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Abstract—Recent development in special education includes 
the use of Information and Communication Technologies 
(ICTs) to assist students during their lifetime. ICT is now 
also recognized as a tool which ensures access to knowledge 
and learning resources. In this paper we present an over-
view of the most representative studies of the last decade 
(2001-2010) which deal with the two important issues in the 
field of special education, diagnosis and intervention. One 
important advantage of these tools is that they can be 
employed by teachers and parents as well, to adapt educa-
tion to the needs and abilities of pupils. The studies chosen 
will be classified according to the areas of needs they serve. 

Index Terms—assessment, ICT, intervention, learning 
difficulties, special education  

I. INTRODUCTION 
Rapid developments in information technology have 

dramatically changed the living conditions for many 
people during the past decades. The term Information and 
Communication Technologies (ICTs) is a general term 
which refers to all kinds of technologies that enable users 
to access and manipulate information [1]. ICTs have been 
widely studied in a large number of fields as well as being 
a subject of study in its own right. One of the several 
fields that gathered accumulative evidence around it is the 
use of technology in education. The effect of ICT in 
education has been studied since the beginning of the 
1970s, where educators started to become increasingly 
convinced that ICTs could support students in formal 
education [2]. 

Recently, there has been an increasing emphasis on 
educating all children and ensuring the learning needs of 
all young people and adults. Education should create 
conditions needed to optimize learning and ensure the 
transfer of knowledge and skills. This fact has reinforced 
the use of technology as a mean of overcoming barriers to 
learning. There is now a general agreement amongst 
different specialists that Information and Communications 
Technology (ICT) can enhance a child’s educational, 
social and cultural experiences. The successful integration 
of ICT into learning environments has the potential to 
benefit all students as well as students with special educa-
tional needs. 

The term ‘Special Educational Needs’ refers to all types 
of difficulties that can cause problems during the learning 
process. However, there have been observed various terms 
amongst countries due to differences in culture, language, 
ethnicity [3]. Across all types of special educational needs 
there are also differences in the research methods used. 
There are models which emphasize needs within the 
person from a medical, educational or psychological 
perspective. Our scoping study drew upon national and 

international publications, research findings and decided 
to use the following categorization [4]. 

‘The areas of needs’ as defined in the 2001 SEN Code 
of Practice are: 
• Communication Interaction 
• Sensory and/or Physical, Cognition and Learning 
• Behaviour 
• Emotional and Social Development 

 

(Department for Education and Skills 2001:§7:52, p.85) 
Special educational needs vary in the degree to which 

they affect a person’s learning. They can be long-lasting 
or short term. There are individuals who quite frequently 
have more than one form of difficulties. It is then neces-
sary to create environments where learners with varying 
diversities and abilities have the opportunity to meet and 
develop [5]. A growing field of research indicated the 
need to expand the use of ICT in school, home social 
and/or virtual community. Most of these studies clearly 
agree that the use of ICT can give people with disabilities 
equal opportunities in learning and facilitate daily life, 
maximize their independence and promote self-advocacy 
[6]. 

The integration of ICTs in special education deals with 
several issues such as assistive or enabling technology, 
internet applications, augmentative communication 
systems, adaptive devices [7]. This paper will focus on 
some of the most representative studies which introduce 
software applications programs for diagnosis and inter-
vention purposes of specific difficulties. Most of the time 
these procedures are complicated, need a lot of effort, 
attention, patience and above all require persons well-
qualified and with responsibility. During the last decade, 
much of the research on learning with ICTs deals with 
different types of diagnostic and intervention tools which 
can be used not only from specialists such as doctors, but 
also from teachers, special educators and parents. Re-
cently, computer based assessment systems have been 
supported from a large number of researchers because 
they can better recognize and integrate learning difficul-
ties across students [8], [9]. In addition great progress has 
been observed in the design of ICT software programs to 
provide students with special educational needs equal 
access to education [10], [11]. In order for these studies to 
be presented, we created a framework according to the 
above ‘areas of needs’ categorization, which consists of 
two main sections. The first one includes diagnostic and 
intervention tools regarding people with sensory and 
physical impairments (visually impaired learners, deaf and 
hearing impaired learners, learners with motor impair-
ments) while the next one includes the major domains of 
learning difficulties. 
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II. SENSORY AND PHYSICAL IMPAIRMENTS 

A. Visually Impaired Learners 
According to the World Health Organization [12], 

about 314 million individuals are visually impaired 
worldwide. Increasing numbers of individuals with a 
visual impairment are using technology to access informa-
tion [13]. The research field about ICT assessment regard-
ing visually impaired people is very limited due to the fact 
that vision tests are procedures conducted almost exclu-
sively from doctors. In addition, it is difficult for a practi-
tioner or an educator to implement assessment tests 
because of the lack of equipment and lack of training [14]. 
To help visually impaired students a large number of ICTs 
have been developed to facilitate learning process and 
their everyday life. 

However, Fujiyoshi et al. (2010) introduced a testing 
system with a digital audio player and document structure 
diagrams for newly blind users who have difficulties in 
Braille or print. The system gives them the chance to take 
the National Center Test for university admission. This 
study showed that the audio tests results were almost 
similar to normal-print-format and braille-format tests in 
score [15]. 

Westin (2004) presented a real-time 3D graphic game 
‘Terraformers’, accessible for blind and low vision users 
as well as full sighted gamers. It has considered a game 
easy to use focused on the sound interface and how it 
relates to the 3D graphic world [16]. 

Raisamo et al., (2006) introduced a multimodal com-
puter system for preschool and primary school students in 
order to support children’s conceptual learning. It’s an e-
learning environment consisting of six micro words, each 
one representing an astronomical phenomenon, which the 
students can explore independently. There is no need for 
the presence of an adult since the child is guided by 
imaginary characters, called agents. The agents help the 
child explore the system by making suggestions and 
asking questions [17]. 

Choi and Walker (2010) developed the Digitizer Audi-
tory Graph, a sonification software tool which allows 
users to take an image of a line graph with an optical input 
device (e.g. webcam) and then hear an auditory graph of 
the digitized graph image. This tool helps both teachers 
and students, since teachers have difficulties in explaining 
graphs and visually impaired students’ access to graphs is 
limited. Experimental results suggest that the users are 
able to understand the auditory output while using the 
optical input helps them create graphs easier and faster 
[18]. 

B. Deaf and Hearing Impaired Learners 
Hearing problems affect also an amount of the special 

educational needs population. Hearing loss symptoms 
often vary and sometimes occur gradually so the learners 
do not realize it is happening. Computer-based audiometry 
is a field with accumulative research around it [19], [20]. 
In addition, ICT intervention and support for students with 
hearing problems is of major significance because they 
have equal access to knowledge and learning resources. 

KUDUwave 5000 (GeoAxon, Pretoria, South Africa) is 
a recent computer-based telemedicine-compliant audiome-
ter tool designed for remote testing of individuals across 
continents. Apart from the software application, the 

system uses also circumaural earcups that are placed over 
the earphones for additional attenuation. This tool has 
been tested from North America on people in South Africa 
with promising results [21], [22].  

Drigas et al., in 2005 presented a Learning System de-
signed for deaf and hard of hearing people. This prototype 
system offers Greek Sign Language videos in correspon-
dence to all texts in the learning environment. The stu-
dents for the first time have the opportunity to learn in 
their own language, the Greek sign language. The system 
includes also the involvement of the teacher and the 
administrator. Through appropriate training the users 
evaluate the knowledge they gained and they continue in 
further study [23]. 

Miller et al. (2008) designed the Speech Perception 
Assessment and Training System (SPATS). SPATS 
application is designed to improve a person’s perception 
of natural everyday speech. The SPATS system implicitly 
trains the users’ attentional focus while teaches the pho-
netic structure of English and the relation between produc-
tion and perception. The evaluations of SPATS training 
application report that it gives the option of constructing a 
programmed curriculum tailored to student’s needs and 
then automatically guides training [24]. 

In 2008 Drigas et al., presented ‘Dedalos’ project which 
deals with the teaching of the English language as a 
second language to deaf people. In developing this sys-
tem, the researchers created a platform which includes 
methods such as distant linguistic training and an educa-
tional e-content designed specifically for the needs of this 
group of people. The project promotes a complete support 
system for the education of the deaf and hearing impaired 
individuals while at the same time opens the way for the 
inclusion of the deal and hearing impaired Greek students 
in Greece [25]. 

C. Learners with Motor Impairments 
Opportunities for students with physical disabilities to 

participate in school or home settings have been the focus 
of many studies of ICT use. For this group of learners in 
order to access utilities software, it is often necessary the 
use of assistive devices such as touch screens, trackerballs, 
joysticks, keyboards and mouse alternatives [7]. Students 
with motor disabilities have different capabilities and 
needs. ICT could play an essential role as an inclusion tool 
in the school [11]. In order for an ICT intervention tool to 
be effective it is always best to discuss before implement-
ing any adaptations to practice. 

Chen et al., (2006) created CAT system a computerized 
assessment tool which evaluates a student’s pointing and 
selecting proficiency. This assessment module consists of 
three sub-assessment systems and each one has its own 
purpose and assessment items. They are designed to 
measure speed, accuracy and efficiency of each evaluation 
tasks. CAT system was developed and later it was modi-
fied for another study and the design of Mi-CAT tool. Mi-
CAT provide the professionals involved with multiple 
indicators relevant to the child’s pointing and selecting 
performance in order to decide whether a pointing device 
is proper for a student. This method has been tested on a 
seven year old girl diagnosed with quadriplegia cerebral 
palsy with promising results [26], [27]. 

In 2008 Chin et al., introduced an integrated electromy-
ogram and eye-gaze tracking cursor control system for 
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individuals with motor disabilities. This system was 
designed for users who are unable to use their hands due 
to spinal dysfunction or other afflictions. The basic 
components of the system are the electromyogram (EMG) 
signals from muscles in the face and point-of-gaze coordi-
nates produced by an eye-gaze tracking system (EGT). 
Additionally EMG-EGT system enables users to modify 
cursor position pixel by pixel and it provides a reliable 
left-click operation. However, the results of the EMG-
EGT system was evaluated inside a laboratory environ-
ment, further experiments need to be conducted with 
individuals with motor difficulties [28]. 

Hornof and Cavender (2005) introduced ‘EyeDraw’ 
software program. This program, when run on a computer, 
with an eye tracking device enables individuals with 
severe motor impairments to draw with their eyes. This 
method has been tested successfully on children and 
young adults with and/or without disabilities. However, 
the program might be difficult to use at first. If young 
learners have a constant caregiver’s attention at the 
beginning EyeDraw gets easier with practice. EyeDraw 
Version 1 was extended to Version 2 according to the 
students’ observations and feedback [29]. 

III. LEARNING DIFFICULTIES 

A. Learners with Autistic Spectrum Disorders 
One category within the group of ‘Developmental Dis-

orders’ is known as Autistic Spectrum Disorders (ASD). 
ASD is a set of developmental problems that affect the 
social and communication skills. According to the diag-
nostic systems of World Health Organisation and Ameri-
can Psychiatric Association the umbrella of ASD includes 
a number of conditions e.g. autism; Asperger’s syndrome; 
Rett’s syndrome; semantic pragmatic disorder; atypical 
autism; pervasive developmental disorder-not otherwise 
specified; childhood disintegrative disorder [12], [30]. 
Today as a result of research the use of ICTs has gathered 
accumulative evidence around it. The diagnosis of autism 
or the rest of the ASD is in most of the times a result of 
the several traditional assessment tests that are available to 
professionals. However, the latest years, important at-
tempts have been made in the field of ICT assessment. In 
addition, a large number of studies have employed ICT to 
facilitate and train youngsters and adults with Autistic 
Spectrum Disorders (ASD). 

Ozonoff et al., (2004) developed the Cambridge Neuro-
psychological Test Automated Battery (CANTAB), a 
computer-administered set of neuropsychological tests 
designed to examine specific components of cognition. 
These tests examine the integrity of frontal functions since 
several studies support involvement of frontal cortex in 
autism. This method was tested to 79 participants with 
autism and 70 typical controls and the results indicated 
that the autism group had difficulties in planning effi-
ciency and extradimensional shifting relative to controls 
comparing to the control group. Based on the results of 
this study, they argued that there is frontal lobe involve-
ment in autism [31]. 

Vera et al., (2007) presented the use of ‘Real Time’ 
graphic applications as intervention tools in the educa-
tional process for people with learning difficulties. Their 
main features are the use of 3D graphics, the user only 
needs a computer (with screen, keyboard, mouse and 

joystic) and he/she can interact with the tool easily. They 
can be used from people who have specific problems in 
attention, perception, memory, people with down syn-
drome and autism. These ‘Real Time’ applications give 
the users the chance to understand and control abstract 
concepts, very difficult to represent in real world [32]. 

Tseng and Yi-Luen Do (2010) presented a novel design 
prototype ICT application for children with ASD. The 
Facial Expression Wonderland (FEW) application is 
designed to improve the ability of ASD learners in facial 
expression recognition. FEW is a daily training tool which 
consists of different levels. Moreover, requires learners 
with ASD to play in a everyday basis in order to improve 
their skills in facial expression recognition and ‘Theory of 
Mind’ (the ability to understand mental status of other 
people). The real impact of FEW application is not yet 
evaluated and is to be estimated in the future [33]. 

In the same year Tanaka et al., (2010) designed a com-
puter-based intervention relevant to the above the ‘Let’s 
Face It!’ program. It consists of seven interactive com-
puter games which aim at the specific face impairments 
associated with the condition of autism. This method has 
been tested on children diagnosed with ASD who received 
a twenty hours of training with the program. It is an 
intervention method which can be easily implemented in 
home and /or school setting without direct supervision 
with encouraging results [34]. 

B. Learners with Reading and Writing Difficulties 
Proficient reading and writing is one of the major tasks 

a young learner will achieve in his or her lifetime. It is a 
process that depends upon a wide range of component 
skills and needs several years to master fully. A large 
number of researches support that pre-reader’s knowledge 
of the alphabet is an important predictor of later reading 
success [35], [36]. This why an early identification of 
these difficulties is of major importance in order to use 
later the appropriate intervention methods that will help 
the child overcome his or her difficulties. Accumulative 
research has also focused on several software applications 
concerning the intervention of the various reading and 
writing difficulties. 

One of the most widely used software tools is the Cog-
nitive Profiling System (CoPS), a computerized psycho-
metric assessment system which identifies the cognitive 
strengths and difficulties for ages 4-8. CoPS consists of 
eight tests in the form of games and a total assessment 
time of no longer than twenty minutes. The students are 
tested in sequential and associative memory, auditory and 
color discrimination and phonological awareness. CoPS is 
used across the UK, Scotland and British schools around 
the world [8], [37]. 

Lange et al., (2009) presented the effects of using an 
assistive software homophone tool on students with 
reading difficulties who were at least one year behind in 
reading. The homophone tool is used to point errors in 
learners’ own writing. The pupils who participate in the 
research used Microsoft Word on a Windows-based 
laptop PC as the platform for accessing proofreading 
passages. Three groups were used to evaluate the effect of 
homophone tool by reading the passages under three 
conditions; with the homophone tool, with homophones 
highlighted only, or with no help. The different results 
amongst the three groups indicated that highlighting 
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improve students’ performance (14.6% improvement from 
no help) and offering homophonic choices could lead to 
additional benefits [38]. 

Starcic et al., in 2010 present the findings of the use of 
SEVERI, an e-learning environment for students who 
have difficulties with reading, writing and perceiving. It 
includes tools such as guidance messages, a learning 
diary, calendar, library, tasks, materials and group-specific 
discussions. The SEVERI project was adapted to the 
education context of five countries. This research supports 
the fact that SEVERI provides students guidance in their 
learning when at the same time helps teachers to improve 
the planning and organization of their teaching. In addi-
tion it supports networking and co-operation between 
specialists and parents [39]. 

C. Dyslexic Learners 
One of the most common and most studied types of 

Developmental Disorders is the difficulty in reading as 
well as in spelling and writing, known as dyslexia. The 
Code of Practice highlights the importance of an evi-
dence-based diagnosis and provides also the framework 
for all the professionals to examine and identify students’ 
needs through the use of assessment tools [4]. Recently, 
the use of technology provides school staff the opportu-
nity to engage in identifying and in overcoming dyslexia 
with saving in time and labour. 

Lucid Adult Development Screening (Lads) was intro-
duced by Singleton et al., in 2002. Lads is developed to 
screen for dyslexia from age sixteen and older in different 
settings (e.g. schools, colleges). Areas such as speeded 
lexical access, memory, phonological coding are exam-
ined in an approximately twenty minutes short test. It is a 
self-administered test and it is currently used in over one 
thousand establishments [40], [41]. 

Gregor et al., (2003) developed ‘Seeword’, a word 
processing environment which assist dyslexic computer 
users when producing and reading text. The initial proto-
type was designed in Microsoft Wordtm version 7 in 
‘word basic’, the built in macro lan guage. The program 
has been tested on dyslexic school students aged 14-16 
years and the experimental results have indicated that they 
were able to read standard texts from a screen more 
accurately by using ‘Seeword’ [42]. 

D. Learners with Difficulties in Mathematics 
Even though the mathematical level of students with 

special needs is generally with standardized written tests, 
amongst the latest years significant attempts have been 
made for an ICT assessment of difficulties in mathematics 
[43]. Difficulties in mathematics affect also children with 
or without special needs. This is why several sets of 
teaching and training tools were designed to enhance 
pupils’ learning experience. 

Hung and Su (2010) have implemented a software 
package which consists of a computerized dynamic 
assessment model (MCAT) and a two-phase ICT infused 
intervention. The aim of this approach is to investigate the 
predictive validity of the goal orientation change for 
mathematics slow learners. The MCAT system was 
designed in order to collect data of computer-based 
assessment on spatial and numerical working memory 
(CANSWM-R), a simplified version of CANSWM. The 
study showed that the identification of goal orientation 

change is a useful predictor for ICT infused mathematics 
intervention impact [44]. 

In 2006 Wilson et al., developed an adaptive computer 
game for intervention of dyscalculia, ‘The Number Race’. 
This software aims at training children on an entertaining 
numeral comparison task by introducing problems adapted 
to the performance level of every individual. According to 
the authors’ study this method was tested by using 
mathematical simulation and by a group of students with 
difficulties in mathematics. The results indicated that this 
software application could be effective in the remediation 
of dyscalculia, at least for children aged 7–8 and under 
[45], [46]. 

E. Learners with Difficulties in Memory 
Memory consists of abilities such as receiving and 

processing of received information, creation of a perma-
nent record of the encoded information and calling back 
the stored information. Memory skills of children with 
special needs have been a domain of great research for 
professionals over the latest years. There is evidence that 
shows that poor memory skills characterize children 
failing to progress normally in different areas of needs 
[47], [48]. 

Alloway in 2007 presented the ‘Automated Working 
Memory Assessment’ (AWMA), a standarised computer-
ized tool. This tool enables teachers and psychologists to 
assess working memory skills with a user-friendly inter-
face. AWMA includes three levels of assessment. AWMA 
Screener is designed for students with suspected working 
memory difficulties, AWMA: Short Form (AWMA-S) is 
used for screening learners who are suspected to have 
memory deficits, but the specific area of their difficulties 
is not known and AWMA: Long Form (AWMA-L) is 
suitable for confirmation of working memory problems 
for learners identified as having working memory prob-
lems in the classroom. The results of AWMA’s use 
suggest that working memory skills in individuals with 
memory deficits are relatively stable over the course of the 
school year. There was also a high degree of concurrence 
in performance between the AWMA and the WISC-IV 
Working Memory Index [49]. 

Van der Molen et al., (2010) created the ‘Odd Yel-
low’ training, a computer-based working memory tool 
to train adolescents with mild to borderline intellectual 
disabilities. In the ‘Odd Yellow’ method a sequence of 
three similar looking images is shown on the computer 
screen. One of the three figures is slightly different called 
the ‘odd-one-out’ while the other two are identical. They 
are all drawn in black apart from one of the two identical 
shapes, which is yellow. The user has to recreate the 
location of the odd-one-out and the location of the yellow 
figure shape. Experimental results showed improvement 
of students’ working memory on several outcome meas-
ures [50]. 

F. Attention Deficit Hyperactivity Disorder (ADHD) 
and Attention Deficit Disorder (ADD) Learners 

Learners with ADHD or ADD are usually characterized 
by a set of behaviour problems (abnormal levels of inat-
tention, hyperactivity or their combination) that are 
remarkably stable over time. Research in the field of 
diagnosis and intervention has improved the ways and the 
various instruments that are now used. 
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Bolfer et al., (2010) attempted to examine the reaction 
time in a computer-based assessment test in individuals 
with ADHD and normal controls using a visual voluntary 
attention psychophysical test (VVAPT). This method was 
tested on boys aged 9-12 with ADHD diagnosis according 
to DSM-IV, without comorbities, IQ≥89 and never treated 
with methylphenidate. The control group followed the 
same criteria for gender, age and IQ. The results showed 
that the ADHD group indicated reaction time higher than 
normal controls and a graduated loss of sustained attention 
[52]. 

Chatzara et al., (2010) developed an intelligent emo-
tional agent for pupils with ADD in order to improve the 
communication channel between the user and the machine 
for e-learning systems. The proposed agent, Sophia who 
imitates face to face communication, reacts to events that 
are taking place in the environment and the latest changes 
accordingly to agent’s behavior. The agent receives events 
through a perception module while a decision module is 
responsible to decide what behavior the agent must have. 
This e-learning platform can be used by several users that 
have to provide a few personal details in order to use the 
system. This method was tested on 52 students from 
higher education and the results indicated that Sophia 
managed to attract students’ attention in a suitable with 
learning manner [53]. 

IV. CONCLUSIONS 
The scope of this study, given the multitude of manifes-

tations of special educational needs was to examine the 
most representative studies over the last decade which 
exploiting ICT, contribute to independent pupil learning 
and curriculum. The use of ICT has also played a major 
part in shaping the knowledge and skills of school staff, 
therapists, special educators etc. Diagnostic tools provide 
them with the possibility to employ different ICT strate-
gies which might lead to an easier understanding of 
children’s learning differences. In addition, ICT interven-
tion tools support activities of life of these students such 
as learning, leisure and work. In general, several benefits 
are limited cost, greater precision and savings in time and 
labour. However, there are also several fields that require 
further research such as investigations into the reliability 
and validity of the diagnostic ICT tools, adaptations of 
diagnostic and intervention tools to the various needs of 
students of different settings and development of ICT 
programs for the rest of the special educational needs. The 
results of the current study are encouraging and there is a 
general consensus that ICTs do play a significant role in 
both ensuring and enhancing learning and life skills 
programs of students with special educational needs. 
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