issues will now need to be considered.

2.7 Human-Computer Interaction

As Preece (2002) states, the key to a usable systeme that is easy to learn, effective to
use and will provide an enjoyable experience feruker.

The first step in developing a usable system, hewesg considering the users, domain and

activities that will be involved. This has been aridken during the literature review and
these ideas will be drawn upon during this finattie® to deal with areas such as the
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presentation of the system, how interaction wiltwcand any scope, flow and dialogue
issues.

Some researchers into the area of HCI have dewtlegis of rules (also know as heuristics)
that can be used almost as a checklist when desgigmi interface. Each rule that can be
ticked should mean a more usable interface, howieigup to the designer to interpret and
implement these rules effectively. Please see ifeedture Review Appendix for a listing of
both Schneiderman’s and Nielsen’s guidelines.

2.7.1 Interaction Design Basics

Dix et al (2004) sets out a number of interacti@sign basics that should be considered
when developing an interactive system. Coveredhénfollowing section is an overview of
some key areas that should be considered whennilegign interface for dyslexic children
using points from Dix et al (2004) and the findirajghe literature review to date.

Memory

Dyslexic users may well have memory and conceptigtroblems as has been previously
stated in section 2.4.2. This means that it is irtgoa for the system not to overload their
memory with information which is also reinforced Sghneiderman’s"8Golden Rule (see
Literature Review Appendix) that emphasises thalrfee displays to be kept simple and
time to be provided for learning sequences.

Sensory Memory

Sensory memory is used to filter stimuli to onlysk of interest but has a very limited
capacity. Therefore, as the tool being created ibe highly sensory it is important that
whilst it captures the attention of a child it doed overload them with information that may
prove to be overwhelming.

To provide a system that does not contain too ns@myltaneous stimuli will help with this,
allowing the user to take in the key informatiortheut distraction.

Short-term Memory

Short term memory is used to store information thatequired very briefly. It also has a
limited capacity. Miller (cited in Dix et al, 2004tates that the average person can
remember 7 chunks of information + or — 2. Therefany tutorials or instructions used
within the tool should not contain more than aroGrey points.

However, providing good semantics are in place rittthe information being presented,
more information may be remembered as it can benkéd into meaningful points.

Subsequently it is important to consider the seimsnbehind the presentation of the
information being displayed in the tutor as if tiesdone effectively more information is
likely to be remembered by the users.

Long-term Memory

Whereas a human’s short term memory provides adypeorking memory, the long term
memory is used for more permanent storage of irdtion. The capacity is huge (if not
unlimited) and forgetting takes place slowly ovdoreg period of time. (Dix et al., 2004).

Long term memory can be divided into two categoriggisodic memory and semantic
memory. Episodic memory is an individual’'s memoifyevents in a serial form, whilst
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semantic memory is a more structured categorismatdenf facts, concepts and skills (Dix et
al., 2004).

To effectively present information in the tutoristimportant to understand how best to get
information into long-term memory. For example, @k al (2004) state that information
from the short-term memory is embedded into lommteemory through rehearsals such as
repeated exposure to a stimulus. This is the apprtaken by overlearning that had been
discussed in section 2.4.4.

Through experiments into the recollection of nossewords, Ebbinghaus (cited in Dix et
al., 2004) discovered that the amount learned vitestty proportional to the time spent
doing this learning. Again, as discussed earliesantion 2.4.4, this will impact Dyslexic

students who take a longer amount of time to leaskill. However, Baddeley amongst
others (Dix et al., 2004) have suggested that ldasning time will be most effective if

spread over a period of time. This is known agdik&ribution of practise effect.

Implications for this are that the tutor shouldtdligite learning sessions over a prolonged
period rather than providing it through more inteasshort term learning as this should be
more effective for the learners.

However, to make this learning more effective thi@rimation needs to be meaningful as
this can be related more clearly to the semantit eategorised structure of long term
memory (Dix et al., 2004). Therefore, to presefrimation in a meaningful, structured and
familiar way within the tutor will promote the trsfer of knowledge to long term memory.

Information Retrieval

There are two types of information retrieval. These recall and recognition. Recall
involves producing information directly from memaomhilst recognition involves realising
that information being presented has been seemeb@dix et al., 2004).

Recall can be improved by providing cues to theviddal. Vivid imagery is a common
form of cue as people often visualise things whgimg to remember them. Categorisation is
also an effective way of aiding recall (Dix et @004).

A tutor could aid recollection by providing both aaffective categorisation of the
information presented as well as visual imagengudl stimuli can be provided effectively
in a rich multimedia environment and would aid @ksation during future recall.

Presentation & Ergonomics
The presentation of a tutor system will be hightyportant for any learners, however for
dyslexic users this may be even more important.

Colour

Although it is tempting to do so, colour shouldus®d sparingly. This is due to the fact that
it can be highly distracting to users. In addittorthis users should not be confused by the
use of colours in a non-conventional way (suchsasgured text to display a confirmation as
this is usually used to indicate a problem). Thisummarised by Schniederman®sgblden
rule of interface design (see Literature Review &mgix).

Colour of text can be especially important to Dy&leusers who often like to choose the
colour of the background that is used in a system.
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In an interactive system it is possible for a usebe able to choose options for colours.
However, a high figure/ground contrast should bedushere the colours of text and the
background are not too similar. Generally, darloudd on a light background are preferred.

Interaction Styles

As Dix et al (2004) states, interaction is a forfrdmlog between a user and the computer.
Subsequently it is important to design an interthet meets the needs of the dialog that will
be taking place as well as the users involvedimdialog.

There are many differing forms of interaction whighould be considered in the
development of the interface and this will be cdastd in more detail during the design of
the system. However, with dyslexic users it mayirbportant to consider the use of HCI
redundancy. This is where interaction takes mangnphls (such as speech, text and
graphics) to enable all routes to learning to hekleal. This will cater for the differing
learning preferences of dyslexic users.

Navigation

When designing navigation it is important to makeesthat at each point in time a user is
able to see where they are and whether they aserdo reaching their goal destination. This
is especially relevant with dyslexic users as shertn memory problems can make
navigation difficult.

A windows style system generally relies on a may#red model to navigation which is
navigated using drop down boxes. These can creatiets for users who may have memory
problems, as all menu options cannot be seen Wiraod, therefore, require the user to
remember where options are located (Dickinson, &jsBregor, 2004). Subsequently, when
designing a tool for dyslexic users it is importemtnake the navigation system as simple as
possible so that complex menu navigation sequedoesot need to be memorised and
instead visual cues can be used.

Additional aspects to be considered when designawgation is that using icons can cause
confusion as some are not hugely self explanatsya result of this, icons, if used, should

always be accompanied by an explanation or tooMiph children with reading difficulties

it may be appropriate to provide a verbal toolagpa word may be as equally unfamiliar as a
symbol.

2.7.2 Dyslexia Style Guide

Due to the nature of Dyslexia, text and the predemnt of information is key to successful
interaction. The following style guide combinesdaddrom an article on www.dyslexic.com
as well as the British Dyslexia Association’s (BD8jyle Guide. It pulls out the key ideas
from both these documents in relation to text prdeon and screen layout.

Font

* The fonts used, where possible, should reflecthairgi cursive writing. This is due to the
fact that in general dyslexic people find natur@hdh writing easier to read.

« Serif fonts can obscure the shapes of lettersaiseserif fonts are preferred.

* The size of ascenders and descenders of letterss{@ms on letters like p and b) is
important as having them too short can distoristiegpe of the word.

» Space should be left between letters so confusies dot occur.

* The font size used on a screen should be a miniofugize 12 or 14.
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» Lower case letters should be used where possiblen@® whole words in upper case) as
this distorts the visual shape of the word.

Recommend fonts includerebuchet MS andArial. Comic Sans is often liked by dyslexic
users but this can sometimes be seen as too thddis informal.

In fact, it is recommended that it should be pdssibr users to set their own choice of font
style and size as well as background and text celou

Text Layout

e Light text on a dark background should be avoiddd background colour white should
also be avoided. Instead pale colours or off-wliteuld be used.

+ Using boxes to emphasise important text can bectefée (especially as opposed to
capitalisation).

» Lines should be left aligned (rather than justified that the right hand side has a jagged
edge.

» Use bullet points in preference to continuous prose

* Numbered lists are preferred to simple bullet moias this provides a frame for
reference.

* Space between lines is important. It is recommeitid&icthis should be 1.5 to 2.

Writing Style

* Write in short simple sentences.

» Avoid starting new sentences at the end of a linthia makes it harder to read.

» Give instructions clearly.

» Keep sentences short at around of 15 — 20 words.

* Where possible refer to the readers as “you”.

» Use active verbs where possible i.e. “we’ll dordther than “it will be done by us”.

The following factors were also listed in the BDAyl® Guide. However, these will also
apply to designing an interactive tutor. Listedaiselection of the factors that have not
already been covered:

* Navigation should be easy. A site map should bd.use

» Graphics images and pictures are good ways to lugaxt.

+ Large graphics may make pages harder to read.

* Moving text will be difficult to read for people thi visual difficulties.

» It should be possible for users to see which phagee previously been accessed.

All these factors in the style guide will be taketo account during the requirements stage
of the system development to ensure that the syiemusable as possible for dyslexic
users.

2.8 Conclusion

High levels of debate currently exist in many of #reas covered in this literature review
making it a difficult area to evaluate and summariSubsequently it will be important to
remain aware of any future changes in these fiblaismay have implications for the literacy
tutor.
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From the findings of the literature so far it candstablished that there is a need for tutors to
help promote literacy skills in secondary schodldten with reading difficulties. However,

it is important that this tutor fits into the learg requirements of the national curriculum and
the recommended teaching methods detailed withs th addition to this it should also
incorporate relevant teaching theory from the amfaseading development and reading
difficulties.

It has been shown that a computer aided tutor cavidge many benefits to the teaching of
children with reading difficulties such as provigia multi sensory learning environment and
providing additional motivation where this may vl

However when producing a tool for users with regdiifficulties it is necessary to take into
account the usability issues that may arise fasghesers such as the presentation of data and
the need for the interface to be adaptable to esetis specific needs.

These aspects will all need to be taken into adoaien defining requirements for the tutor.

This will help to ensure that the tool created nsakél use of the advantages that a multi-
media environment can provide whilst remaining kaatbessible to the users and compatible
with the requirements of the National Curriculund @EN guidelines.
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3 Requirements

3.1 Introduction

Whilst the literature review provides a detailedd@t the relevant theoretical background to
the development of the system it is now necesgagather empirical data. This, combined
with the literature review will form the basis fthe requirements of the system. These
literature review requirements can be found inisac2.3.4 along with the full requirements

specification.

The aim of this requirements analysis is to gainreight into the potential users of the

system, the tasks they will be carrying out witl flystem and the environment that this will
occur in. The purpose of this is to help estalihtype of support that the tool will need to

provide, the type of activities it should be aldecarry out as well as an understanding of
any environmental constraints that may affect $s. u

To ensure a usable product it is important to takser-centred approach to this process and
involve the users as much as possible during theirements analysis and subsequent
phases.

3.1.1 Stakeholders

In order to take a user centred approach to themgsdevelopment it is firstly necessary to

identify the potential users of the tutor. Thesd wiimarily be the people who will be

interacting directly with the tutor. However theage further users who will also have

involvement with the system. Eason (1987, citedPbgece et al, 2002) has identified 3

different categories of user as follows:

« Primary users — those people who are likely torbguent hands on users of the system.

» Secondary users — those people who will be usiegystem occasionally or through an
intermediary.

» Tertiary — those people who will be affected by ititeoduction of the system or who
may influence its purchase.

Therefore there are, in fact, a wide number of feaeyho have a stake in the system’s
development. These stakeholders will subsequeseitylrio be identified to enable them to
participate in the development of the tool.

The stakeholders that will be involved in the depehent of the tool are as follows:

» Secondary school pupils with reading difficultiesThe primary users of the system.
The pupils range from years 7 — 11 (ages 11-16}g#indceive special needs education
at school. The reading difficulties range from basiading difficulties to severe
dyslexia.

» Special Educational Needs (SEN) teachers — Thendacp users of the system. These
teachers teach the Special Needs lessons.

» Special Educational Needs Coordinators (SENCOd)es@& are additional secondary
users and have an influence on the purchase @fregsiThey are also both SEN
teachers.
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3.1.2 Requirements Gathering Process

During this requirements gathering process thenpialesystem stakeholders as discussed
above will be involved in interviews (sections 3.2nd 3.2.3), observations (section 3.2.2),
and software evaluations (section 3.3) in ordegdm an insight into their needs as well as
the needs of their environment. In addition to,thifieuristic evaluation of existing software
will be undertaken by an HCI specialist to recognibe usability problems of these
packages.

3.2 Stakeholder-Centred Requirements Analysis

This section details the analysis that has beatedaout with stakeholders of the system (as
listed in section 3.1.1). The analysis has beeidéeds into two sections to represent the
differing stakeholders.

This stakeholder analysis involved the followingsiens:

Secondary Stakeholders:

* Interviews with SEN teachers and a SENCO to gadir input into what functionality
the system should provide for the pupils and disoniselves.

» Observation of a current phonics based teachingpadeknown as TOE-BY-TOE that
does not use computers. This is in order to seethashing occurs without the use of
technology and also to observe a purely phonicedtsaching method.

» Observations of a variety of SEN lessons to obsanyeenvironmental constraints and
the general dynamics of the classroom. This alswigeed an opportunity to observe
how software fits into an average SEN lesson.

Primary Stakeholders:

» Observation of pupils using the computers withia thassroom to gauge their current
computer competency.

» A series of semi structured interviews with pugibs gain their opinions of current
software being used, their computer competencyusagie and to elicit their ideas for
the new system.

3.2.1 Teacher Interviews

SEN teachers, as discussed previously, are keglstders in the system and subsequently
it was necessary to interview them to understarar thystem needs and also to gain
important information on the SEN domain.

These interviews took place over a series of schasits and were semi-structured
interviews. Semi-structured interviews use botlsetband open questions and are based on
a simple script which guides the direction of theeiview (Preece et al., 2002). During these
sessions a number of specific questions were apshwehilst other discussions took a more
general approach.

Potential Role of the System

When asked about the potential role of the systésmachers highlighted Ofsted’s
recommended lesson structure. This recommendsaltiassons should be divided into three
parts. These are as follows:
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» Starter Activity — to introduce the topic

* Main Activity — the main body of the teaching sessi

» Plenary Activity — where the class go back overt¥as been covered in the lesson. For
example a verbal recap or test. The aim is to fatuthe learning and to reinforce and
consolidate it as well as provide overlearning.

During the interview the SENCO stated that the esyist preferred use within the lesson
would be as a plenary activity to go over what lesn covered in the lesson with the aim of
encouraging the pupils to build on their succesd Bnprove their knowledge. It was
suggested that it would be useful if the systenmdcoaver words that have been used during
the main activity stage even if this is not dirgcttlated to the skills the game is developing.
For example the words from a story that the groap been reading together during the
lesson could be used within the system.

This suggested usage supports findings from treatiire review that suggest that a
computer based system would provide a useful twab¥erlearning. It also supports the idea
of the system as a support tool for teachers réitizer as a replacement for the teachers.

Current Computer Usage

When asked about the current use of systems itesons it was stated that the current
usage of computer based games in the lessons isqudarr. The teachers said that the usage
may occasionally be planned as a plenary or stadtvity as discussed above. However
they may also be used unexpectedly in lessons, asiethen a student finishes some work
and needs an extra activity (as was observed in @and 11 coursework sessions). In
addition to this if a pupil is being disruptive I@ of the pupils in SEN lessons also have
behavioural difficulties) the games may be used atass activity whilst the pupil is dealt
with or alternatively as an activity to calm theriptive pupil down.

It was noted during discussions that systems suwchWardshark (see Requirements
Appendix section 2.1 for a more detailed discussibthis system) take a lot of time to set

up. With SEN pupils it is not always possible tegginstructions to the whole class (such as
what word list to use or what game to play) so tbechers will often need to do this

themselves for each pupil. This can cause problenaslarger class as pupils may be left
waiting while other games are set up. It was sulbseily suggested that it would be useful
to be able to set the game activities up beforehbliodvever there must also be ways of
dealing with unplanned use.

In addition to this the teachers highlighted thet fnat it should be possible to lock the

system in some way to make sure that the pupilstackanging the levels themselves (i.e.

making it easier). This often occurs with systennere students have control over the levels
that they are playing.

Possible Learning Content

The area of content for the tutor has already Ipeetially covered in the literature where the
literacy strategy was covered as well as possipecaches to teaching literacy. However it
is also necessary to discuss this with SEN teadbewsderstand what they feel the system
should cover.

As highlighted in the literature review, the natofeSEN teaching is that content should be
adapted to the different needs of the childrentheit various stages of development.

Areas highlighted in the discussion as possiblasafer the tutor to cover are as follows:
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e Syllables

» Prefixes/suffixes

« Spelling patterns such as vowel diagraphs and camédlends (e.g. th, bl).

* High frequency irregular words such as said, prejtes, does etc.

« Homophones — words that sound the same but aredéfietent e.g. two, to and too.
« Silent letters.

It was suggested that these areas could be coietlee games within the tutor and possibly
that each game could cover a different skill.

An important discussion in this area was on thgéeztitof synthetic phonics. Whilst synthetic
phonics is a key area of learning highlighted ia literature reviews and subsequently an
early requirement of the system, this area wagdais a possible problem.

Although the school is hoping to implement a sytithphonics approach to learning in the
near future this has not yet been possible duegource problems. It was felt that it would
be inappropriate to introduce a game using thidqwtigmie to pupils who have not
encountered it yet. Subsequently it was decidet firathe purposes of the prototype, no
synthetic phonics learning content should be impleted.

3.2.2 Teaching Observations

In order to fully understand the nature of SEN slasm dynamics and teaching practice a
series of these lessons were observed. The pugiadese sessions was to view current
teaching techniques and gain an understanding efevaa multimedia system could fit into
and complement these processes.

The process used for these observations was “QuidkDirty” observations with the aim of
finding out the general classroom dynamics. Howewdren gaining more specific data
about teaching practises and environmental conssraa holistic form of field study

observation was used.

TOE BY TOE® Observation

TOE BY TOE is a structured reading scheme that has been debis&keda and Harry
Cowling (Cowling, K. & Cowling, H., 1993). It is mied at providing step by step reading
activities that promote structured reading develepiin children (including those that are
non-dyslexic).

The sessions require each child to possess theiiT®E BY TOE book for which they are
responsible for bringing to each session and takorge with them in order to do work with
their parents. The books contain a series of esesdhat begin at a very simple single letter
level and work up to longer more complicated waadd sounds. The students are required
to work through these exercises in order.

Exercises involve the child reading a letter, teltlend, real word or nonsense word aloud. If
this is read correctly then the child receivesne by this to indicate that it was completed
successfully, but if this is not read correctlyat b placed there. The child must read each
word in an exercise correctly 3 times in order togoess to the next stage. This technique is
used as it is believed that although reading ieamay place the sounds in the child’s short
term memory; repeated exposure will allow it totlansferred into long term memory. At
the end of each section sentences are presentedighahe words and sounds recently
covered. The child needs to read these correciydgress to the next stage.
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Session Observation
In order to see how these sessions take placelasaroom environment it was necessary to
attend and observe a session that was happenigsdiption of this session is as follows:

The sessions are held twice weekly with identifilydlexic students. Each session lasts 15
minutes and should be accompanied by work at hoittetiae pupil’s parents.

Each student sits with an allocated Learning Suppsesistant (LSA) who works through
from the point that the student last reached. Téssien is carried out in one classroom
around a table or on comfortable chairs placedratdlie classroom.

During the observed session LSAs would give feekllzecthe child reads. If necessary the
meaning of unknown or unfamiliar words could becd&sed or rules that the child uses to
help read words (for example how to tell the ddéfeze between letters b and d). The LSAs
also marked the book with the applicable mark & #udent successfully read the word or
did not.

If a child was having attention difficulties or teewere external disturbances (such as other
pupils walking in to the classroom which occurreding this observation session) then an
LSA may need to deal with this, leaving their adlterd pupil unable to continue with the
reading.

This highlights the problems that can occur wheecanique relies on one-to-one work as a
teacher has other responsibilities beyond thedasland and may be required to fulfil these
higher priority issues at any time. A computer egsivould not have such issues as teachers
would be free to control the class whilst the at@idcontinued to use the system.

In addition to this, problems can be encountereaplipil forgets their book as they cannot
fully participate. In this session one pupil forgbeir book and instead read a story book
aloud. A computer program would provide an advaatiagthis area as it would always be
available to a pupil as long as they had acceasctimputer.

During these sessions it was clear to see the taupog of one-to-one help and how valuable
human feedback and interaction can be. For exarhalehild was not familiar with a word,
the LSA could explain the meaning to them. A corapsiystem would not be so capable of
this highly tailored feedback. However, as discds$evould overcome the problem of a
teachers divided responsibilities when distractiocur.

Observation Summary

It was important to observe this session as itllggted the areas that a computer system
cannot replace such as immediate personaliseddekdHowever it also demonstrated areas
that a computer system could help with such asghminch less resource intensive.

Spelling Test Observation

During the observed lessons a spelling test wagedaout on two occasions. These tests are
given to individuals depending on their needs, haweén the lessons observed all pupils in
the class were tested. The frequency of thesedbsiglepends on the needs of the pupils but
usually ranges from every SEN lesson to once aifgt.

What follows is a description of the sessions whiek also been expanded on as a result of
discussions with SEN teachers.
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The tests generally occur at the beginning of gssisen or after a silent reading session. At
the start of the test each pupil is given their gensonal word sheet. This lists all the words
that they have covered in the test to date andiatsades one new word that has been added
by the teacher. The new word may have difficulttises highlighted and previous words
that have caused difficulty may also be highlighted

The words on these lists are different for eachlpup tend to be high frequency irregular
words. They are taken from a master list of woldd tare ordered by increasing difficulty
level. The pupils will have initially been testaxldetermine the level that they should start at
and they then work forwards through the list.

The aim of this stage of the test is for the ptpilamiliarise themselves with the new word.
They will do this by looking at the word, coveriitgsaying it and then writing it down in
the first column of the sheet. They will then refjpbés process in two further columns. They
will then also look at the last 9 words on the tstrecap on them. These 10 most recent
words (including the new word) will be the wordstedl at the end of the session. This
means that each word will be covered 10 times.

After this initial session the word sheets are mak&vay. The teacher then uses a neuro-
linguistic multi sensory approach to further famniise the pupils with their words. This
session involves the teacher asking questions dbewvords, such as the number of times a
letter appears in the word or where it appears, hwmy syllables the word has or the
beginning and end letters. The aim of this sessitm get the pupils visualising the words.

During the observed sessions these neuro-lingustigsions were seen to be highly
interactive with the pupils often helping each othéth their questions in a friendly non-
patronising way. A feeling of teamwork could clgask perceived.

After the neuro-linguistic session the pupils astéd on their 10 words. As the words are
different for each pupil the teacher will go routhé group giving them one word at a time.

When this is completed the lesson continues andettts are marked by the teacher before
the end of the lesson. At the very end of the sagtie pupils are given their tests back and
before they leave are asked a couple of questiomst ahe words they got wrong.

Observation Summary

These spelling sessions complement many of thes aeeammended in the literature review
such as the need for overlearning as well as a seiisory approach to learning. They also
provide an idea as to how spelling tests are ahroet in a special needs classroom.
Techniques from these sessions could be incormbnatie the final game such as the process
of repeated exposure to words.

General Classroom Observations

During the time that this work was being carried many SEN lessons were observed,
whether fully or partially, during the course ohet requirements analysis. This enabled a
range of different group sizes, year groups anceiggrdynamics to be observed. This has
allowed a variety of environmental constraints ® riecognised as well as more general
requirements.

The general findings from the sessions are asvisstio
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- Each session involved very different pupil dynamiose to the diverse nature of the
pupils’ personalities and the difficulties they bawach SEN group can be widely
different. Some groups have high cohesion levelsre/the pupils work well as a unit,
however in other groups the personalities are ddfgrent and the pupils may not get
on with each other.

- The nature of the classroom activities varies araptige groups. Some groups have very
structured lessons with set activities; however yi@sand 11 groups tend to use some of
the lessons to obtain support with their courseworkther subjects. This means that
each pupil may be getting on with very differentrkvo

- For good work the pupils are given stickers thatythre able to decorate their folders
with. They are able to choose stickers that armtefest to them such as animals and
football. They also collect stickers that they camke up their names with on their
folders. Although this is a technique more commadithwounger schools the pupils
seem to be enthusiastic about this as they aretabe creative and decorate their
folders.

Observations of computer usage in the classroom:

- Pupils often asked to use the computers at theoEadsession. This was more common
in the year 10 and 11 sessions as when a pieceunawvork is completed they may
have 5 — 10 minutes free at the end of the lesdoenvit is too late to begin another
piece of work.

- Pupils often used computers to carry out othergsieaf work such as coursework or
when given the task of writing something up for fleesons. In general were very
competent on the computers although it must begresed that these were the pupils
who had chosen to use the computers.

3.2.3 Pupil Interviews

These sessions again used a semi-structured eweng technique. The aim of the session
was to establish what pupils enjoy using compuf@rgto understand what may motivate
them), and also to gather ideas that they hava faw system.

Open questions were asked to allow freedom. Thuknigue allowed the interviews to be
steered towards problems and ideas that the pppiaed to have and subsequently to
gather information that may not have been antiegparior to the interview.

However, before the interviews took place a quespian was drawn up listing the types of
information that needed to be gathered from thsises to guide the interviews.

During the sessions themselves, high-level notese waken that were then revisited
immediately after the session to highlight the m@oimts that came out of the sessions.

General Computer Usage
When asked about computer usage in their spare &lngupils said that they had access to
a computer at home and appeared to be competefamiicr with computers.
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The tasks that they used the computers for vatige gignificantly, especially across sexes.
In general the boys said that they use computetstaninternet for playing computer games
such as war games, racing games and fighting gatdwmsgever, they also used the internet
for downloading music.

This was the one main overlap with the computegeisaf the girls who liked to use the
computer for downloading music, as well as sendingils and talking to their friends on
MSN.

Summary
From these responses it was possible to establgmearly all potential users of the system
will be familiar and comfortable with computers amill have access to these at home.

Importantly it has been possible to see what mt#&/ahe pupils to use computers. The
difference in sexes may be problematic, as to eraajame theme that will appeal to all
users may be difficult.

Ideas for a New System

During these interviews, the pupils were keen tggest ideas for a new game, often
prompted by discussing the problems of the previmus games (See section 3.3). These
suggestions are highly important in this procesthag represent what the users would like
when playing games at school.

One common suggestion by both sexes was focusedditbe scoring within the games. A
number of users wished to be able to keep theiresaad save their progress between
sessions on the games. A number of pupils alsoested that they would like to be able to
enter their score onto a central scoreboard. Thiévaton for this seemed to be both the
ability to see their improvements as well as thditgbto compete with fellow class
members.

One interesting suggestion by a pupil was that gdike Pac Man and Ping Pong could be
used as reward games. The reasoning behind thishaagames of this format “never get
boring”. This idea is interesting as it raises ithea of traditional arcade games. Games of
this type have a seemingly universal appeal an@ Bawived the test of time as they still
remain popular today in a world where highly comp@mes have become the ‘norm’.

A desire was also expressed by pupils to be abjgalpthe games at home. This backs up
the comments made about the currently (see segtioh).

3.3 Existing Software Evaluation

In order to further understand the requirementsaofew system it was decided that
evaluations of two systems that are currently us#éhlin the school would be beneficial.
These systems are Wordshark and Education city.aFmiore detailed overview of these
games as well as related screen shots see ther&aguis Appendix.

In order to gain a varied perspective on the systand to undercover a variety of usability
problems with these systems, the evaluations wareéed out in two formats.

The first of these sessions was evaluations with ghpils. These were undertaken by
observing the pupils using the systems and queastichem as they did this. This allowed
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clear problems to be observed but also alloweddiecussions with the users on their
opinions of the systems.

A heuristic evaluation of two commonly used systems@s also undertaken with an HCI
specialist (an HCC MSc student). This was done riteioto uncover more specialised
usability problems within the systems.

3.3.1 Primary User Evaluations

These sessions were held with a number of pupls fa number of year groups in their
Special Needs lessons.

Prior to the sessions an agenda was developedasce#ith session followed the same
pattern.

Wordshark

Agenda

For the purposes of the evaluation the users westeasked to play a game that they were
familiar with and had used before. The reasoningtfits is that it would be possible to

observe how the users interact with a game whey lhge used it before. Do they take
shortcuts in the game? Are there problems withgamme that they have had to learn to
overcome? Do they appear motivated by the gamerafieated use?

In addition to this the users were then asked &y pl game that they were unfamiliar with.
This was in order to observe how users approadwagame, the ease with which they pick
up the game controls and any issues that ariséodhés unfamiliarity.

Findings

The findings from these sessions were as follows:

General Opinions

In general the consensus on the system was thasétisfactory (or “ok” as many pupils
stated). A number of pupils commented on the taat it helps them with their spellings and
one pupil specifically commented that it helps thenunderstand more about the sounds of
words.

A large number of pupils commented on the patragisind childish nature of the games.
One pupil stated that “the game has useful objestibut the way it is put across can be
portrayed as patronising and may put off the plpileese comments support the need for a
game that targets older users, as efforts can be taavoid patronising the users.

Other comments on the system included the facttttemgame helps by telling you where
you have gone wrong in the game when you improve.

Help and Documentation

During observations, one pupil choose to first @agame called Snakes and Ladders as this
was a game they were very familiar with. From asesbers perspective it was difficult to
establish the exact rules of the game but the mgtilon with it straight away and seemed
highly familiar with the game controls althoughséemed quite complicated. This was also
the case in a number of observations as when familith a game the users were very
proficient at it and worked very quickly througreth.
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When one pupil was asked how they knew how to hsegame they stated that their
classmates had explained it to them. When askiégié was a help function or user guide,
they were not aware of one.

When using a new game within Wordshark a few ugecame confused by the omission of
any instructions before or during the game. Thetiea to this problem was mixed. Some
users quickly picked up the game through trial armdr whilst others took much longer and
got frustrated by this.

It was also noted that, although one particular uses clearly competent with computers (as
they were studying IT for their GCSES) they coutd work out how to exit the game as it
was not explicitly obvious.

Learning Content

One problem noted from a series of observationsthatsthe pupils did not make use of the
extensive word lists and instead used the defamltlsv Some pupils highlighted the fact that
the words in the games were too easy which mayalbsed by this fact. In fact, only one

pupil set up more difficult words without being pipted to do so. When questioned about
their choice of words a pupil stated that norm#iig teacher would set their words up for
them.

Subsequently in one situation it was possible toyaaut an evaluation when the teacher had
set the system up for that user. In this situatiiengame seemed much more challenging and
required greater concentration. However, it takes for a teacher to set up games for each
pupil in the class.

I nput/Output

Within Wordshark speech output is used within taegs. In one session the pupil misheard
a word and subsequently got frustrated when theydcoot spell the word correctly. The
clarity of the speech output was quite low on tbmputer speakers.

Contrals

During another session the game chosen by the pel@d purely on mouse controls. As
mice in schools tend to get broken through largewats of use the mouse on this computer
was not working correctly. This made game contrfficdiit and subsequently the user
became frustrated by this and instead chose togmlather game that did not rely on mouse
control to such a large extent.

Reward Scheme

When observing users during the reward sectiomefgime it was noted that they seemed
generally enthusiastic about it and got involvedthie results of the game. Many pupils
commented on the fact that the games were goodh&s make you feel like you have
improved with your learning”, however others statiedt the reward games can get boring.
This indicates once more that designing a rewahgrse that appeals to everyone may be
complicated.

One pupil, when talking abut the reward schemesgdtthat they enjoyed the fact that at the

end of the game they won rewards but didn't like fidact that you only get points if you do
well on the reward game (which is seemingly random)
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Education City

Agenda

The agenda for this session differed to the WorarlStesting. The reasoning behind this is
that the users have not been using Education @ity flong period of time and are not as
familiar with any of the games. In addition to tkiie games in Education City take a much
longer period of time to complete. For this reagowas decided that the users should all
play a game that is unfamiliar to them as a highenber of usability problems are likely to
arise with a new game than with a game where teesusave learned to overcome these
issues.

For the purposes of the evaluation all users wskedito open Education City and select an
activity at year 3 or 4 level (as recommended lgjrtteacher prior to the sessions). They
were then asked to play ‘Sten the Wizard’ (agaggssted by the teacher).

Findings

General Opinions

In general the pupils tended to agree that Edutality was better than Wordshark. The
reasons for this included the graphics and bedtent of the game.

However, there were are a large number of comnamnthe speed of the game with many
stating that it was too slow and too time consumiFige probable reasoning behind this is
the fact that EducationCity has a large amountpeksh output and all text in the games is
read out slowly. There is nho way to progress thiatige game until this has been completed.
Despite these problems the pupils appreciatedgbech output in general. One pupil did,
however, comment on the fact that the voice soufigedmuch like a nursery rhyme teller”.

Once again the pupils commented on the childisbraaif the games with one pupil stating
that it could “make you feel like you have the I® a child”. This provides yet more
reinforcement for the need to develop a game sSpaltif aimed at a more mature age group.

One area of confusion with this game was the dviditha of the game at home (as it is a
website). One pupil mentioned that it is only pbksio play the game at school as you need
the school password to access the system; howawétex pupil stated that they had played
the game at home using this password. Regardlesheotonfusion in this area, these
comments indicate that pupils have an interestlayipg games outside of school and
subsequently it may be desirable to produce a ghatellows this type of access.

I nput/Output

When using EducationCity no users appeared to Agueblem logging into the system (as
they had all used it before). However one user, tdugneir reading difficulties, could not
spell the address for the website and had to Hasepelt out to them.

During ‘Sten the Wizard’ the users are requiredge an on screen keyboard to spell words.
A problem that one user voiced (but was also olesenv other sessions) was that they were
having trouble with the keyboard layout as it weganmised alphabetically rather than in the
typical ‘qwerty’ layout. This confused the user waotomatically looked for letters where
they are usually located on the keyboard.

Help and Documentation

When playing ‘Sten the Wizard’ one pupil becamefased as to what the instructions were.
When they were instructed that they could re-hkarntord (from an external source) they
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used this facility but had not been aware that asvavailable as it is not clearly stated
anywhere in the game.

User Control

When working with a pupil with slight behaviouraffitulties the pupil became frustrated

by the speed of the game and started randomlyingjdkuttons in order to try and progress
to the next stage. This then increased their fatistt when nothing happened. After this
incident the pupil seemed to have decreased caatent levels and was easily distractible.
In addition to this the pupil seemed generally thesiastic about the game, to the point of
deliberately misinterpreting the game instructions.

An interesting comment specific to the domain okl@yia was that one pupil said that they
could not change the background colour of the gadeighlighted in the literature review
this is often something that Dyslexic users likebtable to alter to make reading easier.
Further investigation into the game uncovered threctionality to change the background
and text colour of the games but this was hiddeayaw a highly tiered menu system and
was not obvious to the users. Subsequently the system should make this functionality
much more visible to the users if it is implemented

Reward Scheme

Comments on the reward scheme within Education @i&ye again varied. Some pupils

stated that there were no reward games, whilst®it@mmented that they were good. This
confusion could be caused by the fact that the gdmge a purely visual reward at the end
of each game such as a humorous animation, yet papils may not perceive such a visual
reward to be a “reward game”.

This indicates that a reward scheme that allowsuiggs some kind of control or input may
be preferable as this will be a more obvious revartie users.

Summary

Results from these sessions reinforce many of ithe af this project as it can be seen that
the pupils find the games patronising and childist that this can effect their enjoyment of
them. It also highlights the need for a systemeddilored to the needs of dyslexic students
by being multi-sensory and also enabling the usersustomise the look of game to their
specific needs.

However, the new system must ensure that theses revednot met at the expense of the
speed of the game as it was clear to see the fflieat slow running games can have on
users who have attention problems. It is subsetyumportant to ensure that situations that
could lead to such frustrations are avoided whessiple.

It also raises important issues to be addressddgitive design of the system such as the
reward scheme. Designing a theme that is recogmised“reward” and appeals to all users
is likely to be highly challenging.

Another interesting finding was the fact that sdssies which seemed to be clear usability
problems such as no instructions before or dureres did not seem to affect some pupils
as they enjoyed learning by trial and error. Howeseme users did find this frustrating. It is

therefore important that both user preferenceal @md error learning vs. instructions) must
be catered for within a system.
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3.3.2 Heuristic Evaluation

These sessions, as previously mentioned, wereedaott with the help of an HCC MSc
student. The sessions were carried out over ag@ficaround 2 hours in total and used
Neilsens 10 usability heuristics as guidance. Thesgistics can be found in the Literature
Review Appendix.

The two pieces of software used in these sessiens Bducation City and Nessy. It was not
possible to carry out an evaluation of Wordshariside of the school, as the software needs
to be installed from a CD and this was unavailalsigplace of this, a package called Nessy
was used. This is a system designed specificathDilexic pupils and has been recently

considered by the SENCOs for future use. The versgsted in this evaluation was a

selection of trial games available online. Thissduently means that the main navigational
aspects of the game could not be evaluated.

The main issues that arose during these sessienwesented below. The results have been
split up into key areas of usability.

Education City
The game selected to test during this evaluatiosm 8lam Dunk. An explanation and screen
shots of this game can be found in the Requiremfgpp&ndix section 2.2.

Navigation

« The back button is located in different places dffednt screens. This raises
consistency problems.

e All buttons make the same sound when the mousenighem. This could cause
confusion between the buttons.

* The confirmation screens for the ‘quit’ and ‘agdinittons are the same. It is good that a
confirmation screen exists but as they are so ainiil would be easy to get them
confused.

e There are no tool tips available on the buttonexplain what they do. This is the case
throughout the entire game.

* On the Success Tracker page (when a game has begteted) there are two buttons
visible, one says ‘again’ and the other ‘quit’idtnot clear what quit will do when it in
fact takes you back to the main menu. This shoelchbde clearer because quit indicates
that a user will be quitting the whole system.

* During games users can access a verbal prompeafeind to help remind them of the
word they are supposed to be spelling. Howeversfigaker icon used to access this is
not clearly pointed out.

Input/Output

* On the login page the user cannot automaticallgretiteir details, they first have to
click in the text box. In addition to this they cem log in by pressing return when the
details have been entered. They must click on tittb.

* When printing a certificate from the Success Traglege users must enter their name
and class. However, if they press return to submst(which doesn’t work) it deletes the
text in the field that is currently selected. Tigsa clear bug rather than a usability
problem. However it should be possible to pressrneto submit the details rather than
just working with the button.
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User Control

During the game the graphics and instructions @y slow rate with no way of
speeding them up or skipping them.

To control the game the users is required to usekdlyboard arrow keys to move the
shooter around and then space bar to shoot. Ergoaltyrthis is a problem as you could
not play with one hand very effectively. Users caise the mouse as an alternative
control which is good but this has not been hiditkgl by the game and subsequently is
not obvious.

When scrolling through the basket ball hoops thephgelector does not wrap around —
so when you get to the left hand side of the pagieeés not wrap to the right. Instead
you must scroll back across the page.

A plus point is that once a user has correctly shimll into the basket they cannot shoot
at this again and an explanation of this is disgdayrhis helps with error avoidance.
Users are unable to pause or save progress irathe.d his is crucial as the game has a
time limit.

Users can access the verbal hint functionalityranymber of times during the game with
no effect on their score. This could cause problefitts people cheating.

When the certificate on the Success Tracker paigéspt lets the user choose a printer
and print without any verification. This should leaa security measure for a teacher to
confirm the printing.

On the main games page a section intended foettehérs is accessible to the pupils.

Presentation

When logging into the system the login button is e¢lear. This is because the colour of
the button (green) is too similar to the backgroaotbur (green grass) so the figure
ground contrast is not enough. Instead of notidhng login button the users’ eye is
drawn to the activities button in the centre of tege which is coloured yellow.
However this takes you to a free timed trial of sgstem.

The ‘back’ navigation button is coloured blue amddcated at the top left of the page
(although sometimes is actually located in a diffeéplace). When the background has a
blue sky the contrast is not enough and the bustsnbsequently not highly visible.
During the games a number of unnecessary graptecerathe screen such as benches
and an extra player. These could cause distradtiotie user.

On the games pages there are too many things opate that are moving. This can
distract the users from the game content.

Within games the timer continues to count down myranimations and also if help
functionality is accessed.

Within games the timer is not very obvious andeéhiemo warning when time is running
out.

The scoring system during the games is not veryexplained.

Within the game screen the question number ancesaaas are seemingly randomly
placed and are not aligned properly. This looksidynend also looks as though
something is missing from the screen.

The animation is very slow during the game inclgdihe shooting animation. This
could lead to the users forgetting what they aiiagio

During the game the character is at the centrén@fstreen. This is a good aspect of
presentation.

The confirmation screen graphics for the quit agaira buttons are the same. This could
cause confusion for users.
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Help and Documentation

* On selecting a game from the games page you aea takan introductory page. Here
you can choose to play the game or to view ingtyast It was suggested that perhaps
the rules should be displayed automatically befogame (with a button to skip them).
This would avoid them being accidentally ignored.

* Once in the game there is no way of seeing the gasteictions again.

Nessy

The games used during this evaluation were ‘Soeiish’ ‘Whack-a-rat’ and ‘Doggy Din
Dins’. These games can be viewed on the Bristol ldbys Centre Website. Brief
explanations and screen shots of these games cafoumel in section 2.3 of the
Requirements Appendix.

Navigation
* When viewing instructions for the games the workl ie used to indicate the ‘continue’
functionality. This meaning may be confusing torase

Input/Output

* When entering spellings into the games the typiogsdchot occur automatically. Instead
users are required to click in a text box. This banvery frustrating in a game with
constant input requirements.

« Atthe end of each game, good feedback is provid¢de users.

Presentation

» During the games the incorrect words are placetieateft hand side of the screen but
this is not obvious to users as it isn't mentioirethe instructions.

* In the game instructions there is too much text.

* The background to the game instructions has graphi¢ which makes the difficult to
read the words accurately. This is especially aatedor dyslexic users.

* The fonts used within the games are quite obsauilecan impede reading. This is again
relevant to dyslexic users.

User Control

* A user must read through several pages of instmstbefore playing the game. It
should be possible to play the game without vievalh@f these.

* In the games the controls are difficult to use.ibgithe Whack-a-rat game the hammer
did not always work and during the Squish’em gaheeflies were moving to fast to be
able to click on them.

3.4 Requirements Specification

Requirements are traditionally divided into funoéb and non-functional requirements. The
functional requirements detail what the system khodo and the non-functional
requirements state what constraints are on thersyahd development.

When designing an interactive system these willbeosufficient as they are too broad. So
instead the requirements will be further broken domto the following groups as detailed
by Preece et al. (2002):

* Functional — what the product should do.
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Non-functional — the constraints on the systemitndevelopment.

Data requirements — the data types, accuracy dnd wvhthe required data in the
system.

Environmental requirements — the circumstanceshicinthe product will be expected
to operate.

User requirements — the characteristics of thenddd users.

Usability requirements — the usability goals of gneduct.

What follows is a listing of the requirements gaéie during the requirements analysis
process. A description of each requirement is distas well as the source(s) of the
requirement and a rationale for it.

3.4.1 Functional Requirements

1.

Description: The tutor should, if applicable, provide approf@iscaffolding for learning
when covering new material and activities.

Source: Literature review section 2.2.1.

Rationale: Scaffolding provides structured learning. It candzhieved through giving
information, prompts and reminders to the learaexsthen reducing these as the learner
becomes more proficient.

Description: The tutor must provide tasks of an appropriatelléw the various abilities
of the users.

Source: Literature review section 2.2.1

Rationale: In order to develop, a pupil needs to be providét tasks of an appropriate
level that will stretch them with a challenge bat frustrate them by being too difficult.

Description: The tutor should provide teaching in phonics.
Source: Literature review section 2.3.2.
Rationale: Phonics is seen as the key to developing readimgamy experts.

Description: The tutor should support a synthetic phonics aggrdo teaching literacy.
Source: Literature review section 2.5.2.

Rationale: The government’s new literacy strategy recommehds this approach is
taken. To remain current the tutor must provide tfeese future changesl.B This
requirement will not be enforced due to resultsrfrfurther requirements analysis. See
section 3.2.1.

Description: The tutor should provide opportunities for oventeéag whilst ensuring
variety occurs during this.

Source: Literature review section 2.4.4.

Rationale: For a process to become automatic usually takegeloin Dyslexic children
(Fawcett, 2003) but this may become frustratingeré&fore repeated activities should be
made interesting for the pupils.

Description: Word lists in the game should be adaptable byeaehers.

Source: Requirements analysis section 3.2.1.

Rationale: During interviews the SEN teachers discussed thesire to be able to use
the game to support the main activity in the ledspincluding words in the game that
have been used within this session.

Description: Teachers must be able to take an active roletiimgeaup the tool.
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10.

11.

12.

13.

14.

Source: Literature review section 2.6.2.

Rationale: A study conducted by Underwood (2000) indicatedt ttutors are more
likely to be successful where teachers make intgimes into the learning environment
of a tutor.

Description: The tutor should provide for learning over a pngled period rather than
intensive short term learning.

Source: Literature review section 2.7.1

Rationale: Dix et al (2004) state that learning is more dffecover a long period of
time. (This is not to say that the sessions willdrey — just the time period that they are
spread over). Ebbinghaus (cited in Dix et al 2084p states that the amount learned is
directly proportional to the time spent doing tléarning.

Description: The system must be quick to set up or able toskd effectively without

any teacher intervention.

Source: Requirements analysis section 3.2.1 and 3.2.2.

Rationale: When interviewing teachers it was stated thasifstem must be quick to set
up for unplanned use of the game. In addition i®, thbservations of classroom sessions
showed that systems are often used by pupils aetiteof the lesson if they have
finished their work. In these circumstances itssemtial that the game can be ready to
play immediately.

Description: Any levels within the system must be lockablels pupils cannot change

them.

Source: Requirements analysis section 3.2.1 and 3.3.1.

Rationale: The SEN teachers pointed out that pupils may abhdhg level of games to

an easier level and said that this should not lsiple as users will not be sufficiently
challenged. This was also observed during evalusid the existing software as many
pupils choose to use the easy level of the ganegswiiere playing.

Description: The system should cover learning content as steg)éy the SEN

teachers in section 3.3.1.

Source: Requirements analysis section 3.2.1.

Rationale: These areas of learning content are familiar @ plipils and are also
recommended by there teachers. It is preferabletligalearning content of the game
matches current teaching practices and is fandidéine users.

Description: The system should provide pupils with repeatedsupe to the words
within the system

Source: Requirements analysis section 3.2.2.

Rationale: Both the techniques used in these sessions weesl len the idea of repeated
exposure to words until the words have been platedong term memory.

Description: Any reward scheme implemented should be as urlg@ppealing as
possible.

Source: Requirements analysis section 3.2.3.

Rationale: When asked about the reward schemes in curremtegef the opinions of the
pupils were mixed. To make the game as motivatlgassible it is necessary to make
the reward scheme appeal to as many users aslpossib

Description: The game should allow for users to add their stmeecentral scoreboard

if they wish to.
Source: Requirements analysis section 3.3.1.
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15.

16.

17.

18.

Rationale: A number of users requested this functionality. ideer, this should be
optional so that users cannot be embarrassed l®r athss members knowing their
score.

Description: Users should be able to keep their scores beta&ssions on the game.
Source: Requirements analysis section 3.2.3.

Rationale: Users requested this functionality as it is notaslsvavailable in currently
used software packages. Currently, when the sddtvgainstalled independently on each
machine a user will need a separate account oncddbbse.

Description: If a timer is used during a game (or time is beimgasured in any way)
then the counter should pause during help activiied unnecessary animations.
Source: Requirements analysis section 3.3.2.

Rationale: It will be frustrating to users if they the cloclounting down during an
animation or whilst they are accessing help.

Description: The system should provide as much feedback afbposs the users.
Source: Requirements analysis section 3.2.2 and 3.2.3.

Rationale: The TOE-BY-TOE session observation highlighted fhgportance of
feedback to the pupils. This was then reinforcedhgypupils during interviews as they
said that feedback in the current games was usethem.

Description: Appropriate feedback should be provided to the wéen a learning
activity is completed.

Source: Requirements analysis section 3.3.2.

Rationale: If a user has made mistakes throughout the gamedirections to these
should be made clear to the user so that theyezan from their mistakes.

3.4.2 Non-Functional Requirements

19.

20.

21.

Description: The tool should be designed to be used ‘little afteh’ rather than in long
sessions.

Source: Literature review section 2.6.2 & Requirements lxsia section 3.2.1.

Rationale: A study conducted by Underwood (2000) found thapils gained more
benefit from a tool when used in short sessions5e20 minutes 3 times a week than in
longer sessions. This requirement was also backelyuteachers requesting that the
system could be used as short starter or plenéiggtaaevithin a lesson.

Description: The game speed must not be affected by slow sanddjraphics
sequences.

Source: Requirements analysis section 3.3.1.

Rationale: Users often become frustrated from the currentvsoé when slow sound
and graphics slow down the game.

Description: Any teacher controls provided in the system mesinlccessible to the
pupils.

Source: Requirements analysis section 3.3.2.

Rationale: In Education City pupils can access teacher doctatien that may be
confusing for them. In addition to this teacheomnfiation could be confidential.
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3.4.3 Environmental Requirements

22.

23.

Description: If only one control is available in a game (wh#rere is no control
redundancy — see requirement 44) the primary methodntrol should be with the
keyboard.

Source: Requirements analysis section 3.3.1.

Rationale: In school classrooms, due to the high levels ofmaer usage, the mice are
often not working correctly through wear and té&gyboards appear to be more reliable
in this situation. Subsequently to avoid user faigin, the keyboard should be used for
control during games where possible.

Description: If a printing option is given to users there miosta teacher
control/confirmation on this.

Source: Requirements analysis section 3.3.2.

Rationale: A users could accidentally print the work to theoiag printer or print out an
unnecessary number of copied. To avoid this thehezashould have ultimate control on
the printing.

3.4.4 User Requirements

24,

25.

26.

27.

28.

Description: The program must cater for range of abilities apérational stages.
Source: Literature review section 2.2.

Rationale: The children in SEN classes are likely to be betwihe concrete operational
and formal operational stages of cognitive develepmThis will mean differing levels
of cognitive ability and also differing perspectven the world.

Description: System must avoid patronising the users or matkiam feel behind in

their level of literacy.

Source: Literature review section 2.2 and Requirements$yarsasection 3.3.1.

Rationale: Adolescent egocentricism can lead to a teenagewntieag very aware of
themselves and can thus cause perceived imperisdtidead to anguish. These findings
were backed up by the pupils when asked to comoreekisting systems.

Description: The tutor must take into account the many diffies| faced by dyslexic
pupils.

Source: Literature review section 2.4.2.

Rationale: There are many difficulties (other than readingl avriting) that dyslexic
children face such as difficulty remembering infation and poor concentration. These
may affect the way that they learn and also how thieeract with the tutor.

Description: The system should employ HCI redundancy.

Source: Literature review section 2.7.1

Rationale: As many interaction channels as possible shoulthfigeted with dyslexic
users in order to enable as many routes as podsilllarning and also to cater for
differing learning preferences.

Description: The system must where possible meet the requitsnoéthe Dyslexia
Style Guide presented in section 2.7.2 of the aftme Review.

Source: Literature review section 2.7.2.

Rationale: This Style Guide combines suggestions from both British Dyslexia
Association and www.dyslexic.com on how to bestspr¢ information for dyslexic
users.
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29. Description: The game should allow for users who learn by rgadistructions as well
as those who learn through trial and error.
Source: Requirements analysis section 3.3.1.
Rationale: When observing users using the current systemast possible to see that
some users needed instructions before playing agsiifst others were happy to learn
by trial and error (especially where their readivags not strong).

30. Description: The system should look appealing and eye catching.
Source: Requirements analysis section 3.3.1..
Rationale: Comments made by the pupils during interviews araduations were often
related to the look of the game. The games th&lddetter were often preferred by the

pupils.
3.4.5 Usability Requirements

31. Description: The system should not overload the pupils witbrimiation.
Source: Literature review sections 2.4.2 and 2.7.1.
Rationale: Dyslexic children may have memory problems and @tombined with
Schneidermans"8Golden Rule indicates that the display shouldéget kimple and large
amounts of information should not be presentedeto

32. Description: Information must be presented in a meaningfulicstired and familiar
way.
Source: Literature review section 2.7.1.
Rationale: Information that is presented in such a way isenikely to be remembered
as it can be related more clearly to the semamticcategorised structure of long term
memory (Dix et al., 2004).

33. Description: The system must allow users to have control dgeappearance.
Source: Literature review section 2.7.1 and section 2.7.2.
Rationale: Dyslexic users often like to be able to choosectiieur of the background of
a system they are using. This is backed up by treteRia style guide as proposed by the
British Dyslexia Association and www.dyslexic .com.

34. Description: The navigation of the system should be as sinpleoasible.
Source: Literature review section 2.7.1.
Rationale: Due to the memory problems that often affect dgslaesers, complex menu
sequences can prove difficult to remember. Subselyuenenu options should be as
visible as possible.

35. Description: Tooltips or clear labelling should be made avaddain all navigation
buttons. Both options would be preferable.
Source: Literature review section 2.5.7 and Requiremengyais section 3.3.2.
Rationale: Icons can often cause confusion of they are ribegplanatory. They should
subsequently always be accompanied by some forexmgifination to avoid confusion
for users.

36. Description: All buttons should be clearly visible, and positad appropriately.
Source: Requirements analysis section 3.3.2.
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37.

38.

39.

40.

41.

42.

43.

Rationale: Buttons in EducationCity were often not eye caighénough to be noticed
and placed in obscure positions on the screen.nibans that users may not notice them
quickly enough.

Description: Any non-central functionality such as settingsam should be made as
clear to possible to users.

Source: Requirements analysis section 3.3.1.

Rationale: When using current software users were not awangos§ibilities such as
being able to change the appearance settings ofatines. As this is useful functionality
to dyslexic users, this should not be hidden awayénu systems.

Description: The speech output within the game should be clear.

Source: Requirements analysis section 3.3.1.

Rationale: When using the existing software packages probleer® encountered by
users when they could not here the speech outpaitiy!

Description: Any game controls should represent real worldrmdéias accurately as
possible.

Source: Requirements analysis section 3.3.1.

Rationale: When using the existing software packages problesr® encountered by
the users when asked to input data user an onskegboard that did not have the same
layout as a typical ‘QWERTY’ keyboard. Controls it the game should therefore
represent real life where possible to avoid comigishe users.

Description: It should be possible to click and skip throughvations in the game.
Source: Requirements analysis section 3.3.2.

Rationale: In order to provide user control it is importaratlexperienced users can skip
through graphics and explanations that may becapetitive after prolonged use. This
will help to avoid frustration.

Description: Where games require constant attention or wheviegi occurs, games
should be able to be paused.

Source: Requirements analysis section 3.3.2.

Rationale: If a user is using a game they may get distracteddssroom activities. As
they will not wish to loose their place in the gainis important that they can pause the
game for when they come back to it.

Description: Instructions for a game should be presented pridrioading, however it
must be possible to skip through these.

Source: Requirements analysis section 3.3.2.

Rationale: If instructions are not clearly displayed prioraagame they may be missed.
However, if they are very long and require sevpegjes of text or sound clips this may
become frustrating to experienced users. Subsdgubkate should be a way of skipping
these.

Description: Control redundancy in data entry should be impleex if applicable. For
example you should be able to press return to wordetails in a text box as well as
pressing an on screen button. The cursor shoubdaaiomatically default to a text box
when the screen is loaded.

Source: Requirements analysis section 3.3.2.

Rationale: This redundancy is common in websites and applinatiso in order to
provide consistency the game should also proviide th
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44,

45,

46.

47.

48.

49.

50.

51.

Description: It must be possible to control a game with onedreamd control
redundancy such as both keyboard and mouse cshtald be possible (see
requirement 22).

Source: Requirements analysis section 3.3.2.

Rationale: If a user is only able to use one hand (i.e. iffthave broken their arm) then
keyboard control using multiple keys that are fpara could be difficult. Additionally
players may prefer to use the mouse to controhaegéthis is more familiar to them.

Description: Where applicable it should be made difficult tokedasic errors in the
game.

Source: Requirements analysis section 3.3.2.

Rationale: To allow for appropriate error prevention usersuticbe stopped from
making simple mistakes. For example in Educatioty Cisers were stopped from
throwing a ball into a hoop that had already béléadf

Description: Confirmation screens should be used when criba#tbns such as ‘quit’
are pressed.

Source: Requirements analysis section 3.3.2.

Rationale: To avoid users making errors such as quitting ylséesn when they intended
another action then they should be asked to cortfieir actions. This will enable them
to recover from the erroneous action.

Description: Unnecessary graphics that are not used directhim@ game should be
avoided as they can distract and confuse users.

Source: Requirements analysis section 3.3.2.

Rationale: If a graphic appears on a game screen a user niayebéhat this is part of
the game and become confused if they cannot iritevidle it. Excessive graphics can
also be distracting.

Description: All game information such as scores, timers shbel@ppropriately
grouped and labelled.

Source: Requirements analysis section 3.3.2.

Rationale: If these elements are not grouped together andbelled their meaning may
be ambiguous to the user.

Description: When indicating right and wrong answers/actioogurs must not be the
sole indication.

Source: Requirements analysis section 3.3.2.

Rationale: If a user is colour blind they may not be able istidguish between these
colours so would not be able to interpret the tssul

Description: If an activity has a time limit users should bedmaware when the time is
nearly running out.

Source: Requirements analysis section 3.3.2.

Rationale: To enable good visibility of system status usexughbe warned when time
is running out so that they are not taken by ssepithen the time limit is over.

Description: All text in the game must be on a plain backgrosadhat users can read it
clearly.

Source: Requirements analysis section 3.3.2.

Rationale: This is particularly important for users with reaglidifficulties. If text has a

graphic behind it, it may obscure the letter or dvehapes making it more difficult to
read.

-47-



3.5 Conclusion

The requirements gathering process has been antanpprocess as it has enabled a varied
range of requirements to be established that tatkesiccount the needs and wants of a range
of stakeholders.

The requirements specification in section 3.4 mtesia full listing of these requirements,
which should all be addressed when implementing Sy&em fully. However, as this
implementation is to be to a high fidelity protogyfevel only, the requirements may not all
be addressable at this stage. In addition to sbisitions need to be provided where conflicts
exist between these (which is highly likely). Théssues will all be addressed during the
design of the high fidelity prototype in the negtson.
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4 Design

4.1 Introduction

Whilst the requirements analysis and specificatiame provided the problem space for the
project it is now necessary to provide solutionghese by moving onto the design of the
system. The aim of this stage is to review the ireqents and endeavour to provide design
solutions to satisfy these, resolving any conflibet may arise between these.

However, to take this approach alone is not satisfg when designing a system. Following
guidelines and requirements from a single designeerspective could lead to key issues
being overlooked, and it is not sufficient to bedethat interviewing users in the

requirements process will uncover all the requireim®f the system and constraints on its
use.

Subsequently it is necessary to take a user ceappibach to the design process. This can
be done in the form of an iterative process of @a@bns with potential users to assess how
usable they find the system, whether it meets tegids and how enjoyable they find it.

During this project the evaluations will be donéngslow fidelity prototyping techniques
which will be used to represent early design idésese formative evaluations will then be
used to feed back findings into the iterative deggpcess.

These formative techniques will begin with inforngliick and dirty’ evaluations where the
emphasis is on gaining fast input from the usermsnsure that the initial design ideas are in
line with their needs and that any early usabiltyues can be addressed (Preece et al,
2002).

The designs will then be refined and more in-deptaluations will be undertaken to gain
specific feedback and insight from the users torinf more detailed design and usability
issues. At the end of this process a final higlelfig prototype will be produced and an in
depth summative evaluation will be carried out glarith more formal testing.

4.2 Early Design Decisions

Prior to beginning an in depth design of the priogeene key high level design issues need to
be addressed. These are as follows:

4.2.1 Prototype

The final high fidelity prototype will be a fullyuhctioning system. All learning elements
will be implemented so that this functionality che accessed during testing. The only
limitation on this will be that the learning contesill be restricted to that which is needed
during the week of testing that will take placeisTimay mean a restricted set of levels or
word lists.

In addition to this section 4.2.2 provides discossion a further limitation of the prototype.
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4.2.2 Teacher Section

A further key decision taken at this stage of thesigh process was that, in order to
concentrate on the design and implementation opthmls interface and learning content, a
teachers section of the interface would not be @mginted during the course of this project.

The reasoning behind this decision is that the daafithe project is on designing a system to
be used and tested by the pupils. It is necessatgirty out a final summative learning and

usability evaluation on this section with the papilefore adding a teachers section to a
programme that might not be of benefit to the nsi@keholders — the children.

However, if this evaluation is successful then itl Wwe appropriate to follow a further
iterative design process to design a teachersoseegain working in close partnership with
the SEN teachers

4.2.3 Learning Techniques

A key aim of the system is that it should capturd hold the users’ attention and be fun to
use. For this reason an early design decision haisthe learning interactions would be
implemented in the form of games.

Within the literature review the area of tutors vdiscussed, with the conclusion being that
the system would be likely to involve the use ofirdl and practice system due to the
opportunities it provides for overlearning. Howeuhis is unlikely to provide high levels of
motivation to the user (which is of high importanegh Dyslexic users) and may cause
attention to drift from the game. Subsequently megapplication was chosen as it provides
a way of bringing interest and motivation to leamiln addition to this overlearning can
also be provided within this environment by allowirepeated exposure to words within a
stimulating environment.

This idea also originates from the requirementsyaismawhere a pupil suggested the use of
games such as Pac Man as a reward game. The rgasawderpinning this was that they are
different every time you play them and do not getirig. As a result of this the idea of
games was pursued not as an idea for a reward edetnas the learning interaction itself.

The games within the system will subsequently mgied in the format of an arcade game.
A format that requires constant attention by ther asmd that can be played in short sessions.
The aim of this is to provide the users with anvitgtthat they do not ‘drift away’ from in
times of low activity in the game. It will also pside a visually stimulating environment.

4.3 System Architecture

By looking at the requirements for the system it ba seen that there will be five sections of

key functionality within the system that will netmbe addressed. To gain an understanding
of how these areas will link together and to prdcesth the design of the system an early

plan of the system architecture was sketched. dtuisitecture represents the screens within
the game as well as the flow of navigation betwisese pages. This can be seen in figure
4.1.
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Figure 4.1 High-level System Architecture

The five key areas of the system are as follows:

Introduction and Login — Where new users can gain an introduction tcsjts¢em and set
up their account and returning users can log in.

Main Page— Where users access the games. This is where wiebe taken to when they
first log into the system and after each game leas lcompleted.

Learning Interactions — These will be split into 3 subsections (Seerfigli2):
e Game Introduction — Where the users can view instructions for theegar skip
through these to begin the game.
e Game- The game itself.
* Feedback — Where users can view their final score and ctioes to any mistakes
they made.

Settings Page- Where users can alter the way that the texicahalirs of the system look to
suit their reading needs.

Progress Page- Where users can view their progress in the gamesh as their highest
score.

Back to
Main

Game

Feedback
Content

Instructions

Y

Y

Figure 4.2 Learning Interaction Structure
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4.4 Detailed Design

Once the high level design decisions had been ntadas possible to move onto the
detailed design of the system. What follows is &eradew of the main areas of design
considered during the creation of the first lowefity prototype, focussing particularly on
problems encountered with requirements conflictsl @ameas requiring more complex
considerations.

4.4.1 Game Design

Once the idea of games for the learning aspech®fgame had been developed it was
necessary to try and link learning content intcséh@&leas. Initial ideas included Pac Man
style word searches where the player has to ‘batcbrrect words, and Tetris style games
where users need to drop letters in groups that feords. However, when the specifics of
the game implementations were considered it wasodésed that these could potentially
become very difficult to implement due to the lamymount of processing required at the
backend of the system. As a result of this, margade games on the internet were
investigated to see which familiar game styles @dave words incorporated into them.

This led to the idea of a space invaders style gaitie syllables. The idea of the game is
that a word will drop down from the top of the smmeand the user will need to shoot at the
block as many times as the word has syllables. iBdtif the word ‘interesting’ was to fall
from the screen it would need to be hit four tirhefore it disappeared.

The use of syllables within the game was chosenatsonly is this area a concept that can
easily be applied to a game environment, it is aBamon problem encountered by dyslexic
children when learning to read (Griffiths, 2002)isl a skill that can be beneficial to pupils

when attempting to spell words, as they are ablgiviale it into syllables and attempt the

spelling based on these sounds.

A simplified version of this game was subsequedtyeloped for the purposes of the first
prototype that involved just one word falling. Aasge ship was designed to act as the user in
the game and basic ActionScript coding was usexiice the space ship shoot lasers.

interesting

Figure 4.2 Syllable Invaders Screen Shot
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This game was named Syllable Invaders and can &e ise more detail in the Design
Appendix.

4.4.2 Dyslexia Style Guidelines

One of the key design issues faced during the dedfighe system was the adherence to the
Dyslexia Style Guide proposed in lit review sectbid.2. Requirement 28 states that these
guidelines must be followed where possible. Subsetlyiat each stage of the game design
it was necessary to refer to these guidelines sarencompliance to these.

The guidelines are a series of suggestions for mgaki computer based tool easier for
Dyslexic users to access. The following issues wabsequently considered in the design of
the user interface.

Font

Dyslexia friendly fonts tend to reflect ordinaryrsive writing. However, as dyslexic
individuals tend to be different in their font peeénces it was decided that it needs to be
possible for users to be able to alter the fonedus key textual sections of the game
(excluding titles).

The sections identified as key are sections oftteat give explanations to the users and any
text boxes used within the games as part of theegaay.

For these sections it was decided that users sheudiven control over the font, font colour
and background colour. A large size of text (si2eof 15) will be used within the game at
all times so it was felt that it would not be nexay to change the font size as this could
cause difficulties with the presentation of thet t&x large fonts may leave some text missing
from the pages.

In order to make the implementation of the settisgapler during the implementation
phase, where possible, text has been placed iadid&. This will enable coding of this area
to be simpler and also will least affect the ovel@k of the game when the settings have
been changed.

Navigation

Another key area when designing the system waguiegi a shallow navigation system that
will be easy for users with Dyslexia to use. A riajtered model (such as the sub menus in
a Windows application) can cause problems for us&tts memory problems (a common
problem for dyslexic individuals) so a simple sballsystem is required. To enable this it
was deemed necessary to place as many key navidatitons onto each page. This would
be achieved by using a consistent toolbar, whictife purposes of the prototype looked as
follows:

Syllable Invaders sermee [ o

Figure 4.3 - Top Navigation Bar

Figure 4.4 - Bottom Navigation Bar
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Further Considerations

As well as conforming to the Dyslexia Style GuiBgquirement 26 states that the tutor must
also take into account the many difficulties fadeg Dyslexic pupils. Many of these
difficulties were listed in the literature reviewithin section 2.4.2 and were therefore
consulted throughout the design process. One miffioutty highlighted by Goodwin and
Thomson (2004) is difficulties with rememberingdmhation.

Early design decisions indicate the need for a legein to the system in order for users to
store their scores from the game as well as sawie display settings. This could cause
problems for Dyslexic users if they are requireddmember a password. Subsequently at
this stage (although implementation of this funmaiity will not be included in the low
fidelity prototype) it was decided that to assisers in remembering their password a
reminder functionality will be provided. When segfiup an account users will be asked to
add a password reminder. This will then be avadlablthem at login (if they have forgotten
their password) to provide them with a memory promp

Another of the difficulties listed is a problem tviphysical coordination. This could cause
problems within a game environment if difficult ¢osis are required. Therefore when
implementing the games, the controls will be kepatminimum and made as simple as
possible.

4.5 Low-Fidelity Prototype 1

For the purposes of the first low fidelity protogyjt was decided that rather than the typical
use of a paper based version, the prototype woaldriplemented on the computer. The
reasoning for this is that, as the pupils involvaedy have attention issues related to their
special needs, it would be a more effective seséittre system could be represented on the
computer. This would provide a more eye catchirayu$ofor the sessions and would enable
the pupils to more clearly visualise the game. Aditon to this it would also provide a
higher level of motivation for the pupils enabliag optimal environment in which to gain
feedback.

It was also important at this stage to check thattext and backgrounds used in the design
were clear to the users. As a computer can affeet display of text and colours
considerably, the use of a computer based prototypant that the display could be
evaluated more effectively in its final environment

Whilst the prototype was created on the computevas designed to be a slide show of the
game and its screens. This meant that each sceskto bbe mocked up on the computer but
that the functionality was not yet in place. Howetke navigation was implemented to give
a clearer idea of how the end system would fit tiogge In addition to this a short clip of a
game in action was implemented (See section 4aslihe nature of the game required
movement to be perceived by the users.

A series of screenshots from the initial prototyg@ be found in the Design Appendix
section 3.1.
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4.5.1 Iterative Prototype Design Session

These sessions were undertaken using a ‘quick aityd eivaluation approach as described
in section 4.1. The aim of these iterative desigd avaluation sessions was to gain initial
feedback on the system, such as the pupils’ gereaation and enthusiasm for it.

In addition to this overall aim the sessions wese designed to gain more specific feedback
on design problem areas. These areas were as $ollow

- The display of text on the screen and how easyddlffthe users find this to read.

- The motivation in the game. Whether a reward schemdd be desired by the users or
if the games themselves will provide sufficient imation.

- Whether the effort to restrict the game theme laseeded in making the game appeal
to an older and larger audience?

- Whether the look of the game is interesting endogtapture the users’ attention.

- To establish which settings the user would likdnawe control of in the game (i.e. text
colour).

The sessions themselves took the form of semitsiert interviews. The aim of these was
to introduce the users to the system by giving tleetaur through it. Questions were then
asked during the session to gain their feedbac&s@ lquestions were based around the areas
listed above but deviations were made where apjatepiThis allowed extra information to

be gathered that had not been anticipated.

The sessions were held with a variety of pupils esmde carried out either in one-to-one
sessions or with a pair of pupils and lasted ardurdLO minutes per session. In addition to
this, a separate session was held with both a punpil SENCO together. The aim of this
session was to gain additional qualitative dataaed to give the SENCO the opportunity
to provide feedback related to the system.

Session Findings

« All pupils said that they could read the text oe #treens clearly, although in places
some small text appeared less clearly as the scesetution differed to that which the
game was designed for. The school computers hessotution of 800 x 600.

Proposed Solution -The game will be re-implemented onto a screen@i890 x 600.
This size is compatible with higher resolutions Wilt mean that no text appears small
and distorted on the school computer resolutions.

» Although the background caused the text to be teaead it was commented by some
pupils that it was a bit plain and pale. In additio this some pupils commented that
there were not enough pictures in the game.

Proposed Solution -Although Dyslexia guidelines state that no disiragbackgrounds
and graphics should be used other elements of dhee gsuch as buttons and borders
could be re-designed to be more eye catching. Syreghhics will also be considered for
pages where it will not inhibit the readabilitytbe text.

* In the demonstration version of Syllable Invadesme users found that the text block
moved too quickly to respond in time (as you cawdlfire quickly enough).
Proposed Solution -Users will be given control over the speed of kéjeots in the
game.
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* When asked whether they would still like a rewactesne in the system some pupils
said that they were happy as it was, but othergesigd that to have one would be a
benefit.

Proposed Solution— A reward scheme will be implemented into the geaseit is
necessary to provide this form of motivation foretss who may not otherwise be
motivated to play the game.

* During the more in-depth session with the pupil &NCO the theme of the game was
discussed in detail. It was suggested by the ghptlthe space theme could be seen by
some as immature (although the intention of the gavas to have no theme it had
become slightly space based).

Proposed Solution -The theme for the game will need to be reconsidered

* In relation to the space theme, ideas for a passilard scheme were discussed. An
idea suggested jointly between the pupil and SEN@® to be able to create an alien at
the end of the game. You would then be able to dlwhe aliens that had been created.
The pupil stated that this would be good as it ines creativity.

Proposed Solution— A reward scheme should be implemented that imgsome form
of creativity.

* In general, whilst the pupils’ response to the gamas polite it was perceived that
enthusiasm levels were not high for the game topic.

4.6 Re-Design

As a result of the prototype evaluation sessiongait decided that as there seemed to be
both a need for a clearer theme in the games ané sarm of reward scheme the basis for
the game should be re-considered.

Whilst the initial aim had been to refrain from igig the game a theme, in order to make its
appeal more universal, this had appeared to rertteveisers’ enthusiasm for the game. It
was subsequently necessary to re-evaluate thisidecand incorporate a theme into the
game.

Discussions with SEN teachers after the sessiagidigihted the fact that many SEN pupils
are enthusiastic about cars. This is also suppdryeihitial requirements analysis where a
number of pupils mentioned that they enjoyed plgyéar and racing games in their spare
time. However, a problem with this theme is thatatild be interpreted as a ‘boyish’ theme.
However, there are a three times as many boys ghilnwho receive additional teaching
due to their Dyslexia (www.dyslexia-inst.org.uk)daib was also noted by the SEN teachers
that the girls in the lessons also share thiséstan cars.

The result of these discussions was that the gaouddvbe redesigned with a car theme. The
idea for this was that the reward scheme couldlzsimcorporated into the theme.

The basic game premise for the system will nowskows:

At the beginning of the game users will select mtocaepresent them during the game. The
learning sessions will then revolve around thetbame by incorporating words into racing
games or themes such as bumper cars. After a garser avill be rewarded by being able to
modify their car by adding car parts and changiisgcolour.
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The system architecture and navigation for the ganitieremain as it was for the initial
prototype apart from where game re-designs redhise

The following sections discuss in further detad thajor areas of re-design required for the
production of a second low-fidelity prototype.

4.6.1 Reward Scheme Design

As mentioned during the initial re-design discussithe reward scheme will involve users
modifying their car. These modifications will thée preserved throughout the rest of the
game.

A selection of car components were subsequentligded within the game, including an
exhaust pipe, hubcaps and various car transfehigaft was decided that these should be
added to the car using a drag and drop, directpuéation interaction style. This decision
was made as it is a natural action to take intffie of environment, and is commonly found
in games involving modifications of an object oe thternet.

In order to make the screen layout simple, all talté and colour options were placed on a
single screen with the car appearing at the bottdsers are then able to drag and drop the
car additions onto the car as they wish. In addito this, colour buttons can be used to
change the colour of the car and its additions.

The Pitstop Garage
Paintwork Parts Transfers
Car colour: -:D:- Hub caps: @ @ Flower colour:
Window colour:.:.:D:. -:D:.
ExhausTs:ﬁ-
Flame colour:

Splash colour:

AN I .

%-]j]

Continue

Figure 4.5 Reward Scheme Screen

For the purposes of this low fidelity prototype thdditions made to the car will not be
preserved throughout the game, although the caour®lwill. This is because the
implementation of such functionality would be compland therefore will not be
implemented until the high fidelity prototype issated. This enabled the focus to be placed
on further design of the games and system interface
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4.6.2 Bumper Syllables

This game will be similar in nature to Syllable &uers as the game will continue to be
based around the concept of syllables. Howeves, cbhncept needs to be transferred to a
format that will work with a car based game.

To develop the idea of the game to fit the car #einwas decided that the concept of
bumper cars (or dodgems) could be used. The attmeafjame will be for the user to control
their car to bump into other cars that containtanaenber of syllables.

Initial ideas for this game included making the gastcreen resemble a bumper cars ride,
with all the cars on the screen at once movingradas if being driven. However, this could
provide users with too much data to process at,omb&ch conflicts with requirement 31
saying that the system should not overload thelpwgth information. Subsequently, it was
decided that the cars should appear on the screeata time, with them moving down the
screen towards the user’s car. This will reduceptioeessing required by the users.

Presentation

To make the game look more appealing for the usleesscreen was designed to represent a
real road, with white lines in the middle, and deufellow lines at the side. Such graphics
are not intrusive enough to be distracting to tlsersi but provide an effective way of
creating the illusion that the road is moving (aesse lines move during the game).

Score:

Lives: O 2 3

Figure 4.6 Bumper Syllables Screen

Whilst the original premise of the game was to heas containing the words, it was later
decided that the words should in fact appear witkimple blocks. This is to avoid
unnecessary graphics around the cars which couttadt the user from the words
themselves.

Scoring

To provide motivation in the game, it was decidednplement a life line. This will be
reduced by a set amount each time a user hitsnttmrect words (or if they fail to hit a
correct word). If the life bar then reaches zer® tisers will not be able to proceed to the
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reward game. The reasoning for this was that witiiaisers may be able to skip through the
game without thinking about the words (i.e. by hitting any blocks, or hitting them all) in
order to proceed to the reward scheme.

In addition to this life line, a score was also edido the game, to provide the motivation for
users to try and beat their own scores (or thassrhates’ scores). The points counter will be
incremented every time a correct word block is hit.

Feedback

In order to provide some form of feedback in thengdt was decided to indicate to users
when they had hit an incorrect word. To do thisrask graphic was created. This will be
displayed every time a user hits an incorrect wéirdlso adds further visual stimulation to
the game.

Figure 4.7. Bumper Syllables Crash Graphic

Game Summary

The final design of the game for the purposes efttototype is as follows:

The user’s car is centred at the bottom of theesceppearing to move along the screen at a
set speed. The score, life bar and syllable nuridsehe game are displayed at the top of the
page. The user is able to move the car from sida®but not up or down.

At regular intervals word blocks appear at the ¢dghe screen (accompanied by a sound
clip) that the user must either hit (if the sylleblmatch the number set for the game), or
avoid (if the syllables do not match).

This word then moves down the screen at a set spaédt hits the bottom. When all blocks
for the game have either been hit or reached th®roof the screen the game is over. If
users have not lost all of their lives they areetato the reward game.

4.7 Low-Fidelity Prototype 2

The aim of this second iterative prototype desigd avaluation session was similar to the
evaluation of the first prototype, as the new dewd the system meant that it was once
again necessary to ascertain the users overaliooginf the new theme and reward scheme.
However, within this session it was deemed necgdearthe users to be able to play the
system themselves rather than being given a guwmled This would enable usability issues
such as confusing navigation and controls to beemdesl. It would also provide an
opportunity to assess the level of the learningerun

These sessions followed the same format as théopesessions with the users working on
their own or in pairs for 5 — 10 minutes.
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Session Findings
Users seemed much more enthusiastic about thesigneel version of the game with pupils
actually asking to have a go at playing the game.

However, the following usability issues were disexed:

When choosing their car, users were not certaio &sw to scroll through the different
cars. This may be because the arrows were not atebuttons as they did not change
appearance when the mouse rolled over them.

Design Solution:The arrows were altered so that when the mousersi@wer them so
that their changing appearance replicates the miragf the rest of the buttons within
the system.

Figure 4.8 Car selection button ‘up’ and ‘over’ aggrances

When playing Bumper Syllables a number of pupilseseustrated by the speed of the

car. The current settings were that the car wasosetove at a default speed and users
could simply move the car left or right. The pupdlsked to be able to make the car
accelerate.

Design Solution: The game was updated so that users could userhartl arrow key

to make the car move faster. However an upper limithe speed was implemented so
that they could not just skip through the game.

During Bumper Syllables some pupils found the cpteef lives in the game confusing.
The SENCO also stated that this could provide csiafuto the users as the concept of a
‘life’ with a car is not a natural connection to kea

Design Solution: As the game requires some way of stopping usersgahrough the
game without thinking (i.e. not hitting any blocla, hitting them all), an alternative
solution to this was necessary. Early ideas indutie use of ‘tyres’ to represent lives as
this has a more natural link with cars. Howevethwiie addition of a leader board in the
game (see section 4.8.2), it was decided thatsalisushould be able to reach the reward
scheme, as the leader board would provide the atadivto do well within the games.
However, to ensure that users do not bump intcaal to get maximum points, it was
decided that a point decrease should occur whemrignt hits are made.

When playing Bumper Syllables, users were not awérde number of syllables that
they should be looking for. This was due to the fhat this number is placed at the very
top corner of the screen and is not clear enoughetaisers.

Design Solution:In order to make the syllable number more cleavas decided that
prior to the game starting, a pop-up should apdetiling this to the users. However, as
users may forget this the number shall continwegpmear at the top of the screen as it did
before.
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Hit blocks containing words with
the following number of syllables:

Figure 4.9. Pop-up for Bumper Syllables Game

4.8 Further Design Decisions

After this evaluation session it was necessaryadtioue the design process, as although
much of the system design was still in place, skeyeareas were yet to be considered.

This section details the final design decisiong thvare made before moving onto the
implementation.

4.8.1 Game 2 — Syllable Grand Prix

In order to provide a greater amount of learningtent for the purposes of testing, it was
decided that it would be necessary to design adugame.

Game Content

When designing the learning content for this gaheeSENCO at the school was consulted
once more. By working together it was decided thakill that would work well in a car
game would be the ability to choose the correctlisgeof high frequency irregular words
when the correct spellings are presented alongsinenon misspellings.

To incorporate this theme into a car related gameas decided that the game would be
based around a race track. Initial ideas incluthedusers being set the task of completing a
number of laps of the track. On this track they lddue presented by a choice of routes, one
of these routes would contain the correct speltiica word whilst the other would be
incorrect.

However, to place a whole race track on the scamehthen ask users to navigate around it
would require complicated controls that could fratg users. Subsequently it was decided
that a single track would move across the screeichwvivould then split into different
branches each containing a possible spelling.
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Score: Time:

0O 0:9

Figure 4.10 Spelling Grand Prix Screenshot

Control

For the car controls it was decided that as wosdirio be considered carefully (to be able
to distinguish between the different spellingsg tisers should be able to stop the car (which
is not possible in Bumper Syllables). This will bleathem to clearly view the words without
the distraction of movement. In addition to thiw ability to reverse must be possible so that
if users have chosen the wrong route they can rbaegwards to rectify this mistake. In
addition to this users will need to be able to mtineecar up and down in order to control the
car through the correct path.

Feedback

In order to provide instant and appropriate feekbadthin the game (as stated by

requirement 17) it was decided that a box shoupgtapon the screen after an incorrect word
has been hit to display the correct spelling. Thik enable users to see that they have
chosen the incorrect spelling, and will allow thesrview what the correct spelling should

be.

Game Summary

The final design of the game was as follows:

The user starts the game with a stationary cay, ¢ha then move the car along the screen
(from left to right) until they encounter a brariolthe road. They must then choose the route
to follow that they believe contains the correcelbpg. When all words have been
completed, the game ends.

4.8.2 Leader Board

During both the requirements analysis and protosysuations the pupils have explicitly
requested for a leader board or score board taltbedato the system (see Requirement 14).
Due to prioritisation issues, this requirement wasaddressed during the early designs as it
was more important to focus on the game designsabdequent re-design. However, such
functionality appears important to the users ankl provide motivation to succeed in the
games, therefore it was deemed necessary to inttiiglunctionality in the final prototype.
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One key consideration when designing the leaderdsoaas that although pupils are likely
to want to add their score to the leader boartdf/tdo well, this may not be the case if the
pupil is shy or does not enjoy this competitiveunat Therefore, it was decided that the
addition of a users score to the scoreboard shmubzh optional choice.

It was also decided that to provide additional nadton for the users to perform well in the

games, the option of adding a score to the scordtsbeould only occur when they have got
maximum points in a game. The leader board willsegiently need to be based on times
rather than scores, as all scores will be the same.

4.8.3 Learning Content Adaptation

Although the ability for the system to adapt thariéng content to the needs of the user is
not an explicit requirement in itself, it can prdeithe solution to Requirement 2 which

requires the system to provide content of an apjatgplevel for the users. For this reason it
was decided to implement a basic level of adaptgloil the game.

This functionality was designed by referring to titeservations of both the TOE-BY-TOE
session and the spelling tests (see section 3.8pad decided that the game should contain
wordlists that list words by increasing difficulfgs with the master word lists used for the
spelling tests). The users will by default begir@amtering words at the beginning of this
list (and therefore at the easiest level). Theythwén continue to encounter these words until
they have got them correct 3 times (as with TOE-BYE). When they have got a word
correct 3 times, this will then be replaced bynke&t word in the list.

This functionality means that users will contingelte exposed to words that they have
difficulty with, whilst being able to move on to meodifficult words where they are finding
words easier (and therefore getting them corré&ttis means that users will only continue to
encounter words of a level that challenges them.

This functionality is important as it means that #$ystem will adapt to users needs and so
will not rely on a teacher changing these settittgalso removes this option from the users,
restricting them from choosing levels that are¢asy for them.

4.9 Conclusion

The iterative design has been a highly importantgss as it has enabled a much clearer
understanding of the users’ needs and motivatibnodgh this process it has been possible
to refine the design to a stage where implemetatibra final prototype can now be
undertaken.
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5 Implementation

5.1 Implementation Language

Before beginning implementation of the system iswacessary to select a language to carry
out this development in.

The key criteria for this language were as follows:

* To provide a tool that will enable the final protluo be eye catching and visually
stimulating.
Rationale: The tool needs to both capture and hold the t&ttenf the users. This need
has been illustrated during the requirements aizalylsase, as the look of the system
was a common aspect that the pupils judged a system

* To provide a system that is fast.
Rationale: Pupils get distracted if they need to sit and vi@ita game or its graphics to
load, or frustrated if the game play is slow or pym

* To provide an environment that allows for rapidaten during design and development
and does not have a high programming overhead.
Rationale: Due to the iterative nature of the prototyping thnguage needs to provide
the ability to do this quickly and easily.

Subsequently two programming packages were inagstigwith regard to these criteria.
These two packages were Flash MX Professional a6@4Java.

In order to investigate these issues, games cresied the packages were investigated on
the internet as well as simple tutorials introdgdine languages.

From these investigations it was discovered thesdlpackages could provide both visually
stimulating games and games that ran at an acdesjaded. The decision was subsequently
based on the programming overhead that each laaguagld require.

Whilst Java is a language that can support higél lgraphics it is not naturally suited to the
fast and simple development of user interfacesve@aely, while Flash is a new package to
learn, interface development would be fast andcéffe. In addition to this the Flash
development language (ActionScript) is very simtlardava and will provide the means of
creating the interactivity in the system.

5.2 System Architecture

The game implementation has been split into 5 rdistsections. These sections have
therefore been implemented within separate scemdsngtionality available within Flash
MX Professional). This simplified the implementatias it allowed the layers to be scene
specific and thus reduced the number of excesgdadgeeach scene. These scenes can be
seen in figure 5.1.
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i w Scene

Ji

‘é, Intro

é Main

é Bumpersyllables
é Spelling Grand Prix
é Reward

B+ | 1T
Figure 5.1 Scenes within the implementation.

Each scene has been divided into a series of kayefs as follows. Each key frame will
appear to the users as a new page within the game:

Introduction

Log in page — where users will be able to log into the systeith a unique username and
password (and will then be taken to the Games Page)

New user — where new users will be able to set up an adcoun

Instructions — where new users will be presented with a shagtwiew of the main features
of the system.

Choose car — where new users can select the car that willesgmt them throughout the
game.

Main

Games page — where users can choose which game to play.

Settings — where users can alter the display settingseogdme.

Scores — where users can view their top scores for eaaieg

Bumper Syllables Leader Board — where users can view the leader board for Bumper
Syllables.

Spelling Grand Prix Leader Board — where users can view the leader board for Sygelli
Grand Prix.

Bumper Syllables

I nstructions — where users can view the aim, scoring systentanttols of the game.
Game — where users play the game itself

Feedback — where any corrections are displayed to the usértlaey can add their score to
the leader board.

Spelling Grand Prix

I nstructions — as with Bumper Syllables.
Game — as with Bumper Syllables
Feedback — as with Bumper Syllables.

Reward Scheme
Garage — Where users can modify their car after compietirgame.

The layers used within these scenes can be seie ilmplementation Appendix (section
4.3) along with a detailed overview of the systerd &s navigation (section 4.1)
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5.3 Graphics

In order to produce the graphics within the gangeditawing tools within Flash were used.

To reduce the overheads that would occur if alpgies were drawn freehand, the majority
of the graphics that appear within the games (d#rs and accessories) were adapted from
existing photos.

To do this the photos were loaded into flash aadetl with the paintbrush tool. The original
images were then deleted leaving a line drawingy Aough lines and imperfections were
then smoothed using the smoothing functionalityeséhimages could then be coloured and
adapted where necessary before being convertedmnotoe clips to be used within the
system.

In order for the cars to be altered in the rewatteme (such as changing the window and
body colours) each car graphic has been split anseries of embedded movie clips. The
movie clips and their hierarchy are as follows:

» Car (Beetle, Mini, LandRover, Ferrari and Porsche)
o Main
=  WindowColour
= BodyColour

o0 Wheels
=  Wheell
=  Wheel2

An example of the Mini movie clip deconstructedoiiitis child movie clips can be seen in
figure 5.2.

In addition to the main body of the cars, the samaress was followed for each car top
again using the hierarchy seen above (excludingvtfeels). An example of a car top movie
clip can be seen in the Implementation Appenditiseet.5.

AR e o

Figure 5.2 Mini Movie Clip and Child MovieClips
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5.4 Database Design and Implementation

Due to the need for a large selection of word listel the need for users to be able to store
scores and car modifications across games it waidelk that a database would be
implemented as the backend to the prototype. This felt necessary, as storing this data in
arrays could cause a lot of complexity in the gaimeddition to this the database will allow
for greater flexibility with the data and more rgbguerying capabilities.

However, when creating the database, due to therehnatf the prototype, emphasis was
placed on making it simple to access. Subsequéntiyas decided that it would not be

necessary to fully normalise the database, althdlighepetition of data has been kept to a
minimum.

The main functions of the database are to carryraufollowing activities:
e Store user log in details.
» Store user display preferences.
» Store car details such as colour and additions.
« Store word lists for the games.
* Store each user’s progress with the words theywarieoin the games.

The tables in the database and their purposesaed Ibelow:

» users- to store details of the users such as login ldetdisplay settings, and their
current level.

» cars—to store details of users’ cars such as the rzantiear colours.

» carAdditions — to store additions that the users have addékeio cars. Each car can
have many additions in this table.

» syllableWords — to store the words required for the Bumper ®jéla. Each word has a
set level.

» spellingWords — to store details of the words used in Spellimgr@ Prix. Again each
word has a level as well as one or two common wepailings.

e userSpellings— to store details of a users progress with eaoldwthat they have
encountered within Spelling Grand Prix. The numifezorrect hits and are recorded.

» userSyllables— as with userSpellings but for the Bumper Sy#algame.

» syllableScores- a table used to store any scores and timesé#vat been added to the
leader board.

» spellingsScores- as with syllableScores but for Spelling Granc Pri

An entity relationship diagram describing the rielaships between the tables in the database
can be found in the Implementation Appendix sectigh

5.4.1 Database Implementation
The database was implemented in MySQL. MySQL ipufar open source database and
was chosen due to its availability.

In addition to this, the use of a server side sicriplanguage was also required to integrate

the Flash application with the database. The packagthis was PHP and was also chosen
due to its availability.
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5.5 Integrating Flash, PHP and MySQL

When using external files and databases in Flagh riecessary to load data to and from
these files.

To do this within this project the ActionScript staloadVars was used. LoadVars allows
Flash to send variables within a LoadVars object tspecified URL and to load a new
LoadVars object (and corresponding variables) liaickthe script.

This process is carried out by creating a new l@ad\bbject and setting variables in this
which will be read by the PHP file. A second load¥abject is then created into which the
returned data will be loaded. The initial objecttlien sent to the PHP file using the
sendAndLoad() method. This method posts varialses the loadVars object to a specified
URL and loads the server’s response to the targetedn object. The variables within this
object (as set by the PHP file) can then be us#ddmihe ActionScript code.

Below is an example of this code where a seleatfowords are loaded from the database
that match the number of syllables posted to thE Rld.

/I Create LoadVars object for words and set number of syllables
getWords = new LoadVars();
getWords.syllables = _root.syllableNumber;
/I Create LoadVars object to receive data
receivedWords = new LoadVars();
/* Send getWords object to specified PHP file and r eturn variables
to receivedWords object */
getWords.sendAndLoad("getWords.php", receivedWords) ;
receivedWords.onLoad = function(){
for(i = 0; i <= 8; i++){
/I Set block to insert data into
block = eval("_root.block"+i);
/I Get data from received object
word = eval("receivedWords.word"+i);
syl = eval("receivedWords.syllables"+i);
sound = eval("receivedWords.sound"+i);
ID = eval("receivedWords.word_ID"+i);
/I Fills block with the received words
block.fillDetails(ID, syl, word, sound, true); }

}
Figure 5.3 LoadVars Code

Within the PHP file, any variables posted into ireaaccessed by calling
$HTTP_POST_VARS|variable name]. This data can theensed within a query string to be
sent to the database for execution. Data retriéwed the database can subsequently be set
as the variables of the returned LoadVars objeatdd this the variables need to be output
from the PHP file as a string. This string contahmes variable names and their corresponding
values separated by ‘&’. An example PHP file carsben below:
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mysql_connect("mysglhost.bath.ac.uk”,"mnlys", " **** R,
mysql_select_db("csprojWordRaces");

$qgr = mysql_query("select distinct words.word_ID, w

join userSyllables on
userSyllables.word_ID where level >= 1 and words.sy
" $HTTP_POST_VARS['syllables]." and not exists(s

* from userSyllables where words.word_ID = userSyll

words left outer

and (user_ID

userSyllables.correct > 2)) order by level");

$nrows = mysqgl_num_rows($qr);

for($i=0;$i < $nrows;$i++){
$row = mysql_fetch_array($qr);
$rstring.="&wrongWord".$i."=".$row['name’;
$rstring.="&wrongWord_ID".$i."=".$row['word_ID");
$rstring.="&wrongSyllables".$i."=".$row['syllables ;
$rstring.="&swrongSound".$i."=".$row['soundFileT;

echo $rstring;

ords.* from

words.word_| D =
llables =

elect distinct

ables.word_ID

" $HTTP_POST_VARSJ['user_ID"." and

Figure 5.4 Example PHP File

5.5.1 PHP File Listing

During the systems implementation a number of PH#3 fwere created. The name and

purpose of each of these files is listed in table 5

Table 5.1 PHP File Listing

File Purpose
addDetails Adds new user details to the user table.
getCarAdditions Returns any additions that a uasrddded to their car. The data

is pulled from the carAdditions table.

getCarDetails

D

Returns a user’s car details sudts asme and colour from the
cars table.

getDetails

Returns user details from the userg tablen an existing user
logs into the system.

getReminder

Returns a users password remindertfrerasers table when a
user has forgotten their password.

getScores Returns the top scores from the leaded hables.

getSpellings Returns a selection of words fromsiialingWords table to be
used within Spelling Grand Prix.

getWords Returns a selection of words from theabld\Words table to be

used within Bumper Syllables.

registerCar

Inserts a new user’s car details imocars table when they
select a car.

removeCarAdditions

Deletes the additions from thddditions table when a user
wishes to clear their car.

saveSettings

Updates the users display settinfe inser table when these
are altered within the game.

setCarAdditions

Updates the carAdditions table wa@iser adds an addition to
their car in the reward scheme.

setCarColour

Updates a users car colours in the@bbr when a user change
the colour of their car.

setHubcaps

Updates the hubcaps fields in the abker if a hubcap is added
to the car.
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setSyllables Updates or inserts a new field ineouberSyllables table to
record a user’s progress with words in Bumper $igs

setSpellings Carries out the same function as Babss for Spelling Grand
Prix.
setSyallbleScoreboard Inserts a record into thithdyaScores table when a user selects

to do so within the game.

setSpellingsScoreboard The same function as sétf&fdoreboard for the
spellingsScores table.

5.6 Classes

5.6.1 Class Hierarchy

All classes implemented in the system are extessidrthe Movie Clip class. This means
that they will inherit all methods and propertidstite Movie Clip class but that additional
methods and properties can also be added.

Movie Clip
Class
Car Class WordBlock SpellingBlock Road Class
Class Class

Figure5.5 Class Hierarchy

In order to make the classes extend the Movie €lligs the following code is used in the
Class file:

class [classname] extends MovieClip{..}

To make the objects within the system instancehisfclass the Linkage Properties of the
objects need to be set in the following way:

Linkage Properties

Tdentifier
a5 2,0 Class; | Car

Linkage: Export For ActionScript
[CJExpart For runtime sharing

Export in First Frame

Figure 5.6 Setting Mini Object to be Instance of Ctass
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5.6.2 Implemented Classes
During the implementation the following 4 classesrevimplemented (all are extensions of
the Movie Clip class):

Cars

All cars within the game (including the car tops® &nstances of this class. The class was

implemented to give more control over the appeaamd behaviours of the car including:

- Setting up the look of the car on each page, tesgmt the modifications that the users
have made to it.

- Updating the car when in the garage.

- Adding modifications to the car as well as addimgse to the database.

- Controlling the car movements during the games.

WordBlock

This class was implemented to control and set tbpeasties of the word blocks in Bumper
Syllables by:

- Storing the words and number of syllables.

- Controlling the behaviours when the blocks hit¢hes.

- Storing the results of the car hits to the database

SpellingBlock

This class was implemented, as WordBlock was, tdrobthe properties and behaviours of
the word blocks in Spelling Grand Prix by:

- Storing the correct and incorrect spellings ofiiloeds.

- Controlling the blocks behaviour and displayingdiegck when they are hit by the cars.
- Storing the results of the car hits to the database

Road
This class was set up purely to control the behawab the road segments in Spelling Grand
Prix. More details of the functionality can be foun section 5.7.2.

The code for all these classes can be found iintpeementation Appendix section 4.6.

5.7 Game Implementation

What follows is an overview of the key areas of gaene implementation.

5.7.1 Bumper Syllables

The main components in this game are the car topgsaaselection of word blocks that
contain the words the users will be expected teraut with. When implementing the game
it was necessary to control both of these compaotypes.

Blocks

The movement for these blocks is a basic down mewenin order to implement this the
blocks were set to increment their y coordinate hy set amount on each
clipEvent(EnterFrame) event. This causes the blackappear as though they are falling
down the page.
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onClipEvent(enterFrame){
/I if block has been activated
if(this.hasStarted() == true){
// move the block down the screen
this._y = this._y + _root.speed;

}

Figure 5.7 Block Movement

The speed of the fall is determined by the _roeespvariable which represents the current
speed of the game. When the game loads the defaedd is set to 1.5 but increases when
the users press the up direction key on the kegbdam each press of this button the speed
increases by a set increment of 0.5 (the valueadt.increment) until it reaches a maximum
of 6 (_root.maxSpeed).

Il if up key pressed
if (Key.isDown(38)) {
if(_root.speed <= _root.maxSpeed){
_root.speed = _root.speed + _root.increment;
}

}
Figure 5.8 Block Speed

Conversely if the user presses the down direct®yndn the keyboard the speed is set back
to 1.5. This allows the users time to think abowtoad if necessary.

In addition to the blocks speed being controllethis way the background elements such as
the road markings are also controlled in this whlyis creates the illusion that the road is
moving beneath the car.

Car Controls

During Bumper Syllables the movements of the cas been limited to left and right
movements. These movements are controlled by t&simg of the left and right direction
keys on the keyboard and has been implementecisaime way as the blocks, using the on
KeyPress method to react to keys being pressedsgueithat arises with these controls is
that the car must not be able to disappear offside of the screen. It was therefore
necessary to insert code to stop this occurrings Whs done in the following way:

if ((this._x - (this._width/2)) <= 0}
this._x = 0 + (this._width/2);

}
if ((this._x + (this._width/2)) >= 550){
this._x = 550 - (this._width/2);
}

Figure 5.9 Car Movement Restrictions

This stops the car from ever having x coordindtes are outside the game screen.

Collision Detection

In order for the game to work correctly the card bBlocks need to be able to ‘collide’. This
means that the computer needs to be able to ressogviien one object is hitting another
otherwise the cars and blocks will simply carrymaving through each other.
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This functionality was implemented using the hitf{lesiethod of the MovieClip class.

The hitTest() method returns true if the movie aliuestion intersects with or overlaps the
bounding box of the target object that has beenhteghe method.

if(this.hitTest(eval(_global.car+"Top"))){
/I hit test event handling

}
Figure 5.10 Car and Block hitTest()

This code determines if a block has collided wité turrently selected car and then executes
the code to deal with this collision. In Bumper I8fles this code is within the WordBlock
class (See section 5.6.2).

The following method within this class is used &abwith a collision between a block and
the car.

public function carSyllableCheck():Void {
/I decrement the block counter
_root.blockCounter --;
Il check if the syllables of the block match the g ame
syllables
if(match == true){
/I increment the score, add to correct array and
remove the block
_root.points++;
this.pushCorrect();
this.removeBlock();
}else {
/l decrement the score, add to incorrect array an d
remove the block
_root.points--;
this.missed();
this.pushincorrect();
this.removeBlock();
}
}

Figure 5.11 carSyllableCheck method within the #Bock class

In addition to this, within the game itself theléaling code is called which copies the crash
movie clip and sets its coordinates to be wherebtbek was (as this is removed from the
screen). This allows users to see when they hawanhncorrect block.

duplicateMovieClip(_root.crashl, "crash2", 100);
_root.crash2._x = this._x;
_root.crash2._y = this._y-10;

Figure 5.12 DuplicateMovieClip Code

Loading Words
When the game first loads it needs to populatebtbeks with words that are stored in the
database.
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The full details of this interaction with the dassle are discussed in section 5.5. However
once the words have been loaded, the fillDetait&}hod of the WordBlock class is called
which populates the blocks with the words and #et& ‘match’ property to true (if the
syllable number matches the game number) and déteewise.

Once this has been completed the blocks begin terdown the page in a random order
(see Implementation Appendix section 4.7 for thedoan number function used for this
purpose). These blocks fall at a set interval whiige the block speed, is controlled by the
speed variable of the game (so that blocks fallengmiickly if the speed is higher).

5.7.2 Spelling Grand Prix

As this was the second game to be implementedrdwegs was much faster as much of the
game’s functionality is similar or identical to thaf Bumper Syllables. Subsequently, what
follows is a discussion of the areas which differed

Once again in the game the main components areacdrsvord blocks, however this time
the blocks took their behaviour from the SpellingEd class as the properties required are of
a different nature.

Car Control
This aspect of the game implementation differs fidamper Syllables due to the increased
movement of the car.

In this game, the cars can move forwards (whemigfint direction key is pressed), up (the up
direction key), down and backwards (when the leftalion key is pressed). These keys are
used as the car is moving across the screen arkdyiseare therefore more representative of
the on screen movement.

In addition to these movements the cars can alseerd@agonally up and down (when the
forward key is pressed at the same time as up wnydolo make this movement more
realistic the cars were made to rotate on thesgkesses so that they face the direction that
they are travelling in. This was done by usingftiitowing code:

if (Key.isDown(39) && Key.isDown(38)) {
this._y = this._y - 0.8;
this._rotation = this._rotation - 10;

}

if (Key.isDown(39) && Key.isDown(40)) {
this._y = this._y + 0.8;
this._rotation = this._rotation + 10;

}

Figure 5.13 Spelling Grand Prix Car Control
This causes the cars to rotate as well as moveafolisy

As well as controlling the basic movements of theitwas necessary to stop the cars from
leaving the road. In order to do this the roadisastwere surrounded by a series of invisible
blocks that were then grouped into one movie dipe hitTest() method was then used to
determine if the cars were colliding with the blsakithin this movie clip. Code is then
executed that restricts the car from moving anthrinto the blocks.
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Word Blocks

As discussed earlier, the blocks within Spellingai@t Prix are instances of the Spelling
Block class and contain either the correct speltihg word or an incorrect version. Rather
than having independent movement these blocks ateldamovie clip of the Road movie
clips (which are explained in the next section) dretefore move with the road.

Road Movement

In order to create the effect of a continuous raaries of road movie clips need to move
across the screen at set intervals. These roadensbps can be of two types:- a three route
road (for words with a choice of three possiblellsgs) and a two route road (for words
with two possible spellings).

These road movie clips are both instances of thedRibass which is described in section
5.6.2.

At the start of the game words are loaded intocBaes of road (which lie to the right of the
visible screen). These words are loaded into tleekisl in a random order so that users
cannot memorise the position of the correct spglin

As the users moves the car these road sectionsbggn to move. The first of these movie
clips (again randomly selected) will move acrogsgbreen and when it reaches a set point it
then calls a method that activates the next roiad This process continues until th® &nd
final section of road has been activated. Whenrtfashes the specified point the section of
road containing the finish line is loaded.

Feedback

A key aspect of this game was the implementatioaroinstant feedback process. This was
carried out by using a movie clip which was desibttelook like a pop-up screen (see figure
5.14).

This pop-up is set to be invisible at the starthef game. However, when a user collides with
an incorrect block, a method is called that se¢spbp-up to be visible for a set length of
time. A dynamic text box value within the pop-ugthen set to show the correct spelling of
the word.

That is the incorrect spelling.
The correct spelling is:

Figure 5.14. Spelling Grand Prix Feedback Popup
5.7.3 Sound Implementation

Both games within the system require the use ofidotihis provides a multi-sensory output
for the users and will hopefully assist the leagrmocess.
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In order to implement the game sound, each worddasve a sound clip to accompany it.
To do this, voice clips of the words were recordsiohg Nero Wave Editor and converted to
mp3 format using mp3PRO. An mp3 format was necgssarto allow for additional words
to be added to the game more easily, the soundoadsd into flash from an external source
rather then from the object Library. This requities sound files to be stored in mp3 format.
For the purposes of the prototype, all word sotiled fvere stored in a ‘Words’ folder within
the same directory as the system’s .swf file.

As well as recording the sound files, a field icleaf the word tables within the database
(spellingWords and syllableWords) was set to stbeesound file of the word. This data is
then loaded into the games along with the othedwdetails.

Within the games, the following code is used talltdae sound files from their location:

sound = new Sound(); //create sound object

/*load sound from Words folder where the file name matches the
loaded sound file location. */

sound.loadSound(“Words/"+this.soundLoc, true);

sound.play(); // play sound

Figure 5.23 Sound loading code

This code creates a new sound object which thafsloaa sound from the Words folder and
plays this. Within the games, this code is callégtmthe words appear on the game screen.

5.8 Reward Scheme Implementation

Another complex stage of implementation was theetbgpment of the car modification
reward scheme. In the initial prototype, this fimeality was implemented using a simple
drag and drop functionality. However, this did atlow the modifications in the car to be
preserved throughout the rest of the game.

To implement this, it was necessary to store thdifications to the database, as well as load
these madifications onto the cars on the subseqeeaens of the game.

The basis for this functionality was as follows:

Car and Window Colour

As detailed in section 5.3 the cars were designesuch a way that the body colour and
window colour of the cars are separate movie dipdbedded within the main car movie
clip. Therefore, in order to change the colourshase movie clips, the following code was
used (this code can be found within the Car class):

public function setBodyColour(newColour):Void {

bodyColour = newColour;

I create a colour object and set target as the ca r body
/I colour

var carColour = new Color(main.colour);

carColour.setRGB(newColour);

}

Figure 5.16 Car Class setBodyColour function

-76-



This creates a new colour object with a target lef tars body colour movie clip
(main.colour). It then sets the RGB value of tlighe colour string that is passed into the
function. It also sets the car’s body colour propés the same value. This will be used later.

This process detailed above changes the coloureotar body on the screen. However, in
order to write this to the database when the usesssthese changes, the following code is
used:

public function setColours(user):Void{
var setColours = new LoadVars();
setColours.name = user;
setColours.carColour = bodyColour;
setColours.windowColour = windowColour;
var Results = new LoadVars();
setColours.sendAndLoad("setColours.php”, Results);
Results.onLoad = function() {
if(Results.added == true){

Jelsef i

}
}

}

Figure 5.17 Car Class setColours function

This writes the cars bodycolour and windowcolouluga to the car table of the database
using the LoadVars functionality detailed in sectto5.

Adding Modifications

In addition to changing the cars colours, the modifons that the users have dragged onto
the car need to be recorded so that they can lmaded on subsequent screens. To do this
the x and y coordinates of the components, asagdlhe chosen colours need to be recorded.
This is done using the following code:

public function setAdditions(userName, partName, X, y, colour){
var setAdditions = new LoadVars();
setAdditions.carlD = _global.car_ID;
setAdditions.userName = userName;
setAdditions.partName = partName;
setAdditions.x = Xx;
setAdditions.y = y;
setAdditions.colour = colour;
var test = new LoadVars();
setAdditions.sendAndLoad("setCarAdditions.php", te st);
test.onLoad = function() {
if(test.added == true){

lelse{ i

}
}
}

Figure 5.18 setAdditions Function
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This code is called for each addition that has b@ened on top of the car (or in close
proximity to the car) using the following code:

_root.attachObjects = function() {
if ((eval(_root.flames._droptarget) == _root.carTa rget)
|| (eval(_root.flames._droptarget) ==
eval(_global.car).main) ||
(eval(_root.flames._droptarget) ==
eval(_global.car).main.colour) ||
(eval(_root.flames._droptarget) ==
eval(_global.car).main.windows)||
(eval(_root.flames._droptarget)._parent ==
eval(_global.car)) ||
(eval(_root.flames._droptarget)._parent ==
eval(_global.car).wheels) ){
eval(_global.car).setAdditions(_global.user,
"flames", _root.flamesx, _root.flamesy,
_root.flamesColour);

}

..(Repeat for all components)..

Figure 5.19 Code to Check DropTargets

This code is called when a user saves the chaodhbsit car. The code checks if the

‘flames’ object has been dropped on any areaseofdh or a box that is placed round the car
(so that users can place modifications around #neand not just on it). If it has, then the
above setAdditions() function is called.

In order to retain these changes it is necessaigatbthem on all the subsequent pages that
the car appears on. To do this the additions adeld from the database using the following
code:

var getAdditions = new LoadVars();
getAdditions.name = user;
var Additions = new LoadVars();
getAdditions.sendAndLoad("getCarAdditions.php", Ad ditions);
Additions.onLoad = function() {

}

Figure 5.20 Code to Load Additions

The additions are then attached to the cars frarékturned LoadVars object (Additions)
using the following code:

eval(_global.car).attachMovie(eval("Additions.name" +1i),
eval("Additions.name" + i)+i, i+50);

Figure 5.21 Code to Attach Additions

This attaches the specified type of movie cliphte tar from the components library (using
its linkage identifier). It also gives the objectiastance name, and a layer number.
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In addition to this, the object’'s x and y coordesand colours are set using the following
code:

var target = eval("Additions.name" + i)+i;
eval(_global.car+"."+target)._y = eval("Additions.p artY" +i);
eval(_global.car+"."+target)._x = eval("Additions.p artxX" + i);
if(eval("Additions.colour” + i) = "null"){
var colour = new Color(eval(_global.car+"."+target )i
colour.setRGB(eval("Additions.colour” + i));
}else {
}

Figure 5.22 Setting Additions’ Coordinates

However, as this loading process can take a lang to complete this is only carried out on
the ‘Games Page’ (as this is the page that loads e garage section). On all subsequent
pages, the data is loaded from a global array ithaopulated when the data is initially
pulled from the database on the ‘Games Page’. iBhisuch faster and saves processing
power.

The code for this is again stored in the Car ctass$ can be found in the Implementation
Appendix section 5.6.

5.9 Learning Content Adaptability Implementation

As discussed during the design section it was @ectd implement a simplified form of
adaptability within the system to tailor the wottat each user encounters within the games
to their ability.

In order to implement this, two tables within thatabase were set up to support the
functionality:- userSpellings and userSyllablese Tpurpose of these tables is to record a
pupil’'s progress with each word that they encounter

Each table contains a user_ID and word_ID field] ancorrect’ field. For each word that is
encountered during the games a record is placedtiv@ corresponding table where the
current user_ID and the word_ID serve as a prinkasy (in the case that a record already
exists, the existing row is updated). If the endeuris correct the ‘correct’ field is
incremented.

As decided during the design, these tables willsegbently need to be analysed when
loading words into the games to ensure that no svard loaded that the user has previously
got correct three times. The query used for thietionality, therefore, needs to select only
those words that have not been encountered bejattechuser (and therefore do not exist in
the corresponding table) or those words where émbrris greater than 3. This was
implemented using the following query (this is takem the Spelling Grand Prix game):
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SELECT DISTINCT spellingWords.word_ID, spellingWord s.* FROM
spellingWords LEFT OUTER JOIN userSpellings ON

spellingWords.word_ID = userSpellings.word_ID WHERE level >=

[level] AND NOT EXISTS (SELECT DISTINCT * FROM user Spellings WHERE
spellingWords.word_ID = userSpellings.word_ID AND ( user_ID =
[user_ID'] AND userSpellings.correct > 2)) ORDER B Y level,

Figure 5.23 Adaptability Query Example

5.10Display Settings Implementation

One key area that needed to be implemented witieiffimal prototype is the ability for users
to be able to change their display settings. Thabkes users to change the font, font colour
and background colour of any key text within theteyn.

In order to implement this, it was necessary tovedanall areas of text background colour
into movie clips. This enables the colour of thebgcts to be changed. In addition to this it
was also necessary to convert all key areas ofitextdynamic text fields. This enables the
font and font colour to be changed easily.

Within the settings screen a series of buttonsuaegl to change these settings. The changes
are then demonstrated using a preview pane (a tagokgy movie clip and a dynamic text
field). When the buttons are pressed the followsegtions of code are used to update the
preview pane:

on(release){
_root.setFont("Times New Roman");
}

_root.setFont = function(font){
var textFormat = new TextFormat();
textFormat.font = font;
_root.text.textField.setTextFormat(textFormat);
_root.fontName = font;

Figure 5.24 Font button code and corresponding fiamc

on(release){
_root.setTextColour("0x000000");
}

_root.setTextColour = function(colour){
colourObject = new Color (_root.text);
colourObject.setRGB(colour);
_root.textColour = colour;

}

Figure 5.25 Font colour button code and correspogdiunction
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on(release){
_root.setBackgroundColour(*0x000000");
}

_root.setBackgroundColour = function(colour){
colourObject = new Color (_root.background);
colourObject.setRGB(colour);
_root.backgroundColour = colour;

}

Figure 5.26 Background colour button code and cepanding function

The following code (see figure 5.26) is then calMdten a user chooses to save their settings.
This saves the settings to the database whilst stisong the settings in three global
variables (_global.textColour, _global.backgrounld@o and _global.fontName). These
global variables are used throughout the rest efgame to update the display settings.
When the user next logs into the system, theiinggitare loaded from the database into the

same global variables.

on(release){
_root.changeSettings(_root.fontName, _root.fontSiz
_root.textColour, _root.backgroundColour);
gotoAndPlay("GamesPage");

}

_root.changeSettings = function(font, size, textCol our,
backgroundColour){
_global.textColour = textColour;
_global.backgroundColour = backgroundColour;
_global.fontName = font;
var saveSettings = new LoadVars();
saveSettings.fontColour = textColour;
saveSettings.backColour = backgroundColour;
saveSettings.font = font;
saveSettings.user = _global.user;
var test = new LoadVars();
saveSettings.sendAndLoad("saveSettings.php", test)
Details.onLoad = function() {

}
}

Figure 5.27 ‘Save Settings’ button code and cormesiing function

When subsequent pages load within the game, tlvialg code is used to set up the colour
of each of the background movie clips as well &sftmt and font colour for each text box

on the page:

colourObject.setRGB(_global.backgroundColour);
colourObject = new Color (_root.textl);
colourObject.setRGB(_global.textColour);

var textFormat = new TextFormat();
textFormat.font = _global.fontName;
_root.textl.text.setTextFormat(textFormat);

colourObject = new Color (_root.settingsBackground. colour);

Figure 5.28 Display Settings Code
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This code is also included in the SpellingBlock &ddrdBlock classes so that these blocks
also adhere to the users preferred settings.

5.11Testing

Throughout the implementation process individuainponents of the system have been
tested on their own before being integrated with ribst of the system. This was due to the
complex nature of some areas of the implementadiwh helped ensure that each section
functioned as intended before the system was iatedy to avoid complications at later

stages.

An example of this testing was when integratingHlavith the database backend of the
system. During implementation of these areas, wadlrigs were tested within the MySQL

command line interface to ensure that these wemevimg the correct data from the

database. Once this was established, the queriestiven placed into the necessary PHP
files which were then tested on the internet touemghat the connection was functioning
correctly and the data was being output as intended

Once these files were functioning correctly theyemien integrated into ActionScript with
the data firstly being output in dynamic text bokesore being used within the system.

This process allowed any intermediate problemseadéalt with and if necessary fixed
before becoming part of a complex system that wbeldhuch more complicated to debug.

5.12Publication

To allow users to access to the system at bothos@ma home, and to allow users to store
scores and settings between games, it was dedidethe system would be published on the
internet. This also allows the system to connetiéodatabase and load all necessary data.

In order to publish the site, the systems .flaites run and saved as a .swf file. These files
can then be run on the internet as long as thedboflash player is installed. As the system
was created in Macromedia Flash MX Professionattreesponding .swf file requires Flash
Player 7 to function correctly. This Flash playg@available on all the school machines and
can be easily downloaded to a user’'s home comfuiecessary.

Once the .swf file was created, this (along withrediuired PHP and sound files) was placed
on the university web server. The game can subsdgube accessed at the following
address:

http://www.bath.ac.uk/~mnlvs/WordRaces.swf

5.13Conclusion

Having carried out an in depth implementation pssci¢ is now necessary to evaluate this
high fidelity prototype. Details of this can be see section 6.

A large selection of screenshots from this protetyas used in the evaluations, can be found
in the Implementation Appendix section 4.8.
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6 Evaluation

6.1 Introduction

During the design process formative evaluation basn carried out using low fidelity
prototypes to test design ideas and to identiflyesability problems.

Now that the final high fidelity prototype has bémplemented it is necessary to carry out a
summative evaluation of this with the potential rasef the system. Here the focus is on
establishing how well the design fulfils the usemseds, whether they enjoy using it and
whether the learning content is effective in itended environment.

To assist with the planning of the evaluations BHeCIDE framework (Preece, 2002) has
been used. This is a framework that is used toegeidiluations by establishing a series of
guestions as follows:

Determine the overall goals that the evaluatiorreskes.

Explore the specific questions to be answered.

Choose the evaluation paradigm and techniquesstoaarthe questions.

Identify the practical issues that must be addbsgseh as selecting participants.
Decide how to deal with the ethical issues.

. Evaluate, interpret, and present the data.

Preece, 20002)

SRR RENES

~—~

Section 6.2 details how the questions have beemessield during the planning of the
evaluation sessions.

6.2 Planning the Evaluation

6.2.1 Determine the overall goals that the evaluation adesses

The overall goal of the evaluations as discussethénintroduction are to determine the
usability of the system, whether the users enjoggui, whether they are motivated by it
and finally whether the learning content of thetsysis effective in improving the pupils
literacy skills.

6.2.2 Explore the specific questions to be answered

The goals of the evaluation can be split into mgpecific questions that the evaluation
should seek to answer.

Is the system easy to use?

- Are the main instructions easy to follow?

- Is the navigation simple and clear?

- Are the navigation buttons clear in their purgbse
- Are the individual game instructions clear?

- Are the game controls easy to use?

Do the users enjoy using the system?
- Do the users enjoy using the system?
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- Do the users enjoy the style of the games?

- Do they like the way the game looks?

- Do the users like the theme of the game?

- Would the users want to use the system again?

Does the system motivate the users?

- Do the users play the games to get the rewards?

- Is the reward scheme enjoyable for all users?

- Do the users feel motivated by the presenceledder board?
- Do they try harder to get onto the leader board?

Is the learning content of the game effective?

- Does the pupils performance improve after playimggame?

- Is the improvement greater than if they had reménormal teaching?
- Do the games help improve the skills that theyewstended for?

6.2.3 Choose the evaluation paradigm and techniques to awer the
guestions

In order to best answer the questions in secti@r2@ series of paradigms and techniques
will be required. This will be a combination of @bgations, questioning and tests of
performance.

To gain an understanding of the systems ease ofussdility testing techniques will be
required. However, this will not be full usabilitgsting in the sense of controlled laboratory
experiments, as the users will be in their nataralironment and the data collected will be
of a qualitative nature. The technique used inghigation will be as follows:

Users will be asked to explore the system for aassunt of time whilst their actions are
observed. To establish if certain functionalitytire system can be used effectively without
problems, the users will then be given a set afcttired tasks to carry out which will cover
the key areas of the system. Their responses $e ti@esks will once more be observed and
any problems recorded.

Throughout the free exploration the users will heegjioned using a ‘quick and dirty’
technique to gather their opinions on the systeims Will answer questions on their
enjoyment levels and motivation.

To answer gquestions on the learning content ofjtimee, a more formal evaluation approach
will be taken. This will test the performance ofsat of users using the system (the

experimental group) against the performance ot afsesers receiving normal teaching (the

control group). Performance will be measured usimge-prepared test (see section 6.2.4 for
more details).

In order to make these evaluations as accuratdainds possible the following approach
will be used:

Two sets of matched participants will be selecath of these groups will then be given
the pre-prepared test and their results recordld. ékperimental group will then use the
system for a period of time while the control graepeives normal teaching. At the end of
this period, both groups will be re-tested andrtherformances compared.

-84-



To ensure that taking the test itself does notcaferformance on the second test (through
practice effects), a third counterbalanced groupbei used. This group will be divided into
two (again with matched participants). The firsif loé the group will take the test and then
play the game whilst the other half will play thenge and then take the test. The results of
these tests will then be compared with the regflthe experimental and control groups to
assess if practice effects have been instrumenthkiresults.

6.2.4 Identify the practical issues that must be addresse

Selecting Participants

For the learning content tests participants welected by the SENCO to try and match the
expected user population. They were then matchethdiy ability so that, in each group,

where possible, there were even mixes of abiliffes example - a matching number of

statemented pupils).

In most testing the sample size must be large dntuge representative of the population in
order to gain statistical significance. Howeverthivi special needs there are large variations
and individual differences among the pupils meartmag this cannot be as applicable. In
addition to this, due to the number of SEN pupilshie school and the number of test groups
needed, the final number of participants in theeeixpental group was 8. This means that in
terms of statistical testing, the sample size i$ Ioig enough to test for significance.
Therefore statistical tests of significance wilt be applied to the results.

Designing the Learning Content Test

In order to design a test of an appropriate leved & avoid ceiling effects (where
participants get all questions correct) the test wasigned in partnership with one of the
school's SENCOs.

The test was designed to assess the learning ¢arftéoth of the games within the tool.
Subsequently the test was divided into sectionsviioalld assess the skills targeted by each
of these games.

Spelling Grand Prix aims to improve a pupil’s apilio spell high frequency irregular words
by exposing the users to both correct and incospetlings of the words. The first part of
the test was therefore designed to test theiriagelif a selection of these words. The full
test can be found in the Evaluation Appendix.

Bumper Syllables aims to improve a pupil’s ability count the number of syllables in a
word. This is a skill that can aid spelling, rattiean a spelling skill itself. Therefore the
second part of the test was designed to test thiéspability to do this by asking them to list
the number of syllables in a variety of words tthatnot feature in the game.

Finally, to test if this skill has subsequentlypged the pupils to spell, a further 3 words were
included that are words that can benefit from thevdedge of the number of syllables they
contain when spelling them.

6.2.5 Decide how to deal with the ethical issues

Prior to the users being involved in any form ditiley or evaluating users were all given
informed consent forms to be taken home to theeqta or guardians.
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The forms explained the purpose of the evaluat@nts testing as well as the nature of the
tasks that the pupils would be involved with. kamade clear that all information would
remain anonymous and offered the parents the chameguest a copy of the data.

In addition to these forms all participants themaslwere briefed on the purposes of the
tests by the SEN teachers and were given the apptyrtto withdraw from the process at
any time.

A further ethical decision taken was that due ® ybar 11s impending GCSEs, this year
group would not be involved in any testing as twald disturb their revision time.

6.2.6 Evaluate, interpret and present the data
Details of this process are detailed in the remagigiections of this chapter.

6.3 Usability Evaluation

6.3.1 Pupil Observations

As discussed during the DECIDE framework thesestestre done using a combination of
‘quick and dirty’ observation techniques combineilhwsmall scale usability testing and
interviews.

These tests involved asking the pupils to do 4® minute free exploration of the tool. This
time should give them the opportunity to play tlzengs and experience the reward scheme
at least once.

The aim of these sessions was to observe the pugiilg the tool in its natural environment
without any prompts. This would enable any usabilisues to be uncovered as well as
allowing the users to familiarise themselves whih system.

The key observations from these sessions werdlaw$o Where applicable future solutions
have been proposed.

Logging In

* When the pupils first sat down to play the game ynaihthem tried to log in to the
system straight away rather than creating a newwntc They expected the log in to be
the same as their school network log in details.
Proposed solution: This functionality is a possibility in the futuresuch a system was
to be implemented in the school. It would reduce ttumber of user names and
passwords that the users need to remember.

* When creating a new account one or two users wetrdamiliar with the password
reminder facility but quickly understood the coricepen it was explained to them.
Proposed solution: This functionality could become optional so thaers who are not
familiar with the concept would not become confused

* When asked to choose their car, the buttons fallsay through the cars were still not
immediately clear to all users although all pupilsticed them eventually without
prompting.

Proposed solution: The buttons should be redesigned to make therarasle The
graphics could be given a 3 dimensional appearastkis is common with buttons.
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* When reading the instructions prior to the gameusdirs read the instructions well but
on some occasions tried to hover over the buttbas liave been used as graphics (to
explain the buttons function). However, althoughngnaisers initially hovered over
them, nobody tried to click them as they soon sedlithat they were not buttons in this
context.

Proposed solution: As this did not seem to cause users any condéecosild be left as it
is. However, the buttons could be placed withinoa tb make it clear that they are a
graphic rather than working buttons.

The Games

* When starting a game, pupils seemed to take irtowent the instructions for them and
did not require prompting on how to control the oathe points system. However as the
game controls differed in each game some pupil&wetially confused as to why the
car in Spelling Grand Prix did not move automatjcak it does in Bumper Syllables.
Proposed solution: The car in Spelling Grand Prix could be programnte begin
moving automatically. It would still however retathe ability to stop as this is an
important aspect of the game.

* When observing one pupil playing Spelling GrandkRhie pupil encountered a word
that they had spelt incorrectly in the initial te¥then they hit the spelling that they
believed to be correct they realised the error thayy had made and noted this to
themselves (they later got the spelling corre¢chsecond test).

Reward Schemes
» All users understood the drag and drop natureefjtirage reward scheme immediately
and appeared to enjoy modifying the cars.

* In regards to the scores section and leader baaeds were not fully aware of this until
asked to view them in the final section of theitegt
Proposed solution: The presence of a leader board should be madeecléen the
instructions page. It could perhaps also be meetian the text box of the main games
screen.

6.3.2 Structured Tasks

This section of the evaluation was intended to caeenmon tasks in the game that had not
been covered during the free exploration. The a@s to observe the ease with which the
users could carry such tasks out.

Due to the nature of the game there were not maskstthat needed to be included here as
the core functionality of the system is within tpgmes and reward schemes.

The chosen tasks were as follows:

- Visit the score boards and view your score as agethe leader board for each game.
- Change the settings of the game so that the telkbackground are different.

- View the help section of the game.

The findings from these sessions were as follows:

-87-



Viewing the scores:

Users did not have any hesitation carrying out tdssk and were excited to realise that they
could view the leader board and their scores. Hewdfe fact that the users were not aware
of this functionality before means that this shdoédmade more obvious in the future.

Changing the display settings:

Users again were able to access this area and deerbe familiar with the use of a preview
pane. Not all users were sure of the purpose afebton as a whole but those with Dyslexia
were happy to see that they could change the gettthmeet their needs. One user instantly
changed the background colour to blue and saidiiiegtdid this because they used to have
blue tinted glasses to help them read and knewittivats a clearer colour for them.

Viewing the help page:
All users were able to do this efficiently.

6.3.3 User Interviews

During the evaluation sessions the pupils were caskseries of questions in the form of
semi structured interviews to elicit their opinicms the experience and pleasure afforded by
the game.

In general the overall opinion of the system wa thwas fun to use. The pupils were keen
to voice their enthusiasm for the games and spokéiyely of it. When asked if they would
like to play the game again, all users said theyld:o

When asked if they enjoyed the reward scheme glliigpwsaid that they did. Some
commented that it would be better to have more fizadiions that you could make to the car
and even that these options could be unlocked apsagress through the game.

Pupils were also asked what they thought of theegamll users asked said that they
enjoyed playing the games, although one female egpressed a desire for some more
“girly” games. When probed about this they could tiink of a specific example but stated
that they enjoyed playing games with a bit of duégtinvolved. However, this user was
still happy to play the existing games and duehtodreative nature of the reward scheme,
greatly enjoyed this section.

When playing the games the users were observed tisinleader board. When talking to
users they seemed very keen on this area of furadiip and often raised their concentration
levels in the game to try and get onto the boahdyTstated that the presence of the boards
motivated them to perform better in the games tfaspupils must get 100% to be added to
the board).

6.3.4 Teacher Observations

As it was not possible to observe the pupils atyestage during the week, the teachers were
asked to feedback their observations and opinibtisessessions at the end of the week. The
following comments were made.

It was stated that, when playing the games, thélgpgpt on with the task well and really

seemed to concentrate on it. During Bumper Sylkatile pupils could be seen mouthing the
words to themselves as they thought about how raglfables the words had.
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When the pupils were told that they would be plgyim the system again, the pupils were
apparently keen to play the games and enthusikigticegan the task.

Pupils were excited about the prospect of gettndpe on the leader board and made an
effort to do so. They were excited to see when tieyappeared on the board.

It was observed that during testing of the gameetlrgere some problems with the words
loading slowly for the Bumper Syllables game. Teasoning behind this was the increased
load on the database caused the processing towedsHown. This is a problem that would
need to be fixed eventually as some pupils witbragitbn problems found this frustrating.
This could be achieved by placing a loading stbarswhile the words load so that users are
aware of what is happening and can estimate howtloey will need to wait.

The Games

In addition to these comments on the pupils’ reasj the teachers also stated their opinions
on the games themselves, having seen them in ggaotier the week. These were as
follows:

Bumper Syllables

It was stated that this game was good as it “requihe pupils to visually discriminate the
different syllables. They didn’'t have time to clapt the syllables (as they usually would)
and therefore had to rely on their visual and augdiperception alone.”

The speed of the game was also pointed out as leekwy factor as it gave the pupils a
challenge.

It was mentioned that having one syllable wordshim boxes was good “as the pupils are
often better at multi-syllabic words and recogrgssome mono-syllables e.g. ‘thought’ is
actually quite challenging as it has seven letters.

Spelling Grand Prix

The game was noted by one of the SENCOs as beimgHmmore effective in terms of
improvement than | had anticipated it could be”wks also highlighted as being very
effective for high-frequency irregular words duethe fact that it combines auditory and
visual modalities.

In addition to this it was mentioned how well thtadents responded to the game. Several
pupils were heard to have immediately commentednimtakes that they realised they had
made in the initial spelling test.

One aspect highlighted as working particularly wedls the fact that the game allows pupils
to slow down and stop the car to consider altevaapellings before making their choice of
the correct one. It was pointed out that the natdirdhe game meant that the pupils had to
choose an option, whereas in their free writingghpils are able to put anything. This then
meant that the pupils’ success was related to balbig to go faster when they could

recognise a word without having to slow down so Imuc

The instant feedback feature was highlighted asgoparticularly effective, as the pupils are
seeing the correct spelling at the time of the akistrather than at the end of the game. It
was stated that SEN pupils often haven't got thigepee or motivation to look at their
mistakes after the event.
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The game was also commended for its “effective @adr format”. It was mentioned that

similar ideas had been seen before using mazesthbtitthese got complicated when
mistakes were made which could lead to confusiehfarstration. Spelling Grand Prix was

said to be effective as the choice of spelling aged to two or three and that subsequent
progress in the game was not dependent on pregimises.

6.4 Learning Content Evaluation

During this stage of the evaluation the learningtent was tested. Details of this test plan
can be found in sections 6.2.3 and 6.2.4. A breakdmn the results from this section can be
found in the Evaluation Appendix.

6.4.1 Test 1

Testing at the beginning of the week yielded aetgrdf results amongst the participants,
demonstrating the varying ability levels of Spedigleds pupils. The results from these tests
can be seenin Table 6.1.

Table 6.1 Test 1 Results

Experimental Group Control Group
Pupil Result Pupil Result
P1 9 P1 9

P2 6 P2 14
P3 6 P3 15
P4 6 P4 13
P5 11 P5 12

P6 14 P6 4

P7 7 P7 12

P8 13 P8 10
Total 72 Total 89
Mean 9 Mean 11.13

Many children struggled with the spelling sectioh tbe tasks, often being unable to
complete any of these correctly. However, with rdgdo the syllable related questions the
performance here was much stronger. The reasorehind this was suggested by the
pupils’ teacher as possibly being down to the flaat this has been a current area of teaching
in the lessons and is a concept that once understan be applied by pupils quite
effectively.

6.4.2 Test 2

Prior to testing, the SENCO stated that, due tonueire of the pupils difficulties, if any

progress was to be seen in the second round @figastmay be negligible. This relates to
the fact that dyslexic pupils require a large antafroverlearning in order to develop - a
task that would not be possible during such a stesting period, but may be the result of
repeated exposure over a longer time frame, indgéihe need for a longitudinal study.

However, despite this, the results of the seconddm®f testing appeared to be very positive,

with all pupils improving or in one case remainiagtheir previous level. In some cases
pupils made as much as a 25% improvement on institdst.
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The results of these tests can be seen in Tablénea@idition to this, a detailed breakdown
of the experimental groups’ results can be founithéEvaluation Appendix.

Table 6.2 Test 2 Results

Experimental Group Control Group

Pupil Result Pupil Result

P1 9 P1 8
P2 8 P2 14
P3 10 P3 15
P4 8 P4 14
P5 14 P5 12
P6 15 P6 4
P7 8 P7 12
P8 15 P8 11
Total 87 Total 90
Mean 10.88 Mean 11.25

It was noted by the SENCO that even when pupilsiwdmproved to the extent of getting
the spelling 100% correct they had improved tht&napts considerably. For example one
severely dyslexic pupil when first asked to spéfist’ had spelt it ‘free’ (which did not
result from mishearing the word), whilst in the @ag test their attempt was ‘fist’. Another
student when asked to spell ‘sentence’, initialhels it ‘seturs’. By the second test their
attempt had improved considerably to ‘sentenc’.

With the syllable section of the test, as there wiérgh level of understanding in the initial

tests, this area did not show such high levelsnpirovement. However, improvements were
still seen in this area with some pupils who go¢ an two of these questions wrong now
getting 100% in this section of the task. One pupilthe counterbalanced group was
specifically mentioned by the SENCO. This particidtudent was new to Special Needs
lessons and when they first attempted to play #maegdid not understand the concept of
syllables. However, by the end of the testing theye able to answer all these questions
correctly.

6.4.3 Summary

Having looked at the results of both the contra@ugr and the counterbalanced group, it can
be seen that the experimental group’s results irapeoved between the initial testing and
the final test. The mean change in the experimemtalp was 1.875 while the mean change
in the control group was 0.125. This shows thatetlie a higher increase in the group using
the system than the group receiving normal testtag Table 6.3 for a summary of the test
comparisons.
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Table 6.3 Test 1 and Test 2 Results Comparison

Pupil

Experimental Group Control Group
Pupil | Testl | Test2 | Change Pupil | Testl | Test2 | Change
P1 9 9 0 P1 9 8 -1
P2 6 8 2 P2 14 14 0
P3 6 10 4 P3 15 15 0
P4 6 8 2 P4 13 14 1
P5 11 14 3 P5 12 12 0
P6 14 15 1 P6 4 4 0
P7 7 8 1 P7 12 12 0
P8 13 15 2 P8 10 11 1
Total 72 87 15 Total 89 90 1
Mean 9 10.88 1.88 Mean 11.13 11.25 0.13
Experimental Group - Test Results
16
14
12
o 10
3 OTestl
»n 8
= W Test 2
6

Figure 6.1 Experimental Group — Results Comparison
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Control Group - Test Results
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0]
\

Pupil

Figure 6.2 Control Group — Results Comparison

In order to check the validity of these results ¢benter balanced groups’ results have been
analysed. If taking the test itself creates a praceffect this will be highlighted by the
results of this group. This can be establisheddigpmaring the mean difference between the
two sets of counterbalanced results with the megmavement of the experimental group. If
taking the test gives no improvement on its owaséhmeans should be similar in value.

Table 6.4 Counterbalanced Group - Results

Counterbalanced Group

Test - Game Test Game - Test Test Difference
P1 12 | P1 15 3
P2 9| P2 11 2
P3 71P3 7 0
P4 10 | P4 12 2
Total 38 | Total 45 7
Mean 9.5 [ Mean 11.25 1.75
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Counterbalanced Group 1 (Test - Game) - Results
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Figure 6.3 Counterbalanced Group — Test the GarResults

Counterbalanced Group 2 (Game - Test) - Results
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Figure 6.4 Counterbalanced Group — Game then Té¥sults

The mean difference between the counterbalancedpgraesults was 1.75. As stated
previously the mean improvement of the experimegtalip was 1.875. This is a difference
of 0.125, which is exactly the improvement seethécontrol groups’ results. This indicates
a very slight practice effect, but still impliesaththe majority of the improvement in the
experimental group is from using the system.

Whilst these results are promising it is importemtrecognise that, given the appropriate
time, it would be necessary to test the programwues a prolonged period of time to fully
assess the success of the system. In these ciempastit would be preferable to test the
system at the beginning of the week and again aftenger period of use such as 2 weeks
(where the pupils would have a total of 5 lessonglay the game). On top of this testing it
would be interesting to also test the pupils adit@eriod of time not using the system to test
the extent to which the knowledge gained is rethimethe pupils.

As such testing has not been possible during tesecof the project, it is necessary to use

the results gathered so far as a preliminary itiicaof the potential of the game and not a
confirmation of its success.
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6.5 Conclusion

As stated in section 6.2.1 (within the DECIDE framek), the aim of the evaluation process
was to determine the usability of the system, wéiethe users enjoy using it, whether they
are motivated by it and whether the learning canténhe system is effective in improving
the pupils literacy skills. These goals were thglit slown into a series of questions which
were used during the evaluation design to ensatdliese objectives were met.

The results from these evaluations can subsequeattymmarised as follows:

Is the system easy to use (is the system usable)?

From the usability testing and observations it lbarseen that there were no major usability
problems uncovered by the users and all users amddthe system effectively. However,
minor problems did arise that would need to beesblyefore further testing.

Do the users enjoy using the system?

From observations of the users when using the mydtegh levels of enthusiasm could be
seen. In addition to this, feedback from the pupdsafirmed that they enjoyed the system
and would like to use it again in the future.

Does the system motivate the users?

During the design process, the primary motivatiothiw the game was designed to be the
car modification reward scheme. The aim of thiscfionality was to get users to complete
the games. During evaluations this could be seandtivate the pupils to play the games
and there was much enthusiasm towards the garatjersevhere users enjoyed modifying

their cars.

However, the leader boards, which were initiallded due to repeated requests from the
users, became a key motivation within the game. mbé&vation from this appears to be
highly valuable as the users set out in the gameget on the leader board and therefore
appeared to put in much higher levels of concantrah order to get maximum points in the
games. Subsequently this area could be considereed bne of the greater successes of the
system and highlights the importance of a useredrtesign process.

Is the learning content in the game effective?

The preliminary results from the learning evaluatias discussed in section 6.4, are that
when compared against traditional teaching methibésgame has caused an increase in test
performance.

These improvements, although not large, have begrhrgreater than anticipated by the
SEN teachers and are therefore very promising.c#iidins from the results and teacher
feedback indicate that Spelling Grand Prix wasntiost instrumental game in these results.

However, as mentioned previously these resultspastiminary and would need to be
backed up by more in depth and prolonged testing.
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7 Conclusion

When beginning this project the aim was to produsgstem designed specifically for users
with reading difficulties between the ages of 14 d%. The reasoning behind this is that
many systems in this domain are either targeted atry broad age group or at young
children. The need was subsequently seen for amytat could specifically deal with the
issues of a reading difficulty in an environmenattivould stimulate and motivate older
pupils who may find existing systems patronisinglfhinterest/low level software). Later
empirical evidence supported this need, as mamgnpiat users, when asked about existing
software, were frustrated by the immature naturin@$e systems and the way that this made
them feel.

Early findings suggested that a potential probleith wuch a system may be the fact that
intervention schemes with older children can notabeeffective as with younger children
(Sylva & Hurry, 1995). However, subsequent findifigsn the literature review suggest that
although this may be true, computer assisted legrin secondary schools can be both
effective and cost effective (Lynch et al., 200@)was therefore hoped that this project
would be able to find similar findings with regartts the effectiveness of the learning
content of the final product.

Through further research into the domain duringliterature Review, it was possible to see
the specific benefits that can be gained throughgusomputer assisted learning, not just in
teaching reading but more specifically in teachihigdren with reading difficulties.

Firstly, a computer can provide multi-sensory otitgaroviding both visual and auditory
representations of words and therefore providingnasy paths to learning as possible.
(BECTA Overview of SEN and ICT Provision, 2002).

In addition to this, a computer provides an idealimnment for the use of overlearning.
Overlearning is a key technique for dealing witadiag difficulties concerned with repeated
exposure to words. This was highlighted by Nicholaod Fawcett (2000, cited by Fawcett,
2003) who stated that for performance to becomenraaitic with Dyslexic children it can
take longer by a factor of the square root of thetit would normally take to acquire the
skill. However, such a large amount of repeatedosype to a set of words can become
tedious for pupils if carried out in a stationamyvigonment. A computer can benefit this
process by providing variety to this learning invesually stimulating and dynamic
environment.

A further benefit that computers provide is thdigbfor users to be able to adapt the screens
appearance to suit their specific difficulties (seetion 2.7.2). This is key to Dyslexic users
who have specific preferences for the way thatitegtesented (including font and colour).

An additional issue to be addressed within thedttge review, prior to designing the

system, was to look at ways in which a system shbel presented in order to make the
system as accessible to Dyslexic users as posdihlse.was achieved by undertaking a
detailed look into current guidelines and literatim the area which was then presented in
the literature review as a Dyslexia Style Guides(section 2.7.2). This was a crucial output
from this stage of the project as it provided aaclset of guidelines to follow during the

design. However, to make the guidelines as suceindtcompact as possible (for constant
referencing), these guidelines have been combimteda one page check list. This can be
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found in the Conclusion Appendix section 1. Thi& provides a quick simple reference
point that all design decisions can be checkedhagai

These findings from the Literature Review were keythe development of the system as
they were able to highlight areas of potentialé@sg content for the system as well as the
areas in which computer assisted learning candmesfit users with reading difficulties. It
also enabled the production of a set of guideltnesnsure that the system design meets the
variety of needs that Dyslexic users may have.

However, despite these considerations taken, tdusea system that simply addresses the
findings from the literature review is not enoughem developing a system for such a varied
range of users. Further understanding of not heit needs, but what motivates and interests
the users is required as well as an understanditige@nvironment that the tool will be used
in.

Subsequently during the requirements and desigrepsy users and wider stakeholders were
involved as much as possible. However, working VBEN pupils presented difficulties at
times due to the sometimes unpredictable behawibtlre pupils (as many SEN pupils often
suffer from behavioural difficulties and reducedtivation levels).

In early sessions with the pupils it was sometimiéfscult to gain high levels of feedback
from the users as they often appeared shy or disisted. To overcome this, concentration
was then placed on building a rapport with the |supd give them more confidence to
express opinions and thus the ability to provideeater level of feedback.

In addition to this, steps were taken during tbesiive design process to make the prototype
evaluation sessions as stimulating and motivatinthé users as possible (to gain their full
attention). This was required due to the attenissmes that the users often had, as many
Dyslexic users have fluctuating levels of concdiira(Goodwin and Thomson, 2004). As a
result of this, all evaluations took place usingnpoiter based prototypes. This provided a
more visually stimulating environment for the usansl subsequently higher motivation and
enthusiasm to take part in the sessions.

These user interactions highlight the importancadzpting the user-centred design process
to meet the needs of the specific users taking ipathese. Building relationships and
providing a stimulating environment to the usermsved key in gathering a higher quality of
data within this project.

The requirements gathering process also enabledriani interactions to take place with
SEN teachers. These interactions became vital éoptioject, as although the literature
review provided insight into teaching practicese treality of these within the SEN
classroom can be vastly different. It also enaBleecified teaching practises to be observed
that provided vital information for the subsequeéesign process.

Having taken such an in depth look at the requirgmand design of the system and having
taken into account the users wants and needsntpkementation of the system became
reasonably complex. This level of complexity wagmded necessary for the prototype, as
much of the complexity came from the reward scheave$ motivational aspects of the

game. These are important features in the sucdeasgame and therefore could not be
overlooked.
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This, therefore, led to a much larger than antieigaprogramming overhead. However,
having completed the implementation, the benefitdd clearly be seen during the system
evaluation sessions.

The aim of the evaluation sessions was to asseseroyment value of the system, its
usability levels and the educational benefits thean provide. This was evaluated through a
series of usability tests, observations, interviemsl learning content tests. The findings
from these sessions provide a promising indicadioine success of the system as users both
enjoyed and felt motivated by the system as well sabsequently improving their
performance in a literacy test.

These findings consequently appear to support imginfys of Lynch et al (2000), as
discussed at the beginning of this chapter, thatpeder assisted intervention schemes in
secondary schools can be effective.

However, as stated within the Evaluation chaptesehfindings are a preliminary indication
of success and will need to be backed-up up byra madepth evaluation.

Summary
Having completed this project, the outputs from tagious processes undertaken can be
summarised as follows:

* Findings from the literature review have shown kieg ways in which children with
reading difficulties should be taught, with a foaus the benefits that computer based
presentation can provide to this. It has also lmssible to look into the best ways to
present a system for users with Dyslexia by comgigehe range of difficulties faced by
such users.

* Through working closely with SEN pupils sufferingiin a range of learning difficulties,
it has been necessary to adapt the methods usieg) thiese interactions to get the most
out of the pupils. This allowed an optimum envir@mnto be provided in which
gualitative data could be gathered. The benefitsarking closely with a wider range of
stakeholders have also been shown to be highlyficeie

* Empirical evidence has been found that appearsigpst the findings by Lynch et al
(2000) that computer based intervention methodsea@ondary schools can be effective.
It has also demonstrated the benefit of computeedbénstruction compared to normal
teaching methods. However, these findings will needbe confirmed through further
evaluations.

* Finally, a system has been produced that has ttengel to be developed further and

used within SEN classrooms to both entertain antivate a range of users and through
this, potentially develop their literacy skills.

7.1 The Future

Having carried out this project it is natural preggion to look to the future and consider the
potential directions that the project could take well as discussing improvements to the
work.

One key issue to be addressed in the future woeltbbcreate solutions to the usability
issues that arose in the final evaluation sessamasthen test the system over a prolonged
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period. This is important as it would allow theegff of the system to be more accurately
measured. The current testing, although promisiiag, not indicate whether the learning
gains observed will remain over time which is a owon problem with Dyslexic individuals
and this subsequently is something which shoultebted for a more accurate indication of
the systems success.

A further development in this area would be to labkhe current adaptability in the system
and further develop this for prolonged use. Theesgscurrently uses a system of repeated
exposure to words where a pupil will continue tcelsposed to a word until they have got it
correct 3 times. If the system were to be used avgreater length of time it would be
preferable to design the system so that these weod#d continue to appear in the game at
regular intervals (although not as often) until théld appears to have transferred the word
into their long term memory.

After evaluation sessions, the SENCO from the schere the sessions were carried out
expressed a high interest in the use of the systitiwas to be further developed. Particular
interest was shown in Spelling Grand Prix whichldaaven be adapted into a game in its
own right. The SENCO felt that there was “a lotsobpe to develop the game further but
keeping the essentially simple format for choosifg words”. Suggestions for its
development from the SENCO included developmerthefgraphics around the track and
the addition of animations such as champagne qgping if the pupils complete the game
with maximum points (as you would get in a real i@k #rix). It was also suggested that the
pupils could compete directly with each other toyide further motivation.

Working closely with SEN specialists has been a fagjor in the success of the system
especially in regards to the learning content efghmes. In future development it would be
highly beneficial to develop this relationship et and participative design should be an
important consideration in this area.

A key development of the whole system if it wad&developed fully would be to increase
the number of games within the system. Currentbredhare two games, each testing a
different skill. This could be increased to a switgames that develop a range of skills. One
of these should deal with the area of syntheticnsowhich has been discussed in depth
within the literature review. The prototype implemed during the course of this project did
not use this skill as it conflicted with the curréeaching methods of the school at present.
However, when this technique is fully rolled outsiecondary schools it will be an ideal skill
to be incorporated into a game.

Much of the pupil feedback gathered during systemluations showed that pupils were
motivated by and enjoyed the reward scheme implésdeidowever for extended use this
would need to be developed further so that it canige prolonged motivation to the pupils.
Suggestions from the pupils on this topic inclutlesl idea of gradually unlocking different
modifications as you progress through the game.elxample, the game could begin with
allowing the users to change the colour of their @éhen the users progressed to the next
level they could then be allowed to add parts sashhubcaps to their car. This would
progress until they had unlocked all available apti As well as this it would be necessary
to add more car additions to the game to add maniety to the reward scheme.

A key area of functionality that was not implemehter the purposes of the prototype is the
teacher's management system. The need for sucltidoality was a key finding of both the
literature review and requirements analysis yefuk#fication for this omission was that the
game needed to be tested with the primary useromdirm its potential success before
development in this area should begin. Now tha ¢vialuation has been completed and the
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results appear promising, this area should be deresil in further design iterations. Ideas for
this section include the functionality to view a&tsprogress in the games, with key problem
words highlighted (i.e. when a pupil has got a wordorrect more than 3 times). The
teachers should also be given the chance to sstrés efault level in the game. A further
possibility includes giving teachers the abilityaiber the number of times a user is exposed
to the words in the system (depending on the dgwefrtheir reading difficulty).

These settings would cater for the wide range ditiab of the pupils. More advanced users
would be able to avoid having to go through set&a$y’ words before they reach a level
that sufficiently challenges them, whilst more seledyslexic users could be provided with
greater amounts of exposure to words.

Due to technological developments in classrooms, ube of interactive whiteboards is

becoming increasingly common. The school that wsised throughout this project had an

interactive whiteboard in both of the SEN classreoiithe development of the game for use
on these was out of the scope of this project; wewg would be interesting to pursue this
further. The current nature of the games is perhapsppropriate for such use, due to their
highly interactive nature and the complex game robit However, within an increased

game suite there is potential for games to be edethiat are more appropriate for this use.

The scope of the system could also be widened deige a tool for the screening and

diagnosis of pupils with expected reading diffimdt The tool would provide a fun and

enjoyable environment for these assessments asawelllowing the pupils responses to be
recorded in detail. These results could then bsemted to specialist to allow a diagnosis to
be made. For this functionality the tool would néethe developed significantly to allow for

a much more detailed level of analysis to be mamthe users’ performance.

These suggestions are all important considerationse taken if the system was to be
developed further. The most important of thesdaihjt would be to further evaluate the

system over a prolonged period. After this, it wbwe beneficial to add a teacher
management section to the system as the findingjseofiterature Review highlight this as

an area that could further improve the effectivershe system. With these improvements
in place, a key area of development would be thisian of the learning content adaptation.
The current functionality was sufficient for therpases of the prototype, but there is much
potential in this area that should be considered.

With the existence of so many future consideratiinsan be seen that this is an area with

much potential. This demonstrates the need for systems to be further investigated and
developed.
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1 Literature Review Appendix

1.1 Design Heuristics

Schneiderman’s Eight Golden Rules of Interface @resitaken directly from Dix et al (2004).

1.
2.

3.

Strive for consistency in action sequences, layeuminology, and command use.

Enable frequent users to use shortcuts such as\aations, special key sequences and
macros, to perform regular, familiar actions mouekyy.

Offer informative feedback for every user actionadevel appropriate to the magnitude of
the action.

Design dialogs to yield closure so that the usemisnwhen they have completed a task.

Offer error prevention and simple error handlingtisat users are prevented from making
mistakes and, if they do, they are offered clear iaformative instructions to enable them to
recover.

Permit easy reversal of actions in order to reli@weiety and encourage exploration, since the
user knows that he can always return to the prestate.

Support internal locus of control so that the usén control of the system, which responds to
his actions.

Reduce short-term memory load by keeping displaygpls, consolidating multiple page
displays and providing time for learning actionseces.

Neilsen’s Ten Usability Heuristics — taken diredtigm Dix et al (2004).

1.

2.

Visibility of system status — Always keep the usefsrmed about what is going on through
appropriate feedback within reasonable time.

Match between system and real world — The systesuldlspeak the user’s language, with
words, phrases and concepts familiar to the ua#rer than system-orientated terms. Follow
real-world conventions, making information appesainatural and logical order.

User control and freedom — Users often choose my$tections by mistake and need a
clearly marked ‘emergency exit’ to leave the unwdrgtate without having to go through an
extended dialogue. Support undo and redo.

Consistency and standards — Users should not lmawender whether words, situations or
actions mean the same thing in different contésadiow platform conventions and accepted
standards.

Error prevention — Make it difficult to make erroEven better than good error messages is a
careful design that prevents a problem from ocngrim the first place.

Recognition rather than recall — Make objects,oastiand options visible. The user should
not have to remember information from one parthef dialogue to another. Instructions for
the use of the system should be visible or eastlyavable whenever appropriate.

Flexibility and efficiency of use — Allow users tailor frequent actions. Accelerators —
unseen by the novice user — may often speed uintém@ction for the expert user to such an
extent that the system can cater to both inexpegiand experienced users.

Aesthetic and minimalist design — Dialogs shoultlgamtain information that is irrelevant or
rarely needed. Every extra unit of information idialogue competes with the relevant units
of information and diminishes their relative vidiiyi

Help users recognise, diagnose and recover froonserr Error messages should be expressed
in plain language (no codes), precisely indica phoblem, and constructively suggest a
solution.
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10. Help and documentation — Few systems can be ustd nei instructions so it may be
necessary to provide help and documentation. Aol sueformation should be easy to search,
focussed on the user’s task, list concrete stepart@ed out, and not be too large.
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2 Requirements Appendix

2.1 Wordshark

Wordshark is a system aimed at pupils with spetgficning difficulties. It has been developed by
professional computer programmer Roger Burton amadtising SEN co-ordinator Ruth Savery
(White Space).

The system is designed for use in both primary sewbndary schools and contains 41 different
games which target skills such as:
* Phonics

e onsetand rime

e homophones

» spelling rules

e common letter patterns

e visual and auditory patterns

« prefixes and suffixes

e roots

* word division

« high frequency words

» use of words in context

« alphabet and dictionary skills
(www.wordshark.co.uk)

Extensive word lists are contained within the systend are arranged into the following
structured courses:

e The English “Literacy Hour” UK spellings and worgciognition

« Secondary school subject vocabulary / Adult leaner

e The 3 stages of the book “Alpha to Omega”

e Phonics

» Course for older users and adults

(www.wordshark.co.uk)

For the purposes of the stakeholder evaluatioranger of games were played. Below are screen
shots and brief explanations of a selection ofdtgzsnes, as well as the reward schemes available
within the system.

2.1.1 Games

Below is a selection of game screen shots and desdriptions of these.

Rolling

In this game, the aim is to correctly guess thatioa of the letter in the alphabet. Letters drop
down from above and the users are required to la@nshot so that the ball lands in the correct
slot. Marks are awarded for the accuracy of the skoa close shot = 5 points whilst an exact hit
is 10 points.
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C to quit game

9 No Titlefshipp, £ R & rolling

Figure 2.1 ‘Rolling’ - Screenshot 1

= rolling Press F1 for help Press ESC to quit game

atbjcidjelf /g ihiiA] AKALAMANAOADAAT AS L ULV AW,

& F i DSHARK £ roling 12:31

Figure 2.2 ‘Rolling’ - Screenshot 2

Sharks
The aim of this game is for users to click on arlsh@hey then hear speech output of a word and
are required to spell this word. In addition testeound a picture is provided as an additional. clue
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< sharks Press F1 for help Press ESC to quit game [WELE

speed=5 time  emors  peeps  deaths  score | vicky
options listeri peep
——0—| nn 0 0 1 0 19

T
[ % Folderstorst,. | 5 No Telefshiop.

Press F1 for h!lp Press FSC to quit game

D“ - o apssdﬁ | tme  emors peeps deaths score | vicky
| p i J w4 0 |1 |

—— =
T start | # roderstorse. [i

Figure 2.4 Sharks Game

Screenshot 2

2.1.2 Reward Games
Below are a series of screenshots and descripioihe reward games within Wordshark.

Bowls
This reward game involves users aiming the bakrtock down the skittles. Points are awarded

for the number of skittles hit.
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(REWARD GAME)
time
00.01

Pull ball down across line.
Aim it and click to release.

Knock down 9 - score 2
Knock down all 10 - score 5

9 o Tilelship. &

Figure 2.5 ‘Bowls’ Reward

HARK

1-...
Game.

Race
This reward game involves betting on an animal to the race. Points are awarded for the
placing of the selected animal.

(REWARD GAME) EEL
time wicky
00.16 12

1.kangaroo

B o Tie[shipp...

Figure 2.6 ‘Race’ Reward Game.
Lottery

This reward game involves selecting 3 numbers.[dtiery is then drawn and users are awarded
points for the number of matches they make.
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(REWARD GAME)
time
00.01

Ward
recagnition

Spelling

[Sounds and
Ietter
patierns

Splitiing
Watching

and
sentances

NI R
o

entt -

Ga

icons for playinggames  +  Current word list

the
this
that
then

thin
with

Alphabet

dictionary

Figure 2.8 Opening Screen

-A8-

them

[T Highlight vowels

Eos e

Match 2 - score 2
Match 2 and bonus - score 5
Match 3 - score 8

18) Standard list (in order)
2) Extended list {(sample} - click to va...
) Extended list (whole list)

[ Add spiits



<= WORDSHARK 3 Full list of topics. ent word list list of games
File Help (F1) Other students e L RE) Search (F9)

T L e B S C S Games available for this list - click to play
ord recognition

findt word

shapes - word changes to shape

b splacts
& B Group 8 (STAGE )
© B Sroup 7 (Suffx )

o Gmups(sTAGEm) Impress “mgjva\:vgrwma"d e
@ Byomupo word search
@ By premes [& speling
e i
2 E‘Efnunﬁgg sharks - spell
maze
mn: O pressure Ietter maze
GELTE hidden letier
feotcet B

raots cire- circurn-
root-clude -port
root hydra- hydro-
root mono- duo-

Iefter pattern recagnition

pattem
Nowers
snakes and ladders

root ot

root-phane littng up words

root-graph nallons

root photo- Noai's ark
trains

roots porttract
roots -press -vent
raot prim-

sylljigsaw - syllables
bl up - hear then build
hunt syllables
t
poclscope st » Standard fist {in order) matching (card games)
roots spect struct (r Extended list (sample) - click to va. sentences (crossword puzzles)
i ) N alphabet and dictionary
roel @ Extended list (whole list)
group @ revision
B Literacy Hour KS1 and 2 [ Highlight vowels  [v] Add spiits

§ (53 subject lists (Inc. KS3 Lit Hour) <<< Batk Next list 5>+ Click here to show GAMES screen
} General course for alder usersfadults ac! g"
e 3 .

Help (F1) Other students

oar1 Temn | &
i Choose background colour for games & .

Year 1 Term 3 alter - change woris

“fear 2 Tem 1
‘ear3Tem 2 Iter - change words
‘ear2 Tem 3 aze

‘eardTem 1 letter

using rhyme o

suffc -ing 1doubling

sUffic -ing 2 no extra da i

suflix -ing 3 no doubling words

suffic -ing 4 drop
suffc -ing 5
suffc -ing rived
suffic-ed mixed

1

card games)
(crossword puzles)
nd dictionary

~stle-scle
-le exceptions 1 .
-le exceptions 2
prEfe un- dis- re-
prefie re- de- pre-

© B oar 3 Term 2

@ By vear3Tem 3
hidden words
prefix mis- ex-
prefix non- ant-
prefx co-
shortfarms 5

D Sample Texd Sample Text

Cancel Reset
® Extended list (whole list)

v Hnghnumuuwels
< Bz.cu Nexi list >35>

Flgure 2. 10 Settlngs Screen

=

vicky's sessions |————Session from 12:24 to 12:38 on Tue 31 Jan 20
k on oneghald down Ctrl for more) roots -press -vent (shuffled) snakes+adders speed5  time0:40  score 11
71 errors: place job

iew games played by vicky.

[Tue 31 Jan 2006 1

roots -press -vent (shuffled) dictionaryfish speeds  time2:10  scored
*incomplete* Toats -press vent (shuffled) catching speed5 tme0:03  score0
roots -press -vent (shuffled) rolling speed5  time2:12  score 154
suffix -ing 1doubling ¢shuffled) sharks speed5  time 154  score 16
suffix -ing 2 no extra doubling (shuffled) add Suffix time 0:47  score28

Print marked sessions

Figure 2.11 Teacher Feedback Screen
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2.2 Education City

EducationCity is an e-learning product designeduse in both schools and homes. It aims to
reinforce learning in a “fun and engaging way”. (wwducationcity.com).

As well as English, it also covers Maths, Scienog Brench up to the ages of 12. The system is
used within SEN lessons as the content provideabopriate for the pupils’ abilities, even
though the targeted age group is generally lowen that of the pupils in the class.

It is designed for use on both computers and inteawhiteboards.

What follows is a selection of screen shots fromgistem:

2.2.1 Logging In

Subscribe

&
R

& >
G )
# )
‘ B

]
EducationCity rnm\'JQ ﬁﬁ

i ist) >
T y
]
motule launched ... Call 0870% /
et

Figure 2.12 Education City Login Page
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3 htp://www.educationcity.com - == EducationCity.com

>
< _ade,
Footbal 7
— ‘L:."
Force Field 28
- By
L Slither River)?
, Survive a
Shower
( Tomb of Doom
Water Raider

Weepers
Creepers
- Flig 0
aptain /ﬁ 7
SVe E Ol Crazy Gol

‘

Figure 2.13 Education City Game Choice

@ Intemet

2.2.2 Sten the Wizard

2 http://www.educationcity.com - : EducationCity.com :: Interactive Education = Wicrosoft Internet Explorer

Read the question and
answer by clicking on
the cauldrons.

Then click on 'done’.

Figure 2.14 Sten the Wizard - Instructions
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The police wanted to do a
search.
0@@@@079@00
OO0 O00O0

w v R w I x i y Iz

tho

Figure 2.16 Sten the Wizard — Correct Feedback
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| had to stay off school with a
bad cough.

question:

3 10

o™
p—<

Figure 2.18 Sten the Wizard — Reward Graphics

2.2.3 Slam Dunk
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| Look and listen to the
word before it
| disappears.

Use the arrow keys to
aim at the basket
where you think the
letter should go. Press
the space bar to shoot.

Figure 2.20 Slam Dunk — Game Screen
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XX)
0

Figure2.21 ‘Quit’ Confirmation Screen

2.2.4 Feedback Screens

Vicky

Figure 2.22 Success Tracker
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' CSten the Wizard

Score Version ( 2 )

Question: It was early, it had
started to get dark.
Your answer: p

~ Correct answer: though

Question: | had to stay off school with a
bad )

' Your answer: coug

| Correct answer: cough

Back

Figure 2.23 Feedback Screen

2.3 Nessy

Nessy is a structured learning system specifidaligeted at pupils with Dyslexia between the
ages 5 (KS1) and 16 (KS4). The system was develbpdehat Jones, teacher and founder of the
Bristol Dyslexia Centre and Belgrave School togethi¢h her Dyslexic son Mike Jones.

The system contains a series of animated compataeg each targeting a learning skill. These
games are as follows:

« Brain Drain- encourages reading speed and vocabdé&vrelopment

* Chase The Chicken - improves instant word readkeggnition

« Poke the Pig - improves instant word reading reitimm

* Doggy Din Dins - reinforces the suffixing rules

* Glynn Goes Fishing - reinforces single word spgllin

e Squish ‘Em -. reinforces single word spelling

« Hands Off My Bananas - reinforces single word asmtence spelling

¢ House of Fear - Cloze Reading for vocabulary amdexa

« Monster Sound Sorting - recognition of the diffarepunds made by ‘ough’
« Power Protectors - reinforces single word speltihthe Protector rule

«  Wet Kipper (2 Player) - reinforces single word aettence spelling

* Whack-A-Rat - reinforces single word spelling

(Bristol Dyslexia Centre Websjte

The Game itself is centred around a series of catoded islands each focusing on a different
level of ability.

The games used in the Heuristic Evaluation of thid can be found on the Bristol Dyslexia
Centre Website. Screen shots of these games csaehéebelow:
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2.3.1 Whack-a-Rat

2 Whack-a-Rat - Microsoft Internet Explorer

The aim of the game is o whack
the rats before they steal the

cheese. Whack the rats and spell
the word you hear fo stop them.

Figure 2.26 ‘What A Rat’ Game Screen 1
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3 Whack-a-Rat - Microsoft Internet Explorer

Figure 2.27 ‘What A Rat’ Game Screen 2

2.3.2 Doggy Din Dins

2 Doggy Din Dins - Microsoft Internet Explorer

Foop

rrrrrre— Y

Your dogs are hungry and you must feed them - but be
careful, each dog will only eat the right kind of bone.

Look at the word on the bone and then drag the bone to
the right dog. If you give your bone to the right doga
point will be added to your bone score but if you get it
wrong the bone goes in the rubbish.

Make sure you have your speakers switched on and
turned up. Good luck !!

A Nessy Production

Figure 2.29 ‘Doggy Din Dins’ Instructions Screen
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2} Doggy Din Dins - Microsoft Internet Explorer

| Arabbit word has 2 consonants as ears and a weak
vowel sound

(PACK | (NEXT

S Y

Figure 2.30 ‘Doggy Din Dins’ Learning Rules Screen

2 Doggy Din Dins - Microsoft Internet Explorer

‘ snap+ed —
20" @ soaked _U”
Figure 2.31 ‘Doggy Din Dins’ Game Screen 1

2A Doggy Din Dins - Microsoft Internet Explorer

Your dogs are happy and well fed
You scored 4/5

( NEXT

e
0" _d@ipper

Figure 2.32 ‘Doggy Din Dins’ Game Screen 2
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4 Dogey Din Dins - Microsoft Internet Explorer

soaked
drummer
bleeding
flipper

Figure 2.33 ‘Doggy Din Dins’ Feedback Screen

2.3.3 Squish’'em

4 Squish'em - Microsoft Internet Explorer

Figure 2.34 ‘Squish’em’ Introduction Screen

£
\\ ) | Instructions 1 ]
~ ) The aim of the game is 1o stop the
~\ flies eating your soup. Hit the flies

it your swatter and spell the
word you hear fo kill them.
-—

When you swat a fly make sure you
ligk in the box before you spell the

4 s 81 v oncns. )
¥ ¥
o%)

Figure 2.35'Squish’em’ Instructions Screen
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4 Squish'em - Microsoft Internet Explorer

MiSSED
FLy WORDS

Figure 2.37 ‘Squish’em’ Game Screen 2
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3 Design Appendix

3.1 Prototype 1 - Screen Shots
What follows is a slection of screenshots fromphatotype used for the first iteration of the user
prototype evaluations.

Teacher
Login

Figure 3.1. Prototype 1 — Intro Page

Login

Welcome to Word Arcade. Please enter your username and password to
access the game.

Name:
| |

Password:

| |
(o |

Figure 3.2. Prototype 1 — Login Page
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My My

Syllable Invaders serres I v Jl Help

intferesting

= 6=

Figure 3.3 Prototype 1 — Syllable Invaders |

Syllable Invaders

interesting

Back .
Games|

Figure 3.4. Prototype 1 — Syllable Invaders Il
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My My
Settings Progress He I P

My Settings

Use this page adjust the way that Word Arcade looks when you use it.

Preview:
Text colour: -:l
Test

Background:

Font: Comic Sans v

Back .
oames

Figure 3.5. Prototype 1 — Settings Page

My My
Settings Progress Hel P

My Progress

This page displays your progress in the games so far.

Syllable Invaders

= Games played: 2
JAN Current level: 4
l Highest score: 150

Game B

Games played: 2
Current level: 4
[ ]

Highest score: 150

Figure 3.6. Prototype 1 — Progress Page
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My

Progress He I P

Click here to
change your
settings

Figure 3.7. Prototype 1 — Button Behaviour and Tbipls

3.2 Prototype 2 — Screen Shots

Below is a selection of screen shots from the sgewaluation prototype.

=24 Word Races ="

Before the game begins, please choose the car that you will be racing
with.
Select a car by using the arrows.

<

>

Continue

Figure 3.8. Prototype 2 — Intro Screen
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Games Page

Welcome to Word Races. The aim of the game is to modify
your car. To do this you need to play the games.

To select a game, click on its button below (more games will
appear soon).

Bumper Syllables

|

Figure 3.9 Prototype 2 — Games Page

Bumper Syllables

(Aim
Bump into blocks that contain words with the same number of syllables as
shown in the corner of the screen.

Controls
Use the direction keys to move the car around the screen.

Score

1 point for each correct bump. Life will be lost for hitting an

incorrect block or for missing the correct ones.

Figure 3.10 Prototype 2 — Bumper Syllables Insions
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Bumper Syllables

Health: Score: 2

-

Figure 3.11 Prototype 2 — Bumper Syllables Game

The Pitstop Garage

Paintwork Parts Transfers
car colour: [N 0 T Heb caPﬁ@ @ Flower colour:
Exhausts:
Flame colour:

Jg-jj:.

Splash colour:

AN T .

Continue

Figure 3.12 Prototype 2 — Reward Scheme Garage
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Games Page

Welcome to Word Races. The aim of the game is to modify
your car. To do this you need to play the games.

To select a game, click on its button below (more games will
appear soon).

Bumper Syllables

A—
Allllllaahaawawaae

Figure 3.13 Prototype 2 — Car after colour modifica
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4 Implementation Appendix

4.1 System Overview and Navigation

New User Choose Car Instructions
o %j - Word Races b== lcilbbsevv)'our car - —

o _ > _ R
i - =
Login Screen v
“==9 Word Races == Games Page

Bumper Syllables
P Spelling Grand Prix

»
L
@ (i
I [ Jooms 8] Jscrigs e 2 ]
v Games Page
Please enter your username and press dk.
]
Your password reminder is:
[
Ce
Password Reminder

Pop-up

Figure 4.1 Log-in and Introduction
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Bumper Syllables Instructions

Bumper Syllables

Bumper Syllables

‘Gﬁ;nes Eﬂgs

= 8 =x)

Bumper Syllables

Spelling Grand Prix

Games Page

\ 4
‘Srgelling;ﬁund Prix

v

Y1 oiz7

arget Sylbles:

BamlYyllables Feedback

LBu‘mpzr" Syllables

B

X3 1) 9 8 OO C

The Pitstop Garage

P/
X3 ) e e XA [ 9]

Spelling Grand Prix
Instructions

Figure 4.2 Game Navigation

\ 4

léﬁeliiné Grand Prix

Welldne yau il the correct blcks

(e Jcones 8 Jscores 7 servss e ? [ 8]

Spelling Grand Prix
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Figure 4.3 Navigation Bar and Related Screens
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4.2 Game Objects

Mame | Kind Lse
E? Sounds Folder
B Wards Folder
B F¥ Folder
@ Speech Folder
EE? Butbons Folder
[E:] MNavBar Folder
B ColourButtons Folder
Eﬂ Otherhlay Folder
@ FonkSettings Folder
@ WordDefinitions Folder
@ Dema Buttons Folder
@ Popllps Folder
ﬁ Graphics Folder
@ Background Colours Folder
) Text Folder
B Roads Folder
@ ‘WordBlocks Folder
[EE? Cars Folder
@ Beetle Parts Folder
E:] Parsche Parts Folder
B Mini Parks Folder
B Ferrati Parts Folder
@ LandRower Parts Folder
Wheell Movie Clip
wheelz Movie Clip
B Game Campaonents Folder
Eﬂ Car Additions Folder

Folder

Figure 4.4 Object Library
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4.3 Layers

4.3.1 Intro Scene

WiordRaces*
% Intro
it w Timeline
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D Actions « « [0 S ul 3 S Dg
I Pop-Ups X+ H . O = Ojo
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[ Graphics + s O Ol Ole Qo
[P Teut + « H|, Ol Ol Ol
[ Buttans + + 0. Ol Ol Dt
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Figure 4.5 ‘Intro’ Layers and Key Frames
4.3.2 Main Scene
WordR.aces*
% IMain
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] || ¢ dlw B Clf s [rofps |53 €
Figure 4.6 ‘Main’ Layers and Key Frames
4.3.3 Bumper Syllables
WwordRaces® -8
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Figure 4.7 ‘Bumper Syllables’ Layers and Key Frames
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4.3.4 Spelling Grand Prix

WordRaces* -gx
% Spelling Grand Prix %- @' 10032} A
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Figure 4.8 ‘Spelling Grand Prix’ Layers and Key Fnas
WordRaces* | | | - x
% Reward v
i w Timeline
&2 0 ﬂ 5 10 15 20 = 30 E 40 45 50 55 50 65 70 75 80 85 90 ]
[ navBar + « [ lTGaragelntro plsaaragey ~
2 7] m] R
[ Popup Xx+.n e i
[@ Buttons + + [ Ole il
[ addtions | Ols i
[P Text + + O Ol a
I O cars . |
@ Graphics L | Oje 0j |
[? navBar . | Ofs i
[ Barkground « « @ Ole il |
-
e g b ElE R L e 00 £

Figure 4.9 ‘Reward Scheme’ Layers and Key Frames
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4.4 Database E-R Diagram

userSpellings

WOI’d_l-D
user_ID
correct
incorrect
spellingWords
word_ID
correctSpelling user
incorrectSpelling user_ID
incorrectSpelling name
spellingNumber password
level reminder
soundFile class
backColour
fontColour
font
spellingScores level
user_IB Car_ID
userName
displayTime
realTime
dateSet

Figure 4.10 Database Entity Relationship Diagram
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4.5 Car Graphics

Figure 4.11 Movie Clips within the miniTop

4.6 Classes

4.6.1 Car Class

class Car extends MovieClip{
public var bodyColour: String;
public var windowColour:String;
var splash:Array;
var flames:Array;
var flower:Array;
var hubcaps:Array;
var exhaust:Array;
var windows:MovieClip;
var colour:MovieClip;
var main:MovieClip;
var wheels:MovieClip;
var wheell:MovieClip;
var wheel2:MovieClip;
var carlD;
var name;
var additions;

function Car(){

/* Sets look of car from global variables */

public function setup(user):Void{
var i = 0; //counter
eval(_global.car).setWindowColour(_global.windowC
set window colour
eval(_global.car).setBodyColour(_global.bodyColou
body colour
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* If hubcaps exists - add these to the car */
if(_global.hubcapl == "true"}{
eval(_global.car).addHubcaps("wheell");

}

if(_global.hubcap2 == "true"}{
eval(_global.car).addHubcaps("wheel2");

}

/* Add additions to the car from global additions array
for(i = 0; i < _global.additions.length; i++){
/* Attach object to car */
eval(_global.car).attachMovie(_global.additions[ il,
_global.additions[i+1], _global.additions][i+2]);
var target = _global.additions[i+1];
eval(_global.car+"."+target). x =
_global.additions][i+3];
eval(_global.car+"."+target)._y =
_global.additions][i+4];

_root.test2 = eval(_global.car);

/* If addition has a set colour (i.e. if its is not an
exhasut pipe) */
if(_global.additions[5] = "null"){

var colour = new Color

(eval(_global.car+"."+target));

/Il set colour

colour.setRGB(_global.additions[i+5]);
}
i

=i+ 5;// increment to next set of additions

}

/* Setup colours of carTop */
public function setupTop(user):Void{

vari=0;
eval(_global.car+"Top").setWindowColour(_global.wi ndowColour);
eval(_global.car+"Top").setBodyColour(_global.body Colour);

}

/ * Loads car data from database */
public function loadData(user):Void{
var i = 0; //counter

[* Create LoadVars object and load car colour dat a*
var getDetails = new LoadVars();
getDetails.name = user;
var Details = new LoadVars();
getDetails.sendAndLoad("getCarDetails.php", Detai Is);
Details.onLoad = function() {
/ * set up car colours */
_root.bodyColour = Details.bodyColour;
_root.windowColour = Details.windowColour;
eval(_global.car).setWindowColour(_root.windowCo lour);
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eval(_global.car).setBodyColour(_root.bodyColour );
eval(_global.car).carlD = Details.ID;
_global.car_ID = Details.ID;

/ * Add hubcaps */

if(Details.hubcapl == "true"){
_global.hubcapl = "true"; // set global variabl
/lattach hubcap to car
eval(_global.car).addHubcaps("wheell");

}

if(Details.hubcap2 == "true"){
_global.hubcap2 = "true";
eval(_global.car).addHubcaps("wheel2");

}

[* Create LoadVars and load car additions */
var getAdditions = new LoadVars();
getAdditions.name = user;
var Additions = new LoadVars();
getAdditions.sendAndLoad("getCarAdditions.php", A dditions);
Additions.onLoad = function() {

/* Create global array to store additions */

eval(_global.car).additions = new Array();

for(i = 0; i < Additions.rows; i++){
/* Add additions to global array */
eval(_global.car).additions.push(eval
("Additions.name" + i),eval("Additions.name" +
i)+i, i+50,eval("Additions.partX" + i),
eval("Additions.partY" + i));
[* Attach additions to car */
eval(_global.car).attachMovie(eval
("Additions.name" + i), eval("Additions.name" +
i)+i, i+50);
var target = eval("Additions.name" + i)+i;
[* Set x and y corrdinates */
eval(_global.car+"."+target)._y =
eval("Additions.partY" + i);
eval(_global.car+"."+target). x =
eval("Additions.partX" + i);

[* Set up colour if this exists */
if(eval("Additions.colour” + i) != "null"){
eval(_global.car).additions.push
(eval("Additions.colour" + i));

var colour = new

Color(eval(_global.car+"."+target));
colour.setRGB(eval("Additions.colour" +
);

} else {
eval(_global.car).additions.push("null");
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_global.additions = eval(_global.car).additions;

/* Clear additions from database */
public function clearDatabase(user){
/* Create LoadVars and send data */
var removeAdditions = new LoadVars();
removeAdditions.user = user;
removeAdditions.carlD = _global.car_ID;
var test = new LoadVars();
removeAdditions.sendAndLoad("removeCarAdditions.p
test.onLoad = function() {
if(test.removed == "true"){
_root.test = "true";
telse{

}

_root.test = "false";

}

/* Clear additions from car */
public function clearAdditions(user):Void{
vari=0;

[* Load current additions from database */
var getAdditions = new LoadVars();
getAdditions.name = user;
var Additions = new LoadVars();
getAdditions.sendAndLoad("getCarAdditions.php”, A
Additions.onLoad = function() {
[* for each current addition, remove this movie
*
for(i = 0; i < Additions.rows; i++){

hp", test);

dditions);

clip

var newAddition = eval("Additions.name" + i)+i;

var newAddition =
eval("_global.car."+newAddition);
eval(newAddition).removeMovieClip();

}

this.clearDatabase(user);
this.removeHubcaps("wheell");
this.removeHubcaps("wheel2");

}

/* Add additions to database */

public function setAdditions(userName, partName, x
/* Create LoadVars and send addition details to d
var setAdditions = new LoadVars();
setAdditions.carlD = _global.car_ID;
setAdditions.userName = userName;
setAdditions.partName = partName;
setAdditions.x = x;
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setAdditions.y = y;
setAdditions.colour = colour;
var test = new LoadVars();
setAdditions.sendAndLoad("setCarAdditions.php", t est);
test.onLoad = function() {
if(test.added == true){
trace("added");
telse{
trace("not added");
}

}

/* Update car colours in database */
public function setColours(user):Void{
var setColours = new LoadVars();
setColours.name = user;
setColours.carColour = bodyColour;
setColours.windowColour = windowColour;
var Results = new LoadVars();
setColours.sendAndLoad("setColours.php", Results) ;
Results.onLoad = function() {
if(Results.added == true){
trace("added");
telse{
trace("not added");
}

}

[* Alter car body colour */

public function setBodyColour(newColour):Void {
_global.bodyColour = newColour;
bodyColour = newColour;
var carColour = new Color(main.colour);
carColour.setRGB(newColour);

}

/* Alter car window colour */

public function setWindowColour(newColour):Void {
_global.windowColour = newColour;
windowColour = newColour;
var windowsColour = new Color(main.windows);
windowsColour.setRGB(newColour);

[* Set hubcaps value in database */
public function setHubcaps(user, wheel) {
var setHubcaps = new LoadVars();
setHubcaps.name = user;
if (wheel == "wheel1") {
setHubcaps.hubcap = "hubcapl”;

if (wheel == "wheel2") {
setHubcaps.hubcap = "hubcap2"”;
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}

var Results = new LoadVars();
setHubcaps.sendAndLoad("setHubcaps.php”, Results)
Results.onLoad = function() {
if(Results.added == true){
trace("added");
}else{
trace("not added");
}

}

/* Attach hubcaps to car */
public function addHubcaps(wheel) {
if (wheel == "wheel1") {
eval(_global.car).wheels.wheell.attachMovie("hub
"hubcap1l”, 40);

if (wheel == "wheel2") {
eval(_global.car).wheels.wheel2.attachMovie("hub
"hubcap2", 41);

}

/* Remove hubcaps from car */
public function removeHubcaps(wheel) {
if (wheel == "wheel1") {

eval(_global.car).wheels.wheell.hubcapl.removeMovi
if (wheel == "wheel2") {

eval(_global.car).wheels.wheel2.hubcap2.removeMovi

}

/* Register a users car in the database */

public function register(user, carName):Void{
var registerCar = new LoadVars();
registerCar.user = user;
registerCar.name = carName;
registerCar.carColour = _global.bodyColour;
registerCar.windowColour = _global.windowColour;
var test = new LoadVars();
registerCar.sendAndLoad("registerCar.php", test);
test.onLoad = function() {

if (test.added == true){

}else {

}
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[* Set the visibility of a car when it is first lo
loadData */
public function setVisibility1():Boolean{
[* If this car is the current users car */
if(eval(_global.car) == eval(this._name)¥{
this._visible = true; // make it visible
this.loadData(_global.user);
return true;
}
else {
this._visible = false;
return false;

_global.visited = true;

/* Set the visibility of the car on subsequent scr
setup */
public function setVisibility():Boolean{
[* If this car is the current users car */
if(eval(_global.car) == eval(this._name)X{
this._visible = true; // make it visible
this.setup(_global.user);
return true;

}

else {
this._visible = false;
return false;

}

}

[* Setup the top visibility of the car */
public function setTopVisibility():Boolean{
if(eval(_global.car+"Top") == eval(this._name)){
this._visible = true;
this.setupTop(_global.user);
return true;

else {
this._visible = false;
return false;

}
4.6.2 Road Class

class Road extends MovieClip{
var started:Boolean;
var finished:Boolean;
var orderArray; // Stores an array of road instanc
that will be activated during the game
var count; // counts the number of roads that have
activated
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}

function Road(){
started = false;
finished = false;

}

/* Activates the road instance */
public function start(orderArray, startNumber):Voi
/I set edge object for keeping the car on the tra
_root.edgel = orderArray[count];
/I activate the road
started = true;
this.orderArray = orderArray;
count = startNumber;

}

/* De-activates the road and activates the next in
road */
public function stop():Void{
/I activate next road instance
orderArray[count+1].start(orderArray, count+1);
/I set next edge object
_root.edge2 = orderArray[count];
[* If this is the last road instance, then activ
the finish line movie clip */
if(count == orderArray.length-1){
_root.ended = true;
}

}

/* Returns the status of the road */

public function getStatus():Boolean{
return started;

}

4.6.3 WordBlock Class

class WordBlock extends MovieClip{

private var BlockText:MovieClip;
private var BlockColour:MovieClip;
var syllables:Number;

var soundLoc:String;

var word:String;

var speed:Number;

var sound;

var started:Boolean;

var match:Boolean;

var word_ID;

var soundPlayed:Boolean;

function WordBlock(){
}

public function fillDetails(data_ID, data_syllable
data_sound, data_match):Void{
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/* Set blocks font and colours to match users dis
settings */

var colourObject = new Color (this.BlockColour);

colourObject.setRGB(_global.backgroundColour);

colourObject = new Color (this.BlockText);

colourObject.setRGB(_global.textColour);

var textFormat = new TextFormat();

textFormat.font = _global.fontName;

this.BlockText.setTextFormat(textFormat);

[* Set block variables */
sound = data_sound;
word = data_word;
syllables = data_syllables;
BlockText.text = word;
soundLoc = data_sound;
started = false;

match = data_match;
word_ID = data_|ID;
_visible = false;
soundPlayed = false;

}

/* Play sound clip of word */

public function playSound():Void {
this.sound = new Sound();
this.sound.loadSound("Words/"+this.soundLoc, true
this.sound.play();

}

/* Remove block from screen */

public function removeBlock():Void {
this.swapDepths(1048000);
this.removeMovieClip();

}

/* Check if syllables match when block hits the bo
screen */
public function navSyllableCheck():Void{
_root.blockCounter --; // count block
if(match == true){
_root.points--; // decrement points
this.missed(); // add to array of incorrect hits
for feedback
this.removeBlock();
}else {
this.removeBlock();
}

}

/* Check if syllables match when block hits a car
public function carSyllableCheck():Void {
_root.blockCounter --; // count block
if(match == true){
_root.points++; // increment points
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this.pushCorrect(); // add to database
this.removeBlock();
}else {
_root.points--; // decrement points
this.missed(); // add to array of incorrect hits
for feedback
this.removeBlock();
}

}

/* Add a correct hit to the database */

public function pushCorrect():Void {
var setWords = new LoadVars();
setWords.word_ID = this.word_ID;
setWords.user_ID = _global.user_ID;
setWords.result = "correct”;
var test = new LoadVars();
setWords.sendAndLoad("setSyllables.php”, test);
test.onLoad = function() {
}

}

/ * Returns if the syllables match the game syllab
public function syllableCheck():Boolean{

return match;
}

/* Display block when it reaches the top of the sc
sound */
public function appear():Void {
if(soundPlayed == false){
this.sound = new Sound();
this.sound.loadSound("Words/"+this.soundLoc, tru
this.sound.play();
soundPlayed = true;
}
this._visible = true;

}

/* Adds missed word to array for feedback */

public function missed():Void {
_root.missed.push(word);
_root.missedSyllables.push(syllables);

}

/* A series of functions to return the object vari
public function getSyllables():Number {

return syllables;
}

public function getWord():String {
return word;
}

public function getSpeed():Number {
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return speed;

}

public function getSound():String {
return soundLoc;
}

public function hasStarted():Boolean {
return started,

}

public function startBlock():Void {
speed = 1.5;
started = true;

}

4.6.4 SpellingBlock Class

class SpellingBlock extends MovieClip{
private var BlockText:MovieClip;
private var BackColour:MovieClip;
var word:String;
var correctWord:String;
var correct:Boolean;
var started:Boolean;
var word_ID;
var soundLoc:String;
var sound;

function SpellingBlock(){

}
/* Set up the block */
public function fillDetails(ID, word, correctWord, correct,
sound):Void{
* Set up block colours to match users display se ttings */

var colourObject = new Color (this.BackColour);
colourObject.setRGB(_global.backgroundColour);
colourObject = new Color (this.BlockText);
colourObject.setRGB(_global.textColour);

var textFormat = new TextFormat();
textFormat.font = _global.fontName;
this.BlockText.setTextFormat(textFormat);

/* Set block variables */
this.word = word,;

this.correct = correct;
this.correctWord = correctWord;
this.word_ID = ID;
this.BlockText.text = word;
soundLoc = sound;
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/* Remove the block from the screen */

public function removeBlock():Void {
this.swapDepths(1048000);
this.removeMovieClip();

}

/* Return text for feedback */
public function getText(){
if(correct == true){
return "Well done. That is the correct spelling”
}else {
return "The correct spelling is ;
}

}

/* Reacts to a car hit */
public function testHit():Boolean{
I* If syllables match */
if(this.correct == true){
_root.points++; // increment points
this.pushCorrect(); // add to database
return true;
} else if (this.correct == false){
_root.points--; decrement points
_root.incorrectSpelling._visible = true; // show
feedback pop-up
_root.incorrectSpelling.gotoAndPlay("start");
_root.correction = correctWord; // add to databa
return false;
}

this.removeBlock();

}

public function pushCorrect():Void {
[* Update userSpellings in database */
var setWords = new LoadVars();
setWords.word_ID = this.word_ID;
setWords.user_ID = _global.user_ID;
setWords.result = "correct”;
var test = new LoadVars();
setWords.sendAndLoad("setWords.php", test);
test.onLoad = function() {
}

}

/* Play sound clip of word */

public function playSound():Void {
this.sound = new Sound();
this.sound.loadSound("Words/"+this.soundLoc, true
this.sound.play();
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4.7 Random Number Function

_root.generateRandom = function(limit):Array{
numArray = new Array(limit);

trace(numArray);
i=0;
i=0;

_root.exists = false;

while(i <= limit-1){
i=0;
_root.exists = false;
rand = random(limit)+1;

while(j < limit){
if(rand !'= numArray[j]){
jt+;
}
else {

_root.exists = true;
j = limit;
}
}
if (_root.exists == false){
numArray[i] = rand;
i++;
}
}

return numaArray;
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High Fidelity Prototype

What follows is an extensive selection of screentshdisplaying sections of the High Fidelity

Prototype.

4.7.1 Login and Introduction

Qo - B @ O o AEL S
Ackdvess | @] hitpffumn bath,ac.kfmn s/ WordRaces. st v B
a B
Please login using your username.
If you have not used the game before, please click the ‘New User'
button at the bottom of the screen.
Username
Password
Login
Forgotten
Password? New User
\ J
&) bone & Internet
Figure 4.12 Word Races login screen
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2 http:ffwww. bath.ac, uk/~mn1ys MWordRaces.swi - Micrasoft Internet Explorer

Ele

Edt Wew Favortes Took  Help

Q- © ¥ A ¢ D seach 0 Favarkes @ Heda ) -SEL S

E@

Ackiress | &] http:ffumn.bath.ac. UkjemnTvs/WordRaces. st

VB

=24 Word Races t=—

,
1. Please enter your name, and a password that you can easily remember.

2. Please select your class from the list.

3. To help you remember this password you can also enter a reminder sentence.
This will be used to remind you of your password if you forget it.

Username ‘ ‘

Class 7X v

Password

Confirm Password

Reminder

\

y

Eoe

© internet

Figure 4.13 New User log in screen

=24 Word Races ="

1. Please enter your name, and a password that you can easily remember.

2. Please selec

The following fields still need to be filled in:
3. To help you | - Your name nce.
This will be usq - Your password

- Your confirmation password
- Your password reminder

Confirf

Reminder ‘

I Continue I

Figure 4.14 New User log in screen incomplete
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i http: Hwww. bath.ac, uk/-mnTvsWor dRaces. swi - Microsoft Internet Explorer Ex
>

Ble Edb View Favortes Took Help
Q= - © ¥ [Bl @) Poeoae Frrmons @t & - o5 L) B

Ackiress | &] http:ffumn.bath.ac. UkjemnTvs/WordRaces. st

Choose your car

VB

Before the game begins, please choose the car that you will be racing with.

You can scroll through the cars by using the black arrows.

>

<

Continue

Eoe @ et

Figure 4.15 New User — Car Selector

2 hitp:/fwww, bath.ac, uk/-mnfvsMor dRaces, swf - Microsoft Internet Explorer

I

Ele Edt Yew Fovortes Toos Help
O © BB G| Pmo & 2 BE0
iack ) %] |B] @ O et g Favortes @ tedia 2 - 3 L) &

ncdress | @] bitpifjuwna both ac.ukl~mndvsWordRaces. sw

VB

Instructions for Word Races
Aim
To develop your word skills by playing games.

How to Play
1. Select a game from the Games Page. Read the instructions then play the

game.
2. After the game, if you get full marks you may add your score to the leader

board.
3. You will then be given 2 minutes to modify your car in the garage.

Other Game Options

You f:an change the way the text and background look by using the
settings button.
You can view your best scores and the leader board on the Scores
Scores ‘@’
page.

If you need to view these instructions again you can click the
- help button.

Continue

&) bone & Internet

Figure 4.16 New User Instructions Page
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4.7.2 Main Game Section

2 http:/fwww. bath.ac. uk/=mn1vs Wor dRaces. swf - Microsoft Internet Explorer EExR
Ele Edt Yew Favortes Toos el w
Qo - ) - [x] 2] @0 Posach Fipraones @reds €8 = 8

Ackess | ] betp: v bath.sc. Kl v WordRaces. st Y B

Games Page

Welcome to Word Races. Please select a game to play by using the buttons
below.

After completing a game you will be able to customise your car.

Bumper Syllables

Spelling Grand Prix

Eoe © et

Figure 4.17 Games Page

2 hitp:/fwww, bath.ac, uk/-mnfvsMor dRaces, swf - Microsoft Internet Explorer
Ele Edt Yiew Favort

Todls  Help

Qock - O [x] [B] @b PO oath Fgraotes @reda & (- L2 [ ) 8
Address | &) httpsww.bath, s¢.ukf~mnlvs{WordRaces. swf ¥ B«

Games Page

Welcome to Word Races. Please select a game to play by using the buttons
below.

After comy . .
Are you sure you wish to exit

WordRaces?

Yes \/ No x

i Spelling Grand Prix

&] Done ® Internet
Figure 4.18 Screen Shot of exit confirmation screen

leg
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4.7.3 Bumper Syallbles

2 http:ffwww. bath.ac, uk/~mn1ys MWordRaces. swi - Microsoft Internet Explorer

Ele Edt Vew Favortes Tooks Help

Qo - ) - [x] 2] @0 Posach Fipraones @reds €8 - iz = 3

Address | @] http:fjwma bath.ac.ukfnmnvs wordRaces. sw

Bumper Syllables

( Aim )
Bump into blocks containing words with the same number of syllables as
shown at the beginning of the game.

Score
You will score a point for every correct block that you hit but a point will be

lost if you hit an incorrect block or fail o hit a correct block.

Controls
Faster
Use the direction keys on the keyboard

T
to control your car. Lgff Right

Brake

Eoe

2 hitp:/fwww, bath.ac, uk/-mnfvsMor dRaces, swf - Microsoft Internet Explorer

e Edt View Favorkes Toos Help

Qo - ) [x] [ @0 Ooearch Fprovories @ reda €2 3 8
sckiress | @] hetpfjuwaa bath sc.UK]~min1vs WordRaces. swf v B
Score: Time:

Target Syllables:

0 1

Hit blocks containing words with
the following number of syllables:

1

Start

@ Intermet

&] Done

Figure 4.20 Bumper Syllables — Syllable Statement
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Fle Edb View Favortes Tooks

Q= O RA

Score:

Help

DD s S rmorees @ e €2
Adkdvess | ] hktpifjaw bathac.kf i vs{WordRaces sk

Time:

2 hitp:/fwww, bath.ac, uk/-mnfvsMor dRaces, swf - Microsoft Internet Explorer

VB

O

0:7

Target Syllables:

&oere
_—

@ mntermet

Fle Edt Vew Favortes Tooks

Figure 4.21 Bumper Syllables — Incorrect word hit

A hitp:/fwww, bath.ac, uk/-mnfvsMWor dRaces. swf. - Microsoft Internet Explorer

Help

Q=0 G/

Search

¢ Favortes @ vedia (%)

Ackess | @] hitpiffym bathiac.ukf~mn1sfordRaces.swl

Score:

Time:

-1

0:27

Target Syllables:

1

back

Figure 4.221 Bumper Syllables Screen Shot
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2 http:ffwww. bath.ac, uk/~mn1ys MWordRaces.swi - Micrasoft Internet Explorer

CEX
Fle Edt View Favorites Tooks Help 'z
Qe - © [ [B] @ POseach Sloraories @reda @ (- % [F [ B
Ackdress | ] hitpfjwwna bth sc.ukjmn1vs WordRaces. sw - Y B«
s B
Your score was: 6 Your time was: 0:49
The following words were either missed or incorrectly hit:
separate 3 syllables
| Continue
\ J
&1 bone

# Internet

Figure 4.23 Bumper Syllables feedback with coroeti

4.7.4 Garage Reward Scheme

2 hitp:ffwwew, bath.ac, uk/-mnfvs/MWor dRaces. swf - Microsoft Internet Explorer

Fle Edt Vew Fovorkes Tooks Help

2
Q- © - [x] B @h POoeach Foraois @reda B (- o FH ) B

Aicdress | €] hitpifjwenn bath.sc.ukd~mnivsWordRaces. swf

The Pitstop Garage

Transfers
Paintwork

Flower colour:

Car colour:

Window colour: NI SDHEN TR

Flame colour:

Parts )g HN .
. L7 %
Hub caps: ) Splash colour:
i L
Exhausfs:ﬁ:-
Remove
Additions

- W
. . = I Continue

@ Intermet

Figure 4.24 Garage before modification
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2 hitp:/fwww, bath.ac, uk/-mnfvsMor dRaces, swf - Microsoft Internet Explorer

Fle Edb View Favarbes Tooks

Help.

Qo - ) [x] [ @0 Ooearch Fprovories @ reda €2

I
Adcess | @] hetp s un bath, ac. Uk ~min1ys/WordRaces, swf

The Pitstop Garage

Paintwork

car colour: [N 50 1
Window colour: . ...

Transfers
Flower colour:

N T .

Flame colour:
Parts

Hub caps: f

Splash colour:
Exhausts:

Remove
Additions

& bone

Flash X Professional 2004 - [WordRaces*k

i:igu

& Internet
re 4.25 Garage after modification
A hitp:/fwww, bath.ac, uk/-mnfvsMWor dRaces. swf. - Microsoft Internet Explorer
fle Edt Vew Fovorkes Took Help »
Qe - © - [x] [B] @0 PO searen g ravortes @ reda B A=
Aickirss | @] bt both.ac.kjmnvsfWordRaces, st

Games Page

Welcome to Word Races. Please select a game to play by using the buttons
below.

After completing a game you will be able o customise your car.

Bumper Syllables

Spelling Grand Prix

Eoere

® Internet
Figure 4.26 Games Page with modified car
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4.7.5 Spelling Grand Prix

2 hittp:#fwww. bath.ac. uk/-mn1vs/WordRaces, swi - Microsoft Internet Explorer

Fle Edt Yew Favortes Took Help o
Qo= - ) \ﬂ @ ) /"sﬁr:h g Faverte: @Pteda €8 (- 2 ([ ] 3
address | @] httpsjwew.bath, sc.ukfrmnivsfWordRaces. swi v o

Spelling Grand Prix

7
Aim )

Drive along the track and bump into correctly spelled words.

Score

You will score a point for every correct block you hit. A point will be lost
for each incorrect block.

Controls

Use the direction keys shown fo control the movement L‘J'

of your car. To stop the car, stop pressing the forward —
- orwal
key.

&oere

Figure 4.27 Spelling Grand Prix Instructions

3 hitp:/fwwwr bath.ac.uk/-mn1vs/Wor dRaces.sw - Microsoft Internet Explorer

Fle Edt Yiew Favortes Tools Help 2>
Qe - © ¥ [Bl @b Pt Frrmones @resn & -2 3 ) B
Address | &) https . bath, 3¢.ukf~mnlvsfWordRaces. swf v B

Score: Time:

0O 0:9

&] Done ® Internet

Figure 4.28 Spelling Grand Prix
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3 hitp:/fwwwr bath.ac.uk/-mn1vs/Wor dRaces.sw - Microsoft Internet Explorer

e Edt View Favorkes Toos Help

B
o
Q- O KRG D search g Favores @Pveda €2 (- ; = J 3
Ackress | €] hitp:ffumin. bath.ac.kjrmn s WordRaces. Wk v B
ocore! Time:

-1 0:43

That is the incorrect spelling.
The correct spelling is:

tried

&) bone

@ Intermet

Figure 4.29 Example of instant feedback in SpelBrgnd Prix

3 hitp:/fwwwr. bath.ac.uk/-mn1vs/WardRaces. swf - Microsoft Internet Explorer

Fle Edt View Favarkes Tooks Help

Qe - O [x] Bl @b POt Frrmones @redn & (-

Ackivess | €] hitpfjumn. bath.ac.kjrmn s WordRaces. Wk

2E0

EEX

Spelling Grand Prix

Your score was: 8 Your time was: 1:22

Well done you hit all the correct blocks.

Select the box below if you would like your score and time
added to the leader board.

Add my score to the leader board: \/

l Continue
\ J

Figure 4.30 Feedback Page with all questions cdrrec
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4.7.6 Score Boards

i http: Hwww. bath.ac, uk/-mnTvsWor dRaces. swi - Microsoft Internet Explorer Ex
e
¥

Ele Edt ¥ew Favortes Took Help

Qe - © [ [B] @ POseach Sloraories @reda @ (- % [F [ B
Address | €] hitp:fjwman bath sc.kj s WorcRaces. s > ke

Scores

s A
Your Top Scores
Score Time Date
Bumper Syallbles: 6 0:49 2006-04-29
Spelling &rand Prix: 8 .22 2006-04-29
g Bumper Syllables
Leader Board
Y Spelling Grand Prix —
Leader Board Game
\ J

Figure 4.31 Scores Page

B wnp: e b b, e it e v e o e - Bz rmel] dfrae Enplora
B R g Fpobi bk 0 i

- B 1 v

R et Ve B sl oo s sed - B

Dt - ] [ F e e reie @

Spelling Grand Prix - Leader Board

Name Score Time Date
Vicky 8 1:15 2006-04-27

) Back to

Scores

] oera B

Figure 4.32 Spelling Grand Prix Leader Board
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4.7.7 Display Settings

2 http:ffwww. bath.ac, uk/~mn1ys MWordRaces.swi - Micrasoft Internet Explorer

Fle Edt Yew Favortes Took Help ,!/
Qo - ) [®] 8] (0 P seach Fproveries @ reda €2 NE Y
Ackiress | &] http:ffumn.bath.ac. UkjemnTvs/WordRaces. st v B
4 "
Use this page to change the way that the text and backgrounds look when you use
the games.
Preview:
Font: [comic sans] [times new roman| This box shows what
arial the screen will
look like.
Save
Settings
\ J
Ve 7
Eoere ® itemet

Figure 4.33 Settings Page with preview pane changed

2 hitp:/fwww, bath.ac, uk/-mnfvsMor dRaces, swf - Microsoft Internet Explorer

e Edt View Favorkes Toos Help

o
Qo - © (%] [B] @b POoearch Fpravoies @ reda €2 (- ) 8

Agiress | @] hetp:/ jumsa bath, ac.ukj~mnivs/WordRaces, s

Bumper Syllables

{ Aim h

Bump into blocks containing words with the same number of syllables as
shown at the beginning of the game.

Score

You will score a point for every correct block that you hit but a point will be
lost if you hit an incorrect block or fail to hit a correct block.

Controls
Faster
Use the direction keys on the keyboard
to control your car. .
Leff Right
Brake

© Internet

Figure 4.34 Example of the Bumper Syllables Instons with changed settings

&] Done
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5

Evaluation Appendix

5.1 Learning Content Test

Spell:

No.

first
Saturday
many
decide
aeroplane
sentence

of Syllables:
manager
terrifying
sometimes
accident
tiger
elephant

Spell:

internet
chocolate
important
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5.2 Test Results

Table 5.1 Test Results

Exp
P1
P2
P3
P4
P5
P6
P7
P8

Control
P1
P2
P3
P4
P5
P6
P7
P8

Test 1

o OO ©

11
14

13

Test 1

14
15
13
12

12
10

Test 2

9

8

10

8

14

15

8

15

Total

Test 2

14
15
14
12

12
11
Total

Counterbalancing Groups

Test -
Game
P1

P2

P3

P4
Total

Test
12
9
7
10
38

Change

NFRFPWNMNBMDNO

A
a1

Change

PRPOOORFR,OOFR

Game -
Test
P1

P2

P3

P4
Total

-AG2-

Test

15
11

12
45



Table 5.2 Experimental Group — Detailed Results

Total
P1 P2 P3 P4 P5 P6 P7 P8 Correct

Q1 T1 first first ferst free first first frest first 5
T2  firsf first first fist first first first first 6

Q2 Tl Saturday Saterday  Satuday Saterday Saturday  Saterday Saturday  Saturday 4
T2 Saturday Saturday  Saturday  Saterday Saturday  Saturday Saterday Saturday 6

Q3 T1 many meany meny menay many many meny many 4
T2 many meany many meney many many meny many 5

Q4 T1 - disid diside deside deside decide disied decide 2
T2 desird diside desid deside decide decide disied decide 3

Q5 T1 airplane airerplane  airoplane  airroplane airaplane  Aeroplane arepaem airoplane 1
T2 aeoplane eourplane airoplane  aeroplane airoplane  Aeroplane  airpam aeroplane 3

Q6 Tl seturs sentes sentens sentons sentecse  sentence sentons sentineu 1
T2 sentenc sentence  sentence  sentons sentence sentence  satons sentence 5
Total 17

Test 2 28

Difference 11

Q7 T1 4 3 3 3 3 3 3 3 7
T2 3 3 3 3 3 3 3 3 8

Q8 T1 4 4 4 4 4 4 4 4 8
T2 4 4 4 4 4 4 4 4 8

Q9 T1 2 2 2 2 2 2 2 2 8
T2 2 2 2 2 2 2 2 2 8

Q10 T1 3 3 3 3 3 3 3 3 8
T2 3 3 3 3 3 3 3 3 8

Ql1 T1 2 1 1 2 2 2 2 2 6
T2 2 1 1 2 2 2 2 2 6

Ql2 T1 3 1 3 3 4 3 3 3 6
T2 3 1 3 3 3 3 3 3 7
Total 43

Test 2 45

Difference 2

Q13 T1 internet internet internet intertne internet internet iternet internet 6
T2 internet internet internet internet internet internet internet internet 8
Q14 T1 choclot chocolet choklate chocolatate chocolate chocolate  cocrelet chocolate 3
T2 choclot cholite choclate chocolatate chocolate chocolate  corlet chocolate 3

Q15 T1 inport importent imp - important _important _inpretont _important 3
T2 inport importent  importtant  enttament important important inporte important 3
Total 12

Test 2 14

Difference 2
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6 Conclusion Appendix

6.1 Condensed Dyslexia Style Guide

General HCI:

Writing

Does the system provide HCI redundancy but avoilti+sensory overload. Are audio
and visual clips user controlled (i.e. do not statomatically)?

Are sequential presentations slow enough for resagi#h reading difficulties? Is user
control provided to control speed and allow userga back and re-read information?
Is it possible for users to change the interfadhéor own needs?

Use fonts that are sans serif or similar to nateréing. Unusually shaped ‘novelty’ fonts
should be avoided.

Does the font have clear ascenders and descemigerst€ms on letters)?

Is there clear space between letters and words?

Use large fonts (above size 12 or 14).

Lower case letters should be used where possible/kiole words of capitals).

Avoid underlining (except for hyperlinks).

Avoid light text on a dark background.

Avoid using white as a background colour. Pale wad@nd off-white should be used.
Is text left aligned?

Avoid continuous prose - use bullets or numberseath

Use 1.5 to 2 spacing between lines.

Avoid using moving text as this is difficult to ka

Are elements that enhance scanning such as heallmigdext, bullets etc. used?

Is information grouped logically? (To reduce thgmitive burden).

style:

Use short simple sentences and clear instructimsoncise.
Refer to readers as ‘you’. Use active verbs.

Don’t hyphenate a word if it is not normally split.

Navigation:

Navigation should be easy. On websites, a siteshapld be used.

It should be possible to see which pages have bemssed.

Use a shallow navigation system. Keep it simplead.menu sequences are hard to
remember.

Navigation areas and buttons should clearly stadrom the text.

Navigation should be obvious and intuitive.

Try to make no page more than 3 links away fromhiti@epage (or main page).
Allow user to know where they are.
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