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ABSTRACT 

The problem of blindness and other eye diseases is highly 

important as it affects millions of people on the globe. In 

the same time, the number of modern touchscreen devices 
is increasing fast. They are widely spread and becoming 

accessible for education purposes. For those who are born 

blind it is very difficult to imagine the world as it is and the 

struggle begins from the early school stages and continues 

for the rest of their lives. Modern touchscreen devices, also 

called smart devices, represent a viable solution for people 

with sight problems due to their rich multimedia 

experience. Thus, they can be used as assistive devices. 

This paper describes how learning basic geometric shapes 

using a smartphone or a tablet can improve several 

important aspects like: general feeling of using touchscreen 

devices, perception of a basic figure’s shape by simply 

touching the screen, intuition on how to follow a GPS map. 

This methodology represents only the initial stage from a 

long-term learning process that aims to help visually 

impaired people to understand and use the power of smart 

devices in order to perceive the world around them as 
normal people do. 
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INTRODUCTION 

Around the world there are over 285 million people with 

sight problems, 39 million being completely blind and 246 

with low vision. [14]. Visual impairment is unequally 

distributed across age groups. About 82% of all people who 

are blind are 50 years or older, although they represent only 

19% of the world's population. Due to the expected number 

of years lived in blindness (blind years), childhood 

blindness remains a significant problem, with an estimated 

1.4 million blind children below age 15 [16].  

The market trends [15] reveal that modern devices like 

smartphones and tablets are becoming cheaper and thus 

accessible to everyone. In schools these devices are 

becoming popular and modern learning tools [5] are being 

developed using modern technology advantages. 

Throughout our research we tried to understand how blind 

people describe, understand and learn basic geometric 

shapes as well as how they relate these shapes with the 

surrounding environment. As a proof of concept, an 

Android app was developed to guide them in the process of 

learning 2 basic geometric shapes using a touchscreen 
device.  

HOW THE BRAIN OF BLIND PEOPLE WORKS 

A very hard thing to imagine for people with no sight 

problems is what visually impaired people [13] think about 

geometric shapes. Because of the fact that they never saw 

how a line or a curve looks like, they simply cannot 

imagine how these shapes actually are.  

While normal people have this major disadvantage, blind 

people have other important abilities in their favor. These 
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capabilities cannot be developed by people with good 

vision, no matter how hard they try. Based on the brain’s 

capabilities to rewire and distribute resources from affected 

areas, the sensors’ migration from vision towards touch and 

hear, balances the scale and importance of these senses [4] 

[10]. Therefore, the brain area responsible for sight and 

hearing develops supernatural abilities. In order to benefit 

from their unique aptness and obtain maximum results, the 

entire learning process [11] of visually impaired people 
should focus mainly on sound and haptics. 

For people who are not completely blind, but suffer from 

various eyesight problems, there are different methods that 

can be used to help and guide them. These methods are 

based on the contrast between light and dark [12], which in 

their case can still be perceived using their eyes. This is the 

reason why all geometric shapes developed for the 

experimental system are programmed using this kind of 

color contrast. 

HOW BLIND PEOPLE LEARN THE GEOMETRIC 
SHAPES IN A TRADITIONAL WAY 

 

 

Figure 2: Traditional 3D shapes [2] 

Despite the fact that we live in a modern era full of 

computers, mobile devices and industrial robots that can do 

almost anything, the learning process is still based on old 

fashioned techniques. These techniques are advancing very 

slowly because of the investments required in this field. 

People with good sight are still easy to educate, thanks to 

the use of books or computers dedicated to help them read 

information and perform tasks. On the other hand, visually 

impaired people cannot use these methods; therefore other 

procedures must to be developed. They learn Braille [3] for 

reading, use audio books for gathering information easily 

and the most important, they develop the tactile sense, 

through which they can feel and learn shapes, objects and 

much more. 

Regarding shapes, the recommended method for learning 

them is by guiding the person, using the tactile sense, which 

is extremely good developed in the case of people with 

sight problems. In the learning process, they use 3D shapes, 

as shown in Figure 2. This way, they try to imagine how the 

shape looks like. Another way to learn basic geometric 

shapes (ex. rectangle, circle, and triangle) is using plain 

paper, having the edges emphasized. This way, the edges 

can be easily distinguished.  Regardless of the learning 
method, the problem of learning more complex shapes 

remains. Not all objects can be reduces in size so that 

visually impaired people can perceive them. In this case, 

they learn the objects based on combination of basic shapes. 

For example a house is a triangle placed over a square, or a 

pyramid over a cube. But learning the exact design of a 

house, or other complex object is impossible. They can only 

understand a small part from an elaborate and rather 

complicated design.  

THE IMPORTANCE OF HEARING AND TACTILE 
FEEDBACK WHEN USING A MOBILE DEVICE 

The technological progress is a big advantage for all people. 

The fact that medicine evolves, putting at everyone’s 

disposal complex assistive devices, represents a big step 

forward for visually impaired people. In some cases, 

however, these people can face difficult problems while 
trying to adapt to touchscreen mobile devices. The 

challenge is to get used to phones and tablets that do not 

have any buttons. The buttons help them coordinate and do 

simple tasks, such as calling or sending a message. 

Although modern devices are developed in order to perform 

complicated actions in a smart, simplistic way, they are not 

adapted to blind people necessities; therefore they cannot 

use them [4].  

The most important aspect that blind people rely on when 

using a device is the feedback or notification sent by the 

device. Thanks to the extraordinary hearing and tactile 

abilities that visually impaired people have, when the 
accessibility option is activated [1], the device becomes 

more user-friendly. Depending on the action performed by 

the user, sounds and vibrations will be enabled when the 

user presses a specific element. For fulfilling his purpose, 

the element needs to be long pressed or double tapped, 

depending on how the system is implemented. The 

vibration is controlled by the vibration motor inside the 

device, which can be controlled by the programmers during 

the app development stage. The motor can vibrate different 

periods of time having different intensities or it can follow a 

specified vibration pattern. 

THE IMPORTANCE OF LEARNING SHAPES USING A 
DEVICE WITH TOUCHSCREEN 

In order to benefit from the technologic development, the 

devices need to be adapted to the visually impaired people’s 

necessities. The results depend also on the effort these 
persons make in order to learn how the devices work. A 

good starting point is learning the basic geometric shapes. 
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The same way children learn how to draw lines, so that they 

can write letters and numbers afterwards, blind people have 

to learn how to draw lines and basic shapes in order to 

further develop other important abilities. Learning these 

shapes on a touchscreen will help the user track more 

complex objects. An important advantage of this learning 

method is that users are able even to understand a map 

through tactile and audio guidance. This way, people with 

sight problems will analyze the basic geometric shapes on 
the screen and will rapidly identify the route they have to 

follow. This solution could be a great add-on for the map 

application [9] for blind people. Figure 3 exemplifies this 

situation. 

 

  

Figure 3: Understanding a map 

BASIC GEOMETRIC SHAPES 

In this application, there are two different basic geometry 

shapes that need to be learned by the visually impaired 

people. These are the rectangle and the circle. For 

successfully learning these shapes, the activities were 

implemented in such way, that they will always stay in full 

screen. This way, the user will not be able to touch the 

notification bar, which would interrupt the normal 

interaction. The application was programmed so that at the 

beginning of each activity there will be a HELP button as 

large as the screen. This button will force the user to listen 

to the instructions. The device must be held all time in 

landscape mode, if not, pressing the HELP button will tell 

the user to turn it on.  The HELP button can be observed in 

Figure 4, together with the message that the device is held 

properly. By tapping the screen, the user will hear what to 

do in the activity. To close the HELP button the user must 
do a long press action on the screen.  

 

Figure 4: Help button 

The activity layout [8] was created so that both geometric 

figures are drawn using white color on a black background, 

and having a red outline. These colors were used in 

programming the entire application because this color 

contrast can easily be detected by people with sight 

problems. In order to listen to all the instructions from 

HELP option as well as the rest of the system, Google Text-

to-Speech engine [7] has been used. Another important 

feedback method used here is the vibration. Thanks to the 

vibration motor inside the device, the user will feel different 

vibration patterns depending on the activity and the buttons 

he presses.  

Both activities are being chosen after selecting the difficulty 

level the user wants. 

RECTANGLE ACTIVITY 

 

 

Figure 5: Rectangle Activity 

In Figure 5 there is the rectangle activity. The chosen level 

in this picture is beginner, so that the vibrating outline will 
be wider and easier to touch.  The user is guided by the 

HELP option to find the vibrating line and to follow it 

counterclockwise. Touching the line will make the device 

vibrate. Once the user touches the inner section of the 

rectangle, the vibration will stop, so that the operator knows 

he made a mistake and he must find back the vibrating 

outline of the rectangle.  If the shape is drawn correctly, 

each time a corner is touched, the device will indicate the 
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next direction the user must followed. A feedback will be 

given when the user completes the entire shape.  

CIRCLE ACTIVITY 

In figure 6, there is the circle activity with medium level. 

The vibrating line will be smaller this time, being harder for 

the user to follow it. This means he already knows how a 

circle looks like, but needs to practice. Best practice would 

be to follow this line until perfecting the technique. 

 

Figure 6: Circle Activity 

CONCLUSION 

A tool like this could be successfully used in the learning 

process of blind children from specialized schools. By 

learning these shapes, they can understand how different 

objects look like and in the same time will also start to get 

familiar with touchscreen devices. 

By learning geometric shapes on a touchscreen device, 

visually impaired people could even start to understand and 

use the routes from different standard mobile mapping 
systems, like Google Maps [6]. 

The circle and the rectangle activities represent only the 

first phase of a comprehensive learning process that uses 

the power of mobile devices. After several successful 

testing sessions with blind people volunteers we plan to 

take the user experience to the next level. The first step will 

be to implement vibrations, audio guides and menus for 

other basic shapes like triangle, star, and serpent line.  

After the subjects will start to adapt and perceive the shapes 

faster and faster, a good approach would be to combine 

basic shapes with more complex shapes (ex: house -

rectangle and triangle). 
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