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Abstract—This paper concentrates on the Montessori philosophy and exam-
ines how this learning theory currently gives credence to cognitive processes of
the mind, as suitable intervention used to the training of children with learning
disabilities. Furthermore, Montessori’s system and materials in combination
with the support of new technologies as well as their implementation on various
kinds of Information and Communication Technologies (ICTs) have great suc-
cesses regarding the support of disability and the enhancement of learning pro-
cess.
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1 Introduction

In this article we present an overview of representative studies of the last years (2006-
2016) which shows how Maria Montessori’s thought influences the contemporary
educational theory and practice affected by technology. The paper consists of the
definitions and the more important part of prominent types of learning disabilities.
Colgan reveals the epistemology of Dr. Maria Montessori’s Method analyzing her
philosophical ideas of sensitive education in the modern literature. Montessori’s phi-
losophy, according to the author, accumulates the various ideas of priors and contem-
porary educational philosophers. As a consequence, educational philosophers such as
Rousseau, Spencer, Pestalozzi, Frobel, Dewey who was her contemporary, also Itard
and Seguin are recalled through her method as well as Aristotle and Plato’s ancient
philosophies are resurrected. Specifically, Montessori philosophy is based on sensory
education and she identifies with Aristotle’s philosophy who pronounced in “Meta-
physics™: “all men by nature desire to know. An indication of this is the delight we
take in our senses”. This knowledge is hierarchical and is acquired through action and
perception as in the case of her writing program which connects sounds to letters and
learning words through their phonetic parts. Along with the training of the senses in
early age and the coordinated Knowledge are included the individuality and the auto
education in agreement with Aristotle. The researcher emphasizes that Montessori’s
process is from perception to conception based on the use of didactical materials, their
choice and in relation to individual needs of the children. [1].
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Zviel —Girshin and Rosenberg make reference to the method constructivism and
present Maria Montessori as an innovator educator who based on scientific direction
and namely engineering such as she had studied before studying medicine. This term
is given by John Dewey (1938) years after the implementation of Montessori’s ap-
proach in “Casa dei bambini” (1907). They describe the research, the design and the
instruction of undergraduate software engineering course of three departments: Com-
puter Science, Industrial Engineering and Computer Engineering. The researchers
succeed to combine a new SE paradigm — Organic Knowledge using extensively ICT
and preferred method called “Montessori pedagogy” [2].

Ultanir analyzes the Constructivist theory of knowledge and its founders John
Dewey, Jean Piaget and Maria Montessori. Piaget’s main focus of constructivism has
to do with the individual and how the individual constructs knowledge. Maria Mon-
tessori and Dewey substitute traditional classrooms with new classroom models
which student becomes constructor of knowledge. Constructivism as theory explains
the nature of knowledge and learning based on learners’ precedent experience and
background knowledge. Thus, the creation of a constructivist learning environment
bases on the activity of students, self observing and individual and cooperative group
work. .Also, the teacher facilitates learners to formulate their own ideas, opinions and
conclusions and this decentralization of the authority’s teacher is one of the aspects of
Montessori’s work [3].

2 Learning disabilities

2.1 Definitions

Jamieson relates learning disabilities to having difficulty learning to read and write
and involving the auditory, phonological, visual processing problems, spelling ,speech
and comprehension as well as memory and attention problems. The researcher insists
on early identification and remediation which are important and the most effective
approach is the multisensory education such as the Montessori Method. Hence, the
appropriate remedial intervention of these learning disabilities is founded on both the
Montessori prepared environment and the learning materials. The Montessori educa-
tion aims at motor skills, coordination and dexterity as well as the practical life exer-
cises which support the remediation of fine and gross motor problems, left/right dis-
crimination problems, visual-motor and visual -spatial problems. Furthermore, senso-
ry education is helpful and as remedial intervention for visual and auditory percep-
tion, reception, discrimination and association problems using the materials as pink
tower, red rods, binomial and trinomial cubes, solid cylinders. The movable alphabet
and the sandpaper letters remedy the sub-disabilities of ineffective sound-symbol
association, phonological awareness and spelling problems [4].

Boyce makes reference to multisensory instruction and the Montessori’s approach
when the investigation of her study conducts the effectiveness of video learning game,
the Quizlet application, used as learning tools on students with learning disabilities.
According to Learning Disabilities Association of America (LDA), the difficulties are

78 http://www.i-jes.org



Short Paper—ICTs and Montessori for Learning Disabilities

divided in three fields that include the ability of reading, writing and spelling, under-
standing mathematical concepts and sensory disabilities. Correspondingly, the fre-
quent forms of learning disabilities are dyslexia, dyscalculia and visual and auditory
disturbances. Afterwards, she explains the significance of the technology in the world
of communication, information and learning and the methodology for the use of the
Quizlet with the aim to acquisition science vocabulary, and student engagement in
science activities. The participants, seven seventh grade middle school students, with
troubles in listening and reading comprehension and written expression, showed in-
creases in both science vocabulary acquisition and engagement behaviors[5].

3 Classifications of Learning disabilities

3.1 Dyslexia

Reinecke expounds on the dyslexia as the most common type of learning disability
and the Montessori program as beneficial approach as well as the early intervention
for these language disorders based on valid references. Especially the researcher re-
fers: “According to the International Dyslexia Association, dyslexia is a neurobiologi-
cal learning disability resulting from a deficit in the phonological component of lan-
guage” and for language is responsible the left hemisphere of the brain. The sequence
of Montessori’s motor and sensory exercises benefits the writing and reading devel-
opment and in particular it is appropriate for decoding, recognizing the words and for
the reading comprehension [6].

Awes, initially explains the importance of language for the human race, as well as
the development of phonemic awareness, and reading comprehension. She continues
with the definition of dyslexia, the learning disability and the particular function of
brain in dyslexics. Additionally, she exposes the intervention program and the bene-
fits and effectiveness of the Montessori Method for dyslexic children. In particular,
the Montessori environment introduces phonetic approach and the repeated multisen-
sory experience (the sandpaper letters, the movable alphabet and puzzle words) with
the combination of visual, auditory, and tactile learning, encourage the awareness of
sounds in the age three to six. Furthermore, the activities of spoken language for the
music, art, geography, etc. enrich the vocabulary and prepare the children for total
reading. Besides, Montessori principles continue in the elementary classroom and
through cosmic education the child learns word families and compound words. Then,
in the middle school with the assistance of computers and the audio book the dyslexic
child can read more actively by underlining or taking notes while listening, thereby
reinforcing the content[7].

Smith explains how the great growth of Mobile Technologies, the iPad, iPhone,
iPod, the iPad touch, plays a part in determining for instruction. In particular, the
interactivity of the iPad, using your fingers to manipulate the screen, creates an emo-
tional experience and enhances memory. In fact, using the iPad apps list in the dyslex-
ia program for intervention, educators realize the effectiveness of these devices as
well as the impact on learning. In the iPad list, after the favorite apps WordBingo,
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Montessori Crosswords is distinguished considering that it offers phonemic aware-
ness, vocabulary and spelling. Also, the students acquire fluency, handwriting, written
expression and comprehension [8].

3.2 Dyscalculia

Dyscalculia as dyslexia is a type of disorder which pertains to the deficit of ability
in the mathematical concepts. Several motives such as problems in speech, visual or
acoustic perception and memory indicate that a child needs to be diagnosed and after
which any possible treatment could be started. Among therapies Montessori materials
are suggested due to the fact that these augment levels of perception, thinking, con-
centration, memory, language skills as well as fundamental mathematic notions on
numbers. The paper proposes computer- personalized programs used for practicing
the order, the concept of numbers and of grouping numbers, understanding division as
well as comparison of quantities and fraction program aimed at supporting the peda-
gogical program of Elementary school and Methodological Centre for Special Educa-
tion in Hungary. [9].

This paper [10] underlines the importance of preschooler numeracy skills to future
mathematics achievement. Furthermore it describes an experiment using a mobile
tablet computer, Math Shelf which its software integrates the mathematics materials
and sequence created by Maria Montessori. The games of Math Shelf, in the curricu-
lum sequence ,employ different virtual manipulatives as Montessori number rods,
colored beads, and counters/dot cards, the colored and golden bead manipulatives and
the Montessori hundreds’ board, as well as Montessori ten numeral cards and the unit
numeral cards. Finally, preschoolers who played with Math Shelf acquired significant
practice of arithmetic operations and this intervention substantially increases low-
income children's number knowledge.

Waicanjo analyzes the learning difficulties of students in mathematics (dyscal-
culia) which cannot remember mathematical information, as well as the process in
problem solving. The researcher proposes as support the use of assistive technology in
order to develop and acquire the arithmetical skills .Furthermore, differential strate-
gies are adopted by preparatory schools as Inquisitive Minds Montessori International
School, also differentiated teaching methods by using ICT. The use of ICT in assist-
ing dyscalculia students in Kenya is affected by technological software and hardware
which in this study are referred to computer software and hardware [11].

3.3  Attention-Attention Deficit Hyperactivity and coordination Disorder
(ADHD) and Attention Deficit Disorder (ADD).

Wilson analyzes the Attention Deficit Hyperactivity Disorder (ADHD) which is
neurobehavioral disorder and characterized by the lack of the attention as well as by
excessive movements, impulsivity, and impatience. According to current researches it
is caused by the heredity of the individuals and due to environmental reasons and
especially environmental toxins such as mercury, lead, and manganese. The study
focuses on the intervention and the effects of the green play environment and suggests
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it as therapy. According to Montessori nature is an important factor for the child’s
development within a learning society [12].

Dogru establishes the efficacy of Montessori approach for the children with Atten-
tion Deficit Hyperactivity and coordination Disorder (ADHD) and Attention Deficit
Disorder (ADD). The FTFK attention test was applied, using particular Montessori
materials: sound boxes, binomial cubes, color tablets and tactile boards. The positive
effects of Montessori materials on children’s attention and concentration are obvious
and according to valid references, these effects are due to the educator who acts as
guide while the child corrects himself [13].

Feiner and Resnik emphasize that the movement is very important for the human
development. Therefore they recommend that the combination of E-learning and
social phases. This combination enhances communication and corporeal learning as
the Montessori’s learning with appropriate learning materials. Additionally, the re-
searchers propose for children with ADHD who characterize by hyperactivity, inat-
tentiveness and impulsivity, interactive technology and especially interactive boards
in education because with these tools the concentration and control are achieved [14].

3.4 Memory

Frangou investigates the function of the brain and the short-term and long-term
memory. The different experiences of the individual are stored in the short-term
memory and are retrieved in long-term memory. Namely, she explains the complex
procedure of the learning which is based on the memory and the important role of the
different writing ways from handwriting to typing which affect memory retrieval in
examination the logical memory performance of thirty-one students in Finland. Gen-
erally, the researcher highlights the benefits of handwriting in agreement with Mon-
tessori’s saying: “the hands are the instruments of man’s intelligence”. Additionally,
the use of information and communication technologies with the new media devices
as new support tools reinforces the memory and assists students with learning diffi-
culties [15].

Sabitser describes the complex mechanism of the memory system in the human
brain and how the basic principles of neurodidactics (neuroscience and didactics)
influence it. The researcher accentuates that the new learning data and in general the
acquisition of knowledge are consolidated and stored in long-term memory with focus
and concentration and not with inattention and mental stress. Also, as each brain is
different, it cannot be altered in structure and development however it can be influ-
enced by circumstances. Following Maria Montessori’s principles “Help me to do it
myself!” or “The teacher has to be passive so that the child can be active.” these
apply in ICT and computer science education classes with the aim to discover learn-
ing and educate competences [16].

Hu et al. examine the cognitive processing of the information based on embodied
cognition and Cognitive Load Theory which as learning theory concerns with the
human memory systems. Namely, the human brain consists of three mnemonic sys-
tems: the sensory input accomplished through humans’ five senses, the short- term
memory or limited working memory and the long-term memory and whole this mech-
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anism is compared to computer system. According to the recent researches working
memory consists of a control system with two subsystems the “visuo-spatial
sketchpad” and the “phonological loop” which plays a role in the language develop-
ment of children. The expansion of the working memory systems involves haptic
information which is referred to the touch sense as a consequence an active explora-
tion of the environment such as the “tracing” method prompted by Montessori. Espe-
cially, the researchers explain how the cognitive development benefits from the use of
tracing with fingers used in Montessori education with the sandpaper letters. Thus,
children with reading difficulties touching and tracing the sandpaper letter are able to
memorize the spoken and written forms of a word. This cognitive processing of the
information through sensitive sense of touch is significant in the cognitive activity of
daily life and it becomes important with the development of information and commu-
nication technologies (ICT) with touch devices [17], [18].

3.5 Motor - Dyspraxia

Kareem and Shree explain the mean of dyspraxia which involves difficulties in
physical movements and their coordination. This effect is due to unreliable transmis-
sion of messages from the brain to the body. Moreover this disorder involves fine
motor difficulties which every child encounters in writing, copying, cutting, coloring
and reading and these along cognition were evaluated by the physician and the educa-
tionist Montessori constantly in her classroom. The researches present an experiment
design which participate 30 children aged younger than 13 aged and older than 14
aged with dyspraxia in enhancing fine motor skills. The program is based on con-
structional several activities including ocular Motor control, hand-eye coordination,
manual dexterity and sterognosis which are object’s recognition only using the sense
of touch. The outcomes of activity based model had a positive effect in enhancing the
Fine Motor Skills of Children with Dyspraxia [19].

The experiment on multi-touch devices and particularly iPad apps for children
aged between 2 to 4 years old investigates the age group which can correspond with
the gestures according to motor skills developed: tap, drag/slide, free rotate, drag and
drop, pinch, spread and flick. The selection of apps is crucial and one more attractive
and fan is Montessori Crosswords which uses all the seven gestures. The results of
experiment shows that children aged two years successfully use tap and drag/slide
gestures while children aged four years and above use all seven gestures. Finally it is
a very important recommendation using apps with specific gestures that could exam-
ine motor difficulties or disorders such as dyspraxia. Undeniably, this recommenda-
tion is pointing to Montessori Method and materials in a way that the motor skills are
grown and motor disorders are improved [20].

Vatavu et al., present children’s touch interaction on smart phones and tablets with
standard gestures tap and drag and drop. The participants were children aged from 3
to 6 years, stage called preoperational according to Piaget's cognitive developmental
theory as well as young adults to serve as comparison. Hence the authors recommend
provision of rewards and games in order that making activities as Montessori. The
experiment indicates that the children find difficulties to use mobile applications by
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reason of their abilities connected with the development of motor skills, especially
with their level of finger dexterity, visual motor precision and generally the coordina-
tion of small muscles responsible for the fine movements of hands and eyes. The
outcomes of the experiment point to the guidelines for designing touch-screen inter-
faces for small-age children e not only [21].

According to us these devices might constitute tools that could examine motor dif-
ficulties or disorders and they will probably intervene in improving these difficulties.

4 Conclusion

The aim of this investigation was to verify the Montessori philosophy as a learning
theory which is able to support the learning process and in combination with infor-
mation and communication technologies are achieved effects in order to assist the
children with learning disabilities.

In particular, the Montessori philosophy has been distinguished for the meaning of
constructivism, the sensitive or multisensory education and individual curriculum
among various learning theories and as result it is regarded intertemporal. Definitely,
the up growth of information and communication technologies is the outcome of the
precedent learning theories. According to literature they contribute to a great success
in the complex learning process and to the mechanism of knowledge and assist the
children with disorders. The majority of the presented technologies are iPhone/ iPad
educational applications and generally mobile tablet computer, the interactive tech-
nology such as interactive boards, as well as assistive technology.

To sum up, Montessori’s system and materials based and created on multisensory
philosophy fulfill the needs of learning disabilities in language, mathematics, reading
and writing, memory, attention and motor.
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