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Abstract

This study was designed to explore how the use of computers can facilitate
and make accessible word-mathematical problem solving for students with
dyslexia in Cyprus, given their learning difficulties; that the available ICT
resources in Cyprus are restricted; and that the IT skills of the majority of
students and teachers are limited, in two different settings: the whole-

classrooms of students with dyslexia and on an individual level.

Web-based learning environments (WBLEs) were designed in collaboration
with participating teachers with the use of simple tools that do not demand
specialized IT knowledge. Several word-based mathematical problems were
chosen. The WBLEs guided the students following five steps. The guidance
was facilitated by navigation buttons, audio instructions, pictures, and
diagrams, etc. Six whole-classroom implementations were conducted where
the students (including a student with dyslexia) collaborated in groups with
the use of a computer. Also, eight individual implementations were
conducted with two other students with dyslexia; four implementations

respectively.

Data were collected through observations, interviews, tests, and computer

screen capturing, and these were analysed by following thematic analysis.

It was found that the computer-assisted environment can support students
with dyslexia in WMPS to a great extent. The facilities provided by the
WBLEs, the benefits of collaborative and individualized learning support with
the use of WBLEs, the continuous guidance and feedback provided by
teachers, peers and WBLEs, can support students with dyslexia in such
tasks. The short-lasting impact is an indication of the need for more frequent
use of the computer for this purpose. Also, despite the limited available ICT
resources in Cypriot mainstream classrooms, as well as a lack of suitable
software for WMPS for students with dyslexia, and limited IT skills of
students and even teachers, ICT can be embedded in the instruction with

additional learning value for students, by creating simple WBLEs.
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Chapter One
Introduction

1.1 Overview

Inclusion portrays a broader vision of integration emphasising the rebuilding
of the curricular supplies in order for them to be accessible to all pupils as
individuals. Dyslexia is a specific developmental disorder that affects literacy
across the life-span. According to phonological theory, people with dyslexia
encounter difficulties in the presentation, storage and activation of speech
sounds. Such difficulties are the answer we get when we ask someone to
refer to the weaknesses of children with dyslexia. Since dyslexia is a specific
difficulty of writing and speaking, it is obviously accompanied by a difficulty in
dealing with numbers and thus mathematics in general, and word
mathematical problem solving (WMPS) in particular. In Cyprus, all students
with dyslexia are integrated into mainstream schools, a fact that constitutes
a challenge for teachers who have no training of how to manage difficulties
in WMPS which derive from dyslexia. The chain failures lead to
underestimated self-esteem and a lack of self-confidence, a feeling that may
lead to the abandonment of any attempt to cope with WMPS. There is strong
literature evidence that Information Communications Technology (ICT) can
be used as an ultimate tool to support students with dyslexia, differentiate
instruction, and thus, equalize learning opportunities and physical access in
the mainstream classroom. In this thesis, | will outline my study’s framework,
design and findings about how available ICT resources in Cypriot primary
schools facilitate the differentiated support of the WMPS for students with

dyslexia.

In this first chapter | address the issues relevant to my research topic,
including research rationale, the problem and theoretical frameworks of my
study. Firstly, | refer to the rationale of why this topic has been chosen and
justify why this study can be deemed as innovating and pioneering for the

Cypriot context. Then, a brief presentation of the theoretical framework of
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the study leads to the presentation of the problem that this study deals with.

Finally, the aims and the research questions of this study are provided.

1.2 Rationale and context

This topic of the study was based on the core notion of equal learning
opportunities as an ultimate target of inclusive education, which can be
reached with the use of educational material and facilities provided by the
use of new technologies in the instructions. By bearing this in mind and also
by taking into account that the learning difficulties deriving from dyslexia do
not refer only to difficulties in reading and writing, | explain below why this

topic was chosen.

1.2.1 Equal learning opportunities

The ultimate goal of contemporary education is the adjustment of school to
the special educational needs of every student and not the student's
adjustment to the demands of school. Therefore the target of contemporary
education is the creation of a school for everyone, which falls in line with the
concept of inclusion (Vislie, 2003). This means that students with learning
difficulties have the right to be educated in mainstream schools, and
increases the likelihood for teachers to have a student with SEN in their
classroom. Since schools consist of classes with mixed ability students,
differentiation becomes necessary for achieving an effective teaching
practice (Bearne, 1996). This means that the teacher is called to adjust their
teaching framework to the needs, abilities and personalities of their students.
The differentiation of instruction seems to be crucial but on the other hand is
a challenge for the teacher, especially when the students have completely

different educational needs.

1.2.2 Dyslexia is not only about writing and reading

There is a plethora of research focusing on dyslexia, and the difficulties of
people with dyslexia in writing and reading. However, there is scarcity of
research in the case of difficulties in mathematics encountered by students
with dyslexia (Gagatsis, 1999, Miles, 1992, Symeonidou, 2008). The same



-3-

occurs with the difficulties expressed by students with dyslexia in WMPS.
This means that this research area remains unexplored and gives me the

stimuli to undertake an innovating research project in this field.

1.2.3 ICT: a tool for Inclusion

There is also substantial evidence that ICT can be a tool for promoting
inclusive education and equalizing learning opportunities for everyone.
However, ICT resources are restricted in Cypriot mainstream classrooms
(Mavrou, 2005), and therefore teachers avoid implementing them during
their instruction. This minimizes the use of ICT, thus the learning difficulties
of students are not accommodated by the helpfulness of assistive
technologies (Vrasidas, 2014). It would, therefore, be interesting to explore
how teachers can use the restricted ICT resources that are available in
Cyprus mainstream primary schools in a better way, in order to help

students with dyslexia overcome their potential difficulties in WMPS.

1.2.4 Why am | conducting this research?

Summing up, | am undertaking this research because as a teacher | am
interested in helping students with dyslexia to overcome difficulties in WMPS
with the use of new technologies. Also, | hold the view that it is an important
field of research since there is a scarcity of research, and therefore there is a
lack of knowledge concerning this issue, not only in Cyprus but worldwide.
The scarcity of research in this field makes my project unique, which is an
additional reason to conduct such a research project. In addition, my
research project aims to offer answers that make it researchable and

realizable.

1.3 The problem

At this point | present the problem that this study deals with.

1.3.1 Difficulties in WMPS
The value and use of mathematics in school life, as well as life after school,
is undoubtedly very important. Children with dyslexia usually experience a

chain of failures in school, and as a result their courage and self-confidence
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are substantially reduced (Markou, 1993). In these cases, opportunities for
experiences of success seem to be crucial. The difficulties faced by people
with dyslexia in reading and writing, inevitably cause additional difficulties in
mathematics, especially in WMPS. Such difficulties are even more serious
when problems with short-term and long-term memory, orientation, and

automatisation abilities become more severe.

Semantics
meaning

% mantic pat F.W'EN

Orthography ——i Phonology
——————

print speech

Phenological pathway

Figure 1.1 The triangle model of reading

According to the triangle model of reading (Fig.1.1), (Snowling, 2000;
adapted from Seidenberg & McClelland, 1989), when the phonological
pathway between orthography and phonology is weak, then the semantics
and meaning are difficult to be reached. Therefore, the difficulty in decoding
the letters into sounds impedes the pathway to semantics. For instance, a
student with dyslexia who experiences difficulties in reading the text of a
mathematical problem inevitably will express difficulties in understanding the
meaning. It is obvious that he will not be able to reach the solution,
especially when the language and syntax of such WMP is intricate and

abstracted.

Interestingly, Malmer (2000) highlights that many students can camouflage a
lack of understanding for a surprisingly long time, due in part to the teacher’s
failure to assess their true comprehension. Moreover, students learn
patterns and routines without really knowing the underlying context. When
mathematics later becomes more complex, the hidden difficulties will be
revealed. Prevention seems to be the best solution in these cases (Gagatsis,
1999). Otherwise, when the teacher does not assess the difficulties, there is

a necessity for effective intervention (Dowker, 2005).



On the other hand, one of the most important reasons for having difficulties
in mathematics is the inappropriate teaching method followed by the teacher
(Gagatsis, 1999). Three main factors lie behind this cause. Firstly, the
teacher may give WMPs that have an advanced level of abstraction, thus
they are difficult even to be understood. Secondly, WMPs have advanced
formal demands that are not suitable for the current students’ knowledge
level in mathematics. Thirdly, the learning tempo may be too accelerated,

and therefore, unsuitable for slower learners (Malmer, 2000).

Smeets (2005) highlights that the traditional strategic approaches to WMPs
cannot be learned effortlessly, due to the typical problems of students with
dyslexia in learning flow, and their poor short-term memory. Students with
dyslexia in this position will either start developing their own strategies,
which may not be systematic, organized or feasible, or they may abandon
mathematics altogether. Therefore, the need for effective intervention seems

to be imperative and crucial.

Since | am focusing on difficulties in understanding the word-based
mathematical problem, and the barriers related to literacy issues, | will not
base my project on difficulties derived from dyscalculia. Dyscalculia refers to
difficulties in learning and understanding simple arithmetic. Hence, | will
base the literature review on the difficulties of poor readers, or readers who
have been identified as having dyslexia in Cyprus because of their poor

reading skills, and at the same time experience difficulties in WMPS.

Additionally, my research project focuses on the difficulties in mathematics
that are related to literacy issues as a result of dyslexia. That is why | will
focus on WMPS, and not on the general difficulties in the area of
mathematics  (operations, executions). Thus, the interventional
implementations carried out in this study, either at whole-classroom level or
individually, were based on the comprehension of word-based mathematical
problems and the cognitive and meta-cognitive strategies that must be

activated in order to reach the solution of the problem. Also, between
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different kinds of WMPs, | chose such routine problems that need the
implementation of strategies other than difficult executions, complex
operations on the basis of school textbooks. However, it is worth noting that
it is not easy to divide WMPS with the solving of any problem in
mathematics. As we try to separate the difficulties in WMPS and the general
difficulties in mathematics, they will never cease to be interrelated since it is
necessary to pass from the word-based part of the problem to the pure

mathematical stage of solution.

1.3.2 ICT

There is substantial evidence that Information Communications Technology
has the potential for providing curriculum access and equal learning
opportunities for learners with special educational needs in mainstream
schools, and especially for students who are considered as having dyslexia
and therefore encounter difficulties in several aspects of mathematics.
Smeets (2005) describes the dynamic learning environment arising through
the use of educational software for classroom differentiation with an
environment with rich content and plenty of authentic situations that connect
the students with the real world, the active and sometimes independent
learning activity, the ability of collaborative learning, and this environment
that allows an adjustment of the curriculum as regards particular needs and

peculiarities of each student individually.

However, one should point out that a significant amount of educational
software can be found on the market. Teachers are usually interested in
obtaining more information about this software, and contemplate its
usefulness before acquiring it for their teaching purposes. Nonetheless,
teachers should consider the individual needs of their students in order to
choose the best assisting software available. In other words, teachers
should be able to generalise and apply the information to their own situation
(McKeown, 2000). For example, the individual needs of students with
dyslexia often differ from one child to the next. Beyond the unsuitability of
this software for the whole student population, most educational programs

are quite expensive and not always available in different languages.
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In addition, restricted ICT facilities and sources in Cyprus make any attempt
to use new technologies for differentiation of instruction much more
complicated. Particularly, every single classroom in all schools in Cyprus is
equipped with at least one computer with full high-speed internet access, as
well as a colour printer and scanner. Every school has at least one computer
cluster in a dedicated classroom, which is available for all students and
teachers. Although Cyprus is included in the list of countries with very well-
equipped schools in terms of new technologies (Eurydice, 2011), there are
many schools that are still equipped with very restricted ICT resources. Also,

few educators use ICT for differentiation of their instruction (Mavrou, 2005).

1.4 Aims of the study

Given the above briefly described educational settings of Cyprus, a
consideration regarding limited ICT resources, and the difficulties of students
with dyslexia in WMPS - could we suggest a way of using the restricted ICT
resources in the mainstream classroom in order to more effectively help
children with dyslexia who encounter difficulties in mathematics problem
solving, by increasing their classroom involvement, peer interaction and

improving performance?

My research aims to explore the potential of using restricted ICT facilities
(available, downloadable, free and non-commercial educational
software/tools for designing computer-assisted learning environments) for
differentiation of instruction for students with dyslexia who encounter
difficulties in mathematics problem solving in Cypriot mainstream
classrooms. It aims to explore the impact of the use of the available free-
content software for the design of learning environments for differentiation of
instruction in two different settings, on the performance of students with
dyslexia with difficulties in mathematics. The two different settings were (1)
students in small groups using computer-assisted learning environments for
WMPS in school computer labs, and (2) students with dyslexia using

computer-based learning environments for WMPS individually.



1.5 Research questions

The project aims were guided by three research questions, the main

question and two supplementary questions as follows:
Main Question:

MQ: To what extent can a computer-assisted learning environment?
provide differentiated support? for students with dyslexia with
difficulties in WMPS in Cyprus?

Supplementary Questions:

SQ1: What is the impact of computer-assisted learning in solving

mathematical problems for students with dyslexia?

SQ2: To what extent can collaborative learning in pairs/groups help for a
more beneficial use of computer-assisted learning environments for

mathematics problems solving?

1.6 Thesis outline

Chapter Two of this thesis lays out the theoretical aspects related to the
topic of this project. Chapter Three presents the construction of the
methodology and the instruments used for the collection of data. Chapter
Four and Chapter Five provide an account of the work scheme and the
methodological approaches followed for the whole-classroom and the two
individual implementations respectively. Chapter Six presents the analytical
methods and strategies followed for the analysis of the data generated from
the three case studies. Chapters Seven, Eight and Nine present the analysis
of data of each case respectively, and Chapter Ten provides a discussion of

the findings in an inclusive manner, attending to whole-class results as well

' Software provided by the Ministry of Education and any available free-
downloadable or non-commercial internet resources

2 If the use of ICT can improve students’ performance, participation in the
classroom, peer interactions, attitudes, opinions etc
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as individual implementations’ results. Lastly, Chapter Eleven elaborates on
the contributions, implications, limitations and future work that could be

developed in association with the areas investigated throughout the study.
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Chapter Two

Theoretical Framework

2.1 Introduction

The purpose of this chapter is the presentation of the main aspects of this
project, after the conducted literature review spanning the areas of the
Cypriot educational system, the notion of inclusion, special education in
Cyprus, dyslexia and learning difficulties, difficulties in WMPS, ICT and the

connections between them.

2.2 Cyprus Educational System

The education service in Cyprus could be characterized as highly centralized
(Angelides et al., 2004, Hadjithoma and Eteokleous, 2007, Mavrou, 2005).
The Ministry of Education and Culture (MoEC) controls the curriculum which
is common for every state and private school, and provides the textbooks
and necessary resources for its delivery (Koutselini and Persianis, 2000).
Education in Cyprus is compulsory, beginning at the age of 3. Primary
school offers a six-year compulsory programme for children from 5%.
Secondary education also offers a six-year programme divided into the lower
level (13-15 years old) which is compulsory, and the upper level (15-18

years old) which is optional.

Cypriot classes of state school can be characterized as “mixed-ability”
classrooms. That is to say, classes formally consist of groups of children
with different abilities working in the same settings. However, mixed-ability
teaching naturally demands a higher level of resources for learning than
direct exposition in homogeneous teaching groups (Angelides et al., 2004).
Teachers wusually cope with numerous challenges in mixed-ability
classrooms, hence they must adjust their teaching on special characteristics,

abilities and needs.
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Over the last few years, the Cypriot educational system has been reforming
through the introduction and implementation of the New National Curriculum
(Vrasidas, 2014), which was based on the notion of humane and democratic
schools for everyone (Symeonidou and Mavrou, 2014). Within the spirit of
change, efforts have been made by different committees consisting of
experts and academics to reconstruct the national curriculum for each

subject by bearing in mind the new trends and teaching methods.

2.3 Inclusion

The ultimate goal of contemporary education is the adjustment of schools to
the special educational needs of every student, and not the students’
adjustment to the demands of school. Therefore the target of contemporary
education is the creation of a school for everyone, which falls in line with the
concept of inclusion (Vislie, 2003). This means that students with learning
difficulties have the right to be educated in mainstream schools, which
increases the likelihood for teachers to have students with SEN in their
classroom. Since schools consist of classes with mixed ability students,
differentiation becomes necessary for achieving an effective teaching
practice (Bearne, 1996). This means that the teacher is called to adjust their
teaching framework to the needs, abilities and the personalities of their
students. The differentiation of instruction seems to be crucial, but on the
other hand is a challenge for a teacher, especially when the students have

completely different educational needs.

2.4 Special and inclusive education in Cyprus

In 1978, the Warnock Committee formed the Warnock Report (DES, 1978),
which influenced not only the legislation in the UK but in the European
continent widely. The Warnock Report supported the principle of the
integration of students with SEN into mainstream school, that is to say the
transfer of students with SEN from special schools to mainstream schools,
and recognized their right to be educated in normal educational settings
(Vincent, 1989). According to Phtiaka (2007), it was doubtlessly the

strongest influence on the educational system in Cyprus concerning special
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education’s legislative framework. Following this, a plethora of Laws, Acts
and draft laws followed, with many revisions, modifications and
reformulations, that constituted the precursor for the enactment of the Law

113(1)/99 for the education of students with special educational needs.

In 1999, the Law 113(1)/99 for the Education of Children with Special Needs
was passed and was followed by the publication of the regulations that
govern the implementation of the Act (Angelides et al., 2004). According to
this law, all children with SEN have the right to be educated in their
neighbourhood mainstream school, together with their age-mates, and with
the support of special teachers. An important component of this law is that it
also introduces inclusive education into pre-primary education. According to
the new legislation, a child can only be considered as having special needs
after becoming 3 years old. The Government has an obligation to provide
special education to people with special needs from the age of 3 until their
high school graduation. It provides four types of attendance for students with
special educational needs: attendance in mainstream schools (which
constitutes the priority of the educational policy); the attendance in special
units in mainstream schools (that is to say a partial integration); the
attendance in special schools (for more severe cases); and finally the
attendance in other places (for any medical reasons). District Committees
are formed in order to evaluate the needs of children with SEN annually
(Ministry of Education and Culture, 1999).

The new law introduced the ordinance of Special Education Co-ordinators
who are responsible for the coordination of the inclusion of children with
SEN in mainstream schools. Also, the individual curriculum of each child
with SEN is formed by special educators and the child’s parents, which
contains details about essential facilities, infrastructure, modern technology
and potential exceptions of the child from any course. In severe cases, a
Special Assistant helps the pupil with special needs, as well as the special
educator or mainstream classroom teacher, during the learning process and
breaks (Ministry of Education and Culture, 1999).
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Integration or Inclusion?

The radical changes that take place in education, both in Europe and
internationally, influence the way of thinking and practice in Cyprus, as in
many other countries. Attempts for the revision and development of the
current educational system are being enforced in order to increase the
participation and learning of children who are considered as having SEN. In
2004, Cyprus became a full member state of the European Union. This
important historical event for the contemporary history of Cyprus created a
new era of thinking where the concept of inclusion tends to replace that of
integration, since inclusion has in fact become an educational priority
(Angelides et al., 2004). Nevertheless, this is far away from becoming a
reality. There are so many areas to develop in order for us to speak about
inclusive education in Cyprus. Primarily, a strong political will beyond any

other changes is required for such a change.

Children who may in the past have been served primarily by special
teachers in segregated settings are increasingly becoming the concern of
every teacher (Angelides et al., 2004). Mainstream schools are now required
to be transformed in ways that will increase their capability to respond to all
children. This means that all teachers are obligated to modify their practice
in order to be able to effectively teach all of their students, including students

with SEN, and to put into force the policies of inclusion.

Phtiaka (2002) argues that even though the Law 113(1)/99 is a pioneering
step for Cyprus settings, it may not be so effective or functioning due to
some difficulties and deficiencies. The number of special education co-
ordinators is not satisfactory, therefore the inclusion could not be reached
when there is limited co-ordination and co-operation between schools,
parents, teachers and the MoEC. In addition, the author pinpoints the
inadequate specific knowledge in the aspects of SEN that primary school
teachers have in Cyprus. Most of them are prejudiced and have negative
attitudes towards students with SEN in their classrooms. Furthermore,
schools lack substantial technical and material infrastructure in order to meet

the needs of differentiation; this incommodes the role of teacher (Phtiaka,
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2002, Demetriou et al., 2007). Moreover, the evaluation and re-evaluation of
students’ needs seem often to be inadequate and problematic (Phtiaka,
2002).

Similarly, Angelides and colleagues (2004) found that teachers in Cyprus
lack both the necessary knowledge and attitude in order to support or
provide inclusive education. Some of them do not have the knowledge to
adjust their teaching into learning conditions favourable for all children. On
the other hand, there is not a climate of acceptance of students with SEN
amongst their peers, especially when the teacher does not cultivate an
atmosphere in the classroom that is helpful to children with SEN regarding
acceptance by their classmates, and to be considered as equal members of

society.

In order for inclusive education to be successful in Cyprus and elsewhere,
we must exploit every available resource (Saleh, 1998). The notion of
inclusion requires the development of a logic that aims primarily at bringing
about improvements of educational strategies and programmes, and better
use of all available resources (Angelides et al, 2004; Demetriou et al., 2007,
Phtiaka, 2002). What we practise in Cyprus is more incorporation than
inclusion (Demetriou et al., 2007). The legislation is good enough, but in
order for it to be effectively functional, significant progress must be achieved
in the field of attitudes, infrastructure, training of in-service teachers, better
preparation of prospective educators and the revision of the curriculum.
Teachers have the power to contribute significantly in an effort for the
successful implementation of inclusion by modifying their plan of action, and
responding themselves to the needs and personal needs of their students. In
addition, teachers can differentiate their teaching according to the content of
the lesson, the interests of each child and their tempo and level of learning,
and by their responses to questions and activities, and the structures and

methods of teaching (Lewis, 1992).

Although the Law 113(1)/99 is based on the idea of inclusive schools (Barton,
2002), the MoEC does not prohibit the existence of special schools. Not only



-15 -

have special schools continued their operation, but special units have been
transferred into mainstream schools. Obviously, the MoEC has not yet
abandoned the principle of the medical model because it continues to block
the integration of more severe cases in the general school. The idea that
some children must attend special schools because of the severity and
uniqueness of their needs, refers to the ideology which considers disability
as a problematic and marginalized status. This confirms the assumption that
discrimination is deeply rooted and an integral part of the Cypriot social
system (Charalambous, 2004). There is much criticism on the segregation of
students with SEN through the legislation and curriculum in Cyprus. Despite
the efforts of the new national curriculum for the creation of a more
democratic and humane school for everyone, it seems that much more of an
effort is needed in order for us to talk about inclusion in Cyprus (Symeonidou
and Mavrou, 2014).

For the purposes of my research, | will use the terms ‘Inclusion’ and
‘Inclusive education’ with the meaning of attendance in ordinary school, a
meaning derived from the Educational Law 113(1)/1999 (MEC, 1999).
Beyond the ‘attendance’ in mainstream schools and the education of
children with SEN in the mainstream school, the Law 113(1)/1999 does not
refer (directly) to the terms f‘integration’ or ‘inclusion’. However, for more
severe cases of SEN, the Law refers to the term of ‘incorporation’ which is
probably associated with the notion of ‘integration’. Moreover, it is important
to mention that students with dyslexia are educated in mainstream schools,
and there is no special school for the education of students with dyslexia in
Cyprus. Therefore, when | refer to the inclusion of students with dyslexia in
mainstream schools, | imply that the student attends an ordinary school and
they are a part of the mainstream classroom, and therefore educated and
treated equally as their classmates. However, these students are not fully
included in everyday learning routines of their mainstream classrooms, since
they withdraw at least twice a week in order to receive remedial education in
individualized settings within the mainstream school (Symeonidou and
Mavrou, 2014).
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2.5 Dyslexia

Dyslexia is a specific developmental disorder that affects literacy across the
life-span (Reynolds et al., 2003, Snowling, 2000). The medical model initially
provided an ill-defined description of dyslexia terms, but nowadays this
definition is out of use and has been replaced. Dyslexia has been
acknowledged as a consequence of a problem in phonological processing
(Coltheaer, 1996).

There are many definitions of dyslexia but no official consensus has been
reached. At this stage | will comment on the definitional debate of dyslexia.
However, a thorough critique on it cannot be made since numerous
definitions of dyslexia have been proposed. Therefore, | will focus on those
viewing dyslexia as a discrepancy between IQ and reading skills, the
definition proposed by the Orton Dyslexia Society in 1994 and is widely
considered as accepted and working, and the definition constructed by the
Expert Advisory Group and presented in the Rose Report (2009). | will also

refer to the dominant definition of Dyslexia in the Cypriot context later on.

Scientific research has described dyslexia as a congenital, neurocognitive
deficit which firstly appears when a child begins to read, write and spell, and
continues throughout their life. It is a developmental, not permanent
condition having psychological effects on the individual throughout their life
(Turkington and Harris, 2002, Mavrommati, 1995). Yet, students’ with
dyslexia difficulties alter over time in conjunction with their chronological age

and stage of cognitive development (Anastasiou, 1998).

Stanovitch (1998) stated that a child can be diagnosed with developmental
dyslexia if it underperforms in reading skills compared with its peers, and if it
fails to reach the appropriate reading skills after two years of schooling. This
failure must not be supported by the existence of other cognitive or

neurological deficits.
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“‘Developmental dyslexia is traditionally defined as a discrepancy between
reading ability and intelligence in children receiving adequate reading tuition”
(Ramus et al., 2003; p.841). The discrepancy view is based upon the notion
that students with low 1Q will probably face difficulties in various domains,
reading being just one of them, and on the basis of exclusionary measures,
those with poor reading abilities and poor general mental abilities should not
be considered as having specific reading difficulties (Elbeheri and Everatt,
2009).

As Turner and Nicholas (2000) have said, IQ has long been considered a
determinant factor of academic attainment. In a similar vein, Thomson
(2001) supports that “the evaluation of intelligence is an important element of
the assessment of dyslexia” (p.35). This implies that IQ might indicate who
could improve if additional and appropriate literacy training is provided, and
who would remain stable and finally fail as a result of their low intelligence
(Elbeheri and Everatt, 2009).

Yet, Flowers et al. (2000), paraphrasing Thorndike’s worry, say that 1Q tests
can only measure people’s functioning at a certain moment and occasion,
but can they actually judge future development? Moreover, Crombie (2001)
suggests that skills such as reading and writing cannot be acquired before a
child enters school, so the IQ-discrepancy definition fails to a great extent to
give chances for early identification and intervention. To put it simply,
‘researchers who argued forcefully against the |Q-reading discrepancy
criteria view such a discrepancy as based on an outdated and indefensible
construct (IQ) which does not differentiate between the reading skills of
different groups of poor readers and which has no obvious implications for

differential teaching strategies” (Elbeheri and Everatt, 2009; p.29).

In 1994, the Research Committee of the Orton Dyslexia Society (currently
known as the International Dyslexia Association) has defined dyslexia as the
following: “Dyslexia is one of several distinct learning disabilities. It is a
specific language-based disorder of constitutional origin characterised by

difficulties in single word decoding, usually reflecting insufficient
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phonological abilities. These difficulties in single word decoding are often
unexpected in relation to age and other cognitive and academic abilities;
they are not the result of generalized developmental disability or sensory
impairment. Dyslexia is manifested by variable difficulty with different forms
language, often including, in addition to problems with reading, a
conspicuous problem with acquiring proficiency in writing and spelling”
(Lyon, 1995; p.9).

The opening sentence aims at showing that dyslexia is a part of other
learning disabilities, and that the terms ‘dyslexia’ and ‘learning disabilities’
are different. (Lyon, 1995). Yet, it should be noted that despite dyslexia
being distinct from the general term ‘learning disabilities’, 80 per cent of the
population with learning disabilities is influenced by reading difficulties
(Lerner, 1989, Lyon, 1995). Not to mention that quite often students with
dyslexia face comorbid deficits, like attention problems (Shankweiler et al.,
1995, Shaywitz et al., 1994), mathematical (Fletcher and Loveland, 1986)
or/and spelling and writing difficulties (Lindamood, 1994), which should not
be missed when designing an intervention programme. Still, Lyon (1995)
argues that since attention and mathematical difficulties are distinct from the
cognitive difficulties involved in reading, including them in the definition
“‘would not be empirically sound and would limit its focus and its application
to research and clinical practice” (p.10). Spelling and writing have, however,
been mentioned in the last sentence of the definition as difficulties linked
with dyslexia, and have been associated with phonological deficits in
literature (Bruck, 1988, Fowler and Liberman, 1995, Lindamood, 1994).

The heritability of dyslexia is also stressed in this definition, as well as
phonological processing skills considered the primary cause of reading and
spelling difficulties (Nijakowska, 2010). Yet, many researchers say that the
focus should be on the symptoms rather than the causes of dyslexia in order
not to limit further research or encourage circular arguments on causes of
dyslexia (Uppstad and Tonnessen, 2007). This definition also makes use of
the notion of discrepancy between intelligence and reading ability, and
characterises deficits in reading as “unexpected”. The strengths and

limitations of the discrepancy theory have been discussed above.
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A more thorough definition, aiming to encompass all aspects of dyslexia as
mentioned above, and also compensate for misconceptions about dyslexia
of previous definitions, is that presented in the Rose Report (2009). Dyslexia
is viewed as a learning difficulty, mainly manifested in inaccurate and non-
fluent word reading and spelling. The definition of the Orton Dyslexia
Society, presented above, and Vellutino et al. (2004), Hulme and Snowling
(2009) also refer to the relation of dyslexia with such difficulties. The report
also mentions deficits in phonological awareness, verbal memory and verbal
processing speed, and ample research supports this view (Vellutino et al.,
2004, Snowling, 2008). The important role played by phonology in learning
to read has long been emphasized by contemporary studies of cognitive
psychology (Snowling and Nation, 1997, Snowling, 2000), and decoding and
encoding processes of single words have been reported as reliable
indications of reading disorders (Ott, 1997, Reid, 1998), and at least at a

primary level, learning to read depends on such processes.

Another strong point of this definition is that in contrast to definitions that
have been described as negative, such as the discrepancy definitions which
rely on exclusionary criteria (Krasowicz-Kupis, 2008 cited in Nijakowska,
2010), the particular definition comments that dyslexia “occurs across a
range of intellectual abilities” (Rose, 2009; p.30) and indeed research has
shown that children of all intellectual levels, but with poor reading and
spelling, underachieve in tasks asking them to manipulate words and
phonemes (Fletcher et al., 1994, Stuebing et al., 2002). Additionally, it is
stressed that dyslexia “is best thought of as a continuum” with “no clear cut-
off points” (Rose, 2009; p.30). To illustrate dyslexia may vary due to the
degree of severity (from mild to severe) (Snowling, 2008), and it often
becomes hard to assess whether a child does or does not have dyslexia
(Goswami, 2008). Not to add that other factors, such as its origin and the
time of diagnosis, may lead to account for different dyslexia symptoms
(Markou, 1993).

This definition, in comparison to the Orton Dyslexia Association definition,

explains that children with dyslexia may experience disorders in other areas
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like motor, memory, attention, organization difficulties (Castles and
Coltheart, 1993), or mathematical difficulties (Ott, 1997), and as mentioned
above, it is crucial to take them under consideration when applying
intervention, otherwise intervention may not be appropriate for an individual,
for instance, a student with motor difficulties may feel embarrassed to learn
through a multisensory technique asking him to use his body due to his age-
inappropriate movement. Finally, the definition stresses that the severity of
dyslexia symptoms can be eased when implementing efficient intervention
(Fuchs and Fuchs, 2006, Compton et al., 2006). This is an implication for
teachers to design intervention, and depending on the way children respond,
redesign it so as to meet their needs. It is expected, of course, that some

children will improve sooner than others.

Yet, even though this definition seems to work, Nijakowska (2010) is
cautious about defining dyslexia based on its symptoms as it is a dynamic
phenomenon with constantly changing symptoms that “can be influenced by

methods of teaching, remedial instruction and compensation abilities” (p.8).

2.5.1 Theories about Dyslexia

Various theories of dyslexia have been proposed so far, and research in
developmental and educational psychology, behaviour genetics and
neuroscience (Grigorenko, 2001) has stressed that both defining the
syndrome and identifying its etiology is complicating, these issues are “still
hotly debated” (Ramus et al., 2003; p.841). For the purpose of this thesis |
am going to critically analyse only the most dominant theories around

dyslexia.

The phonological deficit hypothesis

The phonological processing system involves the way speech sounds are
perceived, coded and used (Hatcher and Snowling, 2002). According to
Ecalle et al. (2009) and Ramus et al. (2003), students with dyslexia have
difficulty with representing, storing and/or producing speech sounds.

Reading becomes easier for children who can understand the mappings
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between graphemes and phonemes (Rozin and Gleitman, 1977). In fact,
children with dyslexia experience many difficulties when they come to learn
how to use the grapheme-phoneme schema, and therefore often cannot
decode unknown printed words. In addition, many researchers hold the view
that developmental dyslexia appears as a widespread difficulty in
phonological processing and particularly at the level of phonological
awareness. For example, students with dyslexia can neither identify nor
handle the sound structure of any word (Ecalle et al., 2009). Magnan et al.
(2004) declare that learning to read requires a system combining the areas
of orthography and phonology. It is widely believed that the vast majority of
students with dyslexia have a deficiency regarding the second area of this
system, which in other words means that they are not able to make
connections between printed and spoken words easily (Snowling, 2000). In
fact, learning this correspondence along with mastering the alphabetic
principle are important factors in learning to read an alphabetic script, like
Greek or English, and the way reading is developed depends on how these
sounds are stored, represented or retrieved (Snowling, 1981, Bradley and
Bryant, 1978, Brady and Shankweiler, 1991).

In support of the phonological-deficit theory, it has been shown that students
with dyslexia have difficulties with tasks asking them to identify, segment
and manipulate speech sounds (White, 2000, Goldsworthy, 2000), and also
that they have verbal short-term memory and automatic naming problems.
Not to mention that according to the work conducted by Galaburda et al.
(1985), at a neurological level, and functional Magnetic Resonance brain
research (Paulesu et al., 2001, Shaywitz et al., 2002) an inherited, left
perisylvia brain dysfunction in phonological difficulties may play an important
role in forming phonological difficulties. Yet, those criticizing the phonological
theory of dyslexia mainly suggest that dyslexia is a more complicated
phenomenon, having its basis on sensory, motor, learning processes rather
than a phonological deficit alone (Ramus et al., 2003). As Ramus et al.
(2003) explain, this theory fails to address motor and sensory problems that
pupils with dyslexia may have, for instance, Snowling (2000) acknowledges
the presence of such problems but more as a sign of dyslexia rather than a

cause of it.
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The visual theory

Stein and Walsh (1997) view dyslexia as a set of visual deficits giving rise to
difficulties such as processing letters and words in a text. As Singleton
(2009) explains the “cooperation” between the magnocellular and the
parvocellular system “enables us to perceive a stationary image when we
move our eyes across a scene or a page of text” (p.45). According to the
visual theory, children with dyslexia magnocellular pathway may be
collectively disorderly (Ramus et al., 2003). Cornelissen et al. (1995) showed
that pupils with dyslexia cannot perceive moving stimuli as fast as their
peers without dyslexia. Eden et al. (1996) showed that particular critical
areas of the visual cortex, typically activated by moving stimuli are not
activated in the case of learners with dyslexia. Contrast sensitivity has been
found by Evans et al. (1994) to be one of the problematic domains in
students with dyslexia magnocellular functioning. Yet, according to Skottun
(2000) who assessed 22 studies of magnocellular processing; only 4 could
lead to the conclusion that dyslexia is linked to magnocellular deficiencies.
This theory also fails to explain why students with dyslexia may be clumsy,
may have poor handwriting and automatic (for example, reading) skills. In an
attempt to bridge this gap the automaticity/cerebellar theory, presented

below, was proposed.

The automaticity/cerebellar theory

As Nicolson et al. (2001) explain, the cerebellar theory argues that learners’
with dyslexia cerebellum are partly dysfunctional, leading to various
cognitive deficits. The cerebellum being responsible for regulating muscle
tone, balance and co-ordination of movement, can play a key part in motor
control and as a result in speech articulation; therefore, a dysfunction in
articulation could imply problematic phonological representations (Ramus et
al., 2003). Additionally, cerebellum controls the automatisation of various
overlearned tasks such as writing, reading, driving or typing. Thus, as
Ramus et al. (2003) explain, difficulties with automatisation probably mean
difficulties in acquiring the grapheme-phoneme correspondence. Several
studies have shown that learners with dyslexia may perform poorly in tasks

requiring them to use their motor skills (Fawcett et al., 1996), in dual tasks
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exhibiting a poor sense of balance (Ramus et al, 2003), and in tasks where
they are asked to estimate time (Nicolson et al., 1995). In addition, through
brain imaging studies, it has been found that those with dyslexia cerebellum
demonstrate anatomical, metabolic and activation differences (Nicolson et
al., 1995).

Yet, the cerebellar theory is not without flaws since it falls short in explaining
why individuals with dyslexia also have sensory problems. The argument put
forward by its supporters is that there are different dyslexia sub-types that
could be attributed either to the cerebellar or the magnocellular, and explain
that phonological deficits stem from deficits in cerebellar while they look like
magnocellular deformities (Ramus et al., 2003). Another limitation of this
theory is that it relies on an old-fashioned opinion where phonological
representations are viewed as connected to articulation of speech (Ramus et
al., 2003), and as Liberman and Mattingly (1985) have observed, this view
has been refuted because it has shown that even people with dysarthrosis
had a normal phonological development. Not only to add that motor deficits,
when linked to dyslexia, have been reported to be present in cases where
people apart from dyslexia also have attention-deficit/hyperactivity disorder
(ADHD) (Denckla et al., 1985).

The magnocellular theory

A theory trying to encompass all theories mentioned above is the
magnocellular theory. Stein and Walsh (1997) suggested that this theory
addresses the visual, auditory and tactual deficits individuals with dyslexia
might have, as opposed to the visual theory which deals solely with the
visual dysfunction. The cerebellum being the head ganglion of the
magnocellular systems plays a part in the formation of binocular and inner
speech, and since receiving a great amount of input from various
magnocellular systems, might be influenced by a magnocellular dysfunction
(Ramus et al., 2003). In a similar vein, Hari and Renvall (2001) pointed out
that the magnocellular theory could explain all known expressions of
dyslexia, auditory, visual, motor, tactual, and as a result, phonological. In
support of this theory, a connection has been found between abnormalities

existing in the medial and lateral geniculate nucleus of the brains of
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individuals with dyslexia (Galaburda et al., 1994), and simultaneous visual
and auditory deficits that a number of them exhibit (Van Ingelghem et al.,
2001).

Even though scientific research identifies auditory problems, this applies
only to some subgroups of people with dyslexia, rendering thus itself to a
great amount of criticism (Marshall et al., 2001, Rosen and Mangari, 2001).
Moreover, the visual dysfunctions in individuals with dyslexia are noticed in a
wide array of stimuli and are not restricted to those involving only the
magnocellular system (Amitay et al., 2002, Farrag et al., 2002). More
strikingly, scientific studies support that auditory problems cannot be
considered a cause of phonological deficits (Bishop et al., 1999, Marshall et
al., 2001).

From the aforementioned it could be concluded that the phonological theory
does not put forward a sufficient explanation for the sensory or motor
problems a group of individuals with dyslexia may face, while the
magnocellular does not provide an explanation why these problems may be
absent in a high number of individuals with dyslexia. Finally, the cerebellar

theory addresses both matters insufficiently.

However, recent studies have connected dyslexia with deficits in
phonological processing, and is now being considered as the most fully
developed and generally supported theory of dyslexia as it can address
research findings to the greatest possible extend (Frost, 1998, Snowling,
2001, Pennigton et al., 2001, Ramus, 2001).

2.5.2 Etiology

Addressing the causes of dyslexia is not simple, and a multitude of
theoretical and scientific views have tried to provide an explanation about
dyslexia, revealing this way its multidisciplinary character and different
etiology perspectives. Medicine, genetics, biochemistry, education, language

and psychology are only but a few sciences that have dealt with this issue.
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Thorough research (Lerner, 1989, Shin and Ross, 1998, Markou, 1993) has
pinpointed a number of possible reasons causing dyslexia. Its inherent
nature has long been emphasized, and dyslexia could be attributed to a
genetic component existing in families. Boys are in a greater danger of

dyslexia in comparison to girls, with a ratio 4:1.

As far as the neurological view on etiology is concerned, it has strongly been
suggested that connections between cerebral hemisphere function and
dyslexia exist (Thomson and Watkins, 1998). Pennington & Smith (1987;
cited in Markou, 1993) and Lubs et al. (1996; cited in Brooks, 1997) referred
to the genetic etiology of dyslexia even though the involvement of the actual
genes has not been identified as yet. Additionally, difficulties could be
associated with brain dysfunctions because of errors in foetal brain
development; during the first stages of pregnancy; when the foetal brain
turns into a compound organ, the nerves cells, neurons, might not be
adequately structured or connected, thus not helping information to be

delivered among various parts of the brain.

Contemporary research on cortical hemisphere function consents with the
view that the left hemisphere can be accounted for language and linguistic
processing, while the right hemisphere is concerned with more spatially
oriented types of skills. The left hemisphere has been characterized as the
analytical, logical and sequential part of processing information, whereas the
right is linked “with perception of spatial relations, depth perception and form
perception” (Thomson, 1990; p.72). Problems in relation to the left
hemisphere that have been reported as leading to dyslexia may include the
following: i) a shortage in cerebral dominance, the functions of the two
hemispheres (for example, the left being responsible for linguistic processes)
are not discernible (Thomson, 1990), and “interference in the left-
hemisphere functioning by the right hemisphere” favours “the right
hemisphere at the expense of the left” (p.74), and consequently makes the
absorption, storage and transmission of linguistic information between them
problematic; ii) examinations, conducted after death, showed that there are
distinctive discrepancies in the cluster of big cells in the area of the brain that

could be accounted for processing visual and auditory information, thus
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leading students with dyslexia to slowly process exhaustive information
(Galaburda, 1987; cited in Osmond, 1995).

Shin and Ross (1998) have pointed that the “whole-word” teaching method
to reading could be blamed for dyslexia. To the opposite end, a phonetic
approach to reading, where students are taught the names and sounds of
letters first, is found. Yet, since there are irregular languages like English,
where simply following phonetic rules does not imply successful reading,
cultivating students’ phonological awareness should be the main aim,

especially in the early years of schooling.

Shin and Ross (1998) have also discussed the psychological dimension of
dyslexia that could be attributed to a lack in social relations, loss of a loved
one, or regular school changes. Yet, judging from my personal experience, it
is quite often to see children experiencing the above problems to
underachieve academically and present symptoms similar to those which
students with dyslexia exhibit. Dyslexia also affects children that have no
social problems, have not suffered family bereavement, and have a stable

school environment.

In addition, Frith (1997) introduces a causal modelling diagram applied to
dyslexia. According to this model of the definition of dyslexia, there are three
different levels involved in the explanation of all apparent reasons as to why
children fail to learn to read. The behavioral level is the lowest level, where
specific impairments are the result of poor literacy skills because of gaps in
the child’s society in literacy. The cognitive level is the second level, at play
when specific deficits are the result of a poor learning of the writing system,
although Frith (1997) clarifies that this is based on a phonological deficit
hypothesis as well as the dysfunction of two or more cognitive functions. At
the cognitive level, students with dyslexia experience difficulties in
processing the phonological features of words (Snowling, 2000). On the top
level of Frith’s modelling diagram is the biological level, which involves the
potential genetic brain abnormalities. Moreover, Frith (1997) elaborates on
how several environmental factors may influence the causal pathway of the

abovementioned three levels.
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Figure 2.1 A causal model of dyslexia (Frith, 1997)

2.5.3 Main Difficulties

At this point | will discuss the main characteristics of dyslexia as have been
described by the literature. However, we must bear in mind that individual
difficulties may vary since not all individuals with dyslexia exhibit the same

symptoms.Reading

As Reid (2005) argues, students with dyslexia have difficulty with the
decoding process. They find it too hard to segment words into their
components and transfer “a word from a decoding strategy to a visual (sight
word) strategy” (p.3). Not to mention that since pupils with dyslexia lack a
vocabulary of sight words they have to decode almost every word; not an
easy task for them to perform as their phonemic awareness, their ability to
identify different sounds and syllables, is poor. As a result students’ with
dyslexia reading fluency is affected (Reid, 2005). In their effort to read they
may rely on context. Yet, so as to use context effectively students have to
have developed a level of fluency and therefore understanding (Reid, 2005).
Due to their fluency and decoding problems they also have comprehension
difficulties. Finally, sequencing problems result in disordering letters or parts
of the words, for example “aliffiated” for “affiliated” (Reid, 2005).

Spelling

Reid (2005) has identified difficulties in spelling for students with dyslexia in

the following domains: i) cannot cope with spelling rules; ii) phonological
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mistakes, for instance, representing the sound “ph” by using the letter “f’; iii)
using letters or a series of letters out of sequence; iv) cannot distinguish
between letters with similar sounds, for example “s” and “z”; v) cannot

correctly use word endings, “ie” instead of “y”; vi) puzzle or omit vowels.

Writing
Pupils with dyslexia have difficulty when asked to write long pieces of work,

and their work is usually “rambling and poorly organized” (Reid, 2005; p.6).

Speech development

According to Ott (1997), they are likely to jumble words, have poor
articulation and hesitant speech, poor rhyme awareness and use of syntactic

structures, and forget names of objects.

Memory-Sequential-Organizational problems

Children with dyslexia exhibit short-term memory deficiencies and cannot
easily keep to memory lists; and also long-term memory problems that could
be attributed to bewilderment during the learning process, or deficient
organizational skills. Due to the latter it gets difficult for them to organize
their time, equipment for learning and homework appropriately (Reid, 2005).
Accordingly, children with dyslexia may also experience difficulties in

following instructions (Ott, 1997).

Motor skills-Handwriting

Often children with dyslexia may have poor co-ordination skills and perform
poorly on tasks such as tying shoelaces, hopping and skipping (Ott, 1997).
Learners with dyslexia also show inconsistency in their writing style, and
even the “slope and characteristics of the writing style can vary within the
same sentence” (Reid, 2005). Capital and small letters are not used
correctly, and an odd writing grip or sitting position might be adopted (Reid,
2005).
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Laterality

Children with dyslexia may also have directional confusion, for example,
which is the right or left, this leading to additional problems like following

directions, understanding concepts up-down, top-bottom (Hornsby, 1995).

Yet, literature has also mentioned strengths that can be associated with
students with dyslexia. Shaywitz (2004) comments on students with dyslexia
as having curiosity and imagination levels that are really high, and their
brilliant comprehension of stories when told or read to them. As a result, they
may develop “a surprisingly sophisticated listening vocabulary” (Shaywitz,
2004; p.125). In addition, Hornsby (1995) has argued that children with
dyslexia may be more mature in comparison to their peers. Shaywitz (2004)
also points out that pupils with dyslexia can develop skills such as reasoning
and creativity, and do perform quite well in tasks that require using these

skills.

2.5.4 Dyslexia Debate

It is widely believed by many psychologists and teachers that dyslexia is
barely a myth. Some debates exist as to whether dyslexia does indeed exist
as a condition, or whether it merely reflects individual differences among
different readers. It may very well be that the term “dyslexia” is not functional
because the difficulties people with dyslexia are up against are so wide-
ranging, as Elliot (2005) has argued. Thus, it is not reasonable to classify
students as having dyslexia or not since the same treatment will be used for
the cultivation of their reading difficulties. Also, poor readers are poor
readers regardless of whether they will be labelled as students with dyslexia
or without dyslexia. Elliot (2005) continues by saying that the phonological
difficulties of children with dyslexia are present also in poor readers without
dyslexia, and that environmental factors play a significant role in reading skill
acquisition (Nicolson, 2005). On the other hand, Nicolson (2005) asserts that
dyslexia cannot be a myth since 50 per cent of the variance in dyslexia is

genetic, which means that dyslexia has a clear and distinct basis.
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Moreso, there is no complete consensus as to how dyslexia can be
diagnosed. Many children with dyslexia show difficulties outside the literacy
domain, and there are overlaps between ADHD, specific language disorder
and dyslexia in terms of secondary symptoms shown. Elliot (2005) points out
that it is necessary for a diagnostic category to be exclusive, to be of value.
In contrary, Nicolson (2005) believes that secondary symptoms are
informative to the same extent as primary symptoms, and “may lead towards
the development of classification systems based on underlying causes

rather than manifest symptoms” (p.658).

Elliot (2005) pinpoints that children with low intelligence can be supported in
the same way as children with reading problems but of higher intelligence.
The effectiveness of support depends on the suitability of the interventional
approach and its right implementation. To this end, he argues that either
every child with poor reading ability has dyslexia, or none of them have.
However, Nicolson (2005) says that this assertion confuses the etiology with
the treatment. For instance, for educational psychologists, the key issue is
the cause of the reading disability and the reason why they do not learn to
read. For an academic psychologist, the key issue is the underlying cognitive
or neurological factors that lead to reading problems. Therefore, an
educational psychologist focuses on the treatment and the cause of reading
disabilities, whereas an academic psychologist focuses on the etiology. The
two different perspectives might lead to a disagreement of what dyslexia
actually is, what the difference is between dyslexia and reading disorders,
and if dyslexia is a myth or not. It is obvious that any successful approach to
dyslexia requires collaboration between both groups in terms of ‘formal’ and

‘pedagogical’ diagnosis and treatment.

Elliot (2005) says that in the absence of clear evidence, there is no particular
teaching approach that is more suitable for a dyslexic subgroup than for
other poor readers. “At the current time, splitting poor readers into two
groups - dyslexic sheep and ordinary poor-reading goats - has little practical
value for dealing with literacy problems. Rather than pouring resources into
dyslexic assessments, we would at the current time, be wiser to target all

poor readers at the early age for interventions” (p.729). Nonetheless,
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Snowling (2005) asserts that “to gather everything under the umbrella of

dyslexia helps neither theory nor practice” (p.730).

2.6 Dyslexia in Cyprus

| mainly focus on the situation in Cyprus, since the research was undertaken
in that particular country. Therefore, it would be useful to explore what the
current conditions are regarding dyslexia in Cyprus. First of all, | would like to
delineate that no special schools for moderate learning difficulties operate in
Cyprus. Therefore, all students with dyslexia can be found in mainstream
schools. Some of them have already been diagnosed as students with

dyslexia, but some of them are still characterised as ‘lazy’ and ‘odd’ students.

In the early 1990s, Cyprus had no policy on dyslexia in any area. The Ministry
of Health was responsible for remediation of dyslexia rather than the Ministry
of Education and Culture. The educational system provided specialised
education for only two special needs groups - for the blind and for the deaf
(Apostolides, 2004).

Interestingly, Apostolides (2004) says that the majority of workers in the
Ministry of Education had no idea what dyslexia actually is, as few people
had ever heard of it, and fewer understood it. Some of the psychologists who
worked on behalf of the Ministry of Education did not accept its existence.
Also, there were no provisions for children with dyslexia in the educational
system, no special provisions for examinations, and the state education
evaluation system was over-stretched. Additionally, the bureaucratic
procedures of the Ministry of Education did not allow radical changes, with
the exception of the attempts of a few teachers who had trained in special
education, or had sufficient knowledge to deal with dyslexia. The lack of
knowledge, and also the scarcity of specialists in dyslexia, leads mostly to
incorrect diagnosis. Children with general learning difficulties were

considered as having dyslexia. The same happened for ADHD.

Conversely, the situation in private schools was relatively better than in state
schools. A few qualified psychologists cooperated with private schools, but

mainly conducted the diagnosis of dyslexia in an empirical way based on their
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experience, and not by using the appropriate procedures as suggested by
special education and psychology. In addition, some private schools were
more willing to offer assistance to students with dyslexia by providing
remediation sessions by specialists, such as speech therapists, although it is
interesting to say that a few students with dyslexia enter private schools in
Cyprus because of the entrance examinations that do not apply in state
schools (Apostolides, 2004). The most disturbing fact was “the ignorance of
the population at large, which resulted in most dyslexic children receiving no
sympathy and being branded as lazy or indifferent to learning, and with
parents confused and not knowing where to turn for assistance. The main
problems, however, were (and still are) with the lower income groups, who in

general, are faced with desperate problems” (Apostolides, 2004; p.62-63).

After 1992, some improvements had been observed, when the Ministry of
Education had started a sort of cooperation with the University of Cyprus. The
University of Cyprus has a traditionally strong department for training primary
school teachers. The programme of training consists of courses on special
education including dyslexia. Therefore, young teachers have at least an
understanding and basic knowledge of how they can deal with dyslexia, a fact
that changed their attitude towards children with dyslexia in their classrooms
(Apostolides, 2004).

In 1993, the Cyprus Dyslexia Association (CDA) was founded, and was
registered as an official and recognized association in 1994. According to its
regulations, the association aims to help persons of all ages who have
dyslexia, to develop their educational, cultural and other capabilities. It seeks
also to enlighten the public and the authorities with respect to dyslexia and to
encourage officials to establish state policy on dyslexia. In addition, CDA
intends to provide assistance to all the communities in Cyprus, irrespective of
religion or racial group or community, and to foreign residences of Cyprus.
Finally, CDA inspires to create a centre for diagnosis, remediation and

research for Dyslexia (Cyprus Dyslexia Association, 2010).

As mentioned above, one of the objectives of CDA was the formation of a
national policy on dyslexia. Apostolides (2004) states some attempts of the

Cyprus Dyslexia Association towards this end. From the early years of its
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operation, CDA emphasised on providing information and education to the
public and to officials, as well as obtaining the support and guidance of a few
private and state sector specialists involved in the diagnosis and remediation

of dyslexia.

One of the priorities of CDA is the policy development for dyslexia, which
mainly intents to the provision of information on dyslexia for the public,
teachers, the state bureaucracy and the political leadership. The policy
highlights the need for education and training of teachers, psychologists and
officials, the provision of diagnostic capability for dyslexia in both public and
private sectors, the establishment of a legal framework for state policy, the
establishment of an appropriate state budget for implementation of policy, the
provision of guidance for those children with dyslexia and their parents, and
the provision of welfare and support services. In addition, it focuses on the
creation of social contact between students with dyslexia, the development of
self-esteem by people having dyslexia, and finally the provision of remedial

education (Cyprus Dyslexia Association, 2010).

Before 1999, the legislation for education of children with special educational
needs was problematic and had never been put into practice (Phtiaka, 2002).
After the Educational Act 113(l) of 1999 was passed, much improvement was
observed. Before that, it would be interesting to explore the role of CDA
towards the establishment of state policy on dyslexia. Apostolides (2004)
states that the establishment of state policy on dyslexia was considered an
urgent problem in view of the almost total lack of knowledge in the state
system. This was due to the fact that the Ministry of Education did not have a
comprehensive policy on special needs before 1999. CDA proposed a
dyslexia committee within the Ministry of Education, under the Special
Education Service of the Department of Primary Education with the
participation of CDA in that committee. MoEC answered positively. The
Departments of Secondary and Tertiary Education also participated, as did
the Educational Psychology Service. Also, the participation of psychologists
from the Ministry of Health influenced the discussion on dyslexia, due to their

greater experience in dealing with the problem.
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In 1999, the Law 113(1)/99 for the Education of Children with Special Needs
(MOEC, 1999) was passed and followed by the publication of the regulations
that govern the implementation of the Act (Angelides et al, 2004; Phtiaka,
2007). The enactment of the Law 113(1)/99 established the legal basis for
dealing with dyslexia in the state education system, and has facilitated the
development of private sector policies, but it is obvious that policy goes
beyond legal aspects. Law recognizes dyslexia as a disability, and
establishes a public sector system of diagnosis and committees to determine
the classification of a disability as a special need, allowing for a liaison officer
with schools for the fulfilment of the programme for each child, as determined
by experts (MOEC, 1999).

The new law was not brought into operation until the 2001-2002 school year.
The situation has been improved now but is still far from ideal. Further
training on dyslexia and the enlightenment of teachers and school directors is
required, and guidelines are needed for the education of children with
dyslexia. Recently, a decision was taken following pressure from the CDA to
permit oral examinations, while the law requires each child with dyslexia to

demonstrate their knowledge during examinations.

Apostolides (2004) concludes that “many aspects have to be considered
together but the key elements appear to be strong public support,
enlightenment and education of all concerned, a strong membership base,
regular formal and informal contacts with officials and politicians, persistence,
patience and determination. However, policy on dyslexia is always
uncompleted. It requires constant adaptation in order to adjust to new
research findings, modern demands and experience as to which practices
work best” (Apostolides, 2004; p.66).

2.7 Definition for the purposes of my research

In Cyprus, dyslexia is sometimes simply referred to as a “Reading Disorder.”
It is one of many disorders referred to as Learning Disorders in the American

Psychiatric Association's Diagnostic and Statistical Manual (DSM-V). The
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DSM-V indicates a reading disorder exists when a score on an individually
administered achievement test of reading, writing, or mathematics is
substantially below expectations for age, schooling, and level of intelligence

(American Psychiatric Association, 2013).

The school system and government did not establish any criteria to be used
to qualify a child as having dyslexia. The Educational Law 113 (1)/1999 does
not provide any definition for dyslexia, but only defines the regulations and
conditions under which students with SEN will be treated in the educational
system. Usually the diagnosis requires the individual administration of a
standard 1Q test, such as the Wechsler or Stanford-Binet and individual
administration of achievement tests such as the Wechsler or Woodcock-
Johnson Achievement tests. Evaluations are performed by the District
Committees which consist of a licensed psychologist or school psychologist,
special teacher, clinical psychologist, speech therapist, social worker and
other specialists. Parents may obtain their own independent evaluation and

to have this information considered in the determination by the school.

Accurate diagnosis and psycho-educational testing by a licensed
psychologist is essential for an effective treatment plan. However, most
insurers do not cover diagnostic or treatment services for these specific
developmental disorders since they are “educational in nature”, and they
specifically preclude psychologists and others from billing for educational
services or |Q assessment. Evaluators vary in experience, and how
comprehensive of an evaluation which is performed. Therefore, it is usual to
label a student as having dyslexia who under different conditions or a

different evaluation might be identified as a student with poor reading skills.

The Cyprus Dyslexia Association avoids giving any clear definition about
dyslexia beyond the general information about what it is and how it can be
recognized. In terms of recognition, CDA published a check list for parents
and teachers that can be used in order to identify dyslexic-type difficulties in
their children. According to CDA, a child can be diagnosed as having

dyslexia if they encounter:
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o Difficulty with word retrieval or naming problems, frequently using
words like ‘stuff’ and ‘that thing’ instead of the actual name

e Confusion with before/after, right/left, over/under, and so on

o Difficulty distinguishing between similar sounds in words; mixing up
sounds in multisyllabic words (auditory discrimination) (for example,
aminal for animal, bisghetti for spaghetti)

e Takes longer than average to complete written work

e Reading at a level well below the expected level for the age of the
child

e Problems processing and understanding what they hear

e Difficulty comprehending rapid instructions

e Trouble following more than one command at a time

e Problems remembering the basic sequences, such as counting to 20,
the days of the week, or the alphabet

e An inability to sound out the pronunciation of an unfamiliar word

e Seeing letters or words in reverse (b for d or saw for was), although
seeing words or letters in reverse is common for children younger
than 8 who do not have dyslexia, children with dyslexia will continue
to see reversals past that age

o Difficulty with spelling

e Trouble learning a foreign language

e Difficulty with rhyming words, such as knowing that fat rhymes with
cat

o Difficulty recognizing words that begin with the same sound (for
example, bird, baby, and big all start with b)

e When the child surprises us, because in other ways they are bright

and alert (Cyprus Dyslexia Association, 2010).

It is obvious that there is no clear definition of what dyslexia actually is in the
Cypriot setting, and there is no special status for dyslexia. That is to say,
each student that has been defined as having dyslexia might not be
diagnosed as a student with dyslexia by different specialists, different district
committees, or in different countries. Since there is no general consensus

about the definition of dyslexia or any official definition adopted by the
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MoEC, for the purposes of my research, | based the choice of students on

the initial diagnosis of the District Committee.

Finally, it is worth noting that the dominant definition of dyslexia in Cyprus is
influenced by DSM-IV definition which states that dyslexia is a specific
learning difficulty of reading (and maybe writing), where the child exhibits an
important deviation in their reading skills from what is expected of their age,
literacy and intelligence (K.E.NE.D.Y, n.d.).

2.8 Dyslexia and Mathematics

Dyslexia has been seen in terms of difficulties relating to reading and
spelling. However, it constitutes a constellation of difficulties. According to
Joffe (1983), written language and mathematics share many common

features.

Mathematics is an important and integral part of the curricula, but many
students face difficulties. One of the reasons for these difficulties lies in the
nature of mathematics per se. Mathematics is a subject where the student
can build on previous or existing knowledge to acquire new knowledge
(Gagatsis, 1997). Chinn and Ashcroft (1995) argue that mathematics has an
interrelating/sequential/reflective structure, and they go on to explain that it is
a subject where one learns the parts; the parts build on each other to make
a whole; knowing the whole enables one to reflect with more understanding
on the parts, which in turn strengthens the whole. Knowing the whole also
enables one to understand the sequences and interactions of the parts, and
the way that they support each other so that the ‘getting there’ clarifies the
stages of the journey. Therefore, gaps in learning the different parts, or
difficulty in conceptualizing how the parts make a whole, may result in poor
achievement in mathematics (Symeonidou, 2008). Some gaps and
deficiencies in the early stages of understanding can create a failure in
processing the speed of mathematical problems in subsequent stages.
Certainly, each child displays different strengths and weaknesses that lead

to different levels of success or failure (Gagatsis, 1997).



-38-

Evans and Goodman (1995) argue that the performance of a child, in a
particular time, is a complex process in which many factors interact. There
are three main factors. The first factor refers to the characteristics of the
child, and includes the poor image of himself as a mathematician, the way of
learning, poor language skills (including reading), the dyslexic-type
difficulties, lack of mathematical experiences at home, a different cultural

background, gender differences, and difficulties in calculations.

Students’ beliefs about mathematics as well as beliefs about themselves as
learners have also been emphasized in recent years. For example, believing
in their ability to solve time-consuming mathematical problems, believing in
the importance of increasing their maths ability, and believing in the
usefulness of mathematics in everyday life, are all related to the motivation

to learn to solve problems in mathematics (Mason, 2003).

Investigating beliefs is important since they are behind students’ attitudes
toward classroom activities and performance. In particular, students with low
achievement may be unaware of their implicit, maladaptive representations
about mathematics, and be less able to modify them, and therefore these
beliefs contribute negatively to their learning and achievement. After these
beliefs have been assessed, adequate educational interventions should be
planned and implemented in the classroom to gradually change
inexperienced representations about the nature and acquisition of
knowledge in mathematics, which can be very resistant to transformation.
Changes to maladaptive beliefs can then positively affect motivation towards

mathematics (Mason, 2003).

The second factor refers to characteristics of the teaching method, namely
the pedagogical approach. Gifford (2006) points out that the potential
negative attitude of a child towards learning or even assessment

circumstances may cause failure to learn.

The third factor refers to the characteristics of the object of study. It is about
the relative image formed by students for a subject (for example,
mathematics), which is heavily influenced by the attitude and ideology of the

teacher in this subject (Evans and Goodman, 1995). Teachers have a
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remarkable influence on students’ construction of their beliefs through the
ways in which they present the subject matter, the kinds of task they set,
assessment methods, procedures and criteria. It can be legitimately
speculated that in order to modify students’ inexperienced beliefs about
mathematics, teachers should emphasise and greatly value students’
understanding of concepts, effort that increases ability, control over the
learning process and problem solving skills. Given that teachers’ beliefs, as
reflected in their practice, influence students’ beliefs, it appears evident that
pre- and in-service teacher training should include activities aimed at making
them manifest, and encourage teachers to analyse and reflect on their own
beliefs about mathematics, and different ways in which it can be approached

in the classroom (Mason, 2003).

2.8.1 Dyscalculia

Many researchers use the term ‘dyscalculia’ to describe the specific difficulty
in numeracy (Luculano et al., 2008). The term refers to the attenuation of
specific parts of the brain which are the basis of mathematical skills.
Dyscalculia refers to specific learning difficulties in mathematics (Chinn and
Ashcroft, 1995, Luculano et al., 2008). It is a contested term as researchers
have not yet reached a consensus regarding its definition. According to
Poustie (2000), children’s conditions may result from developmental or
acquired dyscalculia; the former resulting from a specific learning difficulty in
numeracy/mathematics, a condition that is present from birth, and the latter
referring to all kinds of learning problems in mathematics caused by various
factors, including developmental and acquired dyscalculia. Mazzocco (2007)
approaches the issue using a different terminology. She explains that
dyscalculia (which she also refers to as mathematical learning disability) is a
biologically based and behaviourally defined condition. She distinguishes
dyscalculia from ‘mathematical difficulties’, which are considered to be

difficulties of environmental, and not biological, aetiology.

Conversely, many researchers believe that the term ‘dyscalculia’ is
unnecessary (Pritchard et al., 1989) as learning disabilities and learning

difficulties can occur simultaneously (Miles, 1992). According to Pritchard et
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al., (1989) the difficulties that affect reading and writing affect, in a similar
way, their performance in mathematics, in the case of students with dyslexia.
They argue that students with dyslexia face more difficulties than students
without dyslexia in learning to link objects, events, relationships, etc., with
the correct names. According to Joffe (1983), the rationale for the
attenuation of some parts of the brain may prove unfounded, since there is
no area of the brain that specializes only in reading and spelling. There are
different parts of the cortex of the brain that have to do with symbolic types
of information, perception, translation and integration, including the written
language, but not limited to these. If this is so, malfunction in one of these
areas will affect a range of functions, especially if they have common
elements. Both the written language and school mathematics have many
common elements: both are universal languages that represent arbitrarily

concepts using symbols.

According to Gifford (2006), dyscalculia is a problematic area in terms of its
definition and identification. Especially for educators, the term is considered
to be problematic, not only because of its complexity, but also because it has
origins from scientific disciplines, such as neuro-psychology, applying
different methodologies and theoretical viewpoints than mathematical
learning theories. Hence, some of their implied theories come into conflict

with learning theories.

The same author refers to three main implications deriving from the adoption
of mental model for dyscalculia. First, the fact that these students answer
wrongly does not mean that they face severe difficulties; secondly, such
difficulties may be due to socio-cultural causes; and thirdly, if dyscalculia is
considered with its neurological causes, it should occur differently in different
cultures, with different teaching methods and linguistic structures (Gifford,
2006).

Why | am not focusing on dyscalculia? | am not focusing on dyscalculia for
four reasons. First, it is a contested term that refers to difficulties in
arithmetic only, but not difficulties that are literacy based. Second, it is a new
term that cannot be met easily or frequently in Cyprus. Third, there is

likelihood for co-morbidity of dyslexia and dyscalculia which makes the
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intervention more complex. Fourth, a student with dyscalculia might not face
any difficulty in reading, which is a key notion for my research project. On
the other hand, the main difficulty in dyslexia is poor reading skills, which
may cause barriers in understanding word-based mathematical problems as

discussed above.

2.8.2 Difficulties in Mathematics

People with dyslexia encounter difficulties with representing and accessing
the sound of a word, thus it is not easy for them to remember that word or
the meaning of it. Similarly, the core problem in mathematics for students
with dyslexia is based on those parts of the subject which call for
memorizing ability. In other words, a weakness at immediate recall of
number facts may be one of the limitations (Steeves, 1983). A lack of the
available number facts for immediate use is caused by retarded or deficient

‘automatization’ (Ackerman et al., 1986).

The specific difficulties of students with dyslexia in mathematics can be
diagnosed with the WISC Arithmetic sub-test which may represent a kind of
compromise between their high reasoning ability and typical dyslexic
weaknesses (Miles, 1992). However, we must be careful because any
potential arithmetical retardation in early school years may be associated
with developmental dyslexia but not necessarily so (Critcley, 1970 in Miles,
1992). Students with dyslexia encounter difficulties mainly in place value,
problems in writing the correct number of noughts, and in putting commas in
the correct place. In addition, there may be an inability to visualize numbers,
of memorizing multiplication tables, or retaining a series of digits in the
memory for a sufficient time (Critcley, 1970 in Miles, 1992). Similarly,
Pritchard et al. (1989) explain why many students with dyslexia, regardless
of their school age, still use their fingers or make notes (working out) on
paper when they do calculations. Researchers suggest that the requisite
number fact is not immediately available to them by any other means;
therefore they are obligated to use different and more childlike strategies.
This is a typical ‘compensatory strategy’ of students with dyslexia (Pritchard
et al., 1989).
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Although research in the field of dyslexia and mathematics is scarce (Miles
and Miles, 1992), few available research attempts confirm the assertion that
the main problem in mathematics, in the case of dyslexia, comes from
inadequate immediate memory. Webster (1979) asked students with
dyslexia and students without dyslexia to recall strings of seven non-rhyming
consonants and strings of seven digits. Students without dyslexia
outperformed their peers with dyslexia in an activity that demands high
levels of adequate immediate memory which seems to be an essential
condition for mathematical progress. Since students with dyslexia are known
to be weak in this area, these paradigms do not constitute a surprise.
Moreover, Miles (1983) found that some students with dyslexia remain weak
at exercises related to subtraction and that the great majority have distinctive

problems with multiplication tables.

A lack of automatisation explains the reason that students with dyslexia
encounter difficulties in multiplication tables, or difficulties in recalling words
in the case of language. “The ability to respond ‘in one’ to a mathematical
sum is in that case similar to the ability to recognize a word or phrase ‘in
one’ when reading or to set it down with no hesitation when writing. In the
same way having to work out a product (for example 9x8 = 10x8-8 = 80-8 =
72) is like having to deduce a word from its component letters; both are
examples of a ‘fall basic’ strategy for use when immediate responding is not
possible. In the case of both literacy and numeracy it is, of course, a great
advantage in the long run if a large amount of automaticity can be achieved,
but it is important in both cases that alternative procedures should be

available for use when necessary” (Miles, 1992; p.14).

An additional difficulty is the fact that they easily lose their place when
reciting tables (Miles, 1992). There is also evidence that the difficulties
experienced by students with dyslexia over ‘leftt and f‘right' affects
mathematics too. For instance, the three of the four basic operations,
addition, subtraction and multiplication require to be started on the right,

opposite to writing across the page in European languages that require to be
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started on the left. Conversely, operation of division requires to be started on
the left but involves all the other operations that are started from the other
way around. “Now unless dyslexics have an adequate understanding as to
what is involved, so that whether one starts on the left or the right is simply
something to be remembered there is considerable risk that they will go

wrong” (p.17).

Furthermore, students with dyslexia encounter difficulties in memorising
sequences and make mistakes in the numbering and writing of numbers
(Douklias et al., 2010). For example, they may write 1000300604 instead of
1364. Reversals of numbers are common mistakes, e.g. 1257 instead of
1752, as well as confusion with maths symbols, e.g. 6 x 8 = 14 (instead of
48) (Markou, 1993).

When students with dyslexia attempt subtractions or additions, they do not
follow the common route as everyone else, but conversely they follow
complex logical reasoning as a highly sophisticated person could do. Such a
way of thinking impedes the ability of giving instant answers, increasing
considerably the risk of error, and is a time-consuming procedure (Miles,
1983).

On the other hand, Steeves (1983) asserts that students with dyslexia can
be extremely successful mathematicians. There is a view that about 10 per
cent of students with dyslexia are likely to be really successful in
mathematics, 30 per cent exhibit no particular difficulty, and 60 per cent
encounter greater difficulties related to mathematics, though these
proportions seem to be simplistic. Miles and Miles (1992) aptly points out
that “all dyslexics have difficulties of some kind with mathematics, as part
and parcel of their problems with language and memory, but that there is
considerable variation in the extent to which these difficulties are overcome”
(p.8-9). The overall evidence suggests that all or most students with dyslexia
do indeed have difficulty with some aspects of mathematics, but that in spite

of this, there is a likelihood of success.
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2.8.3 Orientation

Orientation problems afflict children with dyslexia even more in the case of
mathematics. This is because while in reading and writing they manage to
overcome some of the difficulties by learning to read and write from left side
to the right, but in mathematics this becomes more complicated as the
direction right-left or left-right depends on the operation. Pollock and Waller
(1994) characteristically say that "children with orientation problems needed
to learn to read from left to right. Addition, subtraction and multiplication
begin from right to left. Suddenly, division reverses the direction: from left to

right" (p.116). This proves to be complicated.

Furthermore, errors in the position of digits cause more problems than errors
in place of letters in written words. For example, the teacher can easily
understand that ‘gril’ is ‘girl’, but not that 1438 is 1348. The difficulties in
language create confusions in the meaning of words related to orientation in
space, for example, right and left, far away, and so on. This explains the
difficulty in forming geometric shapes by following basic instructions
(Gagatsis, 1997). Interestingly, students with dyslexia are divided into two
groups as far as the ability of orientation in space is concerned. One group
includes those who have difficulties related to language. The problem is
basically a weakness in terminology and memory. The second group is
characterized by more severe difficulties and problems with time and space
(Pollock and Waller, 1994).

2.9 Mathematics in the Cyprus curriculum

When choosing this subject, | found it useful to review the curriculum for
teaching mathematics in primary schools in Cyprus. Therefore, in this
section, | present the aims, objectives and curriculum of mathematics as

outlined in the curricula of the Ministry of Education and Culture of Cyprus.

It is worth noting that the Cypriot educational system is very centralized
(Angelides et al., 2004). The Ministry of Education and Culture defines the

curricula and syllabuses. Also, the MoEC issues the textbooks which the



- 45 -

teacher is obliged to use, while they have the freedom to adapt their
teaching to the needs and peculiarities of students (Angelides et al., 2004).
Nowadays, the Ministry is promoting educational reform through the
implementation of the New National Curriculum (NNC) that will give the
teacher more freedom to use the textbooks and materials as outlined in the
curriculum (MoEC, 2012). Although the NNC put emphasis on the integration
of new technologies in mathematics, the use of computers for differentiation
of instruction is still somewhat limited due to restricted resources, limited
knowledge and the reluctance of teachers to integrate new technologies in
their instruction, either because they are not aware how to do so, or because
they consider ICT as wasting valuable time for preparation and
implementation (Demetriou, 2009, Mavrou, 2005, Vrasidas, 2014).

It is also worth mentioning that there is only one curriculum for all students
and for students with special educational needs and difficulties in
mathematics. For the case of students with learning difficulties, the existing
curriculum is amended in collaboration with the special needs co-ordinator,
parents, teachers and the district special education committees (Demetriou
et al., 2007). The NNC (MoEC, 2012) does not have an exclusive section for
students with learning difficulties, which falls in line with what Phtiaka (2010)
suggested, in that students with special educational needs do not need a
curriculum with different or reduced content, but rather that our aim is the
formation and implementation of a common curriculum for everyone.
Nevertheless, Symeonidou and Mavrou (2014) point out that the NNC do not
take into account the students with learning difficulties in the desirable

extent.

Curricula

According to the Cypriot curriculum, mathematics is an important part of
everyday life. The design of the curricula of Maths seeks not only to develop
basic mathematical skills of students, but also to cultivate mathematical
thinking in a way that helps the understanding of the structure of
mathematics and the parallel cultivation of positive attitudes towards the
subject. The mathematics’ curriculum includes the general purpose of the

module, the general targets for all grades of primary and secondary school
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and the syllabus for each grade separately (MEC, 2012). The NNC is based
on four principles: a. The mathematical notions should be explored in a way
that will attract the interest of the students; b. The curricula gives emphasis
on mathematical problem solving tasks; c. New technologies are an integral
part of mathematics; d. All students must gain experience through a good

quality mathematical program.

The problem solving is a hallmark of effective curricula (Schoenfeld, 1994).
The target is to enable students to use flexible ways in solving mathematical
problems by dealing with mathematical concepts and design steps that need
to be followed in order to solve the problems. The problem solving involves
reflection not only of the process followed by the students but also the
concepts used to solve the problem. Solving problems develops the ability to
understand and promote the exploitation of the structure and data of an

ailing situation. It develops the imagination and creativity of the students.

The NNC suggests the interdisciplinary approach of problem solving with
different units of mathematics, and mathematics with other sciences.
Problem solving can also be used in teaching processes in multiple ways: as
an introduction to mathematical concepts, as a means for exploring ideas
and the application of skills and knowledge, and as a means for evaluating
the abilities of students (MoEC, 2012).

2.10 WMPS and dyslexia

It is obvious that solving a mathematical problem requires the involvement of
higher cognitive and (abstract) deductive strategies, perception, attention
and memory (Babbitt & Miller, 1996). Solving mathematical word problems is
perhaps the most complex cognitive process in the subject of mathematics.
According to the Cypriot mathematics primary school curriculum (MoEC,
2012), dealing with mathematical problems requires the mobilization of
knowledge and skills and promotes student’s creativity. In order for students
to be enabled to solve a problem, they must firstly understand it, then devise
and implement a solution plan, and finally check their answer. The

comprehension of the problem relates to the ability of students to identify the
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given data and the question. Only when they can distinguish information will
they be able to devise a plan to solve it. Textbooks contain problems that
embed several strategies of problem solving, such as reasoning, selecting
the appropriate operation, reverse route, estimating and checking, making a
drawing, creating a table and discovering patterns. Textbooks help students
to develop their ability to prepare a draft for solving the problem (MoEC,
2000).

In the final stage, pupils check the reached answer, by taking into account
the given data and the problem’s question. This helps in ascertaining the
reasonableness of the answer. Students should engage in activities that
require them to monitor their answer. For example, students may be asked
to judge whether the result seems reasonable, if there is another solution, if
there is another way to obtain the answer, or whether the solution verifies
the problem (MoEC, 2000).

The general objectives for solving mathematical problems are that students
are able to identify the key elements of problems and solve word problems
of a single operation, to solve problems using various strategies, monitor
and evaluate the answers and use problem solving in cases of an
interdisciplinary approach, both within and outside the discipline of
mathematics (MoEC, 2012).

According to Polya’s (1945) model, problem solving in mathematics consists
of four stages: understanding the problem; solution plan; execution of the
plan; and evaluation. Krulik and Rudnick (1987) describe an additional
WMPS model which consists of five stages: understanding the problem;
investigation of the problem; choice of strategy; problem solving, and

checking the solution.

For understanding the problem, the description of its status, the visualization
of the problem and the identification of the question and given data are
required. This understanding can be achieved through communication

(careful reading, identification of problem data, analysis and synthesis of the
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problem) and through the representation (pictures, diagrams, tables, graphs
and mathematical symbols) (Carson, 2007). When students comprehend the
problem successfully, they should then investigate the problem which
involves the organization of the data, the determination of possible absence
of data, the construction of a solution plan, and the creation of a catalogue or
table (Krulik & Rudnick, 1987).

After the investigation, students have to select the appropriate solving
strategy. Primary school students should develop some strategies for solving
problems that are useful and generalizable for solving many kinds of
mathematical problems. Through these strategies, students develop their
ability to analyse unknown problems, develop their capacity to deal critically
with problems and their solutions, develop their capacity to expand solved
problems, reach generalizations, and develop positive attitudes towards
mathematical problems (Krulik & Rudnick , 1987).

Some of the strategies are as follows: reverse route or reverse path, creating
an organized list, the strategy of testing and verification, the representation
of objects (simulation), creating a table, finding a pattern, creating a drawing,
simplification of the problem, exclusion, reasoning, construction of an
equation, and brainstorming. After selecting the appropriate strategy, the
student should apply the strategy and execute the necessary operations. At

the end, they must be able to check the answer, extend and generalise it.

Understanding Investigation of Selection of Implemen_tat|on Checking the
of solving

the problem the problem strategy strategy answer

Figure 2.2 5-step model for WMPS of Krulik and Rudnik (1987)

However, there are word problems that cannot be solved with simple, step-
by-step procedures. Mason (2003) calls them anomalous problems:

Some problems may be anomalous when compared with those that can be
solved in a routine way. You may encounter something that you have not
dealt with before, a situation where you do not know how to proceed, so
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thanks to reasoning you can try to understand it. We should reason, and
through reasoning it is easier to find the solution (p.80).

Interpretation seems to be crucial in those cases.

Mechanical procedures do not always give solutions, that is, they are not
good for all problems. There are problems for which you have to use
procedures which are different from those you have learned in the
classroom. It is necessary to reason on a problem, to reason on the text to
understand what you have to do. Many times there are different ways to
solve the same problem. We should be able to interpret problems not just
read their texts. Sometimes we solve them in the usual way and the result
does not come out and we are disheartened (p.80).

Garofalo (1989) points out different kinds of students’ beliefs affecting
mathematical performance, for example, the difficulty of a mathematical
problem is due to the size and quantity of the numbers; all problems can be
solved by performing one arithmetical operation, and in rare cases, two. The
operation to be performed is determined by the keywords of the problem,
usually introduced in the last sentence or in the question, thus it is not
necessary to read the whole text of the problem; the decision to check what

has been done depends on how much time is available (Mason, 2003).

But what about solving word mathematical problems for students with
dyslexia? Mathematical problems are nothing other than short texts
containing information and data, and a question which essentially
determines how someone will act to solve it and give an answer. If the
problem is not worded to be understandable, then the degree of difficulty
increases. For many students, the reading of the instructions and details of
the text is the most serious stumbling block. For the student with dyslexia, in
particular, the deciphering of words demands so much energy that the
chances of any understanding of the actual text are greatly reduced, and
such understanding may at best be faulty (Demetriou, 2011, Symeonidou,
2008).

Miles (1992b) says that the greatest difficulty encountered by students with
dyslexia in mathematics lies in tackling mathematical problems, because of

their severe lack of language, meaning that it is not easy for a student with
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dyslexia to understand the text of a given mathematical problem, particularly
in the language that teachers and mathematicians usually use in these texts
(Miles, 1992b). They face problems with less everyday objects and unfamiliar
words such as dimensions instead of size (dilaoTdoeig instead of péyebog in
Greek), numerator, isosceles, etc. The vocabulary in these problems consists
of technical terms which have different meanings in everyday life, for
instance, the words add, even (number), division (operation and games).
When they read a problem, they may not understand the meaning, or not
comprehend what sort of operation is needed because they may not focus on

the right keywords or right areas of the problem.

It is a matter of fact that language of mathematical problem texts are often
so concisely compressed that every word becomes meaningful in solving
them (Malmer, 2000). Many students with reading difficulties can, on the
other hand, be very good at solving problems, but most of the time students
with reading difficulties can solve mathematical problems after the problem
has been expressed in a simpler form. In many cases, working with a
classmate who has good reading skills can be beneficial (Malmer, 2000).
Many assignments are particularly suitable for working in pairs. This form of
collaboration provides students with opportunities to discuss problems
together and reason things out, including important elements in the learning
of mathematics. In test situations it may be wise for students to have an
audio version of the text on CD-ROM or as a software read-aloud facility
(Malmer, 2000).

Students with dyslexia may face similar difficulties in reading a mathematical
problem to those that they address in reading any text. Apart from difficulties
in reading, additional difficulties arise in comprehension and understanding.
If a student with dyslexia is unable to read or understand the problem, then it
is obvious that they will not be able to solve it. The successful solution of the
problem requires understanding. Any ambiguity, misreading or
misunderstanding will lead either to an incorrect solution or no solution at all.

The abandonment of the effort is common in the case of students with
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dyslexia, who often underestimate their abilities and leave the tasks

uncompleted (Gagatsis, 1999).

Apart from difficulties with understanding, which lie in reading any text,
mathematical problems involve a further difficulty which is equally important.
After understanding a problem, it then needs a solution. Students with
dyslexia encounter difficulties in choosing the appropriate strategy to solve
the problem, as well as difficulties in selecting and implementing a suitable
instrument that will lead to a solution. However, many students with dyslexia
have difficulties in the next step. That is to say, if they understand the
problem and choose the right strategy and appropriate action, they are then
likely find it difficult to pose the equation or implement the operations in order
to find the solution (Babbitt and Miller, 1996).

In the next stage, | will discuss the potential of ICT in supporting students
with dyslexia, and then the potential of ICT in supporting students with
dyslexia in WMPS. Before that, there is a need to define what the term ICT

means.

2.11 Information Communication and Technology

Contemporary pedagogical approaches are adapted to the individual
characteristics and needs of pupils. The differentiation in teaching is realised
by the use of special materials and equipment. ICT tends to be covered by
the general term ‘special materials and equipment’ (Hardy, 2000). The initial
term Information Technology (IT) contains several items of electronic
materials and equipment: a whole range of hardware and software
associated with computers. Later, the word communications was added to
the term as a result of the considerable influence of networks, in addition to
their ever the increasing usage in communication (Hardy, 2000). “ICT is a
useful phrase for summarising the myriad of ways in which microchip
technology has permeated many aspects of everyday life, in education,
leisure, work and home” (Florian & Hegarty, 2004; p.2). On the other hand,
Smith (1999) simply points out that IT is the subject, whereas ICT is the term

used to refer to the tools.
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In this thesis, by referring to ICT resources, | mean the available computers
and educational software in the school, or additional internet tools used for
the creation of WBLEs.

2.11.1ICT in the Cyprus Educational System

Until the 1980s, educational technology efforts in Cypriot schools were
limited to the use of traditional audio visual equipment, and some
educational radio and television programming. Advanced ICT has been
introduced in Cyprus’s educational technology scene since the early 1990s,
although technological infrastructure was very limited (Vrasidas, 2002). At
the end of the 1990s, the Pedagogical Institute began to offer optional IT

training programmes for teachers (Hadjithoma and Eteokleous, 2007).

MoEC has established objectives in six areas for primary education:
equipment, the acquisition and development of software, the skills of
teachers and students. In the primary level, the movement among European
education systems is to integrate ICT as a tool for learning (Vrasidas, 2002).
During the academic year 1993—1994, the Ministry of Education and Culture
established a pilot programme to introduce computers and related

technologies into the classroom (Information Technology Group, 2000).

Nowadays, every classroom in all Cypriot schools is equipped with at least
one computer, with full high-speed internet access, a colour printer and a
scanner. Every school has at least one computer cluster in a dedicated
classroom which is available for all students and teachers. ICT has been
included as a compulsory part of the curriculum for either primary or
secondary students in Cyprus (Vrasidas, 2014, Demetriou, 2009). However,
the majority of in-service teachers have not trained in how to introduce ICT
into their teaching, as in-service teacher training in educational technology
used to be optional until relatively recently. Therefore, there are many
registered teachers in primary schools that are asked to integrate technology
into their teaching without any training on how to use technology. Vrasidas
(2002) argues that only teachers who have been trained in the use of

technology will be able to successfully integrate ICT in their classrooms and
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guide their students towards becoming technologically literate, and capable
of using technology to access information, collaborate with others,

communicate with peers and construct knowledge.

The integration of ICT in education deals with the fact that the Cypriot Public
Educational system is very centralized (Hadjithoma & Eteocleous, 2007),
with bureaucratic procedures that render the system inefficient in many
areas (Vrasidas, 2002). For instance, when there is a need for any change in
the curriculum, lengthy bureaucratic procedures are required in order for it to
be completed. Another important issue for the integration of ICT in education
is the lack of strategic planning. In addition, it is widely believed that
teachers need constant training and support on the integration of ICT in their
teaching, therefore, the lack of in-service teacher training and support seems
to be an additional issue that the MoEC has to struggle with (Vrasidas,
2002).

One of the main principles of the New National Curriculum (MoEC, 2012), is
the better integration of new technologies in the learning process. According
to Eurydice (2011), Cyprus is on the list of countries with the most developed
ICT infrastructure, in comparison with other European countries. However,
despite the good infrastructure in terms of new technologies in Cypriot
mainstream schools, the majority of teachers do not use it in the way that
one could expect. Although the idea of development and change is generally
accepted by teachers, the adoption and integration of new technologies in
their instructions are not in line with the rhetoric of reform. The reasons
remain almost the same: lack of time, inadequate IT skills of teachers and

students, a scarcity of suitable software and so on (Vrasidas, 2014).

2.11.2ICT and special education in Cyprus

Watkins (2003) says that beyond any common platforms for discussion and
debate in the European framework for the implementation of new
technologies for the inclusion of children with SEN in the mainstream
classroom, there are not any specified policies, other than the general

practices for the use of ICT for the general schooling population. Watkins
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(2003) includes Cyprus in the countries that have not adopted any special
needs education ICT policies that include statements and objectives in five
areas: infrastructure (hardware, software and internet facilities), support for
practice, training, co-operation, research and evaluation. In Cyprus, ICT is
an element of general educational policy. It is embodied within the school
curriculum that applies to all pupils, including those with SEN, and is
included as a particular constituent of national legislation and policy for
pupils with SEN (Watkins, 2003).

Though the introduction of ICT in education is very high on t