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1 EXECUTIVE SUMMARY
This document sets out the interaction and visual design for the personalized Reader
app. It describes the iterative co-design approach we followed which has involved
working with developers, pedagogical experts and teachers to refine the initial
prototype design in order to ensure that the final design is technically feasible,
pedagogically appropriate for each of our three learner groups addressed in iRead
(early readers, children with dyslexia, and children learning English as a Foreign
language) as well as practical to use in a classroom setting.
Section 2 begins with defining the scope of this deliverable and providing a grounding
in good pedagogy and theory of reading development whilst acknowledging the critical
role of motivation in the reading process.
Section 3 then identifies a number of implications for the Reader app design as a result
of this existing literature, which provided a starting point for our initial prototype
design.
Section 4 describes our extensive formative evaluation process to refine these initial
designs and specify our final interface design which include the different learner
journeys (based on a child’s profile) and also a set of user stories.
In section 5, we conclude with setting out our plans for further evolving particular
aspects of the design as part of the development and early testing of the Reader app.
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2 BACKGROUND
2.1

Scope

2.1.1 Reading Domain
The Reader app design takes into account the domain models for reading development
(described in detail for English, Greek and EFL in D4.1 and D4.2) across the two
languages and three learner groups. The domain models include the following
language levels:
Linguistic Level
Phonology

Word recognition
Orthography
Morphology

Morphosyntax

Syntax

Language category
Phonemes
GPC
Consonant Clusters
Syllabification
None
Letter visual similarity
Prefixes
Derivational suffixes
Inflectional suffixes
Inflectional suffixes:
agreement
Irregular past participles
Adjectives
(comparatives/superlatives)
Irregular
(comparatives/superlatives)
Irregular past forms
Irregular plural forms
Modals
Adjectives (modifers)
Binding
Coordination
Discourse anaphors
Embedding
Negation
Passives
Prepositional phrases
Quantifiers
Wh- questions
Yes-no questions
Modals
Function words

Greek
✔
✔
✔
✔
✔
✔
✔
✔

English
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔

✔
✔
✔

✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔
✔

✔

The domain models utilise widely accepted models of (typical and a-typical) L1 and L2
reading as a basis for specifying the specific sub-skills to be included. These models
also provide information about how the various sub-skills should be sequenced using
measures of difficulty involved in developing the particular skills. EFL models will
provide more emphasis on morphology, and syntax as second language learners have
more limited linguistic knowledge than first language readers when they start reading.
Where a GPC does not exist in L1, it will be identified, taught and practiced in our
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digital tools. The Reader app design presented in this deliverable will be constrained to
providing support for these specified areas. There may be adjustments to the Reader
app design following the domain model deliverable for Spanish and German due in
Month 18.

2.1.2 User Requirements
The User Requirements deliverable (D3.1) specified a number of user stories for
supporting teachers to provide effective reading instruction which underpin the design
of the Reader app. Below we summarise the relevant requirements and categorize
them into five high-level groups.
Reading Processes
• As a teacher, I want the iRead system to train children in decoding and
pronunciation of words so that they struggle less with that when reading.
• As a teacher working with children with dyslexia, I want the iRead system to be
responsive to difficulties that are typical of dyslexia.
Attention and Engagement
• As a teacher, I want the activities in the iRead system to be designed so that the
students intuitively understand how to engage in them.
Motivation
• As a teacher, I want the iRead system to provide individual children with
appropriate tasks so they become more motivated to read.
• As a teacher, I want the iRead system to provide children with appropriate rewards
to become more motivated to read.
Metacognition
• As a teacher, I want the iRead system to provide children with appropriate
information about their progress so that they can manage their own learning and
train meta-cognitive skills.
Pedagogical Approaches
• As a teacher, I want the iRead system to help my students to expand their
vocabulary so that they get better at text comprehension.
• As a teacher, I want the iRead system to provide functionality for children to
practise text comprehension.
• As an EFL teacher, I want the iRead system to provide examples of correct
intonation so that the children become familiar with English prosody.
These user stories have guided our thinking in the design process, although we also
note that our scope focuses on receptive skills and more particularly low level skills
related to word decoding and syntactic processing.
2.2 Learner Group Characteristics
While the user stories, capture what teachers deem important, they don't tell us how
to support these requirements. Below we consider and discuss in more detail the
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existing relevant characteristics of our three learner groups in terms of the five areas
specified above. We then highlight the implications of each of these areas for the
Reader app design.

2.2.1 Reading Processes
Children are taught to read from a very early age. The Simple View of Reading (SVR) is
an interactive model which presents reading comprehension (RC) as the product of
listening comprehension (LC) and decoding (D) - that is, RC = LC x D (Hoover & Gough,
1990). Both language comprehension and word recognition abilities (decoding) are
essential for reading. The importance of spoken language as a critical foundation for
the ease with which children learn to read and spell is key. There are many different
language skills children need to bring to the task of learning to read and spell e.g.
vocabulary, grammar, pragmatics and phonology.
Reading techniques are varied and encompass both lexical approaches (focus on
individual letters) and non-lexical approaches (where children are taught to associate
meaning to whole words). Reading in Spanish for example is shallow: the same
graphemes always produce the same sounds. The main difficulty for beginning readers
in Spanish lies with a limited set of context-dependent consonants, which have a more
complicated grapheme-phoneme correspondence rule. In general, though, very high
rates of reading accuracy and fluency are reported from Spanish beginner readers
already from grade 1 in primary school (Goikoetxea, 2006; Serrano et al., 2011).
However, the same does not apply to English due to the complexity of English
grapheme-phoneme correspondence rules, with UK schools promoting the use of
synthetic phonics for children learning to read in English. This approach involves
understanding that letters either individually or combination represent different
sounds and then blending (synthesizing) these individual sounds to read a word (Rose,
2006).
Where learners with dyslexia seem to struggle is with cracking the ‘alphabetic code’.
The ‘phonological deficit hypothesis’ is widely accepted as one of the main causal
theories of dyslexia; though more multi factorial explanations are being proposed now.
Models of skilled word recognition, specifically the dual route cascade model
(Coltheart, 2006) inform our understanding of the processes in word recognition and
help us explain why children may struggle to learn to read. The dual route model looks
at how skilled readers use lexical and non-lexical processes for reading. Beyond
decoding children need to acquire orthographic knowledge, fluency and ultimately
comprehend what they are reading. Environmental factors may obviously impact
reading development, e.g. the home literacy environment, the influence of different
writing systems (orthographies) on the ease with which children learn to read.
When learning to read English as a foreign language (EFL) children use the lexical route
in particular, rather than the non-lexical approach. Furthermore, recent pedagogical
approaches (e.g. Gómez Zapata, Defior, & Serrano, 2011) are focusing on
the automatization of the decoding process after repeated exposure and practice with
texts as well as on the development of higher order processes (e.g. text
comprehension) to enhance reading fluency. The EFL learners targeted by iRead (aged
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10-12) are expected to have already developed considerable reading skills in their first
language. Research investigating the reading abilities of bilingual children has yielded
moderate links between L1 and L2 reading skills (Cummins, 1991; Van Gelderen,
Schoonen, Stoel, De Glopper, & Hulstijn, 2007; Verhoeven, 1994); L1 literacy skills have
been found to predict corresponding skills in the L2 (Verhoeven, 1994). Findings,
however, also reveal that lexical and syntactic skills are less transferable from the L1 to
the L2, while these skills are strong predictors of L2 reading abilities (Verhoeven,
1994). Therefore, in order to facilitate L2 reading skills, L2 learners are likely to benefit
from instruction that promotes their vocabulary and syntactic knowledge.
Reader app design implication (RDI-1): the Reader app should be designed to provide
support features for both lexical and non-lexical reading processes.

2.2.2 Attention and Engagement
The ability to attend and listen is an essential prerequisite for language learning and
language development and the links between language and literacy are strong as we
know. Attention is commonly seen as an area of difficulty for children with Specific
Learning Difficulties (SpLD) such as dyslexia. Other SpLDs such as ADHD where the
attention is the real issue are often conditions that occur together with dyslexia.
Executive functioning difficulties may also go hand in hand and issues with verbal
memory and naming speed can be part of a dyslexic profile. “With inattention
controlled, the association between literacy difficulties and conduct disorder dropped
to non-significance.” (Carroll, Maughan, Goodman, & Meltzer, 2005). Children with
language and communication difficulties and dyslexia often have issues with attention
and listening, which would relate to the area of receptive language.
Some of the specific difficulties that children with dyslexia may experience in relation
to attention difficulties in the context of reading include:
•
•
•
•

Not being able to sit still for long periods of time (restlessness)
May not be able to sustain attention to a task
May not remember what to do when a task has been explained (link to
memory)
May not be able to sustain visual concentration

In the field of second language acquisition, allocating attention to second language (L2)
constructions is generally regarded as a necessary condition for L2 development to
occur (Leow, 2015; Robinson, 2003; Schmidt, 2001), and a growing number of studies
suggest that the more attention learners pay to L2 features, the more likely that they
will acquire them (Godfroid, Boers, & Housen, 2013). However, L2 learners often fail to
pay attention to communicatively redundant, perceptually non-salient L2
constructions (e.g., morphosyntactic features) in context, given that comprehension is
not always affected by lack of processing of such features. Therefore, a key aim of L2
instruction is to focus attention on L2 constructions that are non-meaning bearing and
non-salient and thus, less noticeable.
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Reader app design implication (RDI-2): the Reader app should be designed to be
intuitive to use with minimal distractions that encourage attention to be taken away
from the text. However, it should also include features that can direct focus to specific
features of the text that are deemed important for the child to attend to.

2.2.3 Motivation
To become fluent readers children need to master all of the foundational skills such as
phonological awareness and letter decoding in order to progress to more advanced
aspects such as reading comprehension, but due to the hierarchical nature of reading
acquisition, difficulty with any particular aspect of reading can cause significant
challenges with reading fluency (Hulme & Snowling, 2013). Research has shown that
reading motivation is an important determinant of success in children because lack of
motivation impedes children’s willingness to improve critical reading skills and
strategies to be successful in school (Roberts, Torgesen, Boardman, & Scammacca,
2008). As with other learning domains, researchers have found that many young
children have high levels of motivation for reading, but this decreases as children get
older and can be particularly negatively impacted by social comparisons, unengaging
instruction and unappealing reading texts (Wigfield, Gladstone, & Turci, 2016).
Children with dyslexia often become disillusioned and can lack motivation as they may
see themselves struggling to develop literacy skills and to keep up with their peers.
This is not helped by the ‘Matthew effect’ (Stanovich, 1986).
Within the context of reading motivation difficulties in dyslexia could manifest
themselves as:
• Unwillingness to engage in literacy tasks in class or other contexts such as
home
• Unwillingness to read books or other forms of texts
• Giving up quickly with a task and not putting in an effort
• Not caring about whether things are done well or not
• Lack of self-esteem related to demotivation
• Finishing tasks too quickly or rushing them
In research on second language learning and pedagogy, motivation is seen as one of
the key variables determining the success of acquiring a second language (Dörnyei &
Ryan, 2015). The effects of learners' motivational characteristics on their learning
behaviors has been the subject of a large amount of research in various educational
settings. The collective results of these studies indicate that attitudes towards and
effort and persistence in language learning are key determinants of one's success in
language learning (Dörnyei & Ryan, 2015). Research has also found that the extent to
which children are motivated to learn languages, depends, among other things, on
their intrinsic motivation, which is related to positive feelings of enjoyment,
competence and self-determination (e.g. Csizer & Kormos, 2008).
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Reader app design implication (RDI-3): the Reader app should be designed to ensure it
is appealing for children to use both in terms of appearance and enjoyment of use as
well as to encourage interaction with the important learning features.

2.2.4 Metacognition
Research has highlighted that good readers effectively use metacognitive strategies,
but young readers and older struggling readers both have reduced metacognitive
awareness (Tracey & Morrow, 2017). Studies have shown positive effects of selfregulated learning on academic achievement, on cognitive and metacognitive strategy
application, as well as on motivation. Results showed self-regulated learning training
programmes proved to be effective, even at primary school level (e.g. Higgins, Hall,
Baumfield, & Moseley, 2005). Children with dyslexia, including those in our target age
group, can develop and use metacognitive skills. They often struggle to apply these to
their learning, so they may need to be taught to use metacognition explicitly. This is
also something that will develop over time as children become more responsible for
monitoring their own learning. Metacognition is often linked to ‘self-regulation’ for
learning. Teaching approaches which encourage children to plan, monitor and evaluate
their learning have very high potential, but require careful implementation.
The EFL learners targeted by iRead are expected to have already acquired considerable
reading skills in their first language, and based on an extensive body of research, it is
predicted that they will be able to transfer literacy skills (including metacognitive
strategies) acquired in their first language to L2 reading after their L2 proficiency has
reached a certain threshold (Cummins, 1991; Van Gelderen et al., 2007; Verhoeven,
1994). The EFL population, in general, are likely to have more advanced metacognitive
skills than the target L1 readers, given that they come from older age groups.
Reader app design implication (RDI-4): the Reader app should include features that
encourage children to utilise and build on metacognitive skills.

2.2.5 Current Pedagogical Approaches
Our User Requirements deliverable (D3.1) highlighted that the curricula for beginner
readers in all countries tended to follow an approach that goes from segments to
whole words (focusing on phonology and morphology) and sentences, whereas the EFL
curricula tended to focus more on whole-language learning e.g. working with text
comprehension using dictionaries and L1 reading strategies, and the use of standard
words and expressions in certain situations.” This mirrors our findings from the
literature discussed above referring to these approaches as lexical and non-lexical,
which could broadly be referred to as bottom-up and top-down pedagogical
approaches. We discuss these approaches in more detail below.
Bottom Up (Lexical) Approach (Beginner Readers and Dyslexia)
The bottom-up approach prioritises structured and sequence reading instruction,
which aims to develop phonemic awareness through explicit teaching of graphemephoneme correspondence rules, and is recommended both for beginner readers and
older children with dyslexia (Rose, 2006; Torgesen et al., 1999). The teaching strategies
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that have proven to be most effective in facilitating the process of learning to read by
children with dyslexia involve multisensory, direct teaching of phonological routines
and enhancing metacognitive skills by training students to detect similarities,
relationships and systematic patterns in language.
Lovett et al. (1994) investigated two teaching programmes developed for children with
dyslexia, one of which focuses on direct teaching of grapheme- phoneme
correspondences, while the other targets word identification strategies by enhancing
metacognitive control of word identification. Specifically, the first approach studied
was the Phonological Analysis and Blending / Direct Instruction (PHAB/DI) programme,
which employed direct instruction of phonic rules, providing opportunities for
overlearning, aiming to establish higher levels of transferring knowledge to newly
encountered material. The second approach was the Word Identification Strategy
Training (WIST), which trained children to use word identification strategies such as
word identification by analogy, identifying known parts within words, attempting
variable vowel pronunciations and stripping affixes of multisyllabic words (p.808).
While both programmes were found to enhance phonological awareness as well as
transfer of knowledge skills, the WIST programme seemed to facilitate transfer of skills
to irregular words and the PHAB/DI appeared to improve non-word reading.
Top Down (Non-Lexical) Approach (EFL)
The User Requirements deliverable highlights the importance of the Reader app being
specifically be usable for the EFL context, providing ways for children to work with text
comprehension by using reading strategies and vocabulary lists. Within EFL learning
teachers emphasize contextualized learning and most often teach using a top-down
approach rather than a bottom-up one (Bunting, 2015). Using this approach, a teacher
would for example introduce a new text by reading it in its entirety together with the
children. Then the teacher would ask questions about the text to discern what the
children have understood, in broad terms; the sole focus being comprehension. Only
after this has been done will the teacher draw the children’s attention to particular
details of the text such as specific vocabulary, grammatical features etc.
Reader app design implication (RDI-5): the Reader app should include multiple
‘learning journeys’ where the Reader app design is adapted to follow a pedagogical
approach that is most effective for each learner group.

3 TECHNICAL AFFORDANCES
In addition to the pedagogical design it is important to also consider the affordances of
the technology, both in terms of possible Reader app functionality and how the Reader
app fits into the broader iRead technical infrastructure.
3.1 E-Readers
The use of e-readers both in the home and at school has been increasing over time,
however they are not necessarily seen as a natural replacement for physical books but
rather as offering an alternative platform for reading that has benefits in particular
contexts as a complement to physical book reading. Some of the advantages of ereaders over physical books include the ability to resize text, word highlighting, instant
Page 11
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dictionary look-up, adding notes and text to speech for word pronunciation (Picton,
2014; Roskos, Brueck, & Lenhart, 2017).
Roskos et al. (2017) point out that existing e-readers often instantiate a behaviourist
learning approach, focusing predominantly on single word level support for decoding
and meaning at the expense of support for comprehension support. They suggest that
e-readers should support a personalised approach that provides a broader range of
support for attention, perseverance, reflection and learning, by providing functionality
which enable readers to have a sense of agency within their own reading
development.
E-readers offer the possibility of a range of interactive and multimedia features
(Anderson-Inman & Horney, 2007; Takacs, Swart, & Bus, 2015). These features need to
be carefully designed as there is a real danger that their inclusion can divert children’s
attention away from the story, thus disrupting comprehension and language learning
(Roskos et al., 2017; Takacs et al., 2015). For instance by taking into account cognitive
load theory (Paas & Sweller, 2014) to ensure that working memory is not overloaded
therefore disrupting the processing of the text and subsequent learning.
Several researchers have highlighted the particular benefits that e-readers can offer
struggling readers such as those with dyslexia. These range from simply providing a
similar text presentation to that of coloured overlays often used with children with
dyslexia (Machan & Aleixo, 2016) to providing visual pattern support to help with
learning associations between phonemes and graphemes (Cramer, Antle, & Fan, 2016).
Various forms of text highlighting can be integrated to provide different forms of
support. For instance Gerbier et al. (2018) found that synchronising word highlighting
with the text-to-speech functionality was helpful for poor readers. Furthermore
highlights could be used to identify particular letter patterns within words, for example
Cramer et al. (2016) have investigated the use of colour-coding for recognising
underlying contextual rules. They propose that these colour codes should be specific to
a particular reading/spelling rule and that the code should only highlight the
information relevant to that particular rule. However, through their empirical work
they suggest that the children would also require cues within the e-reader about how
to “effectively integrate or connect representations”. Furthermore, researchers have
considered the use of highlights for beginner readers and for those learning a second
language. For example Gerbier et al. (2018) have raised the possibility of using
highlights for smaller units such as graphemes for beginner readers and Warschauer
and Lee (2017) discuss how making particular target lexical items more salient within
the text (e.g. through some form of highlighting) can be beneficial for second language
learners vocabulary acquisition and comprehension skills. Although further research is
still required into the determining the most effective format and use of these
highlights.
3.2 iRead Infrastructure
Figure 1 provides an overview of how the Reader app will link to and interact with
other parts of the iRead infrastructure. A child’s interaction with the Reader app will be
shaped by information from their user model which will also store previous
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experiences in playing the game. A child’s interactions with the Reader app will then
be used to help prioritise key content within the game.

Figure 1 - Global Overview of link between Reader app and Game

4 READER APP DESIGN
We chose to use the beginner reader group as a baseline for our design and we then
adapted specific features where necessary to ensure they also fulfilled the pedagogical
approaches and specific needs of the dyslexia and EFL learner groups where these
differed to beginner readers. We also proposed our initial design for word level skills
but we expect for these ideas to also transfer to sentence level skills.
4.1 Initial Reader app Interface Designs
The iRead project builds on previously developed software. For the Reader app, our
starting point is iRead partner Dolphin’s EasyReader1. EasyReader is a Reader app
available in Android and iOS. For the purposes of the project, we focus on the Android
version. EasyReader was originally designed for adults with visual impairments and
dyslexia. EasyReader app offers features for controlling and customising text as well as
running text to speech to support accessibility. However, EasyReader has not been
designed as a learning tool, nor has it been designed for young learners. Therefore,
using EasyReader as our baseline application we began adapting elements of the
interface as well as adding new screens to meet the requirements of our target learner
groups.
Carrying out our design implications, we created an initial interactive prototype to
demonstrate the design of the Reader app interface using the JustinMind prototyping
software. During this initial design stage we focused on the reading screen and
associated support functions. The various features were then demonstrated and
1

https://yourdolphin.com/easyreader
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described via a screen-recording of the prototype, which was shared with various
stakeholders through an iterative formative evaluation process (see section 4). Below
we briefly describe these initial designs, indicating where we addressed each of the
reading design implications identified above (with the exception of RDI-5 which is
addressed in the learning journey section later in this document).

4.1.1 Read Screen
The read screen (see Figure 2) as a default displays the text from the point at which the
child has reached within the story, with no additional support. There are icons to
access this support as well as features to search the text, change formatting, read
aloud, bookmark and access the Tricky Word List (see below).

Figure 2 - Initial design of read screen interface

4.1.2 In-Text Support
The in-text support can be accessed by the arrow in the top right (see Figure 3), but as
a default is off to minimise distractions during initial reading (RDI-2). Highlights can be
switched on to indicate child-selected tricky words or words containing features
recently worked on within the game and stored in the child’s user model. Highlights
can be formatted to provide either lexical support (via sound buttoning) or non-lexical
support (via whole word underlining) (RDI-1). Children are also able to access support
for understanding meaning, any morphological features of the word and pronunciation
via pop-up (see Figure 4) which appears when a child taps and holds on a word.
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Figure 3 - Initial design of in-text support for decoding

Figure 4 - Initial design of in-text support for morphology, word comprehension and reading practice

4.1.3 Tricky Word List
The Tricky Word List (see Figure 5) contains a collection of words tagged by the child as
‘tricky’ i.e. challenging for them in some way. This screen enables a child to review
these words, interact with the words in different ways (e.g. adding a picture, recording
speaking the word aloud) to support their learning of this word and indicate they have
secured this word by removing it from their list (RDI-4). This screen is designed to be
appealing and engaging for children through the inclusion of images and colours as
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well as a choice of interactive features for each tricky word (RDI-3). A drop-down menu
is included to enable the sorting of words by part of speech, date added and frequency
of appearance in child text.

Figure 5 - Initial design of tricky word list interface

5 FORMATIVE EVALUATION
So far we have laid out the theoretical foundations and demonstrated how this theory has informed our
initial interaction design. From this section onwards we will take a pragmatic perspective on the design
to evaluate its functionality and specify it in a fine-grained level forging the interface with D7.2.

5.1 Evaluation Process
To evaluate the Reader app design we undertook two full cycles of formative
evaluation (see Figure 6). Each cycle involved showing the Reader app prototype to
both project partners and primary school teachers in the UK to (i) establish feasibility
of technically implementing the design features (ii) establish the pedagogical
appropriateness of the design features and (iii) establish the practicality of use in the
classroom by pupils. The lead developer at Dolphin Computer Access provided
feedback on the technical feasibility. iRead partners from UGOT, UOI, UB and UCL
provided feedback on the pedagogical approach embedded within the design across all
learner groups and languages (Beginner Readers, Dyslexia, EFL) with an interaction
design expert from UGOT also giving usability feedback. Lastly six UK based teachers
including primary class teachers, a head teacher and a special educational need
coordinator provided feedback on the use of the Reader app in the classroom. After
each cycle the Reader app prototype was further refined.
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Figure 6 - Formative Evaluation Cycle

5.2 Main Findings and Implications for Design
Below we summarise the main findings from our two formative evaluation cycles in
terms of their relevance to the usability of the Reader app, underlying pedagogical
approach or language/learner group specific requirements. We also detail the changes
that were made to the Reader app design as a result of each finding.

5.2.1 Usability
The usability findings are split into findings that apply across the design and findings
that are screen-specific.
General
• The design of icons was not always child-friendly or consistent (e.g. using the
same icon for reading text aloud).
o In consultation with teachers we updated the icons to images that
would be familiar to children and we ensured that similar functionality
used the same icon (such as for the audio features).
• Some design elements incorporated text that some children would be unable
to access (e.g. word definitions).
o We ensured that all written text also had a ‘read aloud’ option.
Read Screen
• It would be important for some children to avoid reading in high contrast and
also to not have too much text displayed at once.
o This highlights the need to keep default features from EasyReader to
adjust the background colour and to customise the size/amount of text
displayed.
• Children often use pictures to help support their reading of text, but books with
set layouts would prevent text formatting options in the Reader app to be used.
o Books with set layouts should be excluded, but books with images
between paragraphs or on separate pages could be considered.
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Additional support and highlights within the text should be minimised to
prevent children from becoming distracted from following the meaning of the
text or only focusing on the highlighted elements.
o We removed the pop-up box and integrated this support into the tricky
words list
o We removed the static highlighting and only included highlight support
for individual word reading that is displayed on request (via tap) but
does not remain on the screen

Tricky Words
• There is a danger that allowing images and recordings uploaded by children
through the tricky word list feature to be available across accounts could result
in personal information or inappropriate content being shared.
o Any image or recording uploaded should be associated with a single
user account.
• The information provided as part of the word definition is complex and would
be difficult for many children to understand.
o The information in this pop-up was simplified and structured through
three clear forms of support (decoding, whole word reading, meaning)
which are accessible by request and not displayed at once. This also
enables the system to record the form(s) of support the child required.
• The Tricky Word List could become quite extensive and difficult to navigate
o We added the feature to remove a word when a child has mastered it
and the words are organised in a similar style to a dictionary that a child
would be familiar with as well as including sorting options (such as part
of speech, book, date added)
• A child may select the same word as tricky multiple times which would indicate
they find this word particularly difficult and something that requires focus on.
o We highlighted words clicked on multiple times as ‘priority’, with the
three most clicked on words displayed at the top of the Tricky Word list.

5.2.2 Pedagogy
•

The logic for the highlighting sequence should reflect the pedagogical approach
teachers employ to support children to decode words and theories of reading.
o To define this logic we examined the categories supporting word
decoding in our domain model (namely GPC, Consonant Clusters,
Syllabification, Morphology; see D4.1 and D4.2). These categories can
be viewed as strategies whose application depends on the particular
characteristics of the word a learner is reading. With this in mind, we
specified the Reader app highlighting to use the following logic:
! (i) if the word contains a prefix and/or suffix, the Reader app will
highlight and read aloud by morpheme and then read whole
word. This recognises that learners benefit from segmenting the
word in its parts and identifying how the parts add to the
meaning of the word;
! (ii) if the word is phonetically decodable (i.e. has a
corresponding GPC) and is 2 syllables or less to highlight by
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grapheme and read aloud by phoneme and then read whole
word. This recognises the transferability of letter-sound
knowledge across new words;
! (iii) All remaining words should be highlighted and read aloud by
syllable. This is because phonetically decoding words is not the
most optimal strategy (ii) for multisyllabic words where chunking
the word into smaller units can support fluency
The pedagogical approach should employ both deductive support (e.g. begin
with an explanation followed by some examples) and inductive support (where
children work out how something works on the basis of examples).
o For the deductive support we added a pre-reading activity which
introduced a feature from the domain model (e.g. split digraphs) which
the child had been recently practicing in the game and that occurred
within the text. This activity uses the same teaching instruction text as is
used within the game (stored in a central location) and also highlights
the words that contain this feature from the text.
o For the inductive support we included a feature to support children
learning the word through context by enabling a word added to the
tricky word list to be seen within the sentence from the text from which
it was added e.g. after adding the word ‘’apple” to the tricky word list,
the child would also be able to add the sentence where this word was
added from “Snow White took on bite of the apple and fell into a deep
sleep”.
Children, particularly those with low-motivation, may need additional
encouragement to interact with the pedagogical features (e.g. pre-reading and
tricky word list).
o We will identify potential ‘gamification’ opportunities through making
direct links with the game in future design work over the next year (see
Future Work section below).

5.2.3 User Group Specific
As mentioned above our starting point for the design was beginner readers. Here we
describe some specific adaptations required for the dyslexia and EFL learner groups.
Dyslexia
• For children with dyslexia the teaching strategy to support word decoding is to
read the whole word, to follow the model of segmenting and blending, and to
the repeat the whole word.
o We adapted the highlighting to reflect this teaching strategy for the
readers with dyslexia group.
EFL
•

EFL learners may not have sufficient vocabulary to understand the definition of
a word in English.
o For EFL we added the translation of the word (where appropriate).
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The majority of EFL learners (with the exception of Greek and Spanish) do not
require GPC support as they will have acquired this knowledge through their
native language.
o We removed GPC highlighting for decodable words for EFL learners
(excluding Greek and Spanish) in this case the highlighting will be
provided by morpheme or syllable only.
EFL learners typically learn in a top-down way by first reading the text without
targeted instructional support and then re-reading with a particular teaching
point focused upon
o We adjusted the pedagogical design for EFL learners to include
instructional support after the initial reading of the text

5.3 Revised Reader app Design
In this section we present our final Reader app design which incorporates all of the
refinements identified during the formative evaluation process. First we differentiate
between each learner group in terms of the high-level ‘learning journey’ they will
follow as they use the Reader app; next we specify a set of user stories for each screen
of the Reader app, and then we specify the low-level logic for the different aspects of
pedagogical support provided within the Reader app.

5.3.1 Learning Journeys
Below we describe the full learning journey of our baseline scenario – beginner readers
– and we then highlight the adaptations made for the specific characteristics of the
other learner groups.
Beginner Readers

Figure 7 - Overview of Reader app pedagogical design for beginner readers

Beginner readers start on the digital library screen. After they select a book the text is
compared against a list of features that have recently been worked on within the game
and stored in their user model. The child will then be presented with a pre-reading
screen based on the most common feature that appears in the book (if no features are
identified then no pre-reading activity will be displayed). This pre-reading activity will
be displayed each time the child selects the book. Once the child has read through the
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pre-reading screen they will be able to access the book. The text will be displayed with
no annotations, but children can access additional support by tapping on words, which
will segment and blend the word (i.e. sound out and then read the whole word), or tap
and holding words to access the definition. Once they have finished reading the book
they will be taken to their tricky word list, which will display their three ‘top’ tricky
words (i.e. tapped 2+ times) and below the remaining words which will be grouped by
book, with the book that was most recently read at the top so they can review these
words.
Readers with Dyslexia

Figure 8 - Overview of Reader app pedagogical design for readers with dyslexia

Readers with dyslexia begin in a similar way to beginner readers. However, the
additional word level support they are provided in the book additionally says the
whole word first prior to segmenting and blending provides the whole word in line
with the dyslexic teaching principle of overlearning. Then again following this principle
once they have finished reading the book they will be reminded of the learning
objective and be returned to the beginning of the book with the target feature
highlighted within words. Once the child has finished reviewing the book for a second
time they will be taken to their tricky word list, which will function in the same way as
for beginner readers.
EFL Readers
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Figure 9 - Overview of Reader app pedagogical design for EFL readers

EFL readers start on the digital library screen as with the other two groups. However,
one the child selects a book the child will be taken straight to the text which will be
displayed with no annotations. This follows the top-down teaching approach
recommended for EFL learners, so they read the text before encountering the specific
learning objective. Users can access additional support by tapping on words similar to
beginner readers, or tap and holding words to access the definition, but for EFL
learners this will also include a translation. Once they have finished reading the book
the text will be compared against their ‘stack’ of features that have been recently
worked on within the game, and a target feature identified which is the most common
of these features to occur within the book, as was done for the pre-reading activity for
the other two groups. The child will then be returned to the beginning of the book
with the most common feature highlighted within words as well as the related
teaching instruction displayed at the bottom of the page similar to the dyslexia group.
Once the child has finished reviewing the book for a second time they will be taken to
their tricky word list, which will function in the same way as described for beginner
readers.
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5.3.2 Interface Design and User Stories
Digital Library

Figure 10 - Default digital library screen (left) and filtered by books marked as favourites (right)

As a (child) user I want to:
• See all of the books in my library so that I can browse for a book that I would
like to read during free reading time
• Be aware of the books recommended by my teacher so I can easily find the
book I have been assigned to be read during class
• See the books I have started reading and how much of the book I have read so I
can prioritise finishing these books before beginning a different book
• Mark specific books as favourites and filter by these so I can easily find books
that I would want to read again
• Search all books by key word (title or author) so I can easily find a specific book
or author that I want to read
o This search should be incremental if possible so that it filters for each
letter the child types. To clear the search a small cross should appear to
the right of the text that can be tapped to delete the text.
• Access my current tricky word list so I can review words I found difficult in the
past
• Select a book to read by tapping on it so I can easily access a new book and
begin reading

Page 23

PUBLIC

D7.1 iRead Reader app Interaction and Visual Design

Pre-Reading

Figure 11 - Pre-Reading screen (left) with text that can be read aloud highlighted (right)

As a (child) user I want to:
• Be reminded of a teaching point that I have recently encountered in the iRead
game which also occurs within the book I selected so I can connect what I have
learned in the game with the Reader app and practice this within the context of
a real book.
• See three examples of the words containing the target feature to help me
remember and practice this feature in isolation before reading it within a larger
text
• Be informed of the text that can be read aloud through highlighting by single
tapping on any text and tap on this highlighted text to read it aloud
• Have example words sounded out and then read as a whole (e.g Figure 12a
then Figure 12b – for logic see 5.3.3 in text support logic) by tapping on the
highlighted word so I understand how to segment and blend a word [Beginner
readers only]
• Have example words read as a whole, sounded out and then read as a whole
(e.g. Figure 12b then Figure 12a then Figure 12b – for logic see 5.3.3) by
tapping on the highlighted word so I understand how to segment and blend a
word whilst following the dyslexic teaching principle of overlearning [Readers
only]
• Access my chosen book by tapping on the book cover
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Book

a.
b.
c.
d.
Figure 12 - Read screen (left) with features for segmenting highlight (right - a), whole word
highlighting (right - b), option to add as a tricky word (right - c) and existing tricky word highlighting
(right - d)

Figure 13 - Dictionary pop-up on read screen (left) and text highlighted that can be read aloud on tap
(right)

As a (child) user I want to:
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Format the size, font, margins and line/letter spacing of the text so that it is
easier for me to read
Change the colour of the text, background and highlights so that it is easier for
me to read
Hear the whole text read aloud to support me with reading more challenging
texts
Change the text to speech voice type and speed so that it easier for me to
process and understand
Be aware of how much of the book I have read so that I can monitor my own
reading progress and be aware of the point I am at in the story
Tap on a word to hear it read aloud according to the logic specified in 5.3.3
(also see Figure 12 – a-b) so I can learn an appropriate strategy for decoding
the word
Add a word I have heard read aloud to my tricky word list (see Figure 12 – c) so
I can review it later and access support for the particular difficulty I am having
with this word
Check which words I have already added to my tricky word list (see Figure 12 –
d) within the current book by tapping on the plus icon at the end of the line so I
can be sure a word has been successfully added to the list
Tap and hold a word to access the definition and [for EFL readers only]
translation in my native language to support my comprehension of the story
[In Definition Pop-up - Figure 13] Be informed of the text that can be read aloud
through highlighting by single tapping on any text and tap again on highlighted
text to hear it read it aloud
Navigate the book by headings so I can easily access a specific section of the
book that a teacher wants me to look at or that I want to re-read
Add audio and text notes so that I can record ideas to help me with learning
particular aspects of the text
Access my Tricky Word List by tapping on the Tricky Word List icon in the top
right corner so I can review and access additional support for the words that I
have added
Display the instructional support associated with the selected teaching point
for the text by tapping on the child reading icon on the bottom right so I can reread the text focusing on a specific feature that I have recently been working
on within the game in the context of a larger text
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Book with Instruction

Figure 14 - Read screen with instructional support switched on

As a (child with dyslexia or EFL child) user in addition to the read screen default
functionality I want to:
• Read the text a second time with the instructional support pop-up
automatically displayed so that I can contextualise my recent learning within
this text (following the recommended dyslexic/EFL pedagogical approach)
• [In Instructional Support Pop-up] Be informed of the text that can be read
aloud through highlighting by single tapping on any text and then to tap again
on the highlighted text to read it aloud
• Have target feature highlighted within words or sentences whilst the
instructional pop-up is open (and hidden if it is closed) so that I can easily map
the teaching point to specific words or sentences with the text.
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Tricky Word List

Figure 15 - Tricky word list screen as accessed from a book (left) and the sort menu (right)

Figure 16 - Tap on relevant icon to access specific support which include decoding (magnifying glass)
reading practice (microphone) and comprehension (dictionary)
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Figure 17 - Decoding support for word with a GPC (top) and a word with an affix (bottom)

Figure 18 - Whole word reading support

Figure 19 - Comprehension support for current book (top) and other books (bottom)
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As a (child) user I want to:
• Add my own image to each of my tricky words so that this can act as a memory
aid to support me in learning this word
• See my top three most tricky words displayed at the top of the list (i.e. most
clicked on in the text) with the remaining words underneath so that I can
prioritise learning the words I am most often experiencing problems with
• Select from three types of support for each tricky word: decoding (see Figure
17), whole word reading (see Figure 18), comprehension (see Figure 19) by
tapping on the relevant icon (and tapping the arrow to go back to the main
support menu) see Figure 19 – using the same logic as specified in 5.3.3 so that
I can access the support that matches the particular difficulty I am having with
that word
• Filter words by starting letter using left hand bar (see Figure 15) if I have
selected the alphabetical sort option on the sort menu (with letters greyed out
if there are no associated words) so I can easily search for a specific word
• Sort words by date added, book added from (if word added from more than
one book then this should be the most recent book added from) and part of
speech so I can work on learning a particular group of words together
• Remove a word from my list by tapping the checkbox in the top left hand
corner once I feel secure with this word so I can recognise the progress I have
made with this word and also focus on just words that I am still struggling with
• Undo a word that has been removed accidentally so I do not have to waste
time looking for the word in a text again
• [Beginner readers/EFL readers] Tap a word in the decoding support screen to
hear it read/highlighted in chunks according to specified logic and then
read/highlighted as a whole so I understand how to segment and blend a word.
• [Readers with dyslexia] Tap a word in the decoding support screen to hear it
read aloud/highlighted as a whole, then read/highlighted in chunks according
to specified logic and then read/highlighted as a whole again so I understand
how to segment and blend a word whilst following the dyslexic teaching
principle of overlearning.
• If accessed from the read screen return back to the same place in my book so I
can easily resume reading the text.

5.3.3 Pedagogical Design
The pedagogical support has been designed to adapt to the user profile of the child,
with the provision and sequence of support varied to meet the specific instruction
needs of each group as defined earlier in this deliverable. Table 1 provides an overview
of these support features and which user profiles require each feature. Below we
specify the logic for how each of these features is implemented.

Beginner
Readers

Pre-Reading
Instruction

In-Text Support

X

GPC
Morphology
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X

Syllables
Whole Word
Definition
GPC
Morphology
Syllables
Whole Word
Definition
GPC (Greek only)
Morphology
Syllables
Whole Word
Definition +
translation

X

X

X

X

Table 1 - Overview of Reader app support feature provided for each user group

Pre-Reading Instruction Logic (for beginner and readers with dyslexia only)
• User model provides a stack of domain features that have a mastery level of 2
(i.e. practiced but not yet secured) in the iRead game
• After a child selects a text to read the system scans the text to find at least
three words containing the first feature in the stack, if three words are not
found it moves to the next feature in the stack until this criterion is fulfilled
• If a feature is identified a pre-reading screen is customised based on the
selected feature – the name of the feature is displayed at the top (category +
label in domain model), the associated teaching instruction (taken from game
specification) if displayed beneath this.
• The first three example words containing this feature from the text are listed
below the teaching instruction
In-Text Support Logic (for all readers)
• When a child single taps on a single word in the text the following logic should
be used to provide support:
[Beginner Readers]
• If the word includes a prefix or a suffix the word is read aloud by
morpheme with highlights over each morpheme in the word, it
then repeats the same highlights with no audio, it then highlights
word as a whole with no audio, pauses and then reads the whole
word aloud then the highlight disappears.
• If not and the word has an associated GPC and is 2 syllables or less
the word is read aloud by phoneme with highlights over
graphemes, repeats same highlights but no audio, highlights word
as a whole with no audio, pauses and then reads the whole word
aloud.
• If the word has no associated GPC or is over 2 syllables the word is
read aloud by syllable with highlights over syllables, repeats same
highlights but no audio, highlights word as a whole with no audio,
pauses and then reads the whole word aloud.
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[Readers with Dyslexia]
• If the word includes a prefix or a suffix the word is read aloud as a
whole and highlighted, then the word is read aloud by morpheme
with highlights over morphemes, repeats same highlights but no
audio, highlights word as a whole with no audio, pauses and then
reads the whole word aloud.
• If not and the word has an associated GPC and is 2 syllables or less
the word is read aloud as a whole and highlighted, then the word is
read aloud by phoneme with highlights over graphemes, repeats
same highlights but no audio, highlights word as a whole with no
audio, pauses and then reads the whole word aloud.
• If the word has no associated GPC or is over 2 syllables the word is
read aloud as a whole and highlighted, then the word is read aloud
by syllable with highlights over syllables, repeats same highlights
but no audio, highlights word as a whole with no audio, pauses and
then reads the whole word aloud.
[EFL Readers]
• If the word includes a prefix or a suffix the word is read aloud by
morpheme with highlights over morphemes, repeats same
highlights but no audio, highlights word as a whole with no audio,
pauses and then reads the whole word aloud.
• [For Greek and Spanish EFL readers only] If not and the word has an
associated GPC and is 2 syllables or less the word is read aloud by
phoneme with highlights over graphemes, repeats same highlights
but no audio, highlights word as a whole with no audio, pauses and
then reads the whole word aloud.
• Otherwise if the word has no associated GPC or is over 2 syllables
the word is read aloud by syllable with highlights over syllables,
repeats same highlights but no audio, highlights word as a whole
with no audio, pauses and then reads the whole word aloud.
Straight after the support described above has been provided the word is then
outlined in a box which enables this word to be added to the tricky word list
which should be displayed/enabled for 10 seconds and then faded.
When a child taps and holds on a single word in the text the following logic
should be used to provide support:
[Beginner and Readers with Dyslexia]
• Show pop-up with word and definition (if it could be multiple
parts of speech then can we infer which is the most likely and
put this at the top?)
[EFL Readers]
• Show pop-up with word, definition and native translation
A small plus icon should be displayed to the right of each line that contains a
word that has been added to the tricky word list. When a child taps on this
word the tricky word(s) on that line should be highlighted by a box appearing
around the word for 10 seconds and then faded.
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During-Reading Instruction Logic (for EFL and readers only)
• After the child finishes reading the book they are taken back to the beginning
of the book and the instructional support pop-up is automatically displayed –
the pop-up includes the same information as the pre-reading screen with the
exception of the example words
• All words containing the target feature have this feature highlighted for
example for the i-e split digraph the highlights would be: time and for the –ed
suffix the highlights would be: looked
Tricky Word List Logic
• Displays all words currently in the child’s tricky word list
• Top three words are those that have been added to tricky word list 2 or more
times, which are prioritised by highest number of adds and the most recent
adds.
• The words below this top group are then grouped by book and ordered by
date, with the most recent first
• The decoding support follows the same logic as specified for single tap on
words in the read screen described above
• The play button plays the child’s most recent audio recording of that word, if
they record again it is overwritten
• The context sentence selected in the comprehension support from the most
recent book read from which the word was added
• The words are colour-coded by part of speech

5.3.4 Technical Interaction Overview
In this section we detail specific requirements for the technical interaction including
the touch interactions and the text-to-speech functionality to fulfil the design set out
above. This technical functionality will be tested and refined further through the
formative evaluation of the Reader app.
Touch Interactions
Table 2 provides an overview of the touch interaction types that are possible with the
different elements of the Reader app interface design and the resulting actions.
Gesture
Single tap

Interface Element
Icon

Action
• Enter book
• Filter
• Tag book as favourite
• Navigate to screen
• Open/close option pop-up (e.g. formatting,
audio, page navigation, search, instructional
support)
• Play, skip forward/backwards, record
• Show support feature
• Highlight words tagged as ‘tricky’ within text
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Drop-down Menu
Search bar
Text

•
•
•
•
•
•
•

Tap and hold

Word (read screen
only)

•

Access file explorer (for images)
Show menu
Filter
Enable text input
Highlights text that can be read aloud
(excluding text on read screen)
Reads aloud any highlighted section of text
(excluding read screen)
Segments and blends single word in text on
read screen (highlight/read aloud) then
displays tricky word add button
Displays definition pop-up

Table 2 - Reader app Touch Interactions Overview

Text-to-Speech Overview
Table 3 provides an overview of the text-to-speech functionality required for various
text-based interface features on the different screens of the Reader app.
Screen
Pre-reading
screen

Interface Feature
Teaching instruction text
Example words

Read screen

Story text
Individual story words

Tricky Word
list screen

Teaching instruction (in
pop-up)
Definition (in pop-up)
Decoding support text

Whole word reading
support text
Comprehension support
text

Text-to-Speech Requirement
Read aloud in full
For each word follow sequence:
1. Read whole word (dyslexia only)
2. Read in chunks (following segmenting
logic)
3. Read whole word
Continuous reading on play button tap
until pause button tapped
On individual word tap follow sequence:
1. Read whole word (dyslexia only)
2. Read in chunks (following segmenting
logic)
3. Read whole word
Read aloud in full
Read aloud specific section
Follow sequence:
1. Read whole word (dyslexia only)
2. Read in chunks (following segmenting
logic)
3. Read whole word
Read whole word
Read definition
Read context sentence

Table 3 - Overview of text-to-speech requirements
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6 CONCLUSION AND FUTURE WORK
This document has set out the theoretical and pedagogical underpinning for the design
of our Reader app, which resulted in a series of implications for design for our initial
Reader app prototype. We have described the process of our iterative prototype
design and evaluation with various stakeholders including developers, pedagogical
experts and teacher. We have subsequently explained the refinements to our initial
prototype design based on the feedback received during this process and presented
our final Reader app interface and visual design specification.
In addition to the interface and visual design features specified in this document there
are number of additional features that we intend to explore through empirical
research and formative evaluations undertaken using the functional prototype with
children and teachers in schools as part of the Reader app development process. These
include both functional development and pedagogical design (with related Reader app
design implication in brackets) aspects:
• Establishing the most intuitive way for children to access the text-to-speech
functionalities
• Establishing the most intuitive touch interactions for different Reader app
features
• Exploring how we can effectively design and use the highlight functionality as
well as personalise for the various learner groups (RDI-1)
• Exploring the use of gamification to increase children’s motivation to engage
with the different support features as well as to further increase the visible
links between the Reader and game apps (RDI-3).
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