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1 Executive Summary

This deliverable describes the rationale for, and the outline of the developed English and
Greek domain models of reading skills for children with dyslexia. Domain models are is
essential for the development of the literacy games, the iRead Reader, and content
classification at later stages of the iRead project. A wide range of linguistic skills are assessed
within domain models across languages, going beyond the skills of decoding of sound-letter
correspondence and word recognition to more complex reading skills, including morphological,
syntactic and discourse processing of text. Language category selection within domain models
was based on the outcomes of extensive literature reviews, frequency counts derived from
children’s books and corpora available in the languages under investigation, as well as
empirical data.

The overarching goal of the domain models’ development is not only to incorporate
different type of information (lexical, morphosyntactic etc.), but to also provide (a) ratings of
difficulty, indicating each feature’s difficulty or complexity relative to the rest of the features
within the same category, as well as (b) progression schemes, in the form of prerequisites,
indicating the order of teaching of those features. Specifically, rich texts in words/linguistic
structures are likely to cause a barrier in reading. Therefore, all language features included in
the models were classified as relatively easier or harder based on an initial taxonomy of
features per category formulated by empirical data. This will be used for game and e-reader
development to sequence the features.

The present report is structured as follows: Chapter 2 provides an introduction to domain
models, including the following sections: Section 2.1 analyses the rationale and function of
domain models in iRead; section 2.2 describes the role of domain models in iRead and the way
they interact with other sub-systems; section 2.3 lists the types of information that domain
models store; section 2.4 explains the terminology used in domain models, providing helpful
definitions; and section 2.5 lists the various domain models included in the iRead system.
Chapter 3 analyses the general methodological steps followed in building the domain models,
while Chapters 4 and 5 describe the specific methodologies used in building the English and
Greek domain models respectively. Finally, Chapter 6 provides an account of the supportive
actions taken for the development and implementation of domain models.
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2 INTRODUCTION: Domain Models

This work package focuses on the development of a comprehensive domain model of
reading skills that will guide the development of domain models for the other languages
involved in the iRead project from the vantage point of the students’ needs. Although separate
domain-models will be developed to tap on reading processes across the different child
learner groups involved in the project (children with dyslexia, typically developing readers
(novice readers), readers with English as a Foreign Language (EFL)) as well as across different
languages considered (English, Greek, German and Spanish), this deliverable focuses on the
development of the Greek and English Domain Models for children with dyslexia.

The discussed models were developed based on the revision and the significant
extension of the previous Greek and English domain models developed for a-typical reading
development (attributed to dyslexia) within iLearnRW FP7 EU project’. Note that the iLearnRW
dyslexia domain models include only word level difficulties related to phonological and
decoding skills in the two languages, whereas the new domain models are enhanced to
incorporate more advanced reading skills that draw on a wider range of linguistic knowledge
bases, going beyond the skills of decoding of sound-letter correspondences and word
recognition to address more complex reading skills such as morphological, syntactic, and
discourse processing of texts.

2.1 Rationale and function of Domain Models

Domain models constitute a central component in iRead, which will inform all sub-
systems (Games, Reader, Text Classification) and determine the individualized pedagogical
design used for each child. The role of each domain model is to (a) specify the linguistic
structures that will constitute teaching material, (b) provide the basis for the formulation of
individual user models, which will enable the iRead system to record each user’s individual
strengths and weaknesses, e.g. specific linguistic structures that he/she finds more challenging
and needs to work on, and mark the user’s progress as he/she uses the iRead system. In order
to achieve these tasks, domain models contain all the necessary information that will render
them able to provide specific information about each user’s linguistic and learning
particularities and individual needs. The linguistic information included in domain models was

1 http://www.ilearnrw.eu/
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especially selected in order to address all the linguistic sub-skills that are relevant or necessary
for reading development, which are usually affected in dyslexia.

Based on the fact that we can read words with regular and irregular spelling as well as
novel words and pseudo words with great ease, a dual-route model of reading was put
forward (Coltheart et al. 2001), according to which reading can follow two routes for turning
printed words into sound: a direct route (the lexical orthographic route), which is used when
real words are read and involves accessing the lexical entry in the speaker’s lexicon and
activating semantic information during reading. However, reading new words or pseudo words
makes use of an indirect (sub-lexical phonological route), which involves applying grapheme-
phoneme conversion (GPC) rules (phonological recoding) without accessing the lexicon.
According to this model, accessing the phonological information of a word during reading is
not obligatory, while the lexical route is also divided into one part that accesses semantic
information and one that does not. The Dual Route model can explain cases of readers who
can comprehend printed words without being able to pronounce them, but also readers who
achieve target-like loud reading without being able to retrieve any meaning from what they
read.

Learning to read involves moving from a stage of alphabetic reading (applying
grapheme-phoneme conversion (GPC) rules) to direct access reading. Various models have
attempted to describe the process whereby a child shifts from alphabetic to direct access
reading. Although there has been considerable debate on whether children start with large
units (i.e. rimes, word beginnings or endings) and then move to small (i.e. individual
phonemes) or the reverse, it is now generally agreed that they develop their reading skills by
learning grapheme-phoneme correspondences first and moving to reading by analogy at a
later stage (e.g. Brown & Deavers 1999; Ehri 1992).

Disruption in one of the two routes of the dual-route model can lead to different types
of dyslexia. If the lexical route is impaired, the person has difficulty reading irregularly spelled
words or exceptions, thus producing over-regularization errors such as reading ‘island’ as
/'aisland/ and ‘steak’ as /stik/ (Harley 2001). Conversely, if the sub-lexical route is impaired,
the reader has difficulty applying GPC rules, thus faces great difficulties reading novel words or
nonwords. However, in many cases the person can pronounce some nonwords, while in others
there are also difficulties with certain types of existing words. In these cases, the individual has
difficulty reading function words (e.g. articles), low-frequency words and morphologically
complex words, while derivational errors (e.g. reading ‘performing’ as ‘performance’) and
visual errors (e.g. reading ‘perform’ as ‘perfume’) are also very common (Harley 2001).
Dyslexia has often been claimed to arise from problems with phonological processing, since
people with this type of reading impairment often exhibit more general phonological problems
(Harm & Seidenberg 2001).
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Based on the above, domain models partly focus on those skills that constitute
phonemic awareness, which includes knowledge of the phonological patterns and irregularities
of one’s language, as well as the skills to handle phonological units in producing and perceiving
language. Phonemic awareness, which is usually enhanced in education by a set of activities
that address phonics (e.g. phoneme discrimination, phonemic analysis and synthesis etc.), also
includes the ability to relate phonological units to visual symbols of written language, i.e.
graphemes. This specific ability, which is called grapho-phonemic awareness, is crucial for the
development of reading and is very frequently disrupted in dyslexia. Therefore, domain
models address all the sub-skills that are included in phonemic and grapho-phonemic
awareness, skills that are actively used in the process of decoding. However, since decoding
only constitutes part of the reading process, domain models also attempt to address higher-
level language skills that map onto reading comprehension, that is, morphological awareness
and syntactic processing.

All the linguistic information stored in domain models is used as the basis for the
creation of individual user models, which will in away assess each child’s abilities and place
him/her at a specific point in his/her language’s repertoire, aiming to provide him/her with
linguistic material that is most relevant to his/her own needs and mark his/her progress.
Specifically, the domain models will inform the focus of the adaptivity for which a combination
of methodologies will be used (e.g. knowledge elicitation with teachers, data from literacy
games usage and e-reader) to develop a machine learning component that automatically
selects content for activities within the literacy games. This information will not only be used
by the games and activities to allow users to interact with the words at the level of phonology,
orthography, and syntax, but will also also provide educators with toolkits in order to enhance
teachers’ decision-making and lesson planning.

2.2 Role of Domain Models in iRead

Domain models play a central role in iRead, as they interact almost with every
component of the iRead system. Domain models are stored within the iRead system as
directed acyclic graphs (refer to Section 6.1 for more details). The vertices of the graph
correspond to the language features of the domain model, while edges indicate prerequisites.
In each vertex of the graph all attributes defined by the linguist experts are stored. Domain
models are used for creating ad updating user models, for practising language features using
the literacy games or the iRead reader application, and for content classification. In the
following we give a short description of the aforementioned usages.
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User Models

User models are treated by the iRead system as “instantiations” of the domain model.
Each user model is a clone-graph of the corresponding domain model where all vertices and
edges are present. In order to support personalized learning in reading, every vertex is
equipped with an additional attribute, called “competence”, which is used for storing the
learner’s current mastering of a language feature. This attribute not only allows for monitoring
the user’s progress, but also plays an important role in the status of the user’s model: as the
user practises various language features, their competence is updated, and more language
features become available to the user (see Section 6.2 for details on this mechanism).

Literacy Games / iRead Reader

Literacy games and the iRead Reader are the main tools of iRead for practising
language features. When a user interacts with these tools, her success or failure on the
proposed tasks is recorded and a decision is made on whether the competence of the
language features related to the tasks should be updated. The execution flow for playing a
literacy game is as follows: before the game starts, the application asks for the user’s available
language features. Based on the user’s usage data, the application choses the next language
feature (or a group of them) for the user to practice. Then, appropriate and relevant content is
provided to the game. While the user plays her actions are recorded and stored as logs.
Afterwards, the application decides whether the competence of the language feature should
be updated. If this is the case, then the user’s model is updated and, depending on the new
model, more language features might become available.

Content Classification

Content classification refers to the task of classifying texts based on their “difficulty”.
Here difficulty is related to the language features that appear within the texts. The same text
though might be easier for a reader who has mastered most of the language features
appearing in the text. Personalization of the content classification is achieved by taking into
consideration the user’s model; in particular her competence on the language features.

For supporting content classification, literacy games and the iRead Reader, it is
essential to develop resources such as child appropriate dictionaries; these resources are
bound to the domain model, meaning that for a dictionary-entry or a sentence of a text, one

should be able to track all language features that are relevant.

2.3 Information stored in Domain Models
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In order to address complex reading skills, the described domain models incorporate
different linguistic levels including phonology, morphology and syntax. Each linguistic level is
represented by a number of language phenomena or structures, called language categories,
each of which includes a set of specific instances, the features. For instance, at the
phonological level domain models include categories such as syllabification, grapheme-
phoneme correspondence (GPC) and phonemes, and a number of features for each category
such as open, closed syllables, consonant clusters and diphthongs for syllable patterns, or
consonants and vowels in the initial and internal position for the category of phonemes. At the
morphological level domain models include the categories of derivational and inflectional
suffixes, as well as prefixes used for derivational processes. Specific suffixes (e.g. the English
past tense —ed) constitute the linguistic features of these categories. Within the syntactic level
we included categories like function words (some features of this category would be clitics and
articles), prepositions, negative particles, embedded constructions, passives, and discourse
anaphors. Orthography is also part of the domain models with an emphasis on letter similarity.

For each of the selected linguistic features included in domain models, the following
types of information are stored: (a) characteristic examples, which include typical instances of
each feature, (b) a rating of difficulty, indicating each feature’s difficulty or complexity relative
to the rest of the features within the same category, and (c) prerequisites, which are those
features that must be acquired before a feature can be addressed in the iRead application.
Difficulty is instantiated by number values that denote a scaling of the features that belong to
a single category with respect to their relative difficulty or linguistic complexity. The exact
specification of the relative difficulty of features differs slightly between the English and the
Greek domain model: an interval 4-level scale was used to rate features of the English domain
model, specifying difficulty levels between 1 (easiest) and 4 (hardest). Using a slightly different
method, the features of the Greek domain model were ranked with respect to difficulty and
assigned a number value specifying their position in the within-category difficulty scale. For
instance, in a category with 10 features, these features would be ranked (ordered) from the
easiest to the hardest and each given a number value that denotes this order. In this category,
difficulty levels would range from 1 to 10 or lower, as each level of the scale may correspond
to more than one feature (i.e. several features may be placed on the same level of difficulty).
Difficulty levels are then used to produce the learning prerequisites for each feature, which
define the linguistic material that needs to have been mastered before addressing a particular
feature. Specifically, the prerequisites of a feature are selected out of the features within the
same category that are of lower difficulty level and are most closely related to the target
feature. Crucially, prerequisites cannot be of a higher difficulty level than the feature itself.

Additionally, frequency counts for each feature were also used in building the domain
models. Frequency counts were drawn from (a) children’s texts and (b) general corpora within
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each language. Frequency is used in order to ensure that domain models include features that
are frequently encountered by the target population or constitute part of their learning
curriculum, rather than features that children are unlikely to deal with. To achieve this aim,
frequency counts are used to remove features that are very infrequent or absent from
children’s text.

Language categories were selected based on three criteria: (a) those that are most
relevant to reading in general as a language skill and linguistic process, (b) those that are most
frequent in language use and often appear in children's’ books, and (c) those that are found to
be more difficult to develop and are, therefore, often emphasized in teaching. Each of these is
described in detail for English and Greek domain models in Chapters 4 and 5 respectively.

In some models?, features within each category that are closely related are clustered
into groups to denote which features can be addressed or taught in parallel in both the literacy
games and the reader. When grouping features we took into account their linguistic
characteristics (e.g. phonemes /p/ and /t/ would be grouped together as they share phonetic
characteristics and articulation properties), as well as the level of difficulty or complexity of
each feature, so that no features with substantial differences with respect to complexity would
be grouped together. In other words, the members of a group can be features of equal or
similar frequency and difficulty, which involve the same or similar linguistic process and
require the same specific skill to master. Additionally, for the purposes of this project,
prerequisites were included to indicate progression within language categories. Progression
here relates to the order of teaching, the order of acquisition and the prerequisites for the
establishment of new knowledge.

2.4 Terminology used across Domain Models

The linguistic information stored in Domain Models is organised in terms of Linguistic Levels,
Language Categories and Language Features. These are defined as follows:

- Linguistic level refers to the level of analysis each language structure belongs to. For
example, phonemes and syllables refer to the phonological level of analysis,
morphemes and word constituents like prefixes and suffixes refer to the
morphological level, while phrase and sentence structure refers to the level of
syntax. Additionally, word suffixes that are determined by syntactic relations, such
as suffixes that reflect subject-verb agreement, refer to the level of morphosyntax,

2 Grouping of features was used in the Greek domain model, as well as in the models that are being
built for German and Spanish, but not in the English domain model. This difference is due to the highly
inflectional nature of the three languages, which render grouping similar items together necessary.
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the interface between morphology and syntax. Finally, elements that reflect the
visual processing of graphemes or words belong to the level of orthography.

- Language category refers to categories of linguistic structures, like phonemes and
syllabification, prefixes or suffixes, embedding or passive voice. Each language
category belongs to one of the linguistic levels mentioned in the previous
paragraph.

- Language feature refers to the specific instances of each category included in
domain models. For instance, the category phonemes of the Greek domain model
includes the Phonemes /p/, /b/, /d/, /g/, /s/ and so on in word-initial and word-
internal position, while the category of Syllabification of the Greek domain model
includes different syllable structure combinations like CV-CV, CVC-CV, VC-CV, etc.
(see Appendix 1l). As another example, the category of Grapheme-Phone
correspondence (GPC) of the English domain model includes features like “c
pronounced as /s/” and “s pronounced as /s/”, while the Greek domain model
includes consonant clusters such as “ump pronounced as /br/” and “ykp
pronounced as /gr/” in initial/internal position for the GPC category. Finally, the
category of Embedding of the English domain model includes specific types of
embedded clauses like relative clauses, that-clauses etc. (see Appendix |).

The following table provides an illustration of how the information stored in the domain
models is structured (examples are given in English).

Table 1 Structure of information in domain models

Linguistic Level | Language Category Example features

Phonology Phonemes® /p/, /t/, /e/ etc.
Syllabification CV, CVC, VC etc.
Grapheme-Phoneme | English: p-/p/, pp-/p/, s-/z/-, s-/s/ etc.
correspondence Greek: ykp, ump, otp.

Word As, science, etc.

recognition

Morphology Suffixes -ed, -ing etc.
Prefixes pre-, un-, dis- etc.

Morphosyntax Agreement 3" person —s, etc.
Adjectives: -er than, -ier than, etc.
comparative

Syntax Embedding That clauses, relative clauses, etc.

3 Included in the Greek domain model only.
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Passive Be + PP + (by phrase)

2.5 Domain Models included in iRead

Within the iRead project, several domain models have been developed for reading
development, while there are still two that will be delivered in the following months. The ones
that are discussed in this deliverable include models of (a) English and Greek children with
dyslexia, while domain models for (b) English and Greek novice readers and (c) readers
learning English as a foreign language (EFL) are described in Deliverable 4.2. Two more domain
models will be delivered in Month 16 (Deliverable 4.3, “Novice Reader Domain Models:
Spanish/German”), including the domain models for German and Spanish typically developing
novice readers. As already mentioned, a number of sources were used to specify the specific
sub-skills to be included in the developed domain models. Extensive literature reviews,
empirical data and various databases were consulted when selecting the lexical, morphological
and syntactic constructions for inclusion in iRead to ensure that frequent and developmentally
appropriate lexical and morphosyntactic constructions are targeted. The models also provide
information about how the various subskills are interlinked, the level of difficulty involved in
developing the particular skills, and the progression of the development of each skill; i.e., the
requirements for the establishment of new knowledge.

Domain models include similar, but not identical, linguistic phenomena. Greek for
instance (similar to German and Spanish), unlike English, is a highly inflected language, where
several inflectional morphemes are used to express a complex system of grammatical
categories, such as agreement (first, second, and third person, singular and plural number),
tense (past, non-past), aspect (perfective, imperfective), voice (active, non-active), and mood
(imperative, non-imperative) (Holton, Mackridge, & Philippaki-Warburton, 1997; Philippaki-
Warburton, 1973). Therefore, some domain models are more analytic than others, but all of
them consist of the same linguistic levels and store the same properties for their language
categories and features. Taking beginning readers of English as an illustrative example, we
specified the morphosyntactic phenomena included based on an extensive literature review on
typical and atypical reading acquisition. We also collected frequency information derived from
the British National corpus®, the national curriculum in England® (for primary public schools),
the Wisdom’s e-book corpus (an iRead project partner), and the children’s printed word

4 http://www.natcorp.ox.ac.uk/

5 . . .
https://www.gov.uk/government/collections/national-curriculum
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database® comprising books read by children aged 5-9. For second language learners, we
additionally took into account frequency information obtained from learners’ corpora. In the
case of Greek, we selected the morphosyntactic phenomena included based on (a) an
extensive literature review on typical and atypical reading acquisition, (b) empirical evidence
derived from online experiments that we designed and delivered (see section 5.1.2.2.) to tap
into reading processes in children aged 6-12, and (c) frequency counts derived from the online
ILSP written Greek Corpus’ (Hatzigeorgiou et al., 2000) and in a corpus of school books that are
available online®.

Thus, although the models are organized in a similar overlapping way, significant
differences are also apparent given that resources for each language differ. Additionally, the
notion of progression between categories differs across domain models. Typically developing
children who acquire their reading skills naturally move from phonology to morphology and
syntax. However, progression schemes (as defined by prerequisites) differ for EFL learners and
children with dyslexia because EFL readers and children with dyslexia have more limited
linguistic knowledge than first language readers when they start reading (Grabe, 2009).

6 https://www1.essex.ac.uk/psychology/cpwd/
’ http://hnc.ilsp.gr/
8 http://ebooks.edu.gr/new/allcourses.php
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3 General methodological approach to building Domain Models in
iRead

3.1 Steps followed

Driven by the knowledge we obtained from the previous iLearnRW project, we built
our domain models for both English and Greek language by retaining and revising the existing
phonological and morphological classification. The new models developed included new
language areas that were not targeted in the previous models, such as syntax as well as its
interface with morphology, namely morphosyntax.

Two basic steps were followed in building domain models: (a) selecting language
categories and features, and (b) defining the relative difficulty of features within each category
based on the relevant literature. Different methodologies were used to ensure that we have
included the most relevant phenomena per category. To collect empirical data for typical and
atypical reading development and to get an indication on which constructions are harder than
others, we (a) investigated the relevant literature, (b) collected empirical data, and (c) used
text corpora available across languages where this was possible. These methods are discussed
in greater detail in the Sections 3.1.1 and 3.1.2 and are instantiated in each domain model in
different ways.

3.1.1 Selecting language categories and features

In order to reliably select the appropriate linguistic phenomena for the new models,
we first used evidence from published studies for the populations we are interested in the
literature. Specifically, for both the English and Greek domain models for dyslexia, we
conducted extensive literature reviews not only to define the relevant language areas for
reading development, but also to define which language areas are harder to develop while
learning to read or while acquiring language in general (or while acquiring a second language,
which can be used for the EFL models).

Literature reviews included studies that investigate typical reading development
(which is relevant to both the novice and EFL readers’ domain models) for two reasons. Firstly,
because it is necessary to define the underlying processes and language areas that are
involved in learning to read, and secondly because researchers seem to agree that linguistic
areas that are harder during language acquisition also tend to cause difficulty to learners of a
second/foreign language as well as speakers with compromised linguistic skills (White, 1985;
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Schwartz, 1998; Bley-Vroman, 1989; 2009). Additionally, literature reviews included studies
that investigate atypical reading development in children with dyslexia or poor readers in
general (relevant to the dyslexia and EFL readers’ domain models). This kind of evidence can
be used to inform the classification of language features with respect to difficulty when no
relevant information on these particular features can be found in the L1 reading or EFL/ESL
literature. After the initial compilation of lists of language categories and features, all entries
were checked for frequency in relevant corpora of children’s texts (depending on availability
for each language).

3.1.2 Defining difficulty

Within each language category, features were classified according to their
difficulty/complexity, which directly relates to both WP5 (content classification), WP6 and WP7
(development of games and e-reader). For instance, each domain model within iRead project is
designed to contain several features of the target language (phonological, morphological,
syntactic) and the level of difficulty each of these features may cause to students’ receptive
skills. As a consequence, a text that is rich in words/structures that are sensitive to the
"difficulties" of a specific user (captured in the user’s model) is likely to cause a barrier in
reading. Therefore, less complex or easier constructions are selected/taught first within each
language category, while more complex ones follow, a path that is defined by setting learning
prerequisites for each feature (see below). It is important to note that by definition the notion
of “complexity” necessarily predicts difficulties not only in poor readers/readers with dyslexia
or EFL readers, but also in novice readers who also have to deal with more complex
constructions.

To define which linguistic features are easier or harder, previous findings were drawn
from the relevant literature in order to formulate an initial taxonomy of linguistic features per
category. This initial difficulty rating will then be empirically tested either through
experimentation (see 5.1.2.2), or by collecting empirical data from relevant populations (see
4.1.1.2 and 4.1.2.2). By conducting empirical work, we were able to record and analyze actual
data from children with dyslexia and reliably define aspects of language that are more difficult
across young readers.

The crucial role of the difficulty levels stored in domain models is to ensure students’
progress in reading skills, by specifying the typical progress in learning to read. Specifically, the
model was built based on the typical process of reading acquisition across categories, as well
as the difficulty levels of features within categories, and denotes prerequisites for the
establishment of new knowledge. The prerequisites of a particular feature are linguistic
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material (features), either within the same category or from other categories that need to
have been acquired or mastered before the feature is addressed in the iRead learning apps, i.e.
the Games or e-Reader. Difficulty feeds the formation of prerequisites in that all within-
category prerequisites of a feature should be of lower or equal difficulty (not higher) to the
feature itself. This information will be used for game and e-reader development to sequence
features in each student’s learning journey. For example, a child learning to read in English
cannot proceed to the feature “ss pronounced as /s/”, if he/she has not mastered the feature
“s pronounced as /s/” in the category of Grapheme-Phoneme Correspondence (level of
Phonology).

It is important to note though that children who struggle with reading due to dyslexia
or children who are learning a foreign language do not progress at equal pace as typically
beginning readers. In these cases, the adaptivity component of the system will interact with
the child’s user model to determine their learning journeys through the domain model.
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4 English Domain Model for children with dyslexia

4.1 Methodology

This section describes the development of the English Domain Model for children
with dyslexia. The model includes phenomena across the linguistic levels we discussed earlier,
namely phonology, morphology, morphosyntax, syntax and orthography. Given the very
different nature of the levels relating to language sounds and letters (phonology and
orthography) on one hand, and levels relating to inner language structure (morphology,
syntax, morphosyntax) on the other in terms of linguistic material, the construction of the two
parts of the model is described separately in 4.1.1 and 4.1.2 respectively.

4.1.1 Phonology, orthography [confusing letters], word recognition

4.1.1.1 Selecting language categories and features

The iRead domain models for dyslexia build upon the FP7 project iLearnRW, which
included the levels for phonology, and orthography. These initial categories developed were
refined in iRead looking at the literature on typical and atypical reading development. This led
to the identification of a new category for word recognition, which was not addressed in
iLearnRW and is critical for learning to read a non-transparent language such as English.

Once the initial categories were chosen, we undertook an evaluation of features that
had not been carried out in iLearnRW, namely considering feature frequency in children’s
books and reading materials to determine feature inclusion. To appraise this, we used the
children’s printed word database (CPWD) (Masterson et al., 2011). The CPWD is a database of
words derived from children’s books and reading schemes designed for the first four years of
reading instruction. These materials were identified in a survey of representative Primary
schools throughout the UK (Masterson et al, 2010). Books from eight publishers were included
to construct the CPWD word database totalling 12,193 words. The database has been tagged
for sound-letter correspondences and is searchable online at
https://www1.essex.ac.uk/psychology/cpwd/.

In addition to this, we triangulated the original iLearnRW domain model features with
those included in literacy programmes such as Letters and Sounds®, Jolly Phonics'®, Progression

9 https://www.gov.uk/government/publications/letters-and-sounds
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in Phonics®®, THRASS charts'?, ReadWrite Inc*® (top down) and also by searching for words in
the CPWD to inductively determine feature position (bottom up). This allowed us to determine
if a feature’s position affected difficulty and to capture this in the domain model. Given the
iterative nature of our domain model design, these methodological decisions will be discussed
in Section 4.2 when justifying domain model categories and features.

4.1.1.2 Defining difficulty

The research literature was reviewed to determine whether there is an evidence-base for the
order that the features would typically be taught (i.e., feature difficulty). This literature review
and conversations with other academics in the field highlighted the lack of existing research in
this area. Therefore, literacy and and phonic programmes (Jolly Phonics, Progression in
Phonics, Letters and Sounds, ReadWrite Inc) as well as the CPWD were referred to when
defining feature difficulty. Across all categories, feature difficulty was defined on a scale of 1 to
4, with Level 1 denoting very easy, and Level 4 very difficult. Based on this, all single letters
(phonemes) were grouped under Level 1, as these were considered to be the entry level to
phonics training.

For example, within the linguistic level phonology, in a similar progression to the
literacy programme Letters and Sounds, Level 2 includes common vowel digraphs and double
consonants at the end of a word (e.g., /ss/ as in mess). Level 3 includes the less common
vowel/consonant combinations and double consonants in the middle of a word (e.g., /ss/ as in
assistant). Again, with reference to existing literacy programmes, Level 4 contains consonant
clusters (e.g., /bl/, /cl/, etc), which should be taught once the initial stages have been
mastered.

Given the lack of an empirical work to guide us in constructing difficulty levels, it is
necessary to revise the difficulty levels. This will be achieved in the second and third years of
the project once the domain model is implemented in the games. Obtaining children’s game
performance on different features will be analysed to empirically validate and update feature
difficulty.

10 http://jollylearning.co.uk/overview-about-jolly-phonics/

1 http://dera.ioe.ac.uk/4419/
12 http://www.thrass.co.uk
3 https://global.oup.com/education/content/primary/series/rwi/?region=uk

Page 20



PUBLIC D4.1 Dyslexia Domain Models (English and Greek)

4.1.2 Morphology, syntax, morphosyntax

This section provides a description of the methodology used for the selection of the
language categories and features on the levels of Morphology, Syntax and Morphosyntax.

4.1.2.1 Selecting language categories and features

The initial selection of the language categories and features that were included in the
English Domain Model was based on previous research findings on the difficulties encountered
by children with dyslexia. Specifically, the literature search focused on the acquisition of
morphosyntactic phenomena as well as the processing of these categories by English children
with dyslexia. When the dyslexia-relevant literature did not provide specific information on the
acquisition or processing of morphology, syntax and morphosyntax, findings relevant to
children with developmental language disorders were used, as well as information on typical
language development.

After compiling an initial list of linguistic structures and specific features, a thorough
corpus search was performed to obtain frequency counts for features of the English domain
model (the same search was used for the English domain model for Novice Readers and EFL,
see Deliverable 4.2). The search was based on a corpus of children’s literature containing
1,518,339 tokens (running words) in 552 texts. The corpus was grammatically annotated (part-
of-speech tagged) and searched for the target linguistic features. Grammatical annotation was
added using Tree-Tagger (Schmid 1994)* and a multi-dimensional analysis tool MAT (Nini
2014). The corpus was searched using #LancsBox (Brezina et al. 2015), a corpus analysis tool
developed at Lancaster university. The measurements that were produced through the corpus
search were then normalised to frequency rates that correspond to the number of
appearances per 10,000 words. The frequency rates were used to eliminate very infrequent
features from the domain model. Specifically, a cut-off point of 10 appearances per 10,000
words was used and 5 language features were removed.

4.1.2.2 Defining difficulty

In order to determine the relative difficulty of language features included in the
English domain model, an initial literature search was performed. This search led to a

¥ More info: http://www.cis.uni-muenchen.de/~schmid/tools/TreeTagger/data/Penn-Treebank-

Tagset.pdf
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preliminary scaling of features with respect to difficulty (presented in Appendix I), which will
be revised through the collection of empirical data. Similar to the approach taken for
phonology and orthography (section 4.1.1.2), data will be collected through administering the
iRead games to a large sample of children with dyslexia and recording their performance in the
learning tasks involved in the games. Following data collection, a Rasch analysis™ will be
performed on the data to determine the exact relative difficulty of the linguistic features
included, which will then revise the difficulty scaling that was formed based on the literature.
This process is planned to take place in spring 2018.

4.2 Language categories included in English Domain Model for children with
dyslexia

As described above, we started with the domain model developed in iLearnRW. This domain
model was limited to the following language levels, categories and features:

e Phonology Level (GPC, Syllables, Blends and Letter Clusters Categories; 262 features)
e Visual processing Level (Confusing Letters Category; 15 features)

These two levels had a total of 273 features. We initially scrutinised this previous work, by
asking: do the language levels and categories follow terminology consistent with the reading
and linguistics literature? Is the categorisation and description of a feature useful in how it is
intended to be used by the technology? This led to a first revision in the ways in which levels
and categories were re-labelled. For example, the level ‘visual processing’ was relabelled to
‘orthography/confusing letters’, since orthography constitutes the level of language that
relates spoken language to its written form and includes all skills associated with handling this
relation, such as graphophonemic awareness (matching graphemes to phonemes) and visual
processing and recognition of words. Once this refinement was complete, we revisited the
rationale of features and their inclusion under each language category. In what follows we
motivate the importance of each category and then explain our refinements. A summary of
the linguistic levels and language categories selected is given in Table 2 and a detailed analysis
and description follows.

15 https://www.rasch.org/rmt/rmt213d.htm
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Table 2 Summary of English domain model

Linguistic Level Language Category N of Features

Phonology Grapheme-Phoneme Correspondence 160

Consonant clusters 39
Syllabification 5

Word recognition 11

Orthography Confusing letters

o

Morphology Prefixes

[y
o

Derivational suffixes

Morphosyntax Agreement

Inflectional suffixes: Tense (regular)

Inflectional suffixes: Number (regular)

Inflectional suffixes: Aspect

Adjectives: Comparative/Superlative (regular)

Morphosyntax Irregular past forms

(lexical formation) | Irregular past participles

Irregular plural

RlRR(R[RPRIOOUVNIW WUV

Irregular formation of
comparative/superlative

Syntax Adjectives (modifiers)

Discourse anaphors

Binding

Quantifiers

Passive

NININ|[W]|0O| W

Coordination
Embedding 11
Wh- questions

Yes/No questions

Prepositional phrases
Modal verbs

W Wikl o

Phonology: GPC and Consonant Clusters Categories

The Simple View of Reading (SVoR; Hoover & Gough, 1990) identifies word recognition
and comprehension abilities as two important skills for successful reading. To tap into the
development of children’s word recognition ability, the domain model has an explicit focus on
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supporting decoding. Models of reading are useful to identify processes involved in skilled
reading and this in turn can help us to understand why children may struggle to learn to read.
Models of early reading argue that learners must acquire the alphabetic principle, that is to say
that they must develop letter-sound knowledge (Ehri, 2005). A popular research-informed
model of visual word recognition, the Dual Route Cascaded model (DRC; Coltheart, Rastle,
Perry, Langden & Ziegler, 2001), pinpoints two approaches that work in parallel to read text -
the lexical versus the non-lexical route. The lexical route requires the learner to access their
bank of stored sight words, drawing on semantic information (this route is assessed below in
the ‘word recognition’ section); while the non-lexical route is the process in which learners
analyse the phonological features of the word. The non-lexical route suits the decoding of
words or letter strings that follow regular spelling-sound rules, as readers will take a step-by-
step approach to identify (segment) the grapheme-phoneme correspondence (GPC) and then
to blend the sounds together to read the whole word. Thus, phonological awareness (i.e., the
ability to identify sounds within words) and phonics knowledge (single letter, vowel digraphs,
consonant clusters) contribute to the non-lexical route of reading and are important skills for
decoding unfamiliar words. Further, Share’s (1995) self-teaching hypothesis argues that once
skilled readers have gained letter knowledge and decoding skills, they are well-equipped to
become more independent readers and to use prior knowledge and inference to support the
development of fluency when reading.

Reinforcing the need to teach phonological skills, research on children with dyslexia - a
population with known reading difficulties - has consistently found characteristic deficits in
phonological awareness. Specifically, the Rose (2009) definition identifies that children with
dyslexia present with significant problems with reading accuracy and fluency, as well as poor
phonological awareness, verbal memory and processing speed. There is strong support for the
phonological deficit hypothesis as a causal explanation of the reading difficulties by individuals
with dyslexia (Vellutino et al., 2004). Moreover, intervention research has consistently shown
that the teaching of phonics and phonological awareness supports the development of reading
accuracy and fluency for children with and without literacy difficulties (Bowyer-Crane et al.,
2008; Rose, 2009).

The domain model follows a synthetic and analytic phonics rationale that recognises
the smaller sound representation in words and also the bigger letter units in teaching children
how to decode words. There are some similarities between the two approaches. When using
analytic phonics children tend to begin with learning some high frequency sight words and
learn letter sounds in the beginning, middle and end positions in words. This is followed by
children using the sounds for blending. With synthetic phonics, children are taught phonics in a
certain order and learn a few new phonemes at a time and synthesise the sounds from very
early on to build words (Johnson & Watson, 2014). Both approaches to teaching phonics are
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incorporated within the domain model, allowing a more varied and motivating instruction in
the games.

Within the original iLearnRW domain model there were GPC features characterised by
a number of letter groups including both consonants and vowels. In probing the words in
which the features appeared, it became evident that these features were parts of words.
Examples included tongue and research. These were excluded because they were considered
to be too fine-grained and children would be able to segment these larger chunks further using
their existing GPC knowledge (i.e., phoneme knowledge - separating ‘n’ from ‘gue’ in tongue).
This decision was validated in two ways: first, we reviewed existing literacy schemes and
second, we held two workshops with ten practitioner teachers from UCL’s SpLD Masters
programme. This confirmed that our approach was suitable and that learners should be taught
the most frequent GPC features to avoid over complicating the learning process.

After this initial filtering, we applied additional inclusion criteria for the remaining GPC
features based on how frequently they appeared the children’s printed word database
(CPWD). GPC features that appeared in less than five words within the CPWD, but were yet
present in frequent words, were moved to the Word Recognition language level (see below)
allowing children to learn these irregular constructions in whole words. Example words
included gnome (/n/-gn), debt (/t/-bt), and whole (/h/-wh). In total, 56 irregular GPC rules
were infrequent and were thus moved to the Word Recognition level (forming a new feature,
feature 10).

In a final step, we reviewed the position of GPC features and Consonant Cluster
features in a word as originally specified in the iLearnRW domain model. We did this by
consulting literacy programmes such as Letters and Sounds, Jolly Phonics, Progression in
Phonics, THRASS charts, ReadWrite Inc (top down) and also by searching for words in the
CPWD to inductively determine feature position (bottom up). This process identified a few
instances where a GPC feature (e.g. /t/-tt) required definition both at the end and the middle
of the word, the former being easier than the latter, and thus important to represent in the
domain model.

This stepwise evaluation process reduced and refined our original feature set from
iLearnRW domain model to a final set of 166 GPC and consonant clusters features
represented with both phoneme (in the form of IPA) and grapheme. For example, features /s/-
s and /s/-ss share the same sound (IPA) but different graphemes.

Word Recognition

The original domain model from iLearnRW did not have a word recognition language
level. Yet, the inclusion of word recognition items was deemed important particularly for
English language learners due to the opaque/deep orthography. English has a number of
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words that cannot be decoded phonetically; these are often labelled as ‘irregular’ or
‘exception’ words (e.g., ‘yacht’; Ziegler et al, 2010). This means that they must be read as
whole words and, in the context of the dual-route cascade model (Coltheart et al., 2001; see
above), learners would be using the direct lexical route to meaning and pronunciation. In
addition, it is considered important that children become familiar with high frequency words
early on in the school system (Ehri, 2005). Developing a sight vocabulary alongside developing
phonological recoding processes are both essential to becoming a skilled reader. Good oral
language provides the foundation that enables children to become successful readers.

The lexical route is considered to be a faster way of reading, as it relies on sight word
knowledge rather than step-by-step phonological decoding. The development of a bank of
sight words read from memory supports the development of accurate and fluent reading. Sight
word reading occurs automatically and is of key importance when learning to read in English.

This language level was designed to comprise of 10 features, each of which hosts a
word list. The first ten features cover the 400 most common words, which are typically taught
at schools as sight words. We constructed this word list by triangulating sight word lists from
common reading-based interventions/materials used in UK (e.g. Jolly phonics, Letters and
Sounds, Dolch word reading lists, Fry word lists, and Progression in Phonics) with word
frequency metrics retrieved from the entire word database of CPWD. After collecting the 400
words we organised them in features (each feature contained a list of words) based on the
order they tend to be taught, and their word length. For example, words such as ‘and’, ‘go’,
‘had’ appeared in feature 1 whereas words such as ‘world’, ‘anything’, ‘chapter’ appear in later
features 6 and 7. The 10th feature includes the infrequent GPCs moved from Phonology/GPC.

Using the CPWD, we derived words for each of these features and then in turn chose
those that did not have more complex morphological features. The reason behind this was
that children must learn the ‘root’ word first of all and morphology is being covered separately
in the domain model, which will be at a more advanced stage. A manageable number of words
were chosen using the advanced search tool from the CPWD containing the letters identified
and the phoneme in question. e.g the word ‘castle’ contains the letters ‘st’ represented by the
phoneme ‘s’ as in ‘some’. Other words chosen to form part of this group were ‘bustle, gristle,
fasten, listen, and moisten’ and demonstrate that ‘st’ represented by /s/ only seems to occur
within the middle of a word. Words were chosen that had a higher frequency per million and
matched the IPA symbol in question. Another consideration was where the grapheme appears
in the word and some examples were chosen to reflect the variety of positioning within words.

Syllabification

A syllable is a unit of pronunciation. From an early age, prior to reading instruction,
children are taught to identify syllables from oral presentation to develop their phonological
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awareness skills (Hatcher, Duff & Hulme, 2014). Syllabification can be an important strategy for
learners because it enables children to work with larger units than phonemes when reading,
which may in turn increase fluency although research is still needed in this area. The ability to
identify syllables within words is often emphasised in reading intervention programmes (e.g.,
Toe by Toe, Sound Linkage), with the idea being that this awareness of word structure is a
useful strategy to help break down multisyllabic words into more manageable chunks
(Diliberto, Beattie, Flowers & Algozzine, 2008), albeit still larger than at the phoneme level.

All syllables must include one vowel, which may be represented by one or more
allograph(s). Thus, when reading independently, vowel sound knowledge is crucial to
successful syllabification (Lane, Pullen, Eiselle & Jordan, 2002). It follows, therefore, that
children must have secure phonic knowledge to be able to read/chunk syllables.

For this category, the original iLearnRW domain model included five features for
syllable numbers (1-syllable to 5-syllables) and eight syllable rules indicating where the child
should split a word depending on its structure. Rules in particular were used in some of the
iLearnRW games where a child was required to split a word with the game dictating where the
correct split was. In English there are numerous rules for syllabification, which are complicated
to remember, are often ambiguous, and have a limited evidence-base (Diliberto et al., 2008;
Kahn, 2015). For example, children may be taught that when there is one consonant between
two vowels in a word, they must divide the syllables after the first vowel (e.g., ‘bo/nus’).
However, if following the previous rule does not make a recognizable word, the child must
divide the syllables after the consonant that comes between the vowels (e.g., ‘doz/en’).

One consistent rule however (mentioned above), is that a single syllable should include
a vowel. To this end, it could be argued that the explicit teaching of syllabification rules is less
useful than an approach that allows more flexibility for learners to choose the syllable
boundary (e.g., splitting as ‘ra/bbit’ versus ‘rab/bit’). In research by Bhattacharya and Ehri
(2004), it was shown that syllabification supports the decoding process of struggling readers
but only when a flexible approach to syllable boundary is used. The notion to reduce the
number of rules that need to be learned also aligns with key teaching principles for specialist
groups (e.g., reducing demands on memory and avoiding learning confusion, Carroll et al.,
2011). Given this literature, the syllabification features were revised to focus on children’s
ability to identify the number of syllables only.

Orthography (Confusing letters)

Children that experience difficulty with reading have been reported to confuse
visually-similar letters, which has been proposed to stem from problems with visual and
phonological decoding (Lachmann & Geyer, 2003). There is limited evidence in this area and
the existing research has focused on letter formation (i.e., handwriting) rather than confusing
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letters while reading. There were 14 pairs of confusing letters in the iLearnRW domain model.
However, given that the majority of combinations would likely be confusing when writing, and
not necessarily during word recognition, the decision was taken to focus on the 4 letters most
commonly confused. This decision was informed by research by Brendler and Lachmann (2001)
who identified /b/d/ and /p/q/ as the most commonly reversed letters in the English language
due to their shape and sound.

(Morpho)Syntax

Based on extensive literature reviews and frequency data derived from text corpora,
we selected the (morpho)syntactic structures to include. Within morphosyntax domain, we
tried to cover a broad range of syntactic phenomena to ensure that (a) the level of
constructions will range from easy to more difficult, and (b) materials simulate phenomena
used in texts. We also tried to be consistent as for the categories included within models to
ensure that domain models do not differ significantly across languages. All language categories
included across linguistic levels are presented in Appendix .

In texts, the average sentence often combines at least three clauses (Scott and
Balthazar, 2015). These multiclausal sentences are harder to read and process and require
from the reader not only to discern the main proposition from the others, but also to recall the
logical meaning and relationships among syntactic elements. Thus, linear constructions with
coordination, where clauses are connected with coordinating conjunctions (e.g., and, but, so)
are typically easier compared to more hierarchical constructions with subordination (e.g.,
because, when, if) (Creaghead and Donnelly, 1982; Macaruso, Bar-Shalom, Crain, and
Shankweiler, 1989). Taking this into account, within syntax, we included constructions with
coordination (see e.g. 1 below), as well as several types of subordination (embedded
constructions), such as adverbial (e.g. 2), relative (e.g. 3) and complement clauses (e.g. 4), with
different features. For instance, within adverbial clauses we included features that denote
sequence (e.g., He arrived home when the rain stopped), causation (e.g., He died because/due
a terrible illness) or conditionals (e.g., If you are careful, you can get at the top), since these
sentence types are very frequently used (Fang, 2006; Fang and Cao, 2015).

(1) The man hit the boy and the girl kissed her mother.

(2) The man hit the boy as soon as he kissed the woman.
(3) The man saw the doctor that hit the athlete yesterday.
(4) The man believes that the athlete kissed the woman.
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Cross-linguistic data on language acquisition has also shown that, up to the age of six,
typically developing children have selective difficulties interpreting structures such as wh-
guestions and relative clauses. Children with dyslexia often experience difficulties with these
constructions as well (Bar-Shalom, Crain, & Shankweiler, 1993; Byrne, 1981; Casalis, Leuwers,
& Hilton, 2013; Leikin & Assayag- Bouskila, 2004; Mann, Shankweiler, & Smith, 1984; Smith,
Macaruso, Shankweiler, & Crain, 1989; Stein, Cairns, & Zurif, 1984). Therefore, within relative
clauses we included features that take into account word order so we included both subject
(e.g. 5a and 6a) and object extracted constructions (e.g. 5b and 6b), given that structures with
canonical order (such as subject extracted constructions) have proved to be easier for children
to acquire (Correa, 1995; Friedmann and Novogrodsky, 2004; de Villiers, 1979; Friedmann,
Belletti and Rizzi, 2009; Guasti, Branchini, Arosio and Vernice, 2012). Additionally, the variable
of subject-object reference of the pronoun within the relative clause was combined with
alternating positions of the relative clause with respect to the main clause, so we included
center embedded (CE) relative clauses (e.g. 5a and b) and structures of right branching (RB)
(e.g. 6a and b), given that the former has proved to be harder to understand (Just and
Carpenter, 1992; Gibson, 1998).

(5) The girl that is chasing the boy is blond. (Centre embedded, Subject RC)
The girl that the boy is chasing is blond. (Centre embedded, Object RC)
I know the girl that is chasing the boy. (Right branching, Subject RC)

I know the girl that the boy is chasing. (Right branching, Object RC)

(6)

ST

With respect to questions, we included simple yes/no questions (e.g., Did you kiss
him?), as well as adjunct questions (e.g., When did you kiss him?), referential (e.g., Which girl
did you kiss?) and non-referential argument questions with animate (e.g., Who did you kiss?)
or inanimate agents (e.g. What did you kick?), given that asymmetries have been revealed in
children’s’ performance. Specifically, better performance has been observed in (a) yes/no-
guestions compared to wh-questions (Friedmann, 2002; Ruigendijk, Kouwenberg, and
Friedmann, 2004; Eriksson, 2014); (b) argument compared to adjunct questions (Tutunjian and
Boland, 2008); (c) non-referential (who) questions compared to referential (which-NP) ones
(Avrutin, 2000; Hickok and Avrutin, 1996; Friedmann et al.,, 2009); (d) referential subject
guestions compared to referential object ones (Hickok and Avrutin, 1996; De Vincenzi,
Arduino, Ciccarelli and Job, 1999; Friedmann, Belletti and Rizzi, 2009; Tyack and Ingram, 1977);
(e) non-referential subject questions compared to non-referential object ones (Garaffa, 2007,
Garaffa and Grillo, 2008; Friedmann et al., 2009); and (f) what questions compared to who
guestions (5) (Garaffa, 2007; Garaffa and Grillo, 2008).
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Given that passive constructions (e.g., The girl was kissed by the boy) have also been
considered hard to acquire (Leikin & Assayag-Bouskila, 2004; Reggiani, 2010; Oliveira et al.,
2012; Stein et al., 1984), we included them in the model by making a distinguish between short
(e.g., The cat was kicked) and long passives (e.g., The cat was kicked by the boy), since the
former constructions are easier to understand (Fox and Grodzinsky, 1998; but see Hirsch and
Wexler, 2006).

Moreover, we included both affirmative and negative sentences (e.g., | had not had
dinner when they came in), driven by the fact that children have more difficulties while
interpreting negation (Vender and Delfitto, 2010; Scappini, 2015). Prepositional phrases were
also included in the model due to their complex intrinsic properties. On the syntactic level of
analysis, prepositions are classified as being either semantically coloured with a primary lexical
and spatial value, or semantically weak and marking syntactic function within the prepositional
phrase (Morgenstern and Sekali, 2009). Given that asymmetries have been attested in
children's’ performance (Abramovici, 1983; Morton and Patterson, 1980; Flores d’Arcais,
1984), we included lexical prepositions (down, in, in front of, on, above, behind, under,
between, besides, upstairs, near, out, over, outside, inside, through, next to, up), functional
prepositions (of, about, for, from, at, with, by) and semi-lexical prepositions (to, before, after,
until).

There is also evidence that reference assignment is particularly problematic during
acquisition. For instance, a proper name (such as in e.g. 7) is likely to refer to the same
referent, whereas pronouns (him, her) (e.g. 8) are more fluid and their resolution depends on
shifts in discourse focus. Thus, there are several studies that report that while the
interpretation of reflexive pronouns (himself, herself) is well preserved (e.g. 9), the
interpretation of personal pronouns (him, her) is impaired (e.g. 8), since children often
erroneously allow personal pronouns to co-refer with an inter-clausal antecedent (Chien and
Wexler, 1990; Grodzinsky and Reinhart, 1993; Avrutin et al., 1999; Grodzinsky, Wexler, Chien,
Marakovitz, and Solomon, 1993). Evidence from studies on reading confirms that reference
assignment is a complex procedure, since less skilled readers are less successful at pronominal
resolution compared to skilled ones (Waltzman & Cairns, 2000; Oakhill and Yuill, 1986; Ehrlich,
Remond, and Tardieu, 1999; Packenham, 1980). This led us include in the model both
pronouns (personal and possessive), and anaphors (reflexives, as well as reciprocal pronouns
(e.g., The kids are washing each other)).

(7) Lisa washes Mary.

(8) Lisa is washing her.
(9) Lisa is washing herself.
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Moreover, conflicting results have been reported for the interpretation of
constructions with quantifiers. While there are studies reporting no problems in dyslexia
(Arosio et al., 2016), others report significant impairments (see Fiorin, 2010), even at the ages
between 8 and 10 years (although by this age, according to the most known studies of
guantifier-spreading (see Philip 1995; Crain et al. 1996), children should have reached adult
performance.

Problems with productive and receptive (morpho-) syntactic skills have also been
attested in children with dyslexia (Scarborough, 1990, 1991; Lyytinen et al., 2001). In these
children, speech perception deficits apparently interfere with learning to read as well as with
the acquisition of other aspects of language, including morphology (Bishop, 1997b; Kamhi &
Catts, 1986; Joanisse & Seidenberg, 1998; Shankweiler et al., 1995; Vogel, 1977; Wiig, Semel, &
Crouse, 1973). Specifically, several studies report that even 8-year-old poor comprehenders,
with average for age nonword reading scores, have difficulties with past tense formation (see
Nation, Snowling, and Clarke, 2005; Joanisse et al., 2000), while others report additional
difficulties with verb agreement marking (Casalis et al., 2012; Cantiani et al., 2013; Joanisse,
Manis, Keating, & Seidenberg, 2000; Rispens & Been, 2007; Rispens, Roeleven, & Koster,
2004). To investigate the interphase between morphology and syntax, we included
morphosyntactic aspects such as Subject-Verb agreement (e.g., She has/ She does) as well as
inflectional suffixes for regular (-ed forms) and irregular tense marking, number (e.g., match/
matches) and aspect (perfect forms (e.g., have eaten) and imperfective forms (e.g., | am
eating)).

Derivational processes seem also to be difficult for poor comprehenders, given that
derivations generally involve relatively more complex formations (Carlisle, 2003; Marslen-
Wilson, 2001). Morphologically derived words make up 40% of unfamiliar words children
encounter in text in their late elementary school years (Nagy & Anderson, 1984; Nagy et al.,
1993). Research with typically developing readers has found that inflected words are easier to
learn than derived ones (Carlisle, 1995). This may be because the morphological changes of
derived words are less predictable and reliable, compared to inflected words, which might
hinder poor comprehenders’ progress in learning derived forms. Within the domain model,
thus, we included several derivational prefixes and suffixes.
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5. Greek Domain Model for children with dyslexia

This section describes the development of the Greek Domain Model for children with
dyslexia. The Greek domain model was based on the domain model included in the ILearnRW
system, a digital application of assistive learning for children with Dyslexia that was funded by
the EU under the FP7 Call and constitutes the precursor to iRead. The iLearnRW domain model
addressed language areas related to decoding, while no mention was made to sentence
structure. Therefore, the language categories in the levels of Phonology and Orthography of
the iLearnRW domain model were used as the basis on which the iRead Domain Model was
built. Additionally, relevant literature findings were used to revise the linguistic information
that was drawn from iLearnRW as well as to select the categories and features to be included
in the levels of Morphology and Syntax. Similar to the English Domain Model for dyslexia, the
levels of phonology and orthography and morphology were built using a different
methodology to those of syntax and morphosyntax, which are described separately in 5.1.1
and 5.1.2 respectively.

5.1 Methodology
5.1.1 Phonology, orthography, morphology

5.1.1.1 Selecting language categories

The language features that were included in these levels were drawn from the
iLearnRW domain model. In order to revise the selection of these items, there was an
extensive search in the literature related to the common phonological and morphological
problems encountered by Greek children with dyslexia in reading and writing. When the
relevant literature was unable to provide sufficient information, findings on populations with
developmental language disorders as well as children of typical language development were
utilised. Finally, features were checked for frequency in a corpus of school books that are
available online'®, so that very infrequent structures or structures that do not appear at all
were removed from the model.

16 http://ebooks.edu.gr/new/allcourses.php
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5.1.1.2 Defining difficulty

In order to rate the linguistic features included in the Greek domain model for the
levels of Phonology, Morphology and Orthography, an initial literature search was conducted.
Features were placed in a scale of relative difficulty based on their order of acquisition and the
degree of difficulty they pose to children with dyslexia. This process lead to a preliminary
taxonomy of features with respect to difficulty, which will be tested through the collection of
empirical data by administering the iRead games to a sample of children with dyslexia. The
empirical data collected will be analysed using the Rasch measurement model in order to
obtain a relative scaling of features with respect to difficulty, based on children’s performance
in them.

5.1.2 Syntax

5.1.2.1. Selecting language categories

The selection of syntactic phenomena was based on extensive literature research on
dyslexia, typical reading development, and language acquisition. Specifically, we included
function words such as prepositions, clitics, and negation markers, as well as phenomena such
as embedding, passivization and reference assignment (for details see Appendix IlI). Due to
time limitations, we decided to limit ourselves on including three syntactic phenomena that
are well described in the literature, i.e., embedding, passive morphology and discourse
anaphors. The selected language areas are relevant to the purposes of the present project
since they cover a big scale of syntactic phenomena very frequently encountered in texts and
everyday communication. All three are defined as “complex” syntactic processes; embedded
clauses contain extra syntactic information that the reader needs to keep in memory and
incorporate it to the main clause, passives contain morphological information that the reader
needs to identify to correctly to understand the structure, and anaphors contain discourse
information important for the correct interpretation of the construction (for details see 5.2).

5.1.2.2.  Defining difficulty

The difficulty of the chosen structures was investigated using psycholinguistic
experiments that assess speaker’s processing of syntactic structures. Specifically, the self-
paced reading technique was used to assess the way children process a variety of syntactic
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structures. The technique provides researchers with the opportunity to investigate
participants’ online processing of visually presented sentences by measuring reading times on
different parts of each sentence. To this purpose, sentences are broken into segments and
presented to participants one by one on a computer screen, in a speed controlled by the
participant by pressing a key in the keyboard. Reading times on each segment of the sentence
are recorded and compared across different syntactic structures. Delayed reading indicates
higher complexity, which makes the technique very suitable for the purposes of the project.
The experiments were run in two phases: a pilot phase, which took place in spring 2017 and
provided us with preliminary findings on the relative difficulty of the investigated structures,
and an experimental phase, which is taking place in winter 2017-18. Results from the pilot
phase are presented here (see section 5.2 and Appendix ll), as they were used to formulate a
preliminary ranking of features with respect to difficulty, which will be revisited when results
from the experimental phase have been obtained and analysed.

Five (5) children with dyslexia and seven (7) typically developing age-matched controls
took part in the pilots. The children were aged between 8 and 10 years, they were all
monolingual Greek children and were randomly selected from schools at loannina to
participate in the study. The main experimental phase, which will be completed in spring 2018,
has recruited ninety (90) children in total: thirty (30) children with dyslexia aged between 8
and 10 years, thirty (30) age-matched controls and thirty (30) typically developing novice
readers, aged between 7 and 9 years.

Materials: Specifically, with respect to embedding, we decided to compare relative,
adverbial and complement clauses to test which clause type is harder for the children. Given
that object (OVS') constructions are particularly hard for children to comprehend, we
included both subject and object extracted constructions (e.g. The man saw the doctor that hit
the athlete vs. The man saw the doctor that the athlete hit) within the relative clause condition
to investigate how word order affects complexity. Within the adverbial clauses we tested
adverbials clauses introduced by four different temporal connectives (afu =after, eno = while,
otan =when, prin =before), to investigate whether the adverbial type will cause differences in
children’s performance.

To investigate how passive morphology is processed by children, we included active
and passive constructions with or without an agent by phrase, as well as verbs with passive
and active morphology with either passive, reflexive (shave), unaccusative (break) or reciprocal
(hug) meaning.

With respect to anaphors, we included constructions with definite and indefinite noun
phrases, proper names, personal pronouns and null subjects, in subject and object position.
Given that discourse reference /anaphoric resolution requires extra processing resources due

7 ovs = Object-Verb-Subject word order.
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to ambiguity they cause, the results will be very informative on the underlying difficulties
children encounter.

Experiments contained 470 sentences in total (200 assessing passive constructions, 90
assessing anaphors, 180 assessing embedding). Sentences were segmented in five reading
areas: the “NP1”% “Intervening PP “Verb,” “Critical region,” “Extra region” as illustrated in
(10) and (11) below. Slashes indicate segments. Each segment appeared in the middle of the
screen and was replaced by the following segment after the participant pressed the spacebar.
The last segment appeared with a full stop to indicate the end of the sentence. The
experimental items were matched on syllable length, while verbs were additionally matched
on frequency (ILSP written Greek Corpus (Hatzigeorgiou et al., 2000)).

(10) O antras / me ta mavra jalja/ sinelif@i / apo tin astinomia / to vradi./ (passive with by phrase)
The man / with the black glasses / was arrested_pass / by the police / in the evening.
=The man with the black glasses was arrested by the police in the evening.

(11) O antras / me ta mavra jalja/ sinelif@i / apo trayiko laBos / to vradi./ (passive with PP)
The man/ with the black glasses / was arrested_pass / by a tragic mistake / in the evening.
= The man with the black glasses was arrested by a tragic mistake in the evening.

Sentences within each condition were similar but differed only in the critical region.
Plausibility rates were also collected to ensure sentences’ acceptability. Specifically, 100
graduate students were instructed to evaluate our stimuli in a scale of 1-5, with 1 being the
score for an unacceptable sentence in Greek and 5 for a fully acceptable one. Sentences with
scores lower than 1 SD® from the mean were modified and a second norming took place. All
experimental materials were divided into 4 lists in a Latin Square design, creating four different
experimental sets, each containing one version of the experimental sentences. All items were
randomised and presented in a set order. Participants were presented with all four lists, in
separate days.

Procedure: An online self-paced reading (for details see Jegerski, 2014) psycholinguistic
experiment was designed (addressing all three linguistic phenomena) to evaluate in real time
the difficulties children encounter while reading. All testing was done individually, in a quiet
room at primary schools, with children seated at a comfortable distance from a computer
screen. The self-paced reading task was run on a laptop using E-prime 2.0 professional
software (Psychology Software Tools, Pittsburgh, PA), which collected and recorded response

18 NP = Noun Phrase
19 PP = Prepositional Phrase
20 5D = Standard Deviation
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time and accuracy data. Initially, participants were given detailed instructions about the
experiment and 10 practice trials were used as model for the participants to familiarize
themselves with the task and ask clarification questions. All stimuli were visually presented to
the participants in a centered noncumulative display, meaning that every segment appeared in
the center of the display screen and only one segment was visible at a time. Specifically,
participants read a sentence word-by-word or phrase-by-phrase, pressing a button to display
consecutive segments of text in the center of the screen. The time taken to press the button
provides an indication of the processing difficulty at each segment. Response latencies were
collected for each segment and were measured from the onset of the target word. Often, this
task is used to investigate how people interpret difficult parts within a sentence, such as
ambiguous words. At the end of each sentence, participants were asked to answer as quickly
and as accurately as possible a simple post-stimulus distractor question, by choosing between
two options. Participants had to press one of two pre-specified color-coded buttons (either the
answer on the LEFT side “a” or on the RIGHT side “I” key), of the QWERTY keyboard. Post-
stimulus questions were included to insure that participants would pay attention to the
presented materials, and only correct responses were further analysed. Participants could stop
the experiment at any time. The average duration of testing was around 15 minutes.

5.2 Language categories included in Greek domain model for children with
dyslexia

This section presents a brief account of the language patterns found in the relevant
literature on dyslexia, which lead to both the selection of language categories and to ranking
them with respect to difficulty. The description begins with a summary of the language levels
and categories included in the model, which is given in Table 3.

Table 3 Summary of Greek domain model

Linguistic Level Language Category N of Features
Phonology Syllable patterns 46
Phonemes 64
Grapheme-Phoneme 109
Correspondence
Orthography Letter visual similarity 28
Letter  similarity -  double | 8
consonants
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Morphology Prefixes 13
Suffixes: Inflectional 80
Suffixes: Derivational 47

Syntax Function words 41
Embedding 15
Discourse anaphors 9
Voice (passive) 15

The linguistic levels and language categories summarised in Table 3 are analysed in the
following paragraphs. The description first analyses the contents of the levels of phonology,
morphology and orthography, followed by a description of the findings that led to the
selection and ranking of syntactic features with respect to difficulty, with a presentation of the
preliminary findings of pilot experiments.

Beginning with phonology and orthography, research has shown that phonological
processing skills are necessary in reading comprehension, writing and spelling (Voulgaris,
2010). In order to learn how to read and write, children have to understand that a language is
distinguished in phonological units and that these phonemes are written in graphemes
(Panteliadou, 2000). Children with dyslexia have often exhibited poor vocal perceptions
(zachos, 1992), confusion of phonemes with visual or acoustic similarity (Kourakis, 1997) and
wrong pronunciation of vowels and consonants (Zachos, 1992). Specifically, children with
dyslexia exhibit poor skills in phonological awareness tasks like eliminating, substituting or
reordering phonemes. These children have major difficulties in grapheme-phoneme
correspondence (Zafiropoulou et al., 2004).

Greek is characterised by a transparent (shallow) orthography (Ktori & Pitchford, 2008;
Miles, 2000; Whitehurst & Lanigan, 1998) with relatively high degree of grapheme to phoneme
correspondence. Yet, there are certain graphemes that do not correspond to a single phoneme
but to more (letter v for example, represents phonemes /i/, /f/ and /v/). Due to its
orthographic transparency, Greek is thought to cause less difficulty to children with dyslexia
compared to deep orthographic systems like English (Miles, 2000). However, words with low
grapheme-phoneme correspondence often cause difficulties to children with dyslexia and the
difficulty of matching graphemes to phonemes is often highlighted in the literature (Pavlidis &
Giannouli, 2003).

Letter similarities often cause difficulties in reading, writing, spelling, handwriting
(Bright Solutions for Dyslexia, 2010). In relation to specific graphemes, Greek students with
dyslexia have difficulty with digraphs, that is, grapheme combinations that correspond to
single phonemes, like um, which corresponds to the phoneme /b/ (Chliounaki & Bryant, 2003;
Aidinis, 1998). Particular difficulty is also observed in letters with visual similarity like a-o, e-w,
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8-®, 8-, 6-0, {-¢, n-w, k-x, p-9, k-yk and m-ur (Karakirgiou, 2017). Additionally, Papadopoulou
& Zafiropoulou (2005) report that the most common initial consonant errors are for letters §, 6
and v, which are typically pronounced as /8/ and /68/ and /n/ respectively. There is a mutual
confusion between /v/ and /d/, as well as /8/ and /8/, which are phonemically quite different
but retain a certain visuo-motor association and the most frequently misread initial letters are
X, 4, T and p. In their research, the rates of confusion were affected by the position of the
letter in the word.

Syllabification was also found to be the most common type of mistakes in children
with learning difficulties (Sakelariou et al., 2007). Generally, there is difficulty in polysyllabic
and unfamiliar words (Anastasiou 1998). Syllable tokens being CV?*, followed by V (17.3%), CCV
(12.5%), CVC (10.1%), CCVC (2.1%), VC (1.5%), CCCV (.5%) and rare more complex structures
(less than 0.1% each) (Protopapas et al., 2012).

As far as morphology is concerned, morphological awareness strongly affects the
process of learning to read (Carlisle, 2003). Researchers (Carlisle, 1987; Tyler, 1986) have
highlighted that students face problems when attempting to understand suffixes and the
relations between morphologically related words. Words are easier to decode when suffixes
are frequent and highly productive (Mann & Singson, 2003; Cole et al., 2011). In Greek,
inflectional suffixes are frequent and apply to large classes of words, while derivational affixes
are not as broadly applicable or as frequent as inflectional ones but their spelling is every bit as
arbitrary and lexically unmotivated as that of inflections (Protopapas, 2014).

Based on the information described so far, it was decided to include the categories of
Syllable patterns and Phonemes in the level of Phonology, Suffixing and Prefixing in
Morphology, and Grapheme-Phoneme correspondence, Letter similarity (visual) and Letter
similarity -double consonants in Orthography.

For each language category, a number of features that instantiate this language area
are listed. These instances are listed based on the following criteria:

- those instances that are most crucial to reading development, including instances
that are basic and are normally taught/developed first, as well as instances that
are more challenging for developing readers,

- those instances that appear in texts addressed to children of our target groups (we
can omit instances that would never be encountered, if there are any). As part of
this task we must construct a relevant corpus of children’s books for the learner
group considered to derive the frequencies.

These categories were selected based on what is found to be more difficult and most relevant
to reading in general as a language skill and linguistic process. According to the literature, they
are basic skills that need to be developed when learning to read. Some of them are most

21 CV: C=Consonant, V=Vowel
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frequent and clear-cut or are somewhat less frequent but still found in children’s books and
are considered more complex.

Specifically, with respect to the category of Syllable Division, a variety of combinations
of syllable structures were included in the Domain Model, such as Open-Open (like CV-CV),
Open-Closed (like CV-CVC), and Closed-Closed (like CVC-CVC) (see Appendix Il for the complete
list of features). In the category of Phonemes, all Greek phonemes were included in two
subcategories: (a) Consonants and (b) Vowels. Consonants were entered in relation to their
position in the word (initial or internal). Phoneme categories included include plosives (/p/, /t/,
/d/ etc.), nasals (/m/, /n/), fricatives (/f/, /8/, /v/ etc.), sibilant (/s/, /z/), liquid (/I/, /r/).
Consonant clusters with plosive-plosive (/kt/), plosive-fricative (/xt/) and fricative-fricative
(/f8/) combinations were also included in both initial and internal position. As for vowels, the
Greek phonemic repertoire contains 5 vowels, which do not normally pose any difficulties to
children with dyslexia. Therefore, only vowel combinations were included in the model. Finally,
we included Grapheme - phoneme correspondence and especially regular consonant clusters,
regular digraphs, irregular: 'v' as consonant and as vowel, irregular digraph vowels with
diacritics, 'i' as glide and Letter similarity (visual) including double consonants (see Appendix Il
for complete list).

With respect to the level of Morphology, a category of Prefixes and a category of
Suffixes were included, containing both derivational and inflectional suffixes. For derivational
suffixes, the most common Greek derivational processes were included, such as the formation
of diminutives, deverbal nouns showing profession or human capacity, deverbal nouns
referring to instruments etc. In the category of Inflectional suffixes we included suffixes of
frequent and less frequent noun and adjective classes in nominative, genitive and accusative in
singular and plural for masculine, feminine and neuter nouns. As for Verbs, we included
suffixes that denote voice (active, passive), tense and aspect (past/non-past,
perfective/imperfective). As for Prefixing, we included prefixes in Nouns, Adjectives and verbs
(see Appendix Il for complete list).

Finally, with respect to orthography, letter visual similarity included combinations of
letters with similar shapes that often cause confusion to children with dyslexia (e.g. a and o, ¢-
B-6 etc.), while Double consonants were also added to include BB, pp, vv etc.

Moving to syntax, as stated earlier, four main categories were included in the domain
model, one of which was part of the iLearnRW domain model (i.e. Function Words), while the
remaining three were addressed in the pilot experiments: voice, embedding and discourse
anaphors. Preliminary findings obtained from pilots revealed the following patterns:

With respect to voice, although no differences were revealed between sentences with
agent or non-agent by phrase sentences (e.g., The man with the glasses was arrested by the
police at the protest vs. The man with the glasses was arrested by accident at the protest),
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constructions with animate agents were easier to interpret compare to sentences with
inanimate agents. No differences were yielded when comparing active and passive voice
constructions with non-agent by phrases (e.g., The man with the glasses was arrested by
accident at the protest vs. The man with the glasses arrested the homeless man by accident),
although a slightly delayed performance was occurred while reading active constructions. In
structures with reflexive verbs (shave), we compared constructions with or without a
disambiguating apo-phrase (e.g. The man with the glasses shaved yesterday by himself vs. The
man with the glasses shaved again after a long time), and constructions with an agent apo-
phase (e.g., The man with the glasses was shaved by the barber yesterday). Constructions
without a disambiguating apo-phrase (corresponding to the English by-phrase) were the
hardest for children with dyslexia, while structures with a disambiguating apo-phrase were the
easiest for both typically developing and children with dyslexia. In structures with unaccusative
verbs (break), when comparing sentences with or without a by phrase (e.qg., The sail of the boat
was torn by the air yesterday vs. The sail of the boat was torn into pieces yesterday), we found
that although typically developing children do not differentiate between the two, children with
dyslexia have more difficulties in constructions containing a by phrase. In structures with
reciprocal verbs (hug), we compared structures with or without a prepositional phrase (e.g.,
The children with the blond hair were hugged by the teacher in the afternoon vs. The children
with the blonde hair hugged each other in the afternoon) and structures with transitive use
(e.g., The children with the blonde hair hugged the teacher in the afternoon). Both structures
with reciprocal verbs in transitive contexts and those without a prepositional phrase were
easier compared to those with a by phrase. In structures with deponent verbs (sleep),
transitive and intransitive contexts were included (e.g., The student with the blonde hair fell in
love with the actor immediately vs. The student with the blonde hair slept at the porch
immediately); although no difference was attested in typically developing children, children
with dyslexia have more difficulties with the transitive use of these verbs. A table summarizing
our findings is provided in Appendix III).

With respect to embedding, we compared relative, adverbial and complement clauses;
overall, adverbial clauses were the hardest for both typically developing and children with
dyslexia. Regarding complement clauses, typical developing children performed slightly better
on complement clauses introduced by ‘pu’ (that) (see e.g. 12), compared to ‘an’ (if) (e.g. 13)
and ‘oti’ (that) clauses (e.g. 14), whereas children with dyslexia showed a different preference,

with ‘an’ and ‘pu’ clauses to be the easiest compared to ‘oti’ clauses.

(12) O adras apori an o athlitis filise ti jineka.
The_NOM man_nom wonders if the_NOM athlete_NOM kiSSEd_gSG_pAST_pERF the_Acc woman_acc.

= The man wonders if the athlete kissed the woman.
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(13) O adras herete pu o athlitis filise ti jineka.
The_NOM man_nom is glad that the_NOM athlete_NOM kissed_SSG.PASTPERF the_Acc woman_acc.-

= The man believes that the athlete kissed the woman.

(14) O adras pistevi oti o athlitis filise ti jineka.
The_NOM man_pnom believes that the_NOM athlete_NOM kissed_SSGPAST.PERF the_Acc woman_acc.-

= The man believes that the athlete kissed the woman.

Regarding adverbial clauses, no significant differences were attested between groups
and categories (we tested adverbials clauses introduced by four different temporal
connectives afu =after, en =while, otan =when, prin =before), although children with dyslexia
performed slightly worse on adverbial clauses introduced by the adverbial ‘eno’ (while) (e.g.,
The man hit the boy while kissing the woman).

Regarding relative clauses, center embedded (CE) constructions (e.g., The man that hit
the athlete is old) were harder compared to right-branching (RB) (e.g., The man saw the doctor
that hit the athlete yesterday) for both groups, although no differences were observed
between subject and object-extracted constructions (e.g. The man saw the doctor that hit the
athlete vs. The man saw the doctor that the athlete hit) for either CE or RB clauses. However,
the relative pronoun seems to affect children’s performance, since longer reaction times were
attested in both CE and RB clauses, when ‘o opjos’ (who) relative pronoun (which in Greek is
specified for gender, number and case) was used compared to ‘pu’ (that) complementizer
which is indeclinable.

With respect to anaphors, we compared constructions with definite and indefinite
noun phrases, proper names, personal pronouns and null subjects, in subject and object
position. Our results revealed that both groups had greater difficulties with pronouns;
however, while typically developing children performed better on constructions with null
subjects, children with dyslexia performed better on constructions with proper names.
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6 Supportive actions in domain model development and
implementation

6.1 Representation of Domain Models as Graphs

Domain models are stored within the iRead infrastructure as weighted directed acyclic
graphs (DAGs for short). A directed graph can be defined as a set of vertices and a set of pairs
of vertices, called edges. The first vertex defined by an edge is its source, and the second
vertex its target. We say that a graph is acyclic if there is no directed cycle. Furthermore, all
edges are bind with a non-negative value, called weight, thus resulting to a weighted graph.

For the representation of a domain model, vertices of the graph correspond to the
language features while directed edges indicate prerequisites. Naturally, in such a
representation, there can be no directed cycle, while the weight on the edges allows to
express the fact that two different language features can be both prerequisites of a third
language feature, but one of them is more important than the other. In the case where a
language feature has prerequisites, the sum of the weights of its incoming edges must be
equal to 1.

Using weighted DAGs allows to efficiently instantiate user models and store a user’s
progress. User models are instantiations of domain models, which are personalised to each
learner via their interactions with the games and the e-Reader. User models are also
represented as weighted DAGs (in fact a copy of the corresponding domain model graph),
where each vertex is equipped with an additional attribute, called competence. Competence is
a non-negative integer value showing the current mastering of the underlying language
feature. When a user exercises a particular language feature, the value of the competence can
increase or decrease, depending on her performance. The value of competence cannot vary
arbitrarily: for every language feature we define its minimum and maximum value, in order to
define the allowed values for competence. By default, and unless otherwise specified within
the domain model, we consider the minimum value to be equal to zero, and the maximum
value equal to 10.

For a particular user, not all language features are “available” for practicing. It is clear
that a user can practice a language feature if she has mastered the feature’s prerequisites. In
order to express the “availability” of a language feature, we equipped both vertices and edges
of the graph with the unlock_value attribute. The availability status of a vertex (or edge) can be
either “locked” or “unlocked”, i.e. available or non-available respectively. An edge becomes
“unlocked” if the competence of its source is higher than the unlock_value of the edge,
otherwise it is “locked”. Vertices can be “unlocked” in two ways: (i) if the sum of the weights of
their incoming “unlocked” edges is higher than the unlock value of the vertex, or (ii) if the
competence of the user is higher than a threshold value. As an example, consider the
configurations shown in Figure 1: language features are drawn as rectangular shapes and their
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label shows the language feature and the competence of the user (e.g. the bottom vertex has
competence 0 in the first two configurations and competence 5 in the third one). For the sake
of simplicity we assume that the unlock_value of all vertices is equal to 0.75 and the threshold
value for unlocking is equal to 5. The unlock value for the edges is denoted within a yellow
circle, while the weight of each edge is also present. An immediate consequence of the above
unlocking procedure is that a language feature can become active even if the user’s
competence on the prerequisites cannot unlock incoming edges. Hence, the subgraph of the
active vertices and edges, is not necessary a connected graph. This property can be useful in
the case where the initialization of a user’s model is based on an undertaken test; the domain
model contains many language features, and it is almost impossible to test on every feature.
Still, the available vertices will allow the user to practice different areas of the domain model
in parallel.

B &5 BN B3 65 B B O 69

SERESERRD

0

Figure 1 Active language features are highlighted in green, inactive in yellow. Active edges are
drawn black, inactive red. We assume that the unlock_value of all vertices is equal to 0.75 and the
threshold unlock value is 5. In the leftmost case the bottom language feature is not available as the
sum of the active incoming edges is 0.5<0.75. In the middle configuration the corresponding sum is
0.8>0.75 and becomes active, while in the rightmost configuration, although the sum of the active
incoming edges is less than the unlock_value of 0.75, the competence of the feature is 5, equal to
the threshold value. Thus the feature becomes active.

Since the weighted DAG of a domain model might not be connected, we add a root vertex that
is connected with edges to the language features that have no prerequisites. When a user’s
model is initialized, these language features (that have no prerequisites) are always available
for practice. In order to satisfy this, the root vertex has minimum and maximum value equal to
zero. Also its unlock_value and threshold value is zero, which implies that the root vertex is
always unlocked. The edges that emanate from the root vertex have zero weight and
unlock_value; hence these edges are always unlocked.

6.2 Json Representation of Domain Models
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In order to be able to insert and store the domain models within the iRead
infrastructure, we create a machine-readable representation using the json format?. Json
format consists of attribute—value pairs and array data types. In the following we describe the
structure of the json used for representing the domain models.

Language features

In the json created for a language feature we include two “types” of attributes, namely
linguistic attributes that are related to the information provided by the linguistic experts, and
graph attributes that are related to the weighted DAG representation of the domain model.

Linguistic attributes (as they appear in the json)

linguistic_level The name of the linguistic level of the language feature, see
Section 2.4
category The name of the language category of the language feature,

see Section 2.4

difficulty_level index an integer value indicating the difficulty classification of the
language feature within its category, see Section 2.4

type a string indicating which developed function-routine is used
for checking whether a word (or sentence) contains the
language feature

description the human-readable description of the language feature
examples examples for the language feature
frequency_in_child_text indicates whether the language feature occurs frequently in

child appropriate texts. Accepted values are “UNSET”, “LOW”,
“MEDIUM” and “HIGH”

exception exceptions related to the language feature

22 https://en.wikipedia.org/wiki/JSON
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National_curriculum_place | the place of the language feature in the national curriculum

Related_word_difficulty an integer value indicating the proposed difficulty of words
for practice®.

Graph attributes (as they appear in the json)

min_value an integer denoting the minimum value for a user’s
competence

max_value an integer denoting the maximum value for a user’s
competence

unlock_value a positive value indicating the threshold for “unlocking” the

language feature. Its value is between 0 and 1. If the user’s
competence satisfies , the language feature is unlocked

threshold A positive value between 0 and 1. Indicates the amount of
flow necessary for becoming active

As an example, we use the first language feature of the GPC category of the English domain
model.
{
"id": 2,
"linguistic_level": "Phonology",
"category": "GPC",
"difficulty_level_index": 1,
"type": "GPC(/s/-s)",
"description": "/s/ as snake",
"examples": "sad, sit, sip",
"frequency_in_child_text": "UNSET",

23 L . . . . N
In the developed language dictionaries, each word is associated with a positive integer value,

indicating the “word’s difficulty”. This classification differs across languages, and is a combination of
several attributes, such as the number of syllables or the frequency of a word in child-texts. For
example, in English, words with difficulty 1 are monosyllabic words, words with difficulty 2 are 2-syllable
words with specific CV-patterns, etc. Language features of a domain model may indicate a specific
difficulty of words for practice.
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"exception": "",
"national_curriculum_place": "Y1",
"related_word_difficulty": 1,
"unlock_value": 0.75,
"min_value": 0,

"max_value": 10,

"threshold": 0.5

}
The root is a special vertex with the following attributes:
{
"id": 1,
"unlock_value": 0,
"min_value": 0,
"max_value": 0,
"threshold": 0
}

Prerequisites

In our graph modelling, edges are always weighted and directed, indicating that the
language feature represented by the source-vertex is a prerequisite for the language feature
represented by the target-vertex. All edges have the following attributes:

source_id the id of the source-vertex language feature

target_id the id of the target-vertex language feature

weight a value between 0 and 1 indicating the weight of the edge

unlock_value a value between 0 and 1 indicating the condition for the edge to
unlock

Note that the unlock_value of an edge is expressed as a positive value between 0 and 1; the
formal condition for the edge to unlock is , where competence, min_value and max_value are
the corresponding attributes of the source-vertex of the edge.
As an example, in the English domain model, the first language feature of the GPC

category is a prerequisite of the second language feature of the same category:
{

"source_id": 2,

"target_id": 3,

"weight": 1.0,

"unlock_value": 0.75
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A condition that always holds for any language feature with incoming edges , is that, i.e. the
sum of the weights of the incoming edges is equal to one. The only exception to this rule, are
the incoming edges of those features connected to the root-vertex. Recall that these edges
were added in order to make the graph connected. Hence for such edges we have:
{

"source_id": 1,

"target_id": 2,

"weight": 0,

"unlock_value": 0
}
where the root-vertex has id=1 and the target-vertex is the first language feature of the GPC
category of the English domain model.

Unless otherwise specified, for any language feature with prerequisites, the incoming
edges are equal-weighted. We expect the weights to be updated by an adaptation procedure
which will take into account users’ performance-data from the trials and decide if and how
weights should be redistributed.

Domain Model

Language features and prerequisites are bind together to a single json for the
representation of a domain model. In addition, in the domain model, several language features
might have been grouped (see for example the Greek domain model). This grouping indicates
that the language features of a particular group are highly related and should be practiced
together; for example literacy games could present content from all language features of a
group in the same game, or, when practicing a language feature of a group, the other language
features could be used as distractors in the literacy games. An additional requirement for some
group, could be that its language features become active simultaneously. This can be achieved
by defining the same prerequisites for all the vertices of the group. As an alternative, a
“dummy” vertex could be added with incoming edges from the prerequisites of the group and
outgoing edges towards the vertices of the group. Such a vertex would assure that even if the
weights of the edges are changed, the language features of the group always become active at
the same time.

Each group is described by a name and a list of the language features it contains.

name the unique name of the group

items the ids of the language features that belong to the group

As an example, consider the first group defined in the Greek domain model. Its name is “group
A”, and it contains language features #3-5 of the Syllable Patterns category. These language
features have assigned id 4, 5 and 6 respectively in their json representation.

{
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"name": "group A",
"items": [4, 5, 6]

Combining all the above, the json for the domain model contains a total of three attributes:

features a json array that contains information about the language features of the
domain model. Each element of the array is a json representation of a
language feature

edges a json array that contains information about the prerequisites described in
the domain model. Each element of the array is a json representation of a
prerequisite

groups a json array that contains information about the groups defined in the
domain model. Each element of the array is a json representation of a group
of language features.

The general structure of the json representation of the domain model is the following:

{
"features":[{root-vertex}, {language feature#1}, {languagefeature#2}, ...],
"edges": [{prerequisite#1}, {prerequisite#2},...],
"groups": [{group#1}, {group#2},...]

6.3 Tool for Editing Domain Models as Graphs (Editor)

In this section we give a brief description of a desktop application developed in Java
for editing the domain models as graphs. The motivation for this tool, is the fact that
commonly used programs for storing the domain models (e.g. excel) do not allow the
definition of prerequisites. Our aim is to visualize the underlying graph, allow the user to insert
vertices (language features), add or remove edges (prerequisites), focus on subgraphs e.t.c.,
while the graph is always acyclic.

The initial screen is disabled allowing the user to make an action using the menu; see
Figure 2. The available options are to create a new domain model from scratch or open an
existing file.
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Figure 2 Welcome screen.

Supported file-extensions are:
® .csv (comma separated): each row of the file corresponds to a single language feature
and its attributes are given in a predefined order. In order to create unique keys for
the language features, we impose the following two restrictions: (i) the type of each
feature cannot be empty, and (ii) the description of each feature is unique. The input
from a csv-file does not support information about prerequisites.
e .ireadme: this file extension is supported only by the editor. Practically this is a json
formatted file that stores information about the language features, prerequisites and
the details of the view.

When a file is opened, a default layout is used for the vertices. For each language
feature a vertex is created and features are grouped based on their difficulty within their
language category; we refer to these group vertices as “difficulty-vertices”. Difficulty-vertices
that belong to the same language category have the same y-coordinate, and their x-coordinate
increases along with the difficulty. On the other hand difficulty-vertices that belong to
different language categories are sorted vertically based on the lexicographical ordering of
their category.
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Figure 3 The csv-file of the English domain model is opened. Language features are “grouped” based
on their difficulty. The “graph view” to the right allows for zooming and focusing to subgraphs.

Note that there can be difficulty-vertices that do not contain any language feature. Also, for
every language category, a special difficulty-vertex is added as leftmost: it contains those
language features for which the difficulty is not yet defined. For example in Figure 3, there
exists a language feature of category GPC that has unset difficulty. This special difficulty-vertex
allows the user to allocate the language features with undefined difficulty. In addition,
difficulty-vertices of the same category have the same background colour, allowing for the
user to visually distinguish them.
The interaction offered on the graph is somehow limited, due to the size of the whole
domain model. The user can:
® add a directed edge: the directed edge can have as endpoints either a language
feature or an entire difficulty-vertex. The latter option is useful in the case where the
user wants to declare, for example, an entire difficulty-vertex to be prerequisite for
some language feature. Instead of creating all the edges, it suffices to draw an edge
from the difficulty-vertex to the language feature; the editor calculates the
prerequisites in a background process. In Figure 4, we can see such an edge connecting
two difficulty-vertices of the Syllables category.
® move selected vertices to a difficulty-vertex. When a user moves elements, the default
behaviour is that all edges incident to these elements are removed from the graph.
The reason for this choice, is that directed cycles are not allowed, therefore if a cycle is
to be created when a language feature is moved, the entire action is cancelled by the
editor. However, this behaviour can be changed through the options menu.
Additional functionality is offered with a right-click popup menu; refer to Figure 4. The user
can select one of the following options:
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delete the selected elements (edges or vertices)

e move the selected elements (an appropriate menu is shown for choosing the
destination for the moving operation)

e create a new language feature (by adding the feature’s attributes in the form shown in
Figure 5)

e mark the selected vertices as “sources” or “targets”. This functionality allows the user
to add a bunch of edges at the same time. When vertices are marked as “sources”
(“targets”) and the user marks his selection as “targets” (“sources” respectively) then
edges are added from all the “sources” to all the “targets”.

e clear the marked “sources” and “targets”
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Figure 4 the right-click menu on the entire graph.
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Figure 5 The form for creating a new language feature

The right panel of the view is the “control panel”. The control panel can be collapsed or
expanded, and it has two different views: the “graph view” and the “feature-properties view”.
The “graph view” (shown in Figure 3), allows the user to zoom in or out the current graph or to
focus to a subgraph of the whole domain model, as we shall shortly see. The “feature-
properties view” (shown in Figure 6 and Figure 7), can function in two different ways. If no
language feature is selected (Figure 6), its background colour is grey, and the user can define a
new language feature by inserting data in the corresponding entries. Since there exist many
attributes for each feature, the more “important” ones, i.e. those that cannot be empty are
shown first. The remaining attributes are shown if the user hits the “Show More” button,
highlighted in yellow color; refer to Figure 8. The “Submit” button adds the language feature in
the domain model and updates the view.

The second functionality of the “feature-properties view” occurs when a user selects a
specific vertex from the graph. The background of the “feature-properties-view” becomes
light-blue and the attributes of the selected language features are shown. The user can edit
these values and update the domain model and the view with the “Submit” button; see Figure
7.
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Figure 6 The “feature-properties view” to the right allows the user to define new language features.
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Figure 7 The “feature-properties view” to the right, allows the user to change the attributes of the
selected language feature. The neighbourhood popup window shows the selected feature and its

neighbouring vertices (if any).
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Figure 8 Additional attributes for the selected language feature are shown on the “feature-properties-

view”.

As already mentioned, the editor allows the user to focus on a subgraph of the entire
domain model. This can be accomplished by using the “graph view” of the control panel to the

right. When the user clicks the “Edit subgraph” button the view changes; see Figure 9.
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Figure 9 The user can either select features using the check-list on the “graph-view” to the right, or by
using the popup window for additional filtering.

Now a check-list appears in the “graph-view” to the right where the user can select either
entire language categories or individual language features. Another option for selecting
language features is provided by the “critieria select” button. A popup window appers, which
allows the user to filter the language features using more criteria.

Once language features are selected the user can click the “Refresh” button, so as to
view the subgraph created by the selected vertices. In Figure 10, we can see the subgraph
where only language features of the GPC category are selected. The subgraph view is less
restrictive than the original view of the entire graph. Here the user can freely move features
within their difficulty-vertex, move or resize difficulty-vertices. Edges are added the same way
as when the entire graph is shown. Here difficulty-vertices are only shown if at least one of
their language features belongs to the subgraph. Furthermore, if a difficulty-vertex has
language features that do not belong to the selected subgraph, their border is highlighted in
red (see Figure 10). This highlight is an implicit warning for the user in the case she adds an
edge with source (or target) such a difficulty-vertex, since such an edge actually has an impact
on all the language features of the difficulty-vertex even if they do not belong to the subgraph.
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Figure 10 Subgraph of the selected features.

In Figure 11, we can see the selected subgraph and the edges denoting the
prerequisites described in the English domain model for these language features. Whenever
the user selects a language feature, its “neighborhood graph” pops-up, showing its incoming
and outgoing edges. The color of the neighboring vertices is color used for the difficulty-
vertices of their category.

In the case where a directed cycle is detected, a warning message appears as in Figure
12, and the action that triggered it is automatically undone.

The editor supports an undo-redo manager for the user’s actions that can be used with
the standard ctrl+z/ctrl+y shortcuts or via the “edit” menu. The “model” menu supports
editing of the domain model. Here the user can add, edit or delete linguistic levels or
categories (refer to Figure 14). Such actions reset the undo-redo manager. The last menu, the
“options” menu, allows the user to change most of the layout properties of the graphs, such as
the distance between two language features of the same difficulty-vertex, etc.
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Figure 11 Subgraph with prerequisite edges. The neighborhood subgraph shows incoming and
outgoing edges of the selected vertex.

Figure 12 Directed cycles are not allowed.
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Figure 13 Add, edit or delete a linguistic level.

Finally, a table view is also offered, where the attributes of the language features can
be viewed, as in Figure 14. Language features are grouped by category and highlighted with
their category’s color. The current version does not allow the user to change the table entries,
since, changing the difficulty of a language feature for example, could result in changes of
prerequisites that the user cannot visually detect.
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Figure 14 Table view of the language features.

6.4 Tool for Generating Grapheme-Phoneme-Correspondence

English, as a language, is considered to be a rather “difficulty” case, especially when
referring to rules that map sounds to letters. In contrast, Greek is a more transparent
language, since the pronunciation of words is straightforward. In other words, the rules for
mapping graphemes to phonemes can be easily specified. However this is not the case with
English words, since the same combination of letters (graphemes) can be mapped to several
phonemes, there exist split digraphs and silent letters.

In the English domain model there exist several language features (approximately 120)
that concern grapheme-phoneme correspondence (GPC). In order to check whether a word
has a GPC language feature, the GPC of a word needs to be computed. Since no such tool is
available, the challenge remains to derive the GPC for a word based on the graphemes and its
phonetic transcription (in the International Phonetic Alphabet®, IPA for short).

We focused on two goals: (i) given a set of GPC-rules, derive the GPC of a word, and,
(i) create a tool for the linguistics that will allow them to make decisions on the GPC-rules that
will be used.

2 https://en.wikipedia.org/wiki/International Phonetic_Alphabet
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Generating Grapheme Phoneme Correspondence

Our starting point is a set of GPC-rules, i.e. a mapping of phonemes to graphemes,

where a phoneme can be mapped to several graphemes. For example the phoneme /ei/ has

several mappings, such as ‘a’ (in the word ancient - /einfant/) or ‘a_e’ (in the word bake-

/beik/). An algorithm was created in order to derive all possible GPCs for a word based on

these rules. The procedure “reads” the phonetic transcription of the word from left to right,

and step by step. At each step, the algorithm reads a phoneme and checks which of its

mapped graphemes can be used so that the word created by the concatenation of the

graphemes matches the given word. At the end, a list of accepted GPCs is produced; recall that

it can be the case that no GPC is produced for a word, or that multiple GPCs exist. The set of

partial GPCs that were rejected at any step of the algorithm are also part of the output.

The following filtering is done on the initial output of the algorithm:
If a word contains a double consonant (e.g. ‘bb’) or a double ‘ee’, then the produced GPC
should not split them into two pairs of grapheme-phoneme. For example, for the word
steel-/sti:l/, both GPCs /s/-s, /t/-t, [i:/-ee, /I/-| and /s/-s, [t/-te, [i:/-e, /I/-| are part of the
initial output. The second one is excluded by the aforementioned rule, since it split the
double ‘ee’ to two pairs. The rule is ignored only in the case where all produced GPCs fail;
for example the word accent-/aksant/, a unique GPC was produced /a/-a, /k/-c, /s/-c,
/a/-e, /n/-n, /t/-t, where the double ‘cc’ is split into two pairs.
Any GPC that contains a silent letter is removed, unless all produced GPCs contain silent
letters. In this case, only those with the fewer silent letters are kept. As an example, silent
letters can be letters ‘e’, ‘h’, ‘', ‘r or ‘W’. Word above-/abav/ has the following two
initially computed GPCs: /a/-a, /b/-b, /A/-0, /v/-ve and /a/-a, /b/-b, /A/-0, /v/-v, //-e. The
second one contains ‘e’ as a silent letter and is therefore rejected.
Several times it occurs that a combination of graphemes can be expressed with different
pairs. For example, in the word abbreviation-/abri:vielfan/, the combination ‘tion’ can be
expressed as one pair: /fan/-tion, or as three pairs: /[/-ti, /a/-0, /n/-n. In such cases we
keep the expression with the fewer pairs and reject the other.
Finally, some GPC-rules are used only if they appear at the end of a word. In particular,
these rules are: /m/ -‘me’, /n/-'ne’, /t/-‘te’, /d3/-‘dge’, /t/-‘tte’, /d/-‘de’, [v/-‘ve’, [I/-‘lle’
and /i/-‘ie’. For example the word called-/ka:ld has two GPCs: /k/-c, /2:/-a, /I/-lle, /d/-d
and /k/-c, /a:/-a, /I/-ll, /d/-ed. The first one is excluded since the pair /I/-lle does not
appear at the end of the produced GPC. This rule is not applied if all produced GPCs
violate it. For example, the word somehow/samhaw/ has only one produced GPC: /s/-s,
/n/-0, /m/-me, /h/-h, /au/-ow and it is therefore kept.

Tool for Grapheme-Phoneme Correspondence
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A desktop application was developed in java in order to facilitate the linguist experts
with the task of defining the GPC-rules that will be used by the algorithm previously described.
By default the application loads a list of about 10.000 words and a list of GPC-rules. The words
were selected by the linguist experts so that they are child-appropriate and will be the words
that a user will encounter when interacting with the iRead literacy games.

In the main window there are three basic views as tabs:
dictionary view: The user can see the list of loaded words (to the left; see Figure 15) with their
phonetic transcription. When selecting on a word, the information about the computed GPCs
of the word appears to the right. The list of accepted GPCs (if any) and the list of rejected or
partial GPCs (i.e. those that were either rejected during the filtering step, or that could not
generate the entire word) is shown. This allows the user to practically look at all the
computational steps. If for example, there is no accepted GPC computed, it is possible to
understand where the computation halted and possibly add an additional GPC-rule. It occurred
for several words, that some of the produced accepted GPCs contained split digraphs, while
others did not. A toggle button (bottom right) rejects those GPCs that do not contain split
digraphs, only for those words that have at least an accepted GPC with split digraphs.
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(i  selected word
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S/ gesersedgpc we M
b e o )
P p—r—
M p——
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& wReg 0Ny IpM oW

Figure 15 Selecting a word shows the valid and the rejected computed GPCs

gpc-mapping view: Offers a view of the current GPC-rules; see Figure 16. The user can click on
an existing GPC-rule in order to edit or delete it. Also, she can add new rules with the “Add”
button. The popup dialog shown in Figure 17 is used to enter the grapheme and the phoneme
for the GPC-rule. Since phonemes use special characters, an embedded keyboard with these
characters can be used. Whenever there is a change in the GPC-rules, all words are again
processed for computing their GPCs according to the new GPC-rules.

Page 61



PUBLIC D4.1 Dyslexia Domain Models (English and Greek)

s DN ohid-Sctonery had o] x

GPC cptons  Sclonany
LR an L aer eowm ]

] §o0 L 90 (2 §on g (s L2 g

i Aee Moee Aleea Alee Al Aewy A Al Al-y

u i oo | o - 0w L

A weo weoe weoe | | Weow Wetoh | | Wew

a aiea Al - | e i~ Nl

tf S )
Figure 16 the gpc-mapping view
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Figure 17 adding a new GPC-rule. An embedded keyboard can be used for the special phonetic
characters

filters’ view: Here the user can create filters for the list of words. Since the list of words can be
arbitrarily large, it is hard to locate those words that are of interest (e.g. words that have no
accepted GPC, words that contain silent letters, etc.). The list of available filters is shown to the
left, and information about a selected filter is displayed to the right, as shown in Figure 18.
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Figure 18 the filters' view

There are four types of filters that can be defined. All of them must have a unique name as
identifier. Also, their display-color depends on their type.
® Arithmetic filters: these filters apply to the number of characters of a word, the
number of characters of its phonetic transcription, the number of syllables or the
number of accepted GPCs. Hence, the user can define filters such as: “number of
syllables greater than 3”, “number of accepted GPCs equal to 1”7, etc. Each filter can
also be negated, translating into “number of syllables at most 3”, or “number of
accepted GPCs not equal to 1” respectively. For example in Figure 19, a filter for words
that have only one accepted GPC is shown.

GPC options  Gclonany

I o ([N
Figure 19 creating arithmetic filter "words whose accepted GPCs is equal to 1"
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® gpc filters: the user can create filters based on specific GPC-rules. Available filters are
“words whose accepted GPCs contain a particular GPC-rule”, where the GPC-rule is
selected from a dropdown list of all the defined GPC-rules. Again the filter can be
negated, indicating that only those words that do not contain the selected GPC-rule in
any of their accepted GPCs will be selected. In Figure 20 a filter for words whose
accepted GPC contains a silent ‘e’ is created.

| Lo (D

Figure 20 creating gpc filter "words with an accepted GPC that contains the GPC-rule //-e (i.e. silent
e)Il

® compound filters: Here the user can combine two already defined filters using the
logical operands OR and AND. For example, in Figure 21, a filter for selected those
words that have one accepted GPC and this GPC contains a silent ‘e’ is created.
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Figure 21 creating compound filter "unique GPC AND silent e"

e text filters: The user can search for a substring either at the beginning, the middle, the
end or anywhere in the word or its phonetic transcription. In Figure 22, a filter is
created for words that end with ‘ee’.

o ()
Figure 22 creating text filter "words that end with 'ee

After defining filters the user can apply them to the loaded list of words from the dictionary
view (see Figure 23). The number of words filtered over the total number of words is also

shown.
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Figure 23 applying a filter to the list of words

The main window offers two menus: “GPC options” and “dictionary”. The “GPC
options” allows the user to save the current GPC-rules to a local file, load GPC-rules from a
local file or load the default built-in list of GPC-rules. In the same way the user can save the list
of filtered words (in csv-format), load words from a local file (also in csv-format) or load the
default built-in list of words, by using the “dictionary” menu options.

6.5 Child appropriate dictionaries for Greek and English

In a high-level of description, the iRead system is designed for supporting novice
readers in four basic language, including English and Greek. The targeted age-groups are
mainly children aged between 6 and 12 . This implies that the content delivered to the children
in the iRead literacy games (and the iRead Reader) should be appropriate for their age.
Furthermore, one of the attributes defined for the language features in the domain models is
the “frequency within child texts”. This gives rise to two needs; a corpus of child texts and
appropriate content for the literacy games. In the following we give a brief description of the
related resources and the required processing. Full details will be presented in Deliverable 8.3:
“The iRead Integrated System”.

Corpus of child texts: Specific resources were indicated by the linguist experts, and were

processed in order to have a unified format and become available for further processing and
statistical analysis.
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Child dictionaries: In the domain models there exist two main categories of language features:

those that are related to single words, and those related to sentences. The iRead literacy
games should draw their content from an approved pool of words and sentences, in order to
assure that children using the iRead system encounter appropriate content. Two child-
dictionaries for words are created, one for English and one for Greek, while the collection of
sentences will be hand-made by the linguist experts. The child-dictionaries contain information
that is relevant to the language-features defined in the domain models. In particular for every
word we store the following information:

word the word of the dictionary

phonetic the phonetic transcription of the word

part of Speech the part of speech: verb, noun, adjective, adverb, etc.

grapheme-phoneme the grapheme phoneme correspondence

stem the word’s stem, for example the stem for ‘advancing’ is
‘advance’

syllables the syllabification of the word

number of syllables the number of syllables

word type info information related to the tense and number of the word

if it is a verb, or the number if it is a noun, or the degree if
it is an adjective or adverb

CV form the letter-based CV form of the word

number of characters the number of characters of the word

number of phonemes the number of pairs in the grapheme phoneme
correspondence

number of morphemes the number of morphemes of the word
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suffix the suffix of the word

prefix the prefix of the word

suffix type the type of suffix: add, drop, double, irregular
prefix type the type of prefix: add, visual, irregular

irregular word (no GPC)

marks if the word is irregular

word frequency in

child | the frequency of the word in the corpus of child-texts

language
synonyms a number of words with same or very similar meaning
antonyms a number of words with opposite meanings

meaning (definition)

feature_info Information about the language features the word

contains and the position they appear

English child-dictionary: The corpus of child texts was analysed and a list of approximately
10.000 words were selected for the child-dictionary. The phonetic transcription was taken
from the English dictionary of previous project iLearnRW. All other information has been
generated algorithmically. In particular for the language features of the word, for each
language feature defined in the domain model, we mapped a function-routine that checks
whether a word contains the specific feature and the positions within the word that it appears.

Greek child dictionary: The child-dictionary for Greek has been almost entirely based on the

dictionary developed for iLearnRW, and the word-entries it contains are the same words used
by the iLearnRW-games.
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7 Conclusions

As shown, a wide range of linguistic instances are included within the developed
models across languages, going beyond the skills of decoding of sound-letter correspondence
and word recognition to more complex reading skills, including morphological, syntactic and
discourse processing of text. Although different methods were used for the selection of the
language categories to be included (literature reviews, frequency counts, and empirical data),
the two models do not differ significantly across languages. Importantly, ratings of difficulty,
indicating each feature’s difficulty or complexity relative to the rest of the features within the
same category, as well as progression scales, indicating the order of acquisition of those
features are included within models. Complexity or difficulty of linguistic features not only
predicts difficulties in poor readers/readers with dyslexia or EFL readers, but also in novice
readers who also have to deal with more complex constructions. To reliably define which
linguistic features are easier or harder, previous findings were drawn from the relevant
literature in order to formulate an initial taxonomy of linguistic features per category. Difficulty
was also tested experimentally, by collecting empirical data from children with dyslexia and
young typically developing children. By conducting empirical work, we were able to record and
analyze actual reading data and define aspects of language that are more difficult across
readers. At this stage, we used our pilot preliminary data to inform the models. However, the
number of participants in the pilot study described here is not sufficient to reliably indicate
whether our taxonomy of difficulty is totally accurate. Therefore, empirical data collection will
continue in larger groups of participants in order help us reliably indicate which constructions
are harder than other and revise the difficulty taxonomy within models at later stages.
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APPENDICES

Appendix I. The English domain model for dyslexia

Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Phonology GPC /s/ s sad, sit, sip 1 None
Phonology GPC /s/ ss (end position) | mess, pass, hiss 2 /s/-s
Phonology GPC /s/ ss (any position) | assistant, blossom, grasshopper, 3 /s/-ss (end position)
message

Phonology GPC /s/ c city, bicycle, pencil 3 /s/-s

/k/-c
Phonology GPC /s/ ce ice, race, palace 3 /s/-s

/k/-c

[e/-e
Phonology GPC /s/ se house, mouse, chase 3 /s/-s

/e/-e
Phonology GPC e/ a add, ant, act 1 None
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Phonology GPC /t/ t tap, tin, tip 1 None
Phonology GPC /t/ tt better, butter, otter 3 /t/-t
Phonology GPC N/ i ink, pig, ring 1 None
Phonology GPC /p/ p pan, pet, pop 1 None
Phonology GPC /p/ pp puppet, apple, floppy 3 /p/-p
Phonology GPC /n/ n net, nip, nap 1 None
Phonology GPC /n/ nn bonnet, dinner, winner 3 /n/-n
Phonology GPC /n/ kn knot, knee, knob 3 /k/-k
/n/-n
Phonology GPC /n/ ng long, song, ring 2 /n/-n
/g/-g
Phonology GPC /k/ c cat, cap, can 1 /k/-k
Phonology GPC /k/ k kit, kid, king 1 None
Phonology GPC /k/ ck duck, back, clock, sock 1 /k/-k
/k/-c
Phonology GPC /e/ e egg, end, empty, ten 1 None
Phonology GPC /e/ ea head, bread, feather 2 /e/e
/e/a
Phonology GPC /o/ o odd, dog, octopus 1 None
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Phonology GPC /N u up, under, bus 1 None
Phonology GPC /N ou touch, young, double 2 /o/-o
/n/-u
Phonology GPC /el/ ai aim, wait, paint, train, rain 2 /e/-a
J1/-i
Phonology GPC Jel/ ay say, day, pay, play 3 /®/-a
[i/-y
Phonology GPC Jel/ a table, alien, acorn /®/-a
Phonology GPC /el/ a_e cake, game, plane, cave, safe /e/-a
/e/-e
Phonology GPC [i:/ ee eel, bee, feed, tree, seed, peel /e/-e
Phonology GPC /i/ ie movie, relief, thief /e/-e
N/-i
Phonology GPC /i:/ ea eat, sea, tea, meat 3 /®/-a
[e/-e
Phonology GPC [i:/ e be, she, he /e/-e
Phonology GPC [i:/ e e eve, these, extreme, theme /e/-e
Phonology GPC /i/ ey key, monkey, donkey /e/-e
[i/-y
Phonology GPC /i/ y sunny, happy, baby, any 3 None
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Phonology GPC /al/ igh sigh, high, night, light 2 /-
/8/-8
/h/-h
Phonology GPC /ai/ ie tie, lie, pie 3 J1/-i
/e/-e
Phonology GPC /ai/ i behind, idea, item J1/-i
Phonology GPC /al/ y fly, cry, shy [i/-y
Phonology GPC /ai/ ie bike, fine, like, kite J1/-i
[e/-e
Phonology GPC /av/ oa boat, oak, float, coat 2 /o/-o
[=/-a
Phonology GPC /av/ ow blow, snow, window, show 3 /o/-o
/w/-w
Phonology GPC /av/ o g0, no, yo-yo /o/-o
Phonology GPC /av/ oe oboe, toe, video /o/-o
[e/-e
Phonology GPC /av/ o e rope, hope, bone, home 3 /o/-o
[e/-e
Phonology GPC Jo/ 00 book, room, cook /o/-o
Phonology GPC Jo/ ou should, would, could /o/-o
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
/A/-u
Phonology GPC Jo/ u put, bull, bush /A/-u
Phonology GPC Ju:/ 00 moon, spoon, food /o/-o
Phonology GPC Ju:/ ue blue, clue, statue /A/-u
/e/-e
Phonology GPC Ju:/ ue cube, tube, flute 3 /A/-u
/e/-e
Phonology GPC Ju:/ ew new, grew, flew 3 /e/-e
/w/-w
Phonology GPC Ju:/ ou soup, group, route 3 /o/-o
/A/-u
Phonology GPC Ju:/ u super, tuna, rude /A/-u
Phonology GPC /ju:/ ue statue, due, /A/-u
/e/-e
Phonology GPC /ju:/ u unicorn, uniform, use /A/-u
Phonology GPC /a/ oi coin, avoid, join /o/-o
N/-i
Phonology GPC /a/ oy toy, boy, joy 3 /o/-0
[i/-y
Phonology GPC Jav/ ou shout, about, count, mouth 3 /o/-0
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
/A/-u
Phonology GPC Jav/ ow owl, brown, how 2 /o/-o
/w/-w
Phonology GPC Ja:/ ar artist, alarm, barn 2 /e/-a
[r]-r
Phonology GPC Ja:/ a ask, bath, fast, father /e/-a
Phonology GPC /2:/ or fork, sort, torn 2 /o/-o
[r]-r
Phonology GPC /2:/ aw dawn, draw, paw 3 /e/-a
/w/-w
Phonology GPC /2:/ au sauce, author, pause 3 /e/-a
/n/-u
Phonology GPC /3:/ er her, alert, nerve 2 /e/-e
[r]-r
Phonology GPC /3:/ ir birthday, girl, firm 3 J1/-i
[r]-r
Phonology GPC /3:/ ur nurse, hurt, turn 2 /A/-u
[r]-r
Phonology GPC /3:/ or worm, work 3 /o/-o
[r]-r
Phonology GPC /3:/ ear earth, learn, pearl 3 /e/-a
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
/e/-e
[r]-r
Phonology GPC /ea/ air hair, pair, chair 2 /e/-a
J1/-i
[r]-r
Phonology GPC /ea/ are care, square, dare 3 /e/-a
[e/-e
[r]-r
Phonology GPC /ea/ ear* bear, pear, wear 2 /e/-a
/e/-e
[r]-r
Phonology GPC /ea/ ere where, there, anywhere 3 /e/-e
[r]-r
Phonology GPC JiEY eer deer, peer, cheer 3 /e/-e
[r]-r
Phonology GPC JiEY ear ear, near, tear 2 /e/-e
/e/-a
[r]-r
Phonology GPC JiEY ere interfere, adhere, here 3 /e/-e
[r]-r
Phonology GPC /b/ b bat, bed, bug 1 None
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Phonology GPC /b/ bb rabbit, pebble, rubber 3 /b/-b
Phonology GPC /d/ d dog, did, dad 1 None
Phonology GPC /d/ dd puddle, teddy, daddy 3 /d/-d
Phonology GPC /f/ f fan, fig, fog 1 None
Phonology GPC /f/ ff (end position) | cliff, sniff, off 2 /f/-f
Phonology GPC /f/ ff (middle giraffe, affect, toffee 3 /f/-ff (end position)
position)
Phonology GPC /f/ ph photo, dolphin, phone 3 /f/-f
Phonology GPC /g/ g girl, gum, gift 1 None
Phonology GPC /8/ gg juggle, doggy, egg 3 /gl-g
Phonology GPC /h/ h hat, hug, hop 1 None
Phonology GPC /dz/ j jug, jam, jet 2 None
Phonology GPC /dz/ g giant, age, village 3 /dz/-j
/g/-g
Phonology GPC /dz/ ge cabbage, page, stage 3 /dz/-j
/e/-e
Phonology GPC /dz/ dge fridge, lodge, edge 3 /g/-g
/d3/-g
/d/-d
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature

/e/-e
Phonology GPC J/ | left, lid, leg 1 None
Phonology GPC J/ Il (end position) | ball, will, doll 2 J1/-
Phonology GPC JI/ Il (any position) | alligator, million, yellow 3 /1/-1l (end position)
Phonology GPC /m/ m map, mix, man 1 None
Phonology GPC /m/ mm hammer, mummy, swimmer 3 /m/-m
Phonology GPC Jkw/ qu queen, quack, quest 2 /n/-u
Phonology GPC /r/ r rat, run, rob 1 None
Phonology GPC /r/ rr arrow, carrot, parrot 3 /r/-r
Phonology GPC /r/ wr write, wrap, wreck 3 Jr/-r

/w/-w
Phonology GPC /v/ v van, visit, vet 2 None
Phonology GPC /v/ ve dove, love, live /v/-v

[e/-e
Phonology GPC /w/ w web, won, war wall None
Phonology GPC /w/ wh wheel, whale, whip 3 /w/-w

/h/-h
Phonology GPC /ks/ X fox, six, taxi None
Phonology GPC /il y yolk, yes [i/-y
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Phonology GPC /z/ z zip, zoo, zebra, zero 2 None
Phonology GPC /z/ zz (end position) | jazz, buzz 2 [2/-2
Phonology GPC /z/ zz (any position) | dazzle, sizzle, fuzzy 3 /2/-2z (end position)
Phonology GPC /z/ se cheese, cause, chinese 3 /s/-s
/e/-e
/z/-z
Phonology GPC /z/ ze breeze, daze, zero 3 /z/-z
/e/-e
Phonology GPC /tf/ ch chairs, check, chop 2 /h/-h
/k/-c
Phonology GPC /t/ tch patch, fetch, pitch 3 /h/-h
/k/-c
Jt/-t
Phonology GPC /l/ sh sheep, shell, shake 2 /s/-s
/h/-h
Phonology GPC /l/ ti station, patient 3 Jt/-t
J1/-i
Phonology GPC /6/ th thistle, thirty, thin 2 Jt/-t
/h/-h
Phonology GPC /6/ th there, breathe, together 2 Jt/-t
/h/-h
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Phonology GPC /3/ s treasure, occasion, leisure 3 /s/-s
Phonology GPC /3/ ge collage, courgette, strange 3 /e/-e
/d3/-g
Phonology Consonant /b/+/1/ bl, initial black, block, bless 4 /b/-b
Clusters J1/-
Phonology Consonant Jc/+// cl, initial clock, clever, cliff 4 /k/-c
Clusters J1/-
Phonology Consonant /f/+ /1] fl, initial flag, flood, fly 4 /f/-f
Clusters J1/-
Phonology Consonant /g/ +/l/ gl, initial glad, glove, glitter 4 /g/-g
Clusters J1/-
Phonology Consonant /p/ +/\/ pl, initial plan, plot, plate 4 /p/-p
Clusters J1/-
Phonology Consonant /s/ +// sl, initial slap, slide, slurp 4 /s/-s
Clusters J1/-
Phonology Consonant /b/+/r/ br, initial brick, bring, brush 4 /b/-b
Clusters Jr/-r
Phonology Consonant Jc/ +/r/ cr, initial crab, crisp, crowd 4 /k/-c
Clusters Jr/-r
Phonology Consonant /d/ +/r/ dr, initial drop, dress, dragon 4 /d/-d
Clusters Jr/-r
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Phonology Consonant /f/ + /r/ fr, initial frog, frozen, fries 4 /f/-f
Clusters Jr/-r
Phonology Consonant /g/ +/r/ gr, initial grab, grapes, green 4 /g/-g
Clusters /r/-r
Phonology Consonant /p/ +/r/ pr, initial pram, problem, proud 4 /p/-p
Clusters Jr/-r
Phonology Consonant Jt/+/r/ tr, initial train, trick, trouble 4 Jt/-t
Clusters /r/-r
Phonology Consonant /s/ +/c/ sc, initial scale, scatter, scrap 4 /s/-s
Clusters /k/-c
Phonology Consonant /s/ +/k/ sk, initial skate, skip, skateboard 4 /s/-s
Clusters /k/-k
Phonology Consonant /s/ +/n/ sn, initial snake, snap, snow 4 /s/-s
Clusters /n/-n
Phonology Consonant /s/ +/m/ sm, initial smile, smart, smoky 4 /s/-s
Clusters /m/-m
Phonology Consonant /s/ + [t/ st, initial step, start, stick 4 /s/-s
Clusters Jt/-t
Phonology Consonant /s/ + /w/ sw, initial swam, swallow, swirl 4 /s/-s
Clusters /w/-w
Phonology Consonant Jt/ + /w/ tw, initial twin, twice, twirl 4 Jt/-t
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Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature
Clusters /w/-w
Phonology Consonant /s/+/c/+/h/  sch, initial school, scheme 4 /s/-s
Clusters /k/-c
/h/-h
Phonology Consonant /s/+/t/ +/r/ str, initial straw, street, stripe 4 /s/-s
Clusters Jt/-t
[r]-r
Phonology Consonant /s/ +/c/+ [t/ scr, initial scrap, scrub, screw 4 /s/-s
Clusters /k/-c
[r]-r
Phonology Consonant /s/ +/p/+/r/  spr, initial spray, spring, spread 4 /s/-s
Clusters /p/-p
[r]-r
Phonology Consonant /s/+/p/+ /1] spl, initial splash, split, splendid 4 /s/-s
Clusters /p/-p
J1/-
Phonology Consonant /s/ +/a/+/u/ squ, initial square, squeak, squid 4 /s/-s
Clusters /p/-p
/h/-h
Phonology Consonant /s/+/h/+/r/  shr,initial shrink, shrug, shriek 4 /s/-s
Clusters /h/-h
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Level level of
feature
[r]-r
Phonology Consonant /t/+/h/+/r/  thr,initial throw, thrill, three 4 Jt/-t
Clusters /h/-h
[r]-r
Phonology Consonant Jc/ + [t/ ct, end pact, act, connect 4 /k/-c
Clusters Jt/-t
Phonology Consonant /f/ + [t/ ft, end left, soft, gift 4 /f/-f
Clusters Jt/-t
Phonology Consonant /n/+/t/ nt, end bent, cement, want 4 /n/-n
Clusters Jt/-t
Phonology Consonant JI/ + /t/ It, end belt, adult, jolt 4 J1/-1
Clusters Jt/-t
Phonology Consonant /s/ + [t/ st, end quest, cast, ghost 4 /s/-s
Clusters Jt/-t
Phonology Consonant /n/+/d/ nd, end hand, wind, almond 4 /n/-n
Clusters /d/-d
Phonology Consonant /m/+ /p/ mp, end lamp, chimp, damp 4 /m/-m
Clusters /p/-p
Phonology Consonant Jc/ +/k/ ck, end back, wreck, snack 4 /k/-c
Clusters /k/-k
Phonology Consonant I/ +/k/ Ik, end* milk, yolk, talk 4 J1/-1
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feature
Clusters /k/-k
Phonology Consonant /n/ +/k/ nk, end bank, wink, shrink 4 /n/-n
Clusters /k/-k
Phonology Consonant /s/ +/k/ sk, end whisk, mask, ask 4 /s/-s
Clusters /k/-k
Phonology Consonant /t/+/c/+/h/  tch, end scratch, itch, watch 4 Jt/-t
Clusters /h/-h
/k/-c
Phonology Syllabification 2-syllable 1
Phonology Syllabification | 3-syllable 1 2-syllable
Phonology Syllabification 4-syllable 2 3-syllable
Phonology Syllabification 5-syllable 2 4-syllable
Phonology Syllabification | 6-syllable 3 5-syllable
Word Feature-1 a, an, and, as, can, back None
recognition
Word Feature-2 them, this, too, was, we 1
recognition
Word Feature-3 it's, just, like, little, one, out, said 2
recognition
Word Feature-4 called, came, could, day, don't, here 3
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Level level of
feature
recognition
Word Feature-5 did, even, eyes, good, head, home 4
recognition
Word Feature-6 must, really, school, should, tell, 5
recognition things
Word Feature-7 hard, hear, inside, land, let, might, 6
recognition name
Word Feature-8 animals, became, bed, dragon, each, 7
recognition everything
Word Feature-9 different, duck, eggs, felt, floppy 8
recognition
Word Feature-10 magazine, listen, pizza, rough, scene All GPCs
recognition (infrequent
GPCs)
Orthography /b/, /d/ bad, dad /b/-b, /d/-d
Orthography /e/, [a/ pick, quick /p/-p,/a/-q
syntax adjectives attributive Maria has a nice dress. 2 predicative
(modifiers)
syntax adjectives predicative Maria's dress is nice. 1 none
(modifiers)
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Level level of
feature
syntax adjectives secondary | painted the wall green. | like my 3 predicative, attributive,
(modifiers) predicate coffee hot. He came home drunk.
syntax Binding Reciprocal: The girls like each other. 2 myself/yourself/himself/hers
each other elf/itself/ourselves/yourselv
es/theirselves in binding
structures
syntax Binding Personal pronouns: Sally arrived, but nobody saw her. 3 myself/yourself/himself/hers
me/you/him/her/it/us/you/them elf/itself/ourselves/yourselv
in binding structures es/theirselves in binding
structures, each other
syntax Binding Reflexive pronouns: Sam is impressed by himself. 1 none
myself/yourself/himself/herself/i
tself/ourselves/yourselves/theirs
elves in binding structures
syntax Coordination or, and, nor, but, or, yet, so, and They gamble, andthey smoke. They do | 1 none
nor, but nor, or nor, neither, no not gambleorsmoke, for they are
more, only ascetics. Theydon'tgamble,neitherdo
they smoke, They don't gamble,no
moredo they smoke, | would go,onlyl
don't have time.
syntax Coordination either...or, not only...but (also), You either do your work or prepare 2 or, and, nor, but, or, yet, so,
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Level level of
feature
neither...nor, both...and, for a trip to the office.Neitherthe and nor, but nor, or nor,
whether...or, just as...so, basketball teamnorthe football team neither, no more, only
the...the, as...as, as much...as, no | is doing well. Football isas fast
sooner...than, rather..than ashockey.
syntax Discourse Personal pronouns: 1°t/2™ person | lam /You are / We are sick 1 First name alone, Full proper
anaphors sing/pl: I, you, we, me, you, us name
syntax Discourse Personal pronouns: 3 person He /She / It / They are new 1 I, you, we, me, you, us
anaphors sing/pl: he, she, it, they, him, her,
it, them
syntax Discourse NPs with demonstrative this chair over here 2 Bare NPs
anaphors determiners: This, that
syntax Discourse NPs with genitive NPs as my best friend’s wedding, our house 2 I, you, we, me, you, us - First
anaphors determiner name alone, Full proper
name
syntax Discourse First name alone, Full proper Julia, Julia Child 1 none
anaphors name
syntax Discourse Bare NPs Pencils [are plentiful/made of wood], 1 none
anaphors beauty [is eternal], Children [are
crying], snow [was piled high]
syntax Discourse definite article (the)+N Can you give me the plate? 2 Bare NPs. indefinite article
anaphors (a/an)+N
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feature
syntax Discourse indefinite article (a/an)+N Can you give me a plate? 2 Bare NPs,
anaphors
syntax Embedding Sequence: as, after, as soon as, at | He came home after/beforeme. | was 2 Causation: although,
first, once, before, since, then, by | asleepwhenshe called me.By the because, if, despite, since,
the time, until, when, whenever, | timethe firefighters arrived, the though, thus, unless, until, as
while, building had already burnt down. The long as, so that,
girl always sits on the couchwhenshe
eats her lunch.
syntax Embedding Causation: although, because, if, He died because he had cancer. She 1 clause + clause, verb+to+inf
despite, since, though, thus, drives a carin order togo home.
unless, until, as long as, so that,
syntax Embedding Conditional (if), Temporal (when, | If you are careful, we can get at the 3 Sequence: as, after, as soon
while, after, before, once, until, top. When you get back here, we have as, at first, once, before,
since, as, as soon as, as long as, dry hooves.It had certainly changed in since, then, by the time,
Causal (because, since, as) the short hour since | had come out. until, when, whenever,
while, Causation: although,
because, if, despite, since,
though, thus, unless, until, as
long as, so that,
syntax Embedding that-RCs, right-branching | love the man, that is drawing the kid. | 2 that-RCs, subject extracted,

that-RCs, object extracted
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syntax Embedding that-RCs, center embedded The man, that is drawing the kid, is 3 that-RCs, subject extracted,
tall. that-RCs, object extracted,
that-RCs, right-branching
syntax Embedding that-RCs, subject extracted | love the man that is drawing the kid. | 1 Coordination, clause +
clause, verb+to+inf,
syntax Embedding that-RCs, object extracted | love the manthatthe kid is drawing. that-RCs, subject extracted
syntax Embedding RCs with a relative pronoun | met the man who wasn't very kind 2 that-RCs, subject extracted,
on the phone. | love the man who lives that-RCs, object extracted
in this house.
syntax Embedding Reduced relative clauses The man | saw yesterday went home. 1 clause + clause, verb+to+inf
syntax Embedding Complementizers (that, who, This is the book that every student 2 Reduced relative clauses,
what, whether, empty should read. This is the book which RCs with a relative pronoun,
complementizers) every student should read. that -RCs, subject extracted,
Sequence, Causation,
syntax Embedding Complement clauses (wish, think, | | wish that | could join you. She 2 Complementizers (that, who,
understand, recommend, decide, | thoughtthat all kids were hungry. what, whether, empty
regret,) complementizers)
syntax Negation do not, don't, am not, is not, did | did notgo to Moscow. | had not had 1 none

not, have not, haven't, had not,
hadn't, should not, shouldn't,
would not, wouldn't, could not,

dinner when they came in. You
shouldnotsleep late. Not like this.
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couldn't, not,
syntax Noun phrases more than one adj+N soft gentle flow 2 None
syntax Passives without agent by-phrase (short The cut was kicked. 1 none
passives)
syntax Passives with agent by-phrase (long The woman was kissed by the boy. 2 without agent by-phrase
passives) (short passives)
syntax Prepositional (down,in, in front of, on, above, Put down the cup. 1 none
phrases behind, under, between, besides,
upstairs, near, out, over, outside,
inside, through, next to, up)
syntax Prepositional (of, about, for, from, at, with, by) | Translation of the book. A man of 3 (down,in, in front of, on,
phrases honour. above, behind, under,
between, besides, upstairs,
near, out, over, outside,
inside, through, next to, up -
to, before, after, until)
syntax Prepositional (to, before, after, until) Run to the store. 2 (down,in, in front of, on,

phrases

above, behind, under,
between, besides, upstairs,
near, out, over, outside,
inside, through, next to, up)
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syntax Prepositional The person that | was talking to 3 (down,in, in front of, on,
phrases above, behind, under,

between, besides, upstairs,
near, out, over, outside,
inside, through, next to, up -
to, before, after, until)

syntax Quantifiers A few, few, fewer, fewest A few frogs are green. 1 none

syntax Quantifiers A number of, Another | have anotherexample. 1 none

syntax Quantifiers Several 1 none

syntax Quantifiers Many Manyfrogs are green. 1 none

syntax Quantifiers A little, little, less, the least Can | have a littlesugar please? 2 A few, few, fewer, fewest - A
number of, Another - Several
- Many

syntax Quantifiers A bit of, A great deal of, A large 2 A few, few, fewer, fewest - A

amount of, Much number of, Another - Several

- Many

syntax Quantifiers all, enough, more/most, | don't have anytime. A lot of people 3 A few, few, fewer, fewest - A

less/least, no/none, not any,
some, any, a lot of, lots of
plenty of

are smart.Allfrogs are green.Most of
the people | talked to didn't have a
clue who the candidates were.Someof

number of, Another - Several
- Many- A little, little, less,
the least - A bit of, A great
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Feature
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Difficulty
level of
feature

Prerequisites

the people standing across the river
have white armbands.

deal of, A large amount of,
Much

syntax

Wh-Questions

non-referential (what) questions,
object-extracted

What is the man chasing?

non-referential (what)
guestions, subject-extracted

syntax

Wh-Questions

referential (which-NP) Questions

Which kid is pulling the teacher?Who
is pulling the teacher?

non-referential (what)
guestions, subject-
extracted,non-referential
(what) questions,object-
extracted,non-referential
(who) questions, subject-
extracted, what, non-
referential (what) questions,
subject-extracted,non-
referential (what)
guestions,object-
extracted,non-referential
(who) questions, object-
extracted

syntax

Wh-Questions

non-referential (who) questions,
subject-extracted

Who is chasing the man?

non-referential (what)
guestions, subject-extracted

syntax

Wh-Questions

non-referential (who) questions,

Who is the man chasing?

non-referential (what)
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object-extracted guestions, subject-

extracted,non-referential
(what) questions,object-
extracted,non-referential
(who) questions, subject-
extracted

syntax Wh-Questions | adjunct questions Where/When did they meet? 3 yes/no questions, non-
referential (what) questions,
subject-extracted, referential
(who) questions, subject-
extracted

syntax Wh-Questions | non-referential (what) questions, | What is chasing the man? 1 none

subject-extracted
syntax Yes-No yes/no questions Do you love him? 1 none
Questions
syntax Modals will/would/shall | will leave tomorrow / | would leave 1 none
the next day / I shall
syntax Modals can/may/might/could He can/may/might/could pass the 2 will/would/shall
exam
syntax Modals should/must/(ought to/have to) | should/must/ought to/have to study | 3 will/would/shall,

can/may/might/could
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morphology prefixes re (= again) rewrite a letter 2 -ment/-ion/-tion/-ation/-
ition/-sion/-ance/-ence/-
ing/-er/-or/-ant/-ent/-ee,
able/ible/ing/ed
morphology prefixes semi (= half), mono (= one), multi | semi-skilled workers, monolingual, a 2 -ment/-ion/-tion/-ation/-
(= many), super (= big/more), sub | multinational company, a superhuman ition/-sion/-ance/-ence/-
(= under/less), mini (= small) effort, sub-zero temperature, a ing/-er/-or/-ant/-ent/-ee,
minicomputer able/ible/ing/ed
morphology prefixes pre (= before),post (= after), ex (= | prehistoric times, the post- war period | 2 -ment/-ion/-tion/-ation/-
previously) , our ex-Director ition/-sion/-ance/-ence/-
ing/-er/-or/-ant/-ent/-ee,
able/ible/ing/ed
morphology prefixes inter (= between), trans (= across) | an international phone call, a heart 2 -ment/-ion/-tion/-ation/-
transplant operation ition/-sion/-ance/-ence/-
ing/-er/-or/-ant/-ent/-ee,
able/ible/ing/ed
morphology prefixes co (= together) my co-driver 2 -ment/-ion/-tion/-ation/-
ition/-sion/-ance/-ence/-
ing/-er/-or/-ant/-ent/-ee,
able/ible/ing/ed
morphology prefixes over (= too much), under (= too an overgrown garden, underpaid, 2 -ment/-ion/-tion/-ation/-
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little), out (= more/better) outplayed their opponents ition/-sion/-ance/-ence/-
ing/-er/-or/-ant/-ent/-ee,
able/ible/ing/ed
morphology prefixes pro (= in favour of), anti (= pro-European policies, anti-aircraft 2 -ment/-ion/-tion/-ation/-
against), mis (= badly/wrongly) guns, a misunderstanding ition/-sion/-ance/-ence/-
ing/-er/-or/-ant/-ent/-ee,
able/ible/ing/ed
morphology prefixes un, in, dis unhappy, unfair, independent, 2 -ment/-ion/-tion/-ation/-
indirect, dishonest, disunited ition/-sion/-ance/-ence/-
ing/-er/-or/-ant/-ent/-ee,
able/ible/ing/ed
morphology prefixes non, de non-alcoholic drinks, a non-stop flight, | 2 -ment/-ion/-tion/-ation/-
defrost a fridge, the depopulation of ition/-sion/-ance/-ence/-
the countryside ing/-er/-or/-ant/-ent/-ee,
able/ible/ing/ed
morphology derivational -ment/-ion/-tion/-ation/-ition/- payment, movement, correct - 1 none
suffixes sion/-ance/-ence/-ing/-er/-or/- correction, discuss -discussion, inform

ant/-ent/-ee

- information, add - addition, decide -
decision, permit - permission,
performance, acceptance,
existence,building, my feelings,
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walker, owner, applicant,
assistant,employee, payee,
morphology derivational -ent/-ence/-ty/-ity/-ness silent - silence , ertainty, royalty, 1 none
suffixes stupidity, happiness, illness, freshness
morphology derivational Noun + republican, electrician,waitress, 1 none
suffixes an/ian/ess/an/ian/ess=noun actress,republican,
electrician,waitress, actress
morphology derivational Noun/Verb/Adjective + ist=noun | journalist, motorist 1 none
suffixes
morphology derivational -ize/-en modernize, popularize,shorten, widen | 1 none
suffixes
morphology derivational Noun + al/ic=adjective national, industrial,heroic, artistic 1 none
suffixes
morphology derivational Verb/Noun + ive=adjective active, effective 1 none
suffixes
morphology derivational Noun + ful/ careful, hopeful,careless, 1 (-ly),
suffixes less/ous/y/ly=adjective hopeless,dangerous, luxurious,salty,
healthy,friendly, costly
morphology derivational able/ible/ing/ed eatable, manageable,exciting, 1 none
suffixes fascinating,excited, fascinated
morphology derivational (-ly) quickly 1 none
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suffixes
morpho- Adverbs more slowly none
syntax
morpho- Agreement auxiliary 'be', present and past am/is/are/was/were 1 none
syntax
morpho- Agreement auxiliary 'have', present and past | have/has/had 3 auxiliary 'be’, present and
syntax past, auxiliary 'do’, present

and past

morpho- Agreement auxiliary 'do', present and past do/does/did 2 auxiliary 'be’, present and
syntax past
morpho- Inflectional present tense -s (regular) plays, wants 1 none
syntax Suffixes:

Agreement
morpho- Inflectional present tense -es (afters, ss, sh, messes, pushes, washes, watches 1 none
syntax Suffixes: ch, z)

Agreement
morpho- Inflectional plural number -s, pronounced as | dogs, cats 1 none
syntax Suffixes: /s/ or [z/

NUMBER

(regular)
morpho- Inflectional plural number -es, pronounced as | buses, bushes, dishes, matches 2 plural number -s,
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syntax Suffixes: /iz/ (afters, ss, sh, ch, z) pronounced as /s/ or /z/
NUMBER
(regular)
morpho- Inflectional past tense (-ed), pronounced as watched, judged, wanted 2 none
syntax Suffixes: TENSE | /t/, /d/ or /id/
(regular)
morpho- Inflectional past tense (-d), vowel drop loved 2 past tense (-ed), pronounced
syntax Suffixes: TENSE as /t/, /d/ or /id/
(regular)
morpho- Inflectional past tense (double C + ed, stopped, jogged 3 past tense (-ed), pronounced
syntax Suffixes: TENSE | pronounced as /t/ or /d/) as /t/, /d/ or /id/, past tense
(regular) (-d), vowel drop
morpho- Inflectional imperfective/progressive (be + calling, playing, watching 4 imperfective/progressive (be
syntax Suffixes: TENSE | verb+ing): +ing +verb+ing): -ie --> y +ing,
(regular) imperfective/progressive (be
+ verb+ing): double C + ing
morpho- Inflectional imperfective/progressive (be + getting, stopping 4 imperfective/progressive (be
syntax Suffixes: TENSE | verb+ing): double C + ing + verb+ing):
(regular) +ing,imperfective/progressiv

e (be + verb+ing): -ie -->vy
+ing,
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imperfective/progressive (be
+ verb+ing): double C + ing
morpho- Inflectional imperfective/progressive (be + love->loving, receiving 4 imperfective/progressive (be
syntax Suffixes: TENSE | verb+ing): V drop + ing + verb+ing):
(regular) +ing,imperfective/progressiv
e (be + verb+ing): -ie -->vy
+ing,
imperfective/progressive (be
+ verb+ing): double C + ing
morpho- Inflectional imperfective/progressive (be + lie->lying 4 imperfective/progressive (be
syntax Suffixes: TENSE | verb+ing): -ie -->y +ing + verb+ing):
(regular) +ing,imperfective/progressiv
e (be + verb+ing): -ie -->vy
+ing,
imperfective/progressive (be
+ verb+ing): double C + ing
morpho- Inflectional perfect forms (have+en/ed) will have written, had spoken, have 3 past tense (-ed), pronounced
syntax Suffixes: TENSE spoken, as /t/, /d/ or /id/. past tense
(regular) (-d), vowel drop. past tense

(double C + ed, pronounced

as /t/ or /d/)

Page 108




PUBLIC/CONFIDENTIAL

D4.1 Dyslexia Domain Models (English and Greek)

Linguistic Category Feature Examples Difficulty | Prerequisites
Level level of
feature

Morphosynta | irregular past <List to be provided>

x (Lexical) participles

morphosynta | Adjectives Comparative, <2 syllables, : -er warmer than 2 Comparative, <2 syllables,

X exceptions: double C +er, -y--
>+ier

morphosynta | Adjectives Comparative, <2 syllables, hotter, happier 1 none

X exceptions: double C +er, -y--

>+ier

morphosynta | Adjectives Comparative, >2 syllables: more more beautiful than 2 Comparative, <2 syllables,

X Adj than exceptions: double C +er, -y--
>+ier, Comparative, <2
syllables, : -er

morphosynta | Adjectives Superlative, <2 syllables, : +est the +est (the warmest) 3 Comparative, <2 syllables, : -

X er, Comparative, <2 syllables,
exceptions: double C +er, -y--
>+ier, Comparative, >2
syllables: more Adj than,
Superlative, <2 syllables,
exceptions: double C +est, -
y-->+iest

morphosynta | Adjectives Superlative, <2 syllables, hottest, happiest 3 Comparative, <2 syllables, : -
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exceptions: double C +est, -y--
>+iest

er, Comparative, <2 syllables,
exceptions: double C +er, -y--
>+ier, Comparative, >2
syllables: more Adj than,
Superlative, <2 syllables, :
+est

morphosynta
X

Adjectives

Superlative, >2 syllables: the
most +Adj

the most beautiful

Comparative, <2 syllables, : -
er, Comparative, <2 syllables,
exceptions: double C +er, -y--
>+ier, Comparative, >2
syllables: more Adj than,
Superlative, <2 syllables, :
+est, Superlative, <2
syllables, exceptions: double
C +est, -y-->+iest

Morphosynta
x (Lexical)

irregular
comparatives/s
uperlatives

better/best, worse/worst,
more/most, less/least, fewer

Comparative, <2 syllables, : -
er, Comparative, <2 syllables,
exceptions: double C +er, -y--
>+ier, Comparative, >2
syllables: more Adj than,
Superlative, <2 syllables, :
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+est, Superlative, <2
syllables, exceptions: double
C +est, -y-->+iest

Morphosynta | irregular past <List to be provided>
x (Lexical) forms
Morphosynta | irregular plural | <List to be provided>
x (Lexical) forms
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D4.1 Dyslexia Domain Models (English and Greek)

Difficulty

Linguistic Group | level of
Level Category Feature Details / Examples feature | Prerequisites
Phonology Syllabification | cv-cv Ko-Aa 1 none
Phonology Syllabification | v-cv 0-Tto 1 none
Phonology Syllabification | cv-cv(c) Ka-Ao(g) 2 none
Phonology Syllabification | v-vc £-WG A 2 CV-CV, V-CV
Phonology Syllabification | cv-vc XA4-0G 2 CV-CV, V-CV
Phonology Syllabification | vc-cv(c) ao-Boi, ao-Bog B 3 CV-CV, V-cV, V-vc,cv-cv(c)
Phonology Syllabification | cvc-cv(c) Kop-1o(g) 3 cv-cv (C), v-vc, cv-vc
Phonology Syllabification | cv-ccv(c) UL-kpO(c) c 3 none
Phonology Syllabification | v-ccv(c) a-0B6(g) 3 none
Phonology Syllabification | cv-cccv(c) KA-0TpO b 4 cv-cv (C), v-vc, cv-ve
Phonology Syllabification | v-cccv(c) a-ompo(g) 4 cv-cv (C), v-vc, cv-ve, v-cev(c))
Phonology Syllabification | ccv-cv(c) oka-Bet(c) 3 none

cv-cv (C), v-vc, cv-vc,cv-cev(c), cev-
Phonology Syllabification | cccv-cv(c) otpa-fo(g) 4 cv(c)

cv-cv (C), v-vc, cv-vc,cv-cev(c), cev-
Phonology Syllabification | ccvc-cv(c) oKap-to(g) 4 cv(c)
Phonology Syllabification | ccv-ccv(c) oma-oto(g) 4 cv-cv (C), v-vc, cv-vc, cv-cev(c)
Phonology Syllabification | 1& Kop-61a E 5 none
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Level Category Feature Details / Examples feature | Prerequisites
Phonology Syllabification | swa yla-TpeL-a 5 none
Phonology Syllabification | wa Kap-6id / ap-yi-a 5 none
Phonology Syllabification | ia kap-6id / ap-yi-a 5 none
Phonology Syllabification | ai nai-{w 6 none
Phonology Syllabification | at na-i-Sla e 6 none
Phonology Syllabification | &l TPO-TEi-vW 6 none
Phonology Syllabification | €t TpW-Te-i-vn 6 none
Phonology Syllabification | ot a-0poi-lw 6 none
Phonology Syllabification | ot 0po-i-lw 6 none
Phonology Syllabification | ai pai-a 5 none
Phonology Syllabification | & MG-1-0G G 5 none
Phonology Syllabification | ol poOAo 5 none
Phonology Syllabification | ot pO-AO-L 5 none
Phonology Syllabification | au (diphthongs) yai-8a-pog H 5 none
Phonology Syllabification | oL (diphthongs) KO-pOL-60 5 none
Phonology Syllabification | at na-6i 6 none
Phonology Syllabification | ai na-i-8akt 6 none
Phonology Syllabification | ot poi-pa | 6 none
Phonology Syllabification | ot npo-i-otopia 6 o, o1
Phonology Syllabification | et a-otei-o 6 none
Phonology Syllabification | el 0-OTe-1-OlOG 6 none
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Phonology Syllabification | ou KOU-TA-AL 6 none
Phonology Syllabification | o0 npo-i-nobeon I 6 none
Phonology Syllabification | oU pe-800-AL 6 ou
Phonology Syllabification | ol apa-xvo-i-dpavrog 6 ou
Phonology Syllabification | au av-An/a-0-nvi-a, 6 a
Phonology Syllabification | a0 av-An/a-o-nvi-a, K 6 a
Phonology Syllabification | a0 av-An/a-0-nvi-a, 6 a
Phonology Syllabification | ai av-An/a-o-nvi-a, 6 a
Phonology Syllabification | ebw KO-poi-6€0-w 5 none
Phonology Phonemes /t/ Initial /tino/ 2 none
Phonology Phonemes /d/ Initial /dino/ 2 none

. A
Phonology Phonemes /p/ Initial /pino/ 2 none
Phonology Phonemes /b/ Initial /beno/ 2 none
Phonology Phonemes /k/ Initial /kano/ 1 none
Phonology Phonemes /m/ Initial /meno/ B 1 none
Phonology Phonemes /n/ Initial /nemo/ 1 none
Phonology Phonemes /8/ Initial /Gelo/ 3 none
Phonology Phonemes /0/ Initial /deno/ C 3 none
Phonology Phonemes /f/ Initial /fovos/ 3 none
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Phonology Phonemes /v/ Initial /vazo/ 3 none
Phonology Phonemes /x/ Initial /xano/ 3 none
Phonology Phonemes /y/ Initial /yoma/ 3 none
Phonology Phonemes /s/ Initial /soma/ b 1 none
Phonology Phonemes /2/ Initial /zoni/ 1 none
Phonology Phonemes /I/ Initial /lemos/ E 2 none
Phonology Phonemes /r/ Initial /roda/ 2 none
Phonology Phonemes /kt/ Initial /ktinos/ ‘ 4 /t/ Initial,/k/ Initial
Phonology Phonemes /pt/ Initial /ptino/ 4 /p/ Initial,/k/ Initial
Phonology Phonemes /ks/ Initial /ksino/ 4 /s/ Initial,/k/ Initial
Phonology Phonemes /ps/ Initial /psino/ G 4 /s/ Initial,/p/ Initial
Phonology Phonemes /sk/ Initial /skini/ 4 /s/ Initial,/k/ Initial
Phonology Phonemes /sp/ Initial /sperno/ 4 /s/ Initial,/p/ Initial
Phonology Phonemes /8r/ Initial /8romos/ H 5 /8/ Initial, /r/ Initial
Phonology Phonemes /0r/ Initial /Gronos/ 5 /8/ Initial, /r/ Initial
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Phonology Phonemes /fr/ Initial /freno/ 5 /f/ Initial, /r/ Initial
Phonology Phonemes /xr/ Initial /xroma/ 5 /x/ Initial, /r/ Initial
Phonology Phonemes /x8/ Initial /x0esinos/ | 5 /x/ Initial, /8/ Initial
Phonology Phonemes /f8/ Initial /f9ano/ 5 /f/ Initial, /8/ Initial
Phonology Phonemes /t/ Internal /kota/ 3 none
Phonology Phonemes /d/ Internal /kodos/ 3 none
Phonology Phonemes /p/ Internal /kapos/ J 3 none
Phonology Phonemes /b/ Internal /kabos/ 3 none
Phonology Phonemes /k/ Internal /likos/ 2 /k/ Initial
Phonology Phonemes /m/ Internal /lemos/ ¢ 2 /m/ Initial
Phonology Phonemes /n/ Internal /ponos/ 2 /n/ Initial
Phonology Phonemes /8/ Internal /pados/ 2 none
Phonology Phonemes /8/ Internal /roda/ 1 2 none
Phonology Phonemes /f/ Internal /lofos/ 2 none
Phonology Phonemes /v/ Internal /ravo/ 4 none
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Phonology Phonemes /x/ Internal /paxos/ 4 none
Phonology Phonemes /v/ Internal /payos/ 4 none
Phonology Phonemes /s/ Internal /mesa/ M 4 /s/ Initial
Phonology Phonemes /z/ Internal /vazo/ 4 /z/ Initial
Phonology Phonemes /l/ Internal /pali/ N 4 /1/ Initial
Phonology Phonemes /r/ Internal /pera/ 3 none
Phonology Phonemes /kt/ Internal /Giktis/ o 3 /k/ Initial, /t/ Initial
Phonology Phonemes /pt/ Internal /lepto/ 3 /p/ Initial, /t/ Initial
Phonology Phonemes /ks/ Internal /leksi/ 3 /k/ Initial, /s/ Initial
Phonology Phonemes /ps/ Internal /lipsi/ 2 /p/ Initial, /s/ Initial
Phonology Phonemes /sk/ Internal /voskos/ i 2 /k/ Initial, /s/ Initial
Phonology Phonemes /sp/ Internal /laspi/ 3 /p/ Initial, /s/ Initial
Phonology Phonemes /8r/ Internal /fodra/ 3 /8/ Initial, /r/ Initial
Phonology Phonemes /6r/ Internal /vadro/ Q 4 /6/ Initial, /r/ Initial
Phonology Phonemes /fr/ Internal /afros/ 4 /f/ Initial, /r/ Initial
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Phonology Phonemes /xr/ Internal /oxros/ 4 /x/ Initial, /r/ Initial

Phonology Phonemes /x8/ Internal /moxdos/ R 4 /8/ Initial, /x/ Initial

Phonology Phonemes /f6/ Internal /af8onos/ 5 /6/ Initial, /f/ Initial

Phonology Phonemes gu: /el/ JeUxéAAec 7 none

Phonology Phonemes ol: /ol/ npolUnoteon 7 none

Phonology Phonemes ai: /al/ maidaki 7 none

Phonology Phonemes an: /al/ KanUEVOS 7 none

Phonology Phonemes ol: /oi/ apoayvolipavtog 7 none

Phonology Phonemes at: /ai/ Maiou 7 none
NOUNS&ADJs: Diminutives: | 2PKOVoa-apkovdaky,

, , , Nwpyoc-fiwpyakng, bpouoc-

Morphology | Suffixes: deriv. "o, ~aKnG, ~akog bpodkog 1 none
NOUNS&ADIs: Diminutives: , ,

Morphology | Suffixes: deriv. | -itoa KonéAa-koneAitoa 1 none
NOUNS&ADIs: Diminutives: | Bookdc-BookomouAa, kota- A

Morphology | Suffixes: deriv. | -omoUAa,-0moulo, KOTOMouUAo 1 none
NOUNS&ADIs: Diminutives: | , ,

Morphology | Suffixes: deriv. | -oU&L ayyerog-ayyeroudt 1 none
NOUNS&ADIs: Diminutives: | 8Bapka-BapkoUAa, Jeoc-

Morphology | Suffixes: deriv. | -oUANn¢/a/oUAwko, JeoUAng, uikpouAng/a/ovAiko 1 none
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Morphology

Suffixes: deriv.

NOUNS&ADJs: Diminutives:

-oUtolkog/n/outolko

ULKPOUTALKOG/n/0UTOLKO

none

Morphology

Suffixes: deriv.

NOUNS&ADIs:
Enlargement: -dxAa,-apa,-
0pag,-0pova,-apog,-ouKAa

KOpn-KopdkAa, KoméAa-
KomeAdpa, OTiTi-omITAPOVA,
Yapt-PYapoukia

Noun Suffix -o¢, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

NOUNS&ADIs:
quality/effect: -iAa

aonpo-aonpila

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

N Suffixes -dg, -€ag, -14¢

kAeldi-kAelbapag, koupelw-

Noun Suffix -og, Noun Suffix -ag,
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KOUPEXS, YpaQpw-ypapLds

Morphology

Suffixes: deriv.

N suffixes-apng,-1apng,-
LEpne/-LEpa

Bapka-Bapkapng, okoumibi-

okoumidLapng,

TIOPTLEPN,
KauapLlEpa

opta-
Kauapa-

Morphology

Suffixes: deriv.

N suffixes -(tng,-LlwtNg

TEXVN-TEXVITNC,
taéldiwtne

taéibt-

Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLg,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
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Morphology

Suffixes: deriv.

N suffixes -lotag,-lotn¢/-
lotpla

mavo-niaviotag/maviotpla,
BioAi-BioAtotr¢

Morphology

Suffixes: deriv.

N suffixes -tng/-tng/-tpLa/-
Twooa

KAEBw-KAEQPTNG, TTPOTTOVW-
TpOTTOVNTHG/TpOomoVATPLd,
aypoc-aypotnc/aypotiooa

-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
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Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -o¢, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l

poptnyo-poptnyatlng,

N suffixes -t¢rig/-tol
suffixes -t¢r¢/-tCov KQPEG-KaQETIAC/KAPETIOU

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l

enayyeAua-enoayyeAuartiac,

N suffixes -tiag,-topag . )
ELOTPATTW-ELOTIPAKTOPAS

Morphology | Suffixes: deriv. | NOUNS: Place: -glo,-14,-la,- | @dpuako-papuaxeio, notdut- 2 Noun Suffix -og, Noun Suffix -ag,
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LKO,-61KO

otauLad, laAdog-TaAlia,
UITOKANG-unakaAiko, Yapdc-
Yapadiko

Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

NOUNS: neuter : -t\ikt.

avtpac - avipldiki

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

NOUNS:nationality or place
or
origin: -avog, -alog, -£7og, -
L0G

Meéiko-Meéikavog, Eupwmn-
Eupwraiog, Kiva-Kwvelog,
Kapradog-Kapriadioc

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
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-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

NOUNS: neuter from verbs:

_ua

StaBalw-SiaBaoua

Noun Suffix -o¢, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gL,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

NOUNS: feminine : -ada, -
owa,

optokaAi-moptokadada,
AUkoc-Aukatva

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
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Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -o¢, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,

—_— , Aévw-
N sUffixes Th0L-TAOL - Z;:‘f:) rtlznarr/pt, Kng E;Z_ Noun Suffix (ending) -1, Noun Suffix
00T nPL-NPLo, ‘e dzlzg' (; 5La€<élllrrw— -0, Noun Suffix -a, Noun Suffix -n,
PLL,~TNG P u, pe, Noun Suffix -ot, Noun Suffix -,
Slakomtng

Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l

Toal-ToayEPQ, {axapn-

N suffixes -tépa, -épa Jayapiépa

Morphology | Suffixes: deriv. | N suffix - Kaveda-kaveAl, Jalaooa- D 2 Noun Suffix -og, Noun Suffix -ag,
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Sadaooi

Morphology

Suffixes: deriv.

N suffix -La

KEPAOLI-KEPUOLL

Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

N suffixes -aplo, -apt ,-aplod

B16Aio-BiBAwapio, okoumibi-
okoumibaplo

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
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-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

N suffixes -gio,-Ld,-gLa

Jepanevw-9eparncia,
douAsUw-6oUAeLa,
npoonadw-npoonadeia,

Morphology

Suffixes: deriv.

N suffixes -(6/£/P)n

MAévw-ntAuon, TnAEkw-TIAEED,
XWVEUW-Ywveyn

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gL,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,

Page 127




PUBLIC/CONFIDENTIAL D4.1 Dyslexia Domain Models (English and Greek)

Difficulty
Linguistic Group | level of
Level Category Feature Details / Examples feature | Prerequisites
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -o¢, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l

AIMOTUYXAVW-ATTOTU)I(Q,

N suffixes -(o)la , ,
epyalouat-spyaocia

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,

SaytuAo-daytulia, KAEBw- Noun Suffix (ending) -1, Noun Suffix
N suffixes -(a/{/&/pat)a KAeYa, Saykwvw- -0, Noun Suffix -a, Noun Suffix -n,
Saykwuatia Noun Suffix -ot, Noun Suffix -€g,

Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l

Morphology | Suffixes: deriv. | N suffixes -(o/&/)uo Sévw-beatuo, ypapw- 2 Noun Suffix -og, Noun Suffix -ag,
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ypayuo, Tpexw-tpEéLuo

Morphology

Suffixes: deriv.

N suffixes -(a/n/w/a/y/)ua,
-HOG

leotaivw-{EoTaua,
Bondnua, TeEAslWVW-
tedeiwua, Badilw-Badioua,
aVolyw-avolLyua, xavw-xouog

Bondw-

Morphology

Suffixes: deriv.

N suffixes -(n/a/x/x/d/m)to

Boykaw-Boyknto, kateBaivw-
kateBarto, TIAEKW-TTAEKTO,
ypd@o-ypapté/ypantd

Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -o¢, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
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-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Morphology

Suffixes: deriv.

Adj suffixes -1ko¢/-1kn/-1ko

bripog-6nuotikée/r/6

Morphology

Suffixes: deriv.

Adj suffixes -epog/-gpn/-
£pO

Bpoxr-8poxepds/1i/6

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gL,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
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Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -o¢, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
ookoAdTa-ookoAatévioc/a/o, Noun Suffix (ending) -1, Noun Suffix
appPwWoToG- -0, Noun Suffix -a, Noun Suffix -n,
appwaotiapnc/a/apiko Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l

Adj suffixes -éviog/-évia/-
£vlo, -Lapng/-Lapa/apiko

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix

Adj suffixes -toc/-tn/-to, - OUOKWVW-@POUOKWTOC/1/0, . .
dr:)q/—dtr]/—dtod v/ zsoyw—(peufdrog/n/o 4 -0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l
Morphology | Suffixes: deriv. Adj suffixes -lvog/-wn/-wo, | §UAo-§uAwog/n/o, SinAa- 2 Noun Suffix -og, Noun Suffix -ag,
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-avog/-avn/-avo

SutAavoc/n/o

Morphology

Suffixes: deriv.

Adj suffixes -o0png/-olpa/-
oUpLKO

HoupLoupaw-
pouppoupng/a/o

Morphology

Suffixes: deriv.

Adj suffixes -iotikog/-
lotikn/-lotiko

ayoptl-ayopiotikog/n/o

Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
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Morphology

Suffixes: deriv.

Adj suffixes -rjolo¢/-nota/-
noto, -itolog/-iola/-tolo

nuepriotog/a/o,
omnitijoto¢/a/o

omitt-

Morphology

Suffixes: deriv.

Adj suffixes -Aéog/-Aéa/-
Aéo,-aiog/-ala/-aio

eUyw-pevyaléog/a/o,
unvag-unviaiog/a/o

-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gL,
Noun Suffix -a,Noun Suffix (ending)
-l

Noun Suffix -og, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
-0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -eg, Noun Suffix -gLg,
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Noun Suffix -a,Noun Suffix (ending)
-l
Noun Suffix -o¢, Noun Suffix -ag,
Noun Suffix -ng, Noun Suffix -a,
Noun Suffix -n, Noun Suffix -o,
Noun Suffix (ending) -1, Noun Suffix
Adj suffixes -éviog/a/o UOAUBL-LoAUBEVIOG -0, Noun Suffix -a, Noun Suffix -n,
Noun Suffix -ot, Noun Suffix -€g,
Noun Suffix -e¢, Noun Suffix -gLc,
Noun Suffix -a,Noun Suffix (ending)
Morphology | Suffixes: deriv. 2 -l
; , , , KakOG-kakilw, otéyn-oteyalw,
Morphology | Suffixes: deriv. v suffixes -igw, -6tw, -agw Eapvika-Eapvialw 3 none
V suffixes -aivw, -wvw, - 6dﬂoq—’6aﬂa[vw, 5,0‘/0[”,’_
, duvauwvw, uéyetoc- G
Morphology | Suffixes: deriv. wve UEYETUVW 3 none
; . , XOPOG-YopeUwW, npoBa-
Morphology | Suffixes: deriv. v suffixes -e0w, -apw npoBapw 3 none
VERBS: lexical suffixes: - I'[ETpa-ITE"L’pO60/\w, Ka,KOC_
. , BoAw,-Aoyw,-ToLw KaxoAoyw, ) Opaua-
Morphology | Suffixes: deriv. Spauatonolw 4 none
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a—— 55
ADJs: lexical suffixes: - ?ﬁia)é\//\fll C;ﬁ[?}i‘;og; ng} ovouel
e18r¢/-e16€g, -pehne/- PIHEANS, HEANS/HOVOR
eAéC, -eTC/-ETéC ne..., TPWTOETHG/TPLETIC. ..

Morphology | Suffixes: deriv. W ’ KArt 5 none
Morphology | Suffixes: infl. Noun Suffix -0g avipwrmog 1 none
Morphology | Suffixes: infl. Noun Suffix -ag tapiog 1 none
Morphology | Suffixes: infl. Noun Suffix -ng paontrig 1 none
Morphology | Suffixes: infl. Noun Suffix -a nopta 1 none
Morphology | Suffixes: infl. Noun Suffix -n taén A 1 none
Morphology | Suffixes: infl. Noun Suffix -0 bevépo 1 none
Morphology | Suffixes: infl. Noun Suffix (ending) -t nadi 1 none
Morphology | Suffixes: infl. Noun Suffix -0 avipwrno 1 none
Morphology | Suffixes: infl. Noun Suffix -a tapio 1 none
Morphology | Suffixes: infl. Noun Suffix -n paontr 1 none
Morphology | Suffixes: infl. Noun Suffix -ot avIpwrot B 1 none
Morphology | Suffixes: infl. Noun Suffix -eg Tauieg, padnteg 1 none
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Morphology | Suffixes: infl. Noun Suffix -eg TIOPTESG none
Morphology | Suffixes: infl. Noun Suffix -eig taéeLs 1 none
Morphology | Suffixes: infl. Noun Suffix -a. bevépa 1 none
Morphology | Suffixes: infl. Noun Suffix (ending) -l nabia 1 none
Morphology | Suffixes: infl. Noun Suffix -ou avipwmnou 2 Noun Suffix -og,Noun Suffix -o
Morphology | Suffixes: infl. Noun Suffix -wv/-wv avipwnwy, tapuiwy, padntwv 2 Noun Suffix -ot, Noun Suffix -g¢g
Morphology | Suffixes: infl. Noun Suffix -ag noptag 2 Noun Suffix -a
Morphology | Suffixes: infl. Noun Suffix -ng taéng 2 Noun Suffix -n
Morphology | Suffixes: infl. Noun Suffix -wv TopTWV c 2 Noun Suffix -g¢g
Morphology | Suffixes: infl. Noun Suffix -ewv taéewy 2 Noun Suffix -g1g
Morphology | Suffixes: infl. Noun Suffix -ou/-o0 Sévépou, patiov 5 _I\:oun Suffix -0, Noun Suffix (ending)
Morphology | Suffixes: infl. Noun Suffix -wv/-Gv bevopuwv, patiov 2 l\leiljd?nsgL)jf—fLi; o Mo Suffi
Morphology | Suffixes: infl. Noun Suffix -£g, -ag, -o0¢ KQVATTEC, TTATTAG, TOTTITOUG 5 3 none
Morphology | Suffixes: infl. Noun Suffix -€, -d, -o0 KQVartE, marnd, mammou 3 none
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Morphology | Suffixes: infl. Noun Suffix -o0 aAemnou 3 none
Morphology | Suffixes: infl. Noun Suffix -0g baoog 3 none
Morphology | Suffixes: infl. Noun Suffix -ag Kpeag 3 none
Morphology | Suffixes: infl. Noun Suffix (ending) -pa ypauuo 3 none
Morphology | Suffixes: infl. Noun Suffix -u bopu 3 none
) Kavareseg, anadec,

N Suffix -6
Morphology | Suffixes: infl. oun SUH =66 Tanmoudeg 3 none
Morphology | Suffixes: infl. Noun Suffix -8eg ademoudeg E 3 none
Morphology | Suffixes: infl. Noun Suffix -ovta kadrikovta 3 none
Morphology | Suffixes: infl. Noun Suffix -ata Kpeata, ypauuata, Sopata 3 none

Noun Suffix -€8wv, -abwv, - | kavanébwyv, nanadwy, Noun Suffix -£g, -ag, -o0¢g, Noun
Morphology | Suffixes: infl. oudwv ranmoudwyv 4 Suffix -£, -@, -o0, Noun Suffix -6g¢
Morphology | Suffixes: infl. Noun Suffix -o00¢ aAeroug 4 Noun Suffix -ou
Morphology | Suffixes: infl. Noun Suffix -o08wv akenovbwy F 4 Noun Suffix -6gg, Noun Suffix -o0

Noun Suffix -ato KpEato aupuatog, Sopato Noun Suffix -a,Noun Suffix
Morphology | Suffixes: infl. 6 P S YPaUaTOS, 00patos 4 (ending) -pa, Noun Suffix -u
Morphology | Suffixes: infl. Noun Suffix -dtwv KpEATWY, YPOpUATWY, 4 Noun Suffix -ata, Noun Suffix -ag,
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dopdtwv Noun Suffix (ending) -pua, Noun
Suffix -u
, i , Noun Suffix -og, Noun Suffix -n,
Morphology | Suffixes: infl. Adj Suffixes -oc/-n/-o ueydaAoc/-n/-0 2 Noun Suffix -o
. . . Noun Suffix -og, Noun Suffix -a,
Morphology | Suffixes: infl. Adj Suffixes -oc/-a/-0 mhobotog/-a/-0 2 Noun Suffix -o
. . , C , L Noun Suffix -og, Noun Suffix -a,
Morphology | Suffixes: infl. Adj Suffixes -6/-14/-6 KaKoc/-1d/- G 2 Noun Suffix -o
Noun Suffix -og, Noun Suffix -a,
Adj Suffixes -n¢/-a/-(1k)o yKpLvLdpnGg/-o/-1ko Noun Suffix -o,NOUNS&ADIJs:
Morphology | Suffixes: infl. 2 Diminutives: -ouUAng/a/oUALko,
Noun Suffix -ag, Noun Suffix -ou,
Adj Suffixes -ag/-o0/-abko | unmvapdcg/-ou/-o008iko Noun Suffix -o,NOUNS&ADIs:
Morphology | Suffixes: infl. Diminutives: -ouUAng/a/oUALko,
Morphology | Suffixes: infl. Adj Suffixes -0¢/-14/-0 BaBu¢/-1d/-0 4 Noun Suffix -u, Noun Suffix -a
. . . g . . Noun Suffix -ng, Noun Suffix -a,
Morphology | Suffixes: infl. Adj Suffixes -i¢/-8/-t bedri¢/-1a-/1 H 4 Noun Suffix (ending) -t
Morphology | Suffixes: infl. Adj Suffixes -n¢/-£g Siedvric/-€¢ 4 Noun Suffix -ng
Morphology | Suffixes: infl. TOAUG/TOAAR /IOy ToAUG/TtoAA/TOAU 4 Noun Suffix -n
Morphology | Suffixes: infl. Adj Suffixes -oi/-g¢/-a ueyadoi/-e¢/-a,  mAouatloy/- I 2 none
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£¢/-a, kakol/-¢/-a

Morphology | Suffixes: infl. Adj Suffixes -ndeg/-e¢/-ka | ykptvidpnbec/-ec/-ika 2 none

Adj Suffixes -ade¢/-006e¢/- , , )
Morphology | Suffixes: infl. adka unvapadec/-0u6ec/-00ouka 2 none

. . v , L, , ., , Adj Suffixes -0¢/-1a/-0, Adj Suffixes

Morphology | Suffixes: infl. Adj Suffixes -loi/-1€¢/-1a Badoi/-teg/-ta, beloi/-1E¢/-1a c A8/
Morphology | Suffixes: infl. Adj Suffixes -gic/-n Siedveic/-ij ! 5 Adj Suffixes -n¢/-€g,
Morphology | Suffixes: infl. nioMoi/-¢/-a noAdoi/moAég/moAd 5 TIOAUG/TOAAN /TIOAD

Adj Suffixes -ou/-ng/-ou, - ueyadou/-n¢/-ou, mAovaotiou/-
Morphology | Suffixes: infl. ou/-ag/-ou, -o0/-1ac¢/-oU ac¢/-ou, kakoU/-ac/-ou 3 Adj Suffixes -o¢/-n/-o
Morphology | Suffixes: infl. Adj Suffixes -n/-a6/-(k)ou yKpwidpn/-a6/-tkov K 3 Adj Suffixes -n¢/-a/-(k)o

Adj Suffixes -a/-o0¢/- L .
Morphology | Suffixes: infl. adkou unvapa/-00¢/-00tkou 3 Adj Suffixes -ag/-o0/-adiko
Morphology | Suffixes: infl. Adj Suffixes -wv, -wv peyaAwy, mAovolwy, Kakwv 3 Adj Suffixes -ot/-e¢/-a

Adj Suffixes -néwv/-wv/- KOOV -DUKWY
Morphology | Suffixes: infl. LKWV, vkptviapn P L 3 Adj Suffixes -néeg/-g¢/-1ka

Adj Suffixes -adwv/- unvapadwv/-o0Swv/-
Morphology | Suffixes: infl. oUbwWv/-0U8IKWV oUSIKWV 3 Adj Suffixes -ade¢/-006e¢/-adka
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. i L , Badiou/-tag/-100, ée€lou/- Adj Suffixes -0¢/-1a/-0, Adj Suffixes
Adj Suff -lov/-1ag/- . o
Morphology | Suffixes: infl. j Suffixes -100/-46/-100 Lacg/-1ov 4 -Ag/-wa/-t
Morphology | Suffixes: infl. Suffix -oUg biedvoug 4 Adj Suffixes -ng/-€g
Morphology | Suffixes: infl. Adj Suffixes -Lwv, -wv Badwwy, be§wv, Siedvwv M 4 Adj Suffixes -lol/-1€é¢/-1a
Do . Badiou/-tdac/-ou/-twyv, . ) . Cr o i
Adj Suffixes -lo0/-1a¢/-100/- a lo,U/ L,aC/ lO,U/ quv Adj Suffixes -0¢/-1a/-0,Adj Suffixes -
v, -006/-wv betiov/-de/- o0/ 1wy, 6/-1&/-, Adj Suffixes -ng/-€
Morphology | Suffixes: infl. »~0U% biedvouc/-wv 4 ns » A4 6/-86
Verbal Suffixes -w/-ewq/-el/- | vtuvw/-ei¢/-€1/-ovue/-ete/-
Morphology | Suffixes: infl. oupe/-ete/-ouv ouv 3 none
Verbal Suffixes -w/-ag/-
’er a ) ! |xels w/ 'aq/ ayanw/-ac/-a(el)/-aus/-ats/-
a(el)/-ape/-obpe/-ate/- dv(e)/-o0v N
Morphology | Suffixes: infl. ouv(g)/-av(g)/ -olv 3 none
Verbal Suffixes -w/-gi¢/-ei/- | Sewpw/-cic/-ei/-o0ue/-cite/-
Morphology | Suffixes: infl. ouue/-gite/-o0v(g) ouv 3 none
Verbal Suffixes -a/-e¢/-g/- svqua/—eq/—e/v’ruvaue/— .
ayte/-ate/-av(e) atg/évtuvay, Evtuoa/-e¢/-g/- Verbal Suffixes -w/-g1g/-e1/-oupe/-
Morphology | Suffixes: infl. W vtuoaue/-ate/-av o 4 £1e/-0UV
Verbal Suffixes -ayo/- aydnaya/-avec/-aye/-
ayeg/-aye/-ayoue/-ayate/- o'tya s/y—dt a:e/c—a c,x/v Verbal Suffixes -w/-ag/-a(st)/-ape/-
Morphology | Suffixes: infl. ayav(g) vau 4 4 4 oupe/-ate/-o0v(g)/-av(g)/ -o0v
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Verbal Suffixes -ovoo/- , ,

ovoeg/-ovog/-oboauE/- oqfartoan/’-s(;/—s/—ouaaue/— Verbal Suffixes -w/-ag/-a(st)/-ape/-
Morphology | Suffixes: infl. ovoate/-oloav(g) ovoate/-oloav(e) 4 oupe/-ate/-o0v(g)/-av(g)/ -olv

Verbal Suffixes -noay/- ) ,

noec/-nos/-noaue/- qyannoa/—eg/—e/—noaus/— Verbal Suffixes -w/-ag/-a(st)/-ape/-
Morphology | Suffixes: infl. nooate/-noav rioare/av 4 oupe/-ate/-o0v(g)/-av(g)/ -olv

Verbal Suffixes verbs - ,

, vtuvouai/-ecat/-etai/- .
opal/-soat/-etat/-opaocte/- | , Verbal Suffixes -w/-g1¢/-e1/-oupue/-
. . , ouaote/-0000TE/-€0TE/-OVTAL

Morphology | Suffixes: infl. ocaote/-eate/-ovtal 5 £1e/-0UV

Verbal Suffixes verbs -

LEpat/-liEoat/-lEtal/- ayamniéuat/-iecat/-Etal/- p

opaote/-téote/-lovvral/- LOUOTE/-IECTE/-LlOUVTOL Verbal Suffixes -w/-ag/-a(st)/-ape/-
Morphology | Suffixes: infl. Lovral 5 oupe/-ate/-o0v(g)/-av(g)/ -olv

Verbal Suffixes verbs - Sewpobya/-eloay/-ital/-

ovpat/-sicat/-sitat/- . , , Verbal Suffixes -w/-gi¢/-gi/-o0pue/-
Morphology | Suffixes: infl. olpaote/-elote/-olvral, oUpaote/-giote/-00vral 5 gite/-olv(g)

Verbal suffixes -6pouv(a)/-

ocouv(a)/-otav(e)/- VTUVOUOUV/-000UV/-0Tav/- Verbal Suffixes verbs -opat/-ecat/-

ouootav/-opoote/- ouaotav(-g)/-6oaotav(-c)/- Q etal/-opacte/-0caote/-eote/-

ooaotav/-0oa0ote/- vtuvovtav/-ovtave/-ovtovoav ovrtal, Verbal Suffixes -a/-e¢/-€/-
Morphology | Suffixes: infl. ovtav(g)/-6vtovoav 6 ope/-ate/-av(e)
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. . . Verbal Suffi bs -1€ -L€ -
Verbal suffixes -opouv(a)/- | ayamiououvv(a)/-téoouv(a)/- 'er a ’u X€s ve'r > Leuc’u/ Eoa/
, , , , L€tatl/-1opaote/-1€ote/-lovvVTOL/-
ocouv(a)/-otav/- otav(e)/-1opaotav(- . )
, , , . wovral, Verbal Suffixes -aya/-ayeg/-
opaotav/-opacte/- 10oaote)/-100aotav(- . ,
. . . . aye/-ayape/-ayate/-ayav(e),
ooaotav/-0oaote/- tooaote)/-lovvrav(e)/- . \ .
ovtouoav tovrav(e)/-1ovrovoav Verbal Suffixes -oboa/-0boec/-
Morphology | Suffixes: infl. 6 ovoe/-oUoape/-oboate/-ovoav(e)
Verbal suffixes -
(,?r atsu |xes’ Jewpouvuouv(a)/-ovcouv(a)/-
oupouv(a)/-ovoouv(a)/- . )
. . ouvvtav/-ovuaotay(- ) .
outav/-ovpootov/- f . Verbal Suffixes verbs -toopat/-
. . ovuaote)/-ovoaotav(- , , . ,
olpaote/-oboootov/- oUCaoTE)/-00VTaV(E) eloal/-sitat/-ovpoote/-ciote/-
Morphology | Suffixes: infl. ovoaote/-ouvtav(e) 6 ouvrtal,
Verbal suffixes -Onka/- vtuodnka/-e¢/-€/...,
Onkeg/-Onke/-Bnkape/- ayanndnka/-e¢/-g/..., Verbal Suffixes verbs -opat/-ecat/-
Morphology | Suffixes: infl. Onkate/-Onkav JewpnOnka/-ec/-¢/... 6 etatl/-opacte/-00aote/-e0te/-ovtal
napwv/-ovoa/-6v/-6vtrog/-
adjectival participles: -wv/- c?uaag/—ovrs(;/— L, ,
. . , , , ovtwv,poayVeic/-eica/-v/-
ovaoa/-ov, -ei¢/-cloa/-év , , ,
évroc/mpoaydévrec/-cioec/-
Morphology | Suffixes: infl. Evra/-Evtwv/-elowv 7 none
ADIS: Prefix a- 1¢- ] A
Morphology | Prefixing refixa OUVenne-aouvenne 1 none
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Morphology | Prefixing ADJS: Prefix avtt- Aaikog-avtidaikoc 1 none
Morphology | Prefixing ADJS: Prefix duo- gUkoAog-6UokoA0G 1 none
ADJS: Prefix a-, ADJS: Prefix avtt-
ADJS&NOUNS: Prefi - ) ) ’ ’
Morphology | Prefixing refix unep- | UTEpapketos, unepkonwon 2 ADJS: Prefix duo-
ADJS: Prefix a-, ADJS: Prefix avtt-
ADJS&NOUNS: Prefi - A 1 ) B ’ ’
Morphology | Prefixing ret oo vroyAukatpta, Urotovtkog 2 ADJS: Prefix duo-
ADJS: Prefix a-, ADJS: Prefix avtt-
ADJS&NOUNS: Prefi - i Add ’ ’
Morphology | Prefixing refix kara- | karapaupos, kataiauos, 2 ADIJS: Prefix Suo-
Morphology | Prefixing VERBS: Prefix unép- unepBailw 2 ADJS&NOUNS: Prefix unep-
Morphology | Prefixing VERBS: Prefix umno- UOTAO0W C 2 ADJS&NOUNS: Prefix urmo-
Morphology | Prefixing VERBS: Prefix kata- kataBdAAw 2 ADJS&NOUNS: Prefix kato-
Lexical prefixes &1-/tpl- SitooYOC. TETOATOOND
Morphology | Prefixing /tetpa- POXOS, TETPATPOXOS 2 none
Lexical prefixes mpwto- TTPWTOYVWPOC, TTOAUETIG, D
,0UTO-,TTOAU-, ULkpo-, P LAo- ULKpoTtpETNG,  Yilodyoupog,
Morphology | Prefixing ,NUL- nuitpeAdog 2 none
Verbal prefix ava-, amno- avabatw, ano6aMw,
clo- ET[E cTon T[Cl' - T[E' . eLoBdAAw, emBallw,
- c;- n 'ouo— ou’v- pa,mep uetaBaAdw, napaBaiiw, VERBS: Lexical prefixes: tho-,uio0-
Morphology | Prefixing PO, TpOT™, neptB8aidw, mpoBailw, 2 ,koutoo-,PeuTo-,
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npooBaidw, cuuBaidw

VERBS: Lexical prefixes: WiroBAénw, p—
bro-,juo0-,Koutao- KoUuTo0BAETTw, YPeutoyeddw

Morphology | Prefixing ,Peuto- ! 4 1 none
initial: o7e - ,

Phonology GPC initial: ore - /sp/ ot 1 none
initial: ot - /st/ OTEKO A

Phonology GPC 1 none
initial: ok - /sk ]

Phonology GPC initial: ok - /sk/ okenn 1 none
initial: Tt - .

Phonology GPC initial: p - /pr/ Tpoka 1 none
initial: tp - /tr TPEVO B

Phonology GPC p-/tr/ p 1 none
initial: kp - /k )

Phonology GPC initial: kp - /kr/ Kpoat 1 none
initial: - /pt )

Phonology GPC initial: ree - /pt/ TR c 1 none
initial: kt - /kt KTnuo

Phonology GPC /kt/ o 1 none
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Phonology GPC initial: ¢ - /ft/ provw 1 none
Phonology GPC initial: 8 - /6/ pUavw 2 none
Phonology GPC initial: 0@ - /sB/ o¥évog A 5 Hone
Phonology GPC initial: x0 - /x6/ x9oviog 5 Hone
Phonology GPC initial: o¢ - /sf/ opaipa 2 none
Phonology GPC initial: of - /2v/ obivw E 2 none
Phonology GPC initial: oy - /2y/ oyoupos 2 none
Phonology GPC initial: & - /vd/ B6éAa 5 Hone
Phonology GPC initial: y& - /yd/ yéuvw F 5 Hone
Phonology GPC initial: By - /vy/ byadw 2 none
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Phonology GPC initial: op - /zm/ ounvog G 3 Hone
Phonology GPC initial: &p - /fr/ Ppayua 3 none
Phonology GPC initial: 5p - /6r/ 8pduog 3 none
Phonology GPC initial: xp - /xr/ Xpuos H 3 none
Phonology GPC initial: Bp - /vr/ Bpoxi 3 none
Phonology GPC initial: vp - /yr/ vpauua 3 none
Phonology GPC initial: 6p - /Or/ Jdpaooc 3 Hone
Phonology GPC initial: A - /pl/ AEvw 5 Hone
Phonology GPC initial: kA - /kl/ KAgivw I 5 Hone
Phonology GPC initial: G - /fl/ PAdya, 2 none
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Phonology GPC initial: O\ - /61/ JAdon 5 Hone
Phonology GPC initial: oA - /sl/ oAaBoc¢ 5 Hone
Phonology GPC initial: x8 - /xI/ XAwpds 2 none
Phonology GPC initial: A - /vl/ BAénw 5 Hone
Phonology GPC initial: yA - I/ vAdpog 2 none
Phonology GPC initial: v - /pn/ nvory 3 none
Phonology GPC initial: kv - /kn/ KVIipn 3 none
Phonology GPC initial: Ov - /Bn/ dvntoc J 3 Hone
Phonology GPC initial: ov - /sn/ oVIToEA 3 Hone
Phonology GPC initial: xv - /xn/ xvaro 3 none
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initial: vy - .
Phonology GPC initial: yv - /yn/ yvepw 3 none
initial: T - /tm/ TUunua
Phonology GPC 3 none
initial: i .
Phonology GPC initial: orp - /spr/ onpwxvw 3 initial: /sp/, initial: /pr/
initial: - [sk i
Phonology GPC initial: oxp - /skr/ okpana K 3 initial: /sk/, initial: /kr/
initial: - /st X
Phonology GPC initial: otp - /str/ gtpata 3 initial: /st/, initial: /tr/
initial: - [sf [
Phonology GPC initial: obp - /sfr/ oPpYos 3 initial:/sf/
int I: om - Ad
Phonology GPC internal: ot - /sp/ aorn 3 initial: /sp/
int I: ot - /st Al L
Phonology GPC internal: ot - /st/ tota 3 initial: /st/
int I: ok - /sk [
Phonology GPC internal: ok - /sk/ aoKt 3 initial: /sk/
int I: p - ( M
Phonology GPC internal: p - /pr/ ATIPOETOHGTTOY 3 initial: /pr/
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Phonology GPC internal: p - /tr/ Kitpo 3 initial: /tr/
Phonology GPC internal: kp - /kr/ aKpn 3 initial: /kr/
Phonology GPC internal: e - /pt/ oo 3 initial: /pt/
Phonology GPC internal: it - /kt/ K] N 3 initial: /kt/
Phonology GPC internal: ¢t - /ft/ Ko@Tog 3 initial: /ft/
Phonology GPC internal: &8 - /f8/ apovog 4 initial: /f6/
Phonology GPC internal: o8 - /s8/ aodeviic o 4 initial: /sB/
Phonology GPC internal: x8 - /x8/ amexne 4 initial: /x8/
Phonology GPC internal o¢ - /sf/ aogadric 4 initial:/sf/
Phonology GPC internal: of - /2v/ aa80¢ P 4 initial: /zv/
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int I: B& - /vd 861

Phonology GPC internal: 85 - /v6/ pazot 4 initial: /vd/
int I: y& - /yd bai

Phonology GPC internal: v - /v6/ paroatos Q 4 initial: /yd/
int I: By - Byo

Phonology GPC internal: By - /vv/ avyo 4 initial: /vy/
int I: dp - /1 )

Phonology GPC internal: p - /fr/ xepos 4 initial: /fr/
int I: 6p - /8 6p0

Phonology GPC internal: 8p - /dr/ aopos 4 initial: /or/
internal: xp - /xr/ wxpo¢ .

Phonology GPC R 4 initial: /xr/
int I: Bp - J

Phonology GPC internal: Bp - /vr/ ravpos 4 initial: /vr/
internal: yp - /yr/ aypog .

Phonology GPC 4 initial: /yr/
int l:0p-/0 v

Phonology GPC internal: 8p - /6r/ avpotopa 4 initial: /8r/
Int I, T\ - /pl AG S

Phonology GPC nternal, ik - /pl/ anios 4 initial: /pl/
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Int I kA - /K (KA

Phonology GPC nternal kA - /kl/ kA 4 initial: /kl/
Int | oA - /fl 2pA

Phonology GPC nternal X - /fl/ EpreKTo 4 initial: /fl/
Int | BA - /61 VANt

Phonology GPC nterna /8l auAnte 4 initial: /61/
Int l, oA - /sl OoA

Phonology GPC nternal, ok - /sl/ oro 4 initial: /sl/
Int I, XA - /x IXA

Phonology GPC nternal, XA - /xI/ Houxia 4 initial: /x|/
Int | BA - /vl An

Phonology GPC nternal B - /vl/ avan 4 initial:/vl/
Int I yA - /yl (yA

Phonology GPC nternal yA - /yI/ avan 4 initial: /yl/
Int l, v - ]

Phonology GPC nternal, v - /pn/ avarvon 4 initial: /pn/
Int I kv-/k ) T

Phonology GPC nternal kv - /kn/ OKVIPOS 4 initial: /kn/
Internal xv - /xn/ axvog .

Phonology GPC 4 initial: /6n/
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Int Iyv - i
Phonology GPC nternal yv - /yn/ arvola 4 initial: /sn/
Internal, Ty - /tm/ aTUOC .
Phonology GPC U 4 initial:/xn/
Int I - ]
Phonology GPC nternal op-/zm/ oo 4 initial:/yn/
internal: omp - /spr/ aonpo L
Phonology GPC 5 initial: /tm/
int I: - /st X Vv
Phonology GPC internal: otp - /str/ aotpo 5 initial: /zm/
Phonology GPC internal: odp - /sfr/ ooppnan c initial:/sfr/
internal: kotp - /kstr/ ekoTpATE(O i .
Phonology GPC W 5 internal: /str/), internal: /ks/
int I: - /k 3
Phonology GPC internal: €np - /kspr/ E6mpeg 6 internal: /spr/, internal: /ks/
initial: i .
Phonology GPC initial: vp - /gr/ VKpEROS X 5 initial: /kr/, initial: /yr/
initial: -/d ]
Phonology GPC initial: vep - /dr/ vipor 5 initial: /tr/
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initial: -/b [

Phonology GPC initial: urp - /br/ Hrpt 5 initial: /pr/
internal: ykp - /gr/ Qaykpi .

Phonology GPC 5 initial: /gr/
int I: -/d 1 Y

Phonology GPC internal: vep - /dr/ avpas 5 initial: /dr/
int I: -/b A ]

Phonology GPC internal: prep - /br/ auTen 5 initial: /br/
initial: O - .

Phonology GPC initial: b - /ps/ Yeua 7 5 none
initial: € - /k i

Phonology GPC initial: § - /ks/ favd 5 none
int I: Q- 13

Phonology GPC internal: § - /ps/ apida 5 5 initial: /ps/
int I: €-/k i

Phonology GPC internal: & - /ks/ uerag 5 initial: /ks/
gu-/ev/ Halevw . .

Phonology GPC Zii 6 internal: /e/, internal: /v/

-Jef ;
Phonology GPC eu-/ef/ euxn 6 initial: /e/, initial: /f/
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Phonology GPC av-/av/ avAr i 6 initial: /a/, initial: /v/
Phonology GPC av-/af/ autég 6 initial: /a/, initial: /f/
Phonology GPC eb-/el/ 2e0xeres 6 none
Phonology GPC ob-/o1/ npoUnodean 6 none
Phonology GPC oi-/ai/ ratoaK. 6 none
Phonology GPC ou-/oi/ apayvoUpavtog 6 none
Phonology GPC ot-/aif Matou 6 none
Phonology GPC o-fjal Ydpwa ['psarja] Ziv 6 none
Phonology GPC o-[ca] nadiaouévoc [padca’zmenos] 6 none
Syntax ir:gi:r?:/;ords evog H todvra evos padntr. A 1 none
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Grammar: , .

Syntax function words peae H todvra pag padrtpuac. 1 none
Grammar: ,

Syntax function words © 0 padnuic 2 none
Grammar: ,

Syntax function words 1 n paditpwa B 2 none
Grammar: ,

. T0 T0 i

Syntax function words 2 none
Gram.mar: tou [+N] To BiBAio Tou nmatbdio0.

Syntax function words c 3 0, 10

Syntax ir:gi:r?:/;/ords ™¢ [+N] To B1BAio tn¢ uadntplag. 3 n
Grammar: ,

Syntax function words ot oL padneg 2 o,n, 10
Grammar: , b

. Ta Ta abia

Syntax function words 2 T0
Gra m.mar: Twv H todvta twv SaokdAwv. E

Syntax function words 3 o, n, ot
Grammar: Prepositions: o€ oto TPanell

Syntax function words F 2 none

Syntax Grammar: prepositions: pe EQUYE UE TPEVO 2 none
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function words
Grammar: . . ,
Syntax function words prepositions: yla Epuye yla Fepuavia 5 none
Grammar: . , .
Syntax function words prepositions: amo HITO XTEC 2 none
Grammar: péoa og, mavw o, Stmla .
. . Prepositions: og
Syntax function words | og, kovta o€ 3
Grammar: TPV A0, HETA AT, . .
. , , prepositions: anoé
Syntax function words | Uotepa ano 3
KATW amno, mavw amno, Yoo
Grammar: amno, mow amnod, Unpootd G prepositions: amno, Prepositions: oe
Syntax function words | amno 3
Grammar: , .
Syntax function words Hagl ue 3 prepositions: pie
Grammar: , .
Syntax function words avityla 3 prepositions: yia
Grammar: ,
Syntax function words [N+] pou To madi pou H 4 none
Grammar: ,
. [N+] ocou t0 ntatdi oou
Syntax function words 4 none
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Grammar:
N+ ol
Syntax function words [N+] Tou to natot tou 4 none
Grammar:
N+ ol
Syntax function words [N+] tng to rawot the 4 none
Grammar:
N+ ol
Syntax function words [N+] pag TO ot pag 4 none
Grammar: ,
Syntax function words [N+] oag To bl oag 4 none
Grammar: ,
Syntax function words [N+] Toug To maudi toug 4 none
Grammar:
+V +V, 20TEA /
Syntax function words Kou [+V], oou [+V] uou/oou eotethav To ypdppa 5 [N+] pou,[N+] cou
Grammar: tou [+V] TOU €0TelAQV TO ypduua
Syntax function words vparu 5 [N+] Tou
Grammar:
+V 2otTeld i I
Syntax function words me [+V] the egtemiav o ypapta 5 [N+] Tou
Grammar:
+V, +V EoTEA X
Syntax function words uag [+V], oac [+V] uag/oag éotethav To ypdppa 5 [N+] pou,[N+] cou
Grammar: toug [+V] TOUC EOTELAQV TO ypauua
Syntax function words J J VPaus 5 [N+] Tou
Syntax Grammar: ue [+V], oe [+V] O lnavvng ue/oe @iAnoe J 6 pou [+V], oou [+V]
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function words
Grammar:
+V O lna (A
Syntax function words tov [+V] tavvnG tov glanoe 6 Tou [+V]
Grammar:
+V O lna iA
Syntax function words wv [+V] tavvne v eLince 6 e [+V]
Grammar:
+V O lna 7\
Syntax function words o [+V] tavvng to plAnce 6 Tou [+V]
Grammar:
+V +V O lna iA
Syntax function words uag [+V], oag [+V] dvvng pac/oac pilnoe 6 [N+] pag, [N+] cag
Grammar: , ,
Syntax function words touc [+V] O lavvn¢ touc @iAnoe 6 Tou [+V]
Grammar: , ,
Syntax function words e+ O lavng tg piAnoe 6 we [+V]
Grammar:
+V, O lna (A
Syntax function words o [+V] tavvnG ta ptinoe 6 Tou [+V]
Grammar: y y
Syntax function words Hn Hn K 6 none
Grammar: Sev Sev
Syntax function words 6 none
Letter L
Orphography | similarity a 1 none
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(visual)
Letter
similarity

Orphography | (visual) o 1 none
Letter
similarity

Orphography | (visual) (o) 1 none
Letter
similarity M

Orphography | (visual) B 1 none
Letter
similarity

Orphography | (visual) 0 1 none
Letter
similarity

Orphography | (visual) )] N 1 none
Letter
similarity

Orphography | (visual) w 1 none
Letter 0

Orphography | similarity 3 1 none
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(visual)
Letter
similarity

Orphography | (visual) 3 1 none
Letter
similarity

Orphography | (visual) & 1 none
Letter
similarity

Orphography | (visual) K 1 none
Letter
similarity

Orphography | (visual) X p 1 none
Letter
similarity

Orphography | (visual) v 1 none
Letter
similarity

Orphography | (visual) A 1 none
Letter

Orphography | similarity n Q 1 none
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(visual)
Letter
similarity

Orphography | (visual) V] 1 none
Letter
similarity

Orphography | (visual) Tt R 1 none
Letter
similarity

Orphography | (visual) T 1 none
Letter
similarity

Orphography | (visual) 6 2 none
Letter
similarity

Orphography | (visual) p S 2 none
Letter
similarity

Orphography | (visual) o 2 none
Letter

Orphography | similarity 6 2 none

Page 161




PUBLIC/CONFIDENTIAL

D4.1 Dyslexia Domain Models (English and Greek)

Difficulty

Linguistic Group | level of

Level Category Feature Details / Examples feature | Prerequisites
(visual)
Letter
similarity

Orphography | (visual) v T 2 none
Letter
similarity

Orphography | (visual) A 2 none
Letter
similarity

Orphography | (visual) B U 2 none
Letter
similarity

Orphography | (visual) 6 2 none
Letter
similarity

Orphography | (visual) B Y 2 none
Letter
similarity

Orphography | (visual) X 2 none
Letter W

Orphography | similarity BB YaBBarto [‘'savato] 3 B
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Group

Difficulty
level of
feature

Prerequisites

(voiceless)-
double
consonants

Orphography

Letter
similarity
(voiceless)-
double
consonants

KK

ekkAnoia [ekli’sia]

Orphography

Letter
similarity
(voiceless)-
double
consonants

AN

aAAayn [ala'ji]

Orphography

Letter
similarity
(voiceless)-
double
consonants

My

ypapupa ['yrama]

Orphography

Letter
similarity
(voiceless)-

A%

vévvnaon ['jenisi]
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Details / Examples

Group

Difficulty
level of
feature

Prerequisites

double
consonants

Letter
similarity
(voiceless)-
double

Orphography | consonants

pp

appwotog ['arostos]

Letter
similarity
(voiceless)-
double

Orphography | consonants

(oJo)

Balaocoa ['Balasa]

Letter
similarity
(voiceless)-
double

Orphography | consonants

1T

TEPLTTOC [peri'tos]

Syntax Embedding

0/S Relatives - Anaphoric
complement Right
Branching

0] adras

giatro pu  htipise
ton abliti x0es.
The NOM man_NOM

ide to

none
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Details / Examples

Group

Difficulty
level of
feature

Prerequisites

saw_3SING.PAST the
doctor_ACC that hit

the ACC athlete ACC
yesterday.

=The man saw the doctor
that hit the athlete
yesterday.

Syntax

Embedding

0/S Relatives - Anaphoric
complement Right
Branching

0] adras ide to
giatro o opjos  htipise
ton aOliti x0es.

The NOM man_NOM
saw_3SING.PAST the
doctor_ACC who hit

the ACC athlete ACC
yesterday.

=The man saw the doctor
who hit the athlete
yesterday.

oti (subject), pu, O/S Relatives -
Anaphoric complement Right
Branching

Syntax

Embedding

0/0 Relatives - Anaphoric
complement Right
Branching

0] adras ide to
giatro pu  htipise
o aOlitis x0es.

The NOM man_NOM

oti (subject), pu, O/S Relatives -
Anaphoric complement Right
Branching
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Details / Examples

Group

Difficulty
level of
feature

Prerequisites

saw_3SING.PAST the
doctor_ACC that hit

the NOM athlete NOM
yesterday.

=The man saw the doctor
that the athlete hit
yesterday.

Syntax

Embedding

S/S Relatives - Anaphoric
complement Center
Embedding

0 adras pu
htipise ton a0liti

ine ilikiomenos.

The NOM man_NOM that
hit the ACC athlete ACC is
old.

=The man that hit the athlete
is old.

oti (subject), pu, O/S Relatives -
Anaphoric complement Right
Branching

Syntax

Embedding

S/S Relatives - Anaphoric
complement Center
Embedding

0 adras 0 opjos
htipise ton a0liti

ine ilikiomenos.

The NOM man_NOM who
hit the ACC athlete ACC is
old.

=The man who hit the athlete

oti (subject), pu, O/S Relatives -
Anaphoric complement Right
Branching
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Details / Examples

Group

Difficulty
level of
feature

Prerequisites

is old.

Syntax

Embedding

S/0 Relatives - Anaphoric
complement Center
Embedding

0] adras pu
htipise o athlitis  ine
ilikiomenos.

The_NOM man_NOM that
hit the_NOM athlete_ NOM
is old.

=The man that the athlete
kicked is old.

oti (subject), pu, O/0 Relatives -
Anaphoric complement Right
Branching

Syntax

Embedding

0 adras
to ayori
jineka.
The_NOM man_NOM
hit_3ST.PAST the_ACC
boy_ACC after

kissed 3SG.PAST.PERF

the_ ACC woman_ACC.

=The man hit the boy after he
kissed the woman.

htipise
afu filise ti

oti (subject), otan, pu
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Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

Syntax

Embedding

otan

0] adras htipise
to ayori otan filise

ti jineka.

The_NOM man_NOM
hit_3ST.PAST the_ACC

boy ACC when

kissed 3SG.PAST.PERF
the_ ACC woman_ACC.
=The man hit the boy when
he kissed the woman.

oti (subject), pu

Syntax

Embedding

prin

0] adras htipise
to ayori prin filisi ti
jineka.

The_NOM man_NOM
hit_3ST.PAST the_ACC
boy_ACC before
kiss_3SG.NONPAST.PERF

the_ ACC woman_ACC.

=The man hit the boy before
kissing the woman.

oti (subject), otan
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Linguistic
Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

Syntax

Embedding

eno

0] adras htipise
to ayori eno filuse

ti jineka.

The_NOM man_NOM
hit_3ST.PAST the_ACC
boy_ACC while
kiss_3SG.PAST.IMPERF
the_ ACC woman_ACC.
=The man hit the boy while
kissing the woman.

oti (subject), pu,

Syntax

Embedding

oti (subject)

O adras pistevi otio
athlitis filise tijineka.
The_NOM man_NOM
believes that the_ NOM
athlete_ NOM

kissed 3SG.PAST.PERF
the_ ACC woman_ACC.
=The man believes that the
athlete kissed the woman.

none

Syntax

Embedding

oti (object)

O adras

athliti  filise  ijineka.

pistevi oti ton

oti (subject)
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Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

The_NOM man_NOM
believes that the ACC
athlete_ACC kissed
the_NOM woman_NOM.
=The man believes that the
athlete the woman kissed.

Syntax

Embedding

an

O adras apori ano
athlitis filise tijineka.
The_NOM man_NOM
wonders if the_ NOM
athlete_ NOM

kissed 3SG.PAST.PERF
the_ ACC woman_ACC.
=The man wonders if the
athlete kissed the woman.

oti (subject), pu

Syntax

Embedding

pu

O adras herete puo
athlitis filise tijineka.
The_NOM man_NOM is glad
that the_NOM athlete_ NOM
kissed 3SG.PAST.PERF

the_ ACC woman_ACC.

none
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Details / Examples

Group

Difficulty
level of
feature

Prerequisites

= The man believes that the
athlete kissed the woman.

Syntax

Embedding

na

O adras Beli na filisi

ti jineka.

The_NOM man_NOM wants
to kiss_3SG.NONPAST.PERF

the_ ACC woman_ACC.

= The man believes that the

athlete kissed the woman.

oti (subject), pu

Syntax

Passives

Passivized verbs with
agent apo-phrase

0 adras me ta
jalja sinelifthi apo tin
astinomia sti diadilosi.
The_Nom man_Nom with
the_PL glasses_PL was
arrested_PASS by the_ACC
police_ACC at the protest.
=The man with the glasses
was arrested by the police at
the protest.

Active verbs (control condition)
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Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

Syntax

Passives

Passivized verbs with
non-agent apo-phrase

0 adras me ta

jalja  sinelifthi apo laBos sti
diadilosi.

The_Nom man_Nom with
the_PL glasses_PL was
arrested_PASS by
accident_ACC at the protest.
=The man with the glasses
was arrested by accident at
the protest.

Active verbs (control condition)

Syntax

Passives

Active verbs (control
condition)

0] adras
jalja sinelave
ton astego.
The_Nom man_Nom with
the_PL glasses_PL
arrested_ACT by

accident_ NOM the homeless
man.

=The man with the glasses
arrested the homeless man by
accident.

me ta
apo laBos

none
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Level Category Feature Details / Examples feature | Prerequisites
O adras me tajalja
ksiristike apo monos tou
xBes.
The_Nom man_Nom with
the_PL glasses_PL was
Passive morpho]ogy’ shaved_PAS by himself
reflexive meaning with yesterday.
disambiguating apo- =The man with the glasses Active morphology (control
Syntax Passives phrase shaved yesterday (by himself). 3 condition)
O adras me tajalja
ksiristike  ksana meta apo
kero.
Passive morph()]ogy, The_Nom man_Nom with
reflexive meaning without | the_PL glasses_PL was
disambiguating apo- shaved_PAS again after a
phrase long time.
=The man with the glasses Passive morphology, reflexive
shaved again after a long meaning with disambiguating apo-
Syntax Passives time. 4 phrase,
Reﬂe)fives with passive O adras me tajalja Passive morphology, reflexive
Syntax Passives meaning and agent apo- ksiristike apo ton barberi 4 meaning with disambiguating apo-
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Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

phrase

xBes.

The_Nom man_Nom with
the_PL glasses_PL was
shaved_PAS by the barber
yesterday.

=The man with the glasses
was shaved by the barber
yesterday.

phrase

Syntax

Passives

Active morphology
(control condition)

O adras me tajalja

ksirise to musi tou xBes.
The_NOM man_NOM with
the_PL glasses_PL
shaved_ACT the beard his
yesterday.

=The man with the glasses
shaved his beard yesterday.

none

Syntax

Passives

Passive morphology with
apo-phrase

To pani tu pliu skistike apo
ton aera xOes

The_NOM sail_NOM the_GEN
boat_GEN was torn_35G.PASS
by the air_ACC yesterday

Active morphology (control
condition)
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Difficulty
Linguistic Group | level of
Level Category Feature Details / Examples feature | Prerequisites

= The sail of the boat was torn
by the air yesterday.

To pani tu pliu skistike se
6jo komatia xBes

The_NOM sail_NOM the_GEN
boat_GEN was torn_35G.PASS
into two pieces yesterday
Passive morphology = The sail of the boat was torn
Syntax Passives without apo-phrase into pieces yesterday. 2

Active morphology (control
condition)

| fititria eroteftike ton
iBopio prin poli cero
The_NOM.FEM

Passive morphology, student_NOM.FEM fell in love
transitive +NP with_PAST.PASS the_ACC
actor_ACC a long time ago
=The student fell in love with Active morphology, transitive +NP
Syntax Passives the actor a long time ago. 3 (control condition)

i | fititria ayapise ton iBopio
Active morphology, prin poli cero

translltllve +NP (control The NOM.FEM none
condition) -

student_ NOM.FEM 1

Syntax Passives
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Linguistic
Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

loved PAST.ACT the_ACC
actor_ACC a long time ago
=The student loved the actor
a long time ago.

Syntax

Passives

Passive morphology,
intransitive +PP

| fititria kimiBike sti veranda
to apojevma

The_NOM.FEM

student_ NOM.FEM
slept_PAST.PASS at the
porch_ACC in the afternoon
=The student slept at the
porch in the afternoon.

Active morphology, transitive +NP
(control condition)

Syntax

Passives

Reciprocal Vs with PP

Ta pedja agaliastikan me
xara to apojevma
The_NOM.NEUT.PL
children_NOM.NEUT.PL
hugged 3PL.PAST.PASS with
joy in the afternoon

=The children hugged joyfully
in the afternoon.

Passives 3rd plural (reciprocals
control condition)
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Difficulty
Linguistic Group | level of
Level Category Feature Details / Examples feature | Prerequisites

Ta pedja agaliastikan
metaksi tus to apojevma
The_NOM.NEUT.PL
children_NOM.NEUT.PL
hugged 3PL.PAST.PASS with
eachother in the afternoon Reciprocal Verbs- Passives 3rd
=The children hugged joyfully plural (reciprocals control
Syntax Passives in the afternoon. 3 condition)

Reciprocal Vs without PP

Ta pedja timoriBikan apo ti
daskala to apojevma
The_NOM.NEUT.PL

Passives 3rd plural children_NOM.NEUT.PL were
(reciprocals control punished_3PL.PAST.PASS by
condition) the teacher in the afternoon
=The children were punished
by the teacher in the

Syntax Passives afternoon. 2

Active morphology, transitive +NP
(control condition)

O Jannis efije otan i Maria
Proper name (and teleiose to diagonisma
Discourse definiteness) Thelannis left Subject Position (Nominative):
Syntax anaphors _3SG.PAST.PERF when the 3 Definite NP

Page 177



PUBLIC/CONFIDENTIAL

D4.1 Dyslexia Domain Models (English and Greek)

Linguistic
Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

Maria
finished_3SG.PAST.PERF the
test

= Giannis left, when Maria
finished the test.

Syntax

Discourse
anaphors

Personal Pronoun

O Jannis efije otan afti
teleiose to diagonisma

The Jannis left
_3SG.PAST.PERF when
she_FEM.SG.
finished_3SG.PAST.PERF the
test.

= Giannis left, when she
finished the test.

Accusative: Direct Object: Proper
name (and definiteness) - Personal
Pronoun

Syntax

Discourse
anaphors

Pro (Null subject)

O Jannis efije otan teleiose
to diagonisma

The Jannis left
_3SG.PAST.PERF when
finished_3SG.PAST.PERF the
test

= Giannis left, when (he)

none
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Linguistic
Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

finished the test

Syntax

Discourse
anaphors

Definite NP

O Jannis efije otan o
maB0itis teleiose to
diagonisma

The Jannis
left_3SG.PAST.PERF when
the_DEF

student_ MASC.SG.NOM
finished_3SG.PAST.PERF the
test

= Giannis left when the
student finished the test.

Subject Position (Nominative)- Pro
(Null subject)

Syntax

Discourse
anaphors

Indefinite NP

O Jannis efije otan enas
mapitis teleiose to
diagonisma

The Jannis left
_3SG.PAST.PERF when
a_INDEF

student_ MASC.SG.NOM
finished_3SG.PAST.PERF the

Subject Position (Nominative) -
Definite NP
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Linguistic
Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

test
= Giannis left, when a student
finished the test.

Syntax

Discourse
anaphors

Proper name (and
definiteness)

O Jannis efije otan ide ti
Maria

The Jannis
left_3SG.PAST.PERF when
saw_3SG.PAST.PERF
ti_FEM.SG.ACC.DEF Maria
= Giannis left when he saw
Maria.

none

Syntax

Discourse
anaphors

Personal Pronoun

O Jannis efije otan ide aftin
The Jannis
left_3SG.PAST.PERF when
saw_3SG.PAST.PERF

her_ FEM.SG.ACC

= Giannis left when he saw
her.

none

Syntax

Discourse
anaphors

Definite NP

O Jannis efije otan ide ti
mabitria
The Jannis

none
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Linguistic
Level

Category

Feature

Details / Examples

Group

Difficulty
level of
feature

Prerequisites

left_3SG.PAST.PERF when
saw_3SG.PAST.PERF
the_FEM.SG.ACC.DEF
student_FEM.SG.ACC

= Giannis left when he saw
the student.

Syntax

Discourse
anaphors

Indefinite NP

O Jannis efije otan i6e mia
maBitria

The Jannis
left_3SG.PAST.PERF when
saw_3SG.PAST.PERF
a_FEM.SG.ACC.INDEF
student_FEM.SG.ACC

= Giannis left when he saw
the student.

subject position (Accusative: Direct
Object)-Indefinite NP
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Appendix Il - Pilot results on feature difficulty for Greek domain model

Reaction times (ms)

Dyslexia

TD children

Voice

animate_passive_with by phrase

1137,413793

996,3225806

animate_passive_without by phrase

1217,461538

1143,66129

inanimate_passive_with by phrase

1500,0625

1033,701493

inannimate_passive_without by phrase

1551,973684

1073,609375

animate_active_without by phrase

1362,606061

1171,485294

anim_pass_reflexive_with disambiguate phrase 1046,025641 895,057971

anim_pass_reflexive_with by phrase 1514,428571 1248,016393
anim_pass_reflexive_without disambiguate phrase 1780,21875 1126,308824
inanimate_pass_unaccusative_with by phrase 1426,405405 1145,507937
inanimate_pass_unaccusative_without by phrase 1092,525 1157,439394

anim_pass_reciprocal without by phrase

1108,551724

838,0588235
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anim_pass_reciprocal with by phrase

1330,766667

1023,588235

anim_pass_deponent_transit

1368,621622

1130,238806

anim_pass_deponent_intransitive

1074,457143

1135,571429

Embedding

adverbial_because

729,7352941

757,2898551

adverbial_when

939,84375

728,3382353

adverbial_before

764,8378378

854,1714286

adverbial_while

849,2352941

703,9850746

complement_oti (that) clause 923,54 805,6
complement_if clause 855,68 804,21
complement_pu (that) clause 867,38 778,05

relative_rightbranching_subject_that

711,0294118

760,8676471

relative_right branching_object_that

825,1428571

741,9285714

relative_right branching_subject_who

939,4054054

849,4920635

relative_right branching_object_who

978,4722222

808

relative_center embedded_subject_that

836,0277778

765,4925373
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relative_center embedded_object_that 772,9375 858,9152542
relative_center embedded_subject_who 997,46875 846,7794118
relative_center embedded_object_who 1044,6875 1111,647059
Anaphors

proper nouns 917,25 922,9545455

pronouns

1281,714286

1319,75

definite NPs

1195,769231

837,0615385

indefinite NPs

1118,642857

951,9206349

null subjects

1060,352941

706,2857143
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