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Abstract—Geometry is a very important field of mathematics which is cru-
cial for the understanding of space. From an early age, children observe objects
that correspond to geometric shapes and learn the position they occupy in space
(above, below, etc.). It is a demanding lesson that requires imagination and
combinational thought. With the introduction of technology in education, ge-
ometry became more accessible to students, because through it pupils can now
visualize figures, study and process them.
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1 Introduction

Geometry helps students to analyze and explain the world. It supplies them with
the necessary tools which they can then apply to other areas of mathematics (A. O.
Zerem, 2012).

Based on Piaget, children at the age of 18 months should understand the location of
objects in space, until they reach 5 years of age they should grasp the concept of sin-
gle shapes and 7-8 years old understand vertical and straight lines [1].

The impact of the introduction of ICTs in education has been studied since the
1970s and more and more researchers are convinced that they can improve the teach-
ing process [2]. Van de Walle (1998) highlighted three ways in which technology is
changing the teaching of mathematics:

o It reduces the time needed for the execution of a mathematical act or charting that a
student can then use to interpret the result.

e Students can understand different concepts, such as three- dimensional graphs by
visualizing them.

e Some mathematical skills become simpler and more accessible, such as statistical
analysis [3].

Berg (1997) and Shekhar (2012) have used the term "ageometria” and "ageometr-
sia" to describe the difficulty students have to understand geometry [4].

However important the teaching of mathematics is in general education it is more
important and necessary in special education. In recent years great progress has been
made in creating ICTs applications for students with specialized training needs so
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they can too have equal rights in education5. The internet is another educational tool
that helps to improve the mathematical skills of children [6].

Some students with special needs have difficulty in concentrating their attention on
the relevant aspects of learning materials. Strategies that may help these students
understand geometry are using larger-than-normal sizes for diagrams and print mate-
rials, using color or clear areas to separate important aspects of problems, allowing
enough time for students to process visual material, and using manipulatives. Teach-
ers should guide students to adopt these strategies for their independent use [7].

According to the theory of Pierre van Hiele and Din van Hiele-Geldof, students are
divided into levels based on their geometric perception.

Level 1 (Visualization): Students identify figures only by appearance (topology),
they make decisions based on perception, not reasoning.

Level 2 (Analysis): Students see figures as collections of properties. They can rec-
ognize and name properties of geometric shapes, but they cannot see a connection
between these properties.

Level 3 (Abstraction): Students realize the connection between properties and
figures.

Level 4 (Deduction): Students can construct proofs, understand the role of postu-
lates, theorems and proof.

Level 5 (Rigor): Students understand the necessity for rigor and the formal aspects
of deductions [8].

Many applications and technologies have been created to enable children with vis-
ual, hearing or mobility impairments to study and design geometric shapes. The Na-
tional Council of Teachers of Mathematics (NCTM, 2015) underlined the importance
of technology integration in the teaching of mathematics.

2 Children with Visual Disability

2.1  Educational games on the computer

For special education educators specializing in visually impaired children, technol-
ogy was the only way to teach writing and reading. However, this is not the case for
Geometry since it requires touch as the input perception channel. The research was
made and various applications and games were developed to identify:

o The coordinates of a point in a place
o The length, orientation, starting point locations
¢ Polygons and curves (recognition, orientation)

All the above, researchers tried to teach with the help of 3 games: Simon, Points
and Concentrations.

Simon: In this game, the participant hears sounds that differ in tone and each time
it comes from another position and the participant has to reproduce the correct se-
quence in the correct position on the graphic table.
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Points: This game has two different ways of playing. In the first one, the partici-
pant listens to two sounds that were different in their position on the sound screen and
the participant should make the line that connects the two points. In a second way, the
participant hears auditory cues that make the line and the player has to locate the start-
ing and ending points of the line.

Concentrations: This game has three different levels. The goal of the game is to
find the pair of eight shapes. The participant is given 8 shapes in series with the help
of sounds that are constantly changing direction to form different shapes eg. square,
rectangle, rectangle, circle, square, triangle, circle, triangle. The student then has to
choose the proper combination that corresponds to the same shapes e.g. ({1 | 53,
233, 14173, (6] 833

From points to figure: This game is a combination of the Simon and Points games
and gives the opportunity in two participants to play together.

These games were tested with four blind adults who knew geometric figures and
three of them with musical experience. They had one hour to complete the whole
game level, and each level was defined using the following figures:

Level 1: Horizontal line, vertical line, a diagonal line starting at the upper left cor-
ner, a diagonal line starting at the bottom left corner

Level 2: One diagonal, square, triangle, and circle

Level 3: Square, rectangle, circle, oval.

The aim was to associate the sounds with the corresponding shapes.

At the end of the process, all participants recognized and were able to match all the
shapes except the circle and the oval. Additionally, the results showed that the above
games ware more effective for the participants that were blind since birth, and had
musical experience [9].

In another research that was conductive by Roth et al (2010) IDEA was used. In
this game, the user can move his/her finger around the digital graphics while the sys-
tem responds with audio feedback which informs the user about the feature or kind of
feature he has touched. This tool was designed to teach basic geometry concepts, and
help students understand shapes. This model corresponds to the tunnel vision that the
blind user has when he/she explores a tactile image with his/her finger. Furthermore,
users can ask for a sonic or textual rendering of the contour attributes such as its di-
rection, or the location of its extremities [10].

2.2 Mobile and tablet application

One of the tools that help blind children learn geometry is based on the Android
application. This app allows children to make freehand drawings and play with geom-
etry by vibrotactile. The freehand drawing gives students the opportunity of perceiv-
ing an object. The two modes are activated by a double touch ‘draw' and ‘sense'. The
canvas drawing area occupies most of the place on a screen. On the right students can
find the button for color selection and on the left navigation. Each button could be
identified through phonic feedback when students move their finger on the screen,
while a long press activates the selection. In the second game named "play with the
geometry" students have to recognize shapes. Children can explore with their finger
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the screen and that causes a tablet vibration if the fingertip position falls under a pixel
included in the drawing, while no feedback is provided if the fingertip touches a white
pixel. A third game is called "topology game" in which students play with concepts
such as inside of, nearly, etc [1] [11].

Other researchers developed two applications named "GEOMETRICVOICE and
MATGRAFVOICE" for the treatment and generation of geometric figures and math
functions, through a Braille printer designed for visually impaired people.

Step of GEOMETRICVOICE:

Selection of the geometric figure

Insertion of the parameters

Additional information of axes

Computing calculation and design

Print geometric figure in ink, Braille and with reliefs.

Matgrafvoice: Is software for mathematical treatment that gives the ability to de-
sign any kind of mathematical function and produce their graphic representation. The
system is communicating through speech synthesis. In this way, the editor can enter
text and has the option to print it in Braille [12]

2.3  Raised- line paper drawing and programmable tactile displays

Sixteen visual impaired children participated in this research from which five were
males. Eight of them were blind and eight had low vision, their ages ranged from 8 to
22 years. During the sessions all participants had their eyes closed to block any exter-
nal factors and they performed four different tests. Two tests were done using raised-
line paper drawings and two using programmable tactile displays. The first task of
raised- line paper drawing consists of two tests, the tactile symbol recognition and
enumeration in noise (in the paper spatial test) and the second task is the memory
spanning of sequences of tactile symbols (paper spatiotemporal test). The first task of
programmable tactile displays has to do with the recognition of geometrical shapes
and localization in noise. In the second test of programmable tactile displays, partici-
pants should memorize spatial dispositions. Blind and low vision children and adoles-
cents showed a significant performance enhancement in spatial tasks using program-
mable tactile displays. In conclusion, this preliminary study indicated that visually
impaired youngsters understood and benefited from programmable tactile displays in
educative and rehabilitative contexts [13].

3 Deaf or Hard of Hearing Students

Based on Nunes and Moreno (2002) deaf children will fail in mathematics because
they have reduced opportunities for incidental learning, and it is difficult for them to
make inferences involving time sequences [14].

Furthermore, teachers find difficult to teach students basic mathematical concepts
in sign language or via interpreting [15].
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Experiment with WiTec (wireless technology-enhanced classroom) was conducted
with 7 hard of hearing students of moderate to low educational level in a high school
in order to learn polynomials and geometry. Fifty questions from the competency test
of mathematics for Taiwanese hard of hearing students (Lin & Li, 1996) were adopted
to measure the students' mathematics capacity. The courses lasted two semesters with
the help of WiTec which was given to students and teachers on touchscreen devices.
It turned out that children found it easier to understand the lesson with the use of
WiTec. WiTec allowed them to communicate directly with the teacher and this facili-
tated their communication and participation in the course [16].

Russell, Hoffmann and Higgins (2009) developed Nimble Tools that is a geometry
assessment system. They tested it on deaf and hard of hearing children and the results
showed that they preferred to use the online environment and the computer testing
than paper-and-pencil [17].

4 Students with Autism Spectrum Disorders

Children with autism often have exceptional abilities in geometry and spatial.
About 10 percent of children with autism have excellent spatial abilities. There are
some applications suitable for the understanding of geometry for these children [18].

4.1  Geometry snapshots

In this application, the students see on the screen a part of a shape and they should
find the other correct part from four multiple-choice. Students fit figures or combina-
tions of figures that were turned or flipped.

4.2  Mystery pictures

This program teaches children shapes (their names) and asks students to match a
given shape in different orientations. After that, they should build a picture with the
help of the given figures.

4.3  Shapeparts1land7

The goal of this game is to make a figure using several given parts of geometrical
shapes.

4.4  The piece puzzle

In this game, children must compose shapes to complete a puzzlel8.
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45 LEMA

(Learning Environment on Mathematics for Autistic Children), | this research 7
students with an autism spectrum disorder (ASD) participated. All of them were
males, aged 8 to 12 years. LEMA is a learning program that combines text, image and
sound animations. It focused on learning two-dimensional and three-dimensional
geometric shapes, perimeters and areas of planar figures, and planar isometrics. Only
4 out of 7 participants completed the research. Results showed that with the help of
technology children in the autism spectrum improved their skills in comparison to
children that were taught with conventional methods [19].

5 Students with ADHD

Students with ADHD have deficiencies in mathematics that have been related to at-
tention deficits [20].

Kang and Zentall (2011) examined the impact of CAl (Computer Assisted Instruc-
tion) and the performance of students with ADHD in geometry. In the survey, 18
students with ADHD from second to fourth grade participated. Students tried to learn
more about different geometry shapes and calculate the perimeter via computer moni-
tor or pencil-and-paper. The research included 2D planar images and problems of
increased difficulty and questions about the perimeter of 3D solid geometric shapes.
The research has shown that students performance improved more with the help of the
CAI than with pencil-and-paper method[21][22].

6 Students with Learning Difficulties

Cihak and Bowlin (2009) tried to teach 3 students with Specific Learning Disabili-
ties, aged 15- 18 years, mathematics. They used video modeling to teach students
step- by- step how to calculate the perimeter of squares/ rectangles, trian-
gles/trapezoids, and various polygons. Students were shown video daily before the
beginning of the school day through a tutoring program. Results showed that students
after the completion of the research increased their geometry skills [5].

Satsangi and colleagues studies aimed specifically on how to learn the concepts of
area and perimeter-based in the area of virtual manipulative instruction for students
with learning disabilities. Their study included paper-and-pencil and virtual manipula-
tive methods. For the intervention, a laptop was offered to students. In each session of
the study, students were given geometrical shapes that had sides with single-digit
length, without measurement units and 90 degrees angles. Students tried to solve
problems about area and perimeter. During all sessions, students were permitted to
use a four-function calculator and the virtual manipulative were accessed through a
NLVM (National Library of Virtual Manipulatives). Results showed that the use of
virtual manipulatives increased the performance of all three participants in solving
area and perimeter mathematics problems more than the paper-and-pencil method
[23].
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7 Students with Intellectual Disabilities

Creech-Galloway and colleagues (2013) showed videos to teach high school stu-
dents with Intellectual Disabilities how to use the Pythagorean Theorem. They used
procedures with examples of real-life problems. Four students with intellectual disa-
bility participated in the research [24].

The application named “play and learn with mouse” works with Adobe Flash. One
of the teaching modules is aimed at the introduction to basic geometrical figures and
colors to students with the intellectual disorder. In one of the two modules students
should select only the target shape and not the other projected shape (e.g. only the
rectangle from a number of squares, rectangular). The module is then restarted and
students should once again select another target shape (e.g. only rectangular). In the
second module, students should find once more the target shape and in addition meas-
ure their number (e.g. 5 circles among rectangular, square, etc) [25].

8 Students with Down Syndrome

Several researchers have found that students with Down syndrome have greater en-
thusiasm for computer-assisted instruction.

One of the researches was conducted among 12 children with moderate intellectual
disabilities. Sessions were daily during a 16 weeks period using an Android app
named "HALTE". The application showed visual information to students while play-
ing an audio recording. One of the activities involved geometrical shapes. The results
of each student were automatically saved by the application. At the end of the survey,
the results showed that children learned more effective through the specific applica-
tion than conational methods [26].

Dixon and colleagues developed an application based on the PEAK-E Curriculum
to teach two children with high- functioning autism. They taught them the names of
shapes, their properties (e.g. humber of sides), and how to recognize them through
pictures. The five shapes included in the research were the pentagon, the hexagon, the
heptagon, the octagon and the decagon [27].

9 Children with General Learning Difficulties and Movement
Problems

Starcic and colleagues investigated how students with low fine motor skills that
cannot draw independently or use the computer mouse and those with learning diffi-
culties developed their geometry concepts. Their research was based on how the use
of a TUI (Tangible User Interface) -assisted learning environment for geometry teach-
ing. This research also included students from preprimary and primary school with
low motor skills and learning disabilities. At the end of the sessions, all students could
be actively involved in the teaching process of Geometry and were able to design
figures [28].
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10 Teaching Children with Different Disabilities with ICTs

In this study, 335 students with disabilities (autism, special learning difficulties,
ADHD and other health problems) participated. They were taught with two instruc-
tional conditions EAI (Enhanced Anchored Instruction) and BAU (Business As Usu-
al). EAI included computer-based interactive lessons, video-based and hand-on ap-
plied projects. BAU's teaching was focused on solving real-life problems, graphing of
ordered pairs, concepts related to geometry. The results showed that EAI students
scored higher than BAU students on three of four achievement measures[29].

11  Conclusion

The purpose of this article was to examine researches done on the teaching of ge-
ometry with the help of ICT to children in special education. It was found that chil-
dren learn more easily and effectively in this way and that no child is excluded from
the learning process despite their problems. Our aim should be that all ICTs means
must be available in all schools.
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