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Abstract
The paper describes our research aimed at verification of the suitability of two programming
environments for pupils of elementary schools with visual impairment. Our aim is to develop
environments suitable for computer novices and usable for all the children – blind, partially sighted
and without vision disorders. In addition, we designed a set of educational activities aimed at
development of basic programming competences. For verification of the environments as well as
the learning activities the design based research was used.
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1. Introduction
Since September 2011, we teach informatics at a primary school for visually impaired children.
There are three types of pupils – blind, partially sighted, pupils with normal vision but with some
kinds of learning problems. To avoid discrimination, our effort is to use the same software with all
the pupils. Of course, pupils with different impairments use appropriate assistive technology, as
well. The methods of usage of computers by particular types of pupils are presented in Section 2.
We have not found yet the suitable programming environment for all three types of children, as we
explain in Section 3. We developed two new environments built on our experience with teaching
these pupils [1]. We describe these environments in Section 4. Furthermore, learning activities for
using them with children were prepared (Section 5). We put into effect a design based research
aimed at evaluation of these environments and learning activities. This research and the obtained
results are described in Section 6.

2. Observed pupils
In this section, we describe the observed pupils and their informatics skills. During our informatics
lessons pupils are usually split into two groups:
− totally blind – children that have no usable vision and have to learn using Braille, screen readers
and another non-visual means,
− partially sighted children that have a heavy visual disorder and have to use a special aid
(magnifying software) to learn and pupils without vision disorders but with some kinds of
learning problems.
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In our paper, we will describe the work with two groups – the group of blind pupils and the group
of partially sighted pupils. The first group consisted of four blind girls from the fifth and sixth
grades (age of 10 to 12). Three of them were blind since their birth and the other one was blind
since her age of six. This girl was more ambitious; she had better communication skills and better
orientation skills than her blind classmates. All these girls started with computers and informatics
only in the fifth grade, when they sat at computers for the first time. We performed our activities
described in this paper after they all had become familiar with the keyboard and they were able to
write a simple text and to use key commands for reading a text.

Figure 1 Blind child using a computer

Group of partially sighted pupils consisted of five eighth graders (age of 14) – three boys and two
girls. One pupil had a low peripheral vision and one had a disorder of the color perception. Each of
them needed to use some sort of magnifying software so that they could enlarge the screen 2- or 4times. Two pupils used also a high contrast function and, consequently, the colors in the programs
were changed. These pupils already used the Scratch environment for programming. They were able
to edit a text without problems and they could use tables.

3. Programming environments for children
In our country, informatics as a separate specialized subject includes also the topic algorithms and
problem solving [2]. This topic is always adapted with regard to the age and capability of pupils and
according to them also appropriate programming environments for children are selected. There is no
reason to miss this topic when teaching visually impaired pupils. There are several blind
programmers in IT companies. Besides, each blind person should understand when somebody
explains a way for her/him in words and should be able to walk it. It is therefore the execution of an
algorithm. Curriculum for pupils with visual impairment [3] imposed to gain the basics of
algorithmic thinking. Graduates from primary schools (age of 15 or 16) should understand concepts
like command, sequence of commands, loop command, procedure, parameter, variable, value,
assignment. They should also be able to use a formal notation for writing sequence of commands
and interpreted them. For teaching these pupils, it is necessary to choose appropriate teaching
methods and software tools.
Now, we will give an overview to programming environments and teaching methods that inspired
us in development of our software and learning activities. Teaching algorithms and problem solving
in standard class with pupils without vision disorders is usually done via software that leans heavily
on visual representations (Logo, Scratch ...) [4], [5]. All these environments allow the manipulation
of virtual objects with a wide variety of commands. But these educational software products are not
usable, if we teach totally blind children – they work with computers using a screen reader and the
only information they can work with is the text and sound. We considered the usage of audio
programming language (APL) for the blind developed in Chille [6], but this language was not
available for us. Moreover, the pilot testing with three blind novice programming learners, ages 17
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to 20, showed that programming in this environment was too abstract even for them. We agree with
Futschek [7], [8] that programming is an abstract activity that can be managed successfully only if
the child has enough experience with the control of specific tangible objects. The author had in
mind that children themselves perform a simple program by manipulating tangible objects. But
there are also so-called tangible programming languages. Horn [9] describes two tangible
programming languages, Tern and Quetzal, which he develops with his colleagues at the Tufts
University in Medford (Oregon, USA). The Tern language allows children to create a program for
control of the virtual robot Karel on a computer screen and the language Quetzal for control of the
LEGO MindstormsTM robot. In both cases, the program is created from tangible elements beyond
the computer. The finished program is scanned with the camera and transformed into an iconic
language that is on the computer. Then it is executed by the robot. The authors create these tangible
languages for sighted children to facilitate their collaborative development of programs in the
group. We find the language Quetzal suitable for our students (blind and partially sighted), as they
could create a program by hands and they could also check the program execution by the robot by
touch. Unfortunately, both languages are not commercially available yet, because their use has been
restricted almost entirely to laboratory and research settings.
We wanted to enable our pupils to learn programming in a constructivist manner in terms of Papert
[10]. He believes that knowledge is built by the learner and that doing so through an actual
construction makes it more genuine [11].
We found another source of inspiration in computer science activities without using a computer (CS
Unplugged) developed by the Canterbury Computer Science education research group. Bell said
that “These activities generally have a strong kinesthetic component and take a constructivist
approach: students are given enough clues to enable them to work out principles for themselves”
[12].

4. Programming environments for visually impaired children
We have not found any suitable programming environment that would be text-based and friendly to
blind beginners who have no previous experience with programming. In this situation, we have
decided to teach the basic algorithms using a Bee-Bot toy (Figure 2) [13].

Figure 2 Robotic toy Bee-Bot and special Bee-Bot mat for blind children

4.1. Bee-Bot toy
We used the Bee-Bot as a real tangible object. It has a limited number of commands that are easy to
understand, so it is suitable to learn the basic concepts of algorithmic thinking – commands,
sequence of commands (arrow keys on Bee-Bot). We confirmed this at our informatics lessons [1].
But we needed to go further towards the virtual learning environment and the world of computer
programming.
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4.2. Tactile table and a simple text editor
Our virtual learning environment consisted of a tactile table, sticky rubber and simple text editor.
We used a plastic tactile table instead of the cardboard mat. The table had 10x10 fields; each field
has one square centimeter. We marked the way for our virtual bee with a sticky rubber (Fig. 3). We
used a wooden figurine instead of the bee. We marked some fields on the table with a rubber and
the task for pupils was to write instructions in text for the bee, to visit all the marked fields. The set
of allowed commands was: left, right, forward, backward. Pupils could write in short: LT, RT, FW,
and BW. They could also write a number in front of the command, indicating the number of its
repetitions. For example, they could use the command 3FW instead of forward, forward, forward.
Such a number could also be written in front of parentheses embracing a sequence of commands.
Basically, it was programming without a PC. Pupils used the text editor for writing a sequence of
commands, but computer did not execute these commands. The only feedback was from the
teacher. This environment was more abstract than programming of the Bee-Bot toy. But it had the
following advantages.
− Possibility to fix bugs in the program. It was possible to change only the defective part of the
program, in contrast with the Bee-Bot programming, where it was necessary to retype all the
sequence of commands.
− Possibility to use the loop construct with a fixed number of repetitions.
− Possibility to solve the different type of tasks – playing a given algorithm, finding bugs in the
program, finding the better solution. These skills belong to higher levels of Bloom taxonomy
(analyze) [14].

Figure 3 Simulating the program execution on a tactile table

After mastering the work in this environment, the pupils were ready for programming in the virtual
programming environment, allowing the control of the virtual object moving on the computer
screen.
4.3. Programming environment Lady Beetle
Student Ľuboslava Bečvarová [15] developed, in cooperation with us, the application Lady Beetle.
The application has the following features.
− This tool allows the control of the virtual object moving on the virtual table in the computer.
While the object is moving according to the instructions, coordinates of the passed fields are
pronounced verbally to the blind user so that he/she has the feedback.
− It contains a small set of commands in a vernacular language. The basic commands are forward,
left, and right. Furthermore, it is possible to use the loop command with a fixed number of
repetitions and the conditional command. This allows the program branching, depending on
whether the lady beetle is on the edge of the playing area, or if there is any object (flower,
house) on the current field.
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− The programming interface contains a command list introduced to the user to select the desired
command. There is no need to type them.

Figure 4 Lady Beetle environment (on the left) and World of Sounds environment (on the right)

Control of the virtual object that exists only on a computer screen is quite abstract and requires
good orientation skills in the plane. Therefore, we decided to develop another type of programming
environment in cooperation with another student, Jana Sucháneková [16]. Working in this
environment does not require imagining the movement of the object in the plane.
4.4. Programming environment World of sounds
Programming environment Word of sounds offers a very simple audio programming language and
has the following features.
− This tool allows to program a sequence of sounds – either it plays the selected audio files or
pronounces the entered text.
− The programming interface contains a command list introduced to the user to select the desired
commands. There is no need to type them.
− The basic commands are used to play different sounds or to pronounce the entered text. In
addition, the programming language includes commands that lead students to understand more
advanced concepts like cycle and procedure.
We hope that through the variety of sounds, programming will be funnier for the blind children than
if they used only a synthetic speech. Požár [17] claimed that blind children with low stimulation
have a reduced curiosity instinct. It is clear that when listening to a monotonous synthetic speech,
blind pupils get tired quickly and their attention reduces. Application controls (buttons, lists of
commands) use the recorded sound files, i.e. natural speech. The program contains the menu of
commands to play different sounds that pupils can use when creating their programs. These are
sounds of animals, different tones and musical instruments. There is a statement SayText allowing
to express any text entered in the textbox. It is pronounced through a screen reader.

5. Learning activities
Now we describe the educational activities that we used for teaching programming in environments
mentioned above. We can say that our pupils gradually passed through the following three phases.
1. Programming the Bee-Bot toy
2. Writing programs and their simulation using a tactile table and simple text editor
3. Real computer programming
− Programming a virtual object moving along the computer screen in the Lady Beetle program
− Programming a sequence of sounds in the World of Sounds program.
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5.1. Activities with the Bee-Bot toy
At the beginning, we explained how to control the bee and what is its environment. Pupils explored
both by their hands. As a motivation we used a story about the bee that is flying from her house to
the nearest flower, then to the next one and after she visits all the flowers in the meadow, she will
return back home. Initially we let the pupils solve very easy tasks, so that they understand the
meaning of basic commands (move the bee few fields forward and turn right or left, move her back
home). When pupils had got familiar with the basic commands, we gave them more difficult tasks
(move the bee alongside the border, visit all fields on the mat, move the bee alongside the letter O,
L, U). Whereas we could use more Bee-Bot toys and each pupil could use its own one, we did a
race [1].
5.2. Activities with the tactile table
First we have explained the allowed text commands to control the bee. Initial tasks were the same
as the initial tasks with the Bee-Bot toy. When pupils got to be familiar with the commands, they
were able to solve more complicated tasks (move the bee alongside the square or rectangle, move
her diagonally, visit three randomly selected fields) [1].
5.3. Activities in the program Lady Beetle
As we have mentioned above, the children first performed activities with the Bee-Bot, where they
constructed algorithms using the arrow keys. Then activities on a tactile table followed, where
commands were represented by text. We explained the pupils that, in the program Lady Beetle, the
same commands will be used for moving the lady beetle on the computer screen. We used the
tactile table as well to simulate the situation on the screen. Initially, we let the pupils solve very
easy tasks, so that they understand the meaning of the basic commands. The first task was to get the
lady beetle one field forward. The next task required to use also the command right (Figure 5 on the
left) and then also the command left (Figure 5 on the right).

Figure 5 Program output in tasks aimed at training of the basic commands

The task when the lady beetle is flying above the bed of flowers in the shape of a square is
appropriate as an introduction to the loop cycle. Pupils already solved the same task with the BeeBot toy and with a tactile table. Pupils can solve this task without the loop command first. Then
they have to find out which part of the algorithm is repeated and how many times. We can tell them
that they can put repeated sequence of commands into the loop structure and to place the number of
repetitions at the beginning of the repeat command (Figure 6).
Repeat 4 times
Forward
Left
End

Fig. 6 Program with cycle

Other tasks for the use of the loop command are in Figure 7. The goal is to get the lady beetle home.
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Figure 7 The task is to create the shortest program for getting the lady beetle home

5.4. Activities in the program World of sounds
Our pupils already edited audio files in Audacity [18] application. They recorded sounds and
created audio stories by combining multiple recorded sounds. We introduced the application World
of sounds as a similar application to Audacity enabling creation of audio stories but in a different
manner. We can use different commands for playing sounds, like PlaySound, SayText, PlayTone,
PlayInstrument. Pupils can try how each command works. Then they solve tasks in which it is
needed to combine different commands. Pupils create story about visiting the farm.
SayText (I met these animals on the farm)
SayText (donkey)
PlaySound (donkey)
SayText(cat)
PlaySound(cat)
SayText(and a dog.)
PlaySound(dog)

Figure 8 Possible solution of the task mentioned above

We can use the command PlayTone for playing a simple melody. As an introduction to the loop
command, we can tell the pupils a story about a disobedient pupil Joey. He was cheating on a test at
school and as a punishment he had to say ten times: "I'll never cheat on the test." Joey was lazy and
would rather write a program that said it instead of him. As it appeared at that program? Pupils can
solve it without using a cycle first and then using a cycle (Figure 9). Alternatively, pupils can create
a program which will play some sequence of tones repeated several times.
Repeat 10 times
SayText(I'll never cheat on the test.)
end

Figure 9 Program with cycle

6. Evaluation of programs and our learning activities
For evaluation of programs and our learning activities, a design based research [19], [20] was used.
Thus, in several iterations, we developed the programming environments and educational activities
mentioned above and we observed how we managed to achieve educational objectives using them.
We searched for answers to the following research questions.
− What features should a programming environment for blind and partially sighted children have?
− What learning activities are suitable for the development of programming competencies of the
observed pupils?
− Which informatics competencies can we build and develop using our environments?
Created programs and educational activities were used with a group of blind and visually impaired
students described in Section 2. There were several independent observers on lessons. They took
notes and we recorded the lessons by the video camera, as well. Subsequently, we analyzed the
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recorded and written material. Now we describe our observations for each group − a group of blind
and a group of partially sighted pupils.
With the group of blind pupils the above activities at nine lessons were performed. We performed
the Bee-Bot activities (see Section 5.1) at two lessons and activities on a tactile table (see Section
5.2) were performed at three lessons. We encountered the following problems during these lessons.
− Confusion of commands: left and right, especially if the bee was turned in a different direction
as the learner’s head was.
− Problems requiring many turns and long paths are difficult, because pupils became lost in
programs and on tables as well.
− Problem occurs when learners have to decide how to find the way between two marks which are
neither in the same row nor in the same column.
− We discovered that our learners prefer writing the same sequence of commands instead of using
a loop command. This means that this concept needs more practice.
Then we performed two lessons with the Lady Beetle program and two lessons with the World of
Sounds program. Pupils liked activities in both programs. They worked with programs without
problems. In a short time they were able to manage most of the necessary actions by using keyboard
shortcuts. While using the program Lady Beetle, we used the tactile table to simulate the situation
on the screen. The pupil, who lost her sight later in life, had a better spatial orientation and better
abstract thinking then her schoolmates blind since their birth. Some problems occurred while they
were simulating the program on the table.
− Pupils did not realize that when the lady beetle moves one field forward, only the line or column
number changes and not both coordinates.
− Pupils did not realize that when the lady beetle turns right or left, she does not make a step in
that direction automatically.
In program the World of sounds, blind pupils appreciated that the application uses synthetic speech
and “live” sounds as well. They enjoyed examining what sounds application provides and they
enjoyed creating stories combining text and different sounds. First they gladly created stories in our
award, but over time they liked to invent their own assignment for the story creation. While
working with this application, we did not register any differences in success among girls, who have
been blind since birth, and a pupil who lost her sight later in life. We have discovered that our
learners prefer to write the same sequence of commands instead of using a loop command.
With group of partially sighted pupils the above activities were performed at four lessons. We
performed two lessons with the Bee-Bot toy. Majority of pupils were able to solve the tasks with the
Bee-Bot immediately, even without simulating its movement across the mat. Only the pupil with
color perception disorder had problems with orientation on the mat and she probably had poor
spatial orientation [1], [5]. Then we used the program World of Sounds at one lesson. Pupils solved
the tasks mentioned in Section 5.4. They preferred to control the program by a mouse (clicking on
buttons) to using keyboard shortcuts in both programs. They had no problems to control the
program and to solve the tasks, as well. Partially sighted children enjoyed creating audio stories.
They enjoyed that the computer obediently executed their commands. Some students were very
creative and created long and funny audio stories. They were able to solve the tasks requiring the
loop command without difficulty, but when they could choose whether to use loop command or to
write the same sequence of commands several times, they preferred to avoid the loop command.
Then we used the Lady Beetle program at one lesson. Pupils quickly understood what to do.
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Severely visually impaired pupils appreciated when the screen reader told them the coordinates of
the passed fields by the lady beetle. This was helpful for them, because they could not see all the
playing area at once. This feature was useful also to train the navigation in the tables and coordinate
system. Pupils solved the tasks mentioned in Section 5.3. When pupils got to be familiar with the
basic commands, they preferred to set the biggest playing area (10x10 fields) with five flowers in
random fields and solved their own tasks. Lady beetle should visit all the fields containing flowers
and return back to the starting field. Pupils really enjoyed solving such tasks. Together with making
programs they have learned to find a bug in the program and to fix it.
Now we answer the questions written at the beginning of Section 6. We found that both
environments work well with screen readers, and a magnifying program. In the Lady Beetle
program occasionally the screen reader does not read the correct sequence of coordinates and also
the magnification program does not show the needed area of the screen. These bugs in the program
should be fixed. As regards the usability, children can easily and intuitively control both programs
by a keyboard and by mouse, as well. Captions on the buttons are understandable and the buttons
are in a relevant tab order. It is easy to remember the keyboard shortcuts. Learning activities were
appropriate for our pupils. In their implementation, however, the individual abilities of students
must be taken into account. Particularly in activities requiring a certain degree of spatial and visual
imagination, it is necessary to use different methods with pupils blind from birth, who have not
developed visual memory and imagination, and other methods with pupils who have lost their sight
after development of visual imagination. We recommend to simulate the situation on the screen
using the tactile table for both types of students. But the first type of students requires more time
and easier tasks (smaller playing area with fewer flowers). Partially sighted pupils can solve more
complicated tasks than the blind ones and do not need to be told the coordinates of the passed
fields, because they have a visual feedback. The basic commands are clear, but, initially, students
expect a different interpretation of the commands right and left in the program Lady Beetle.
Probably, it would be preferable for the blind pupils, if these commands do not turn the lady beetle,
but move her one field in the appropriate direction. As regards the building of algorithmic
competencies, we assumed that students understand the meaning of concepts command, the
sequence of commands, program. Pupils prefer retyping the same sequence of commands to using a
cycle. Output of the program created in the Lady Beetle environment (the sequence of coordinates
of the passed fields) was understandable for the blind pupils, but they would appreciate special
sound effects assigned to some events (e.g. occurrence of flower or house on the current field). The
Lady Beetle application seems to be suitable not only for the development of algorithmic thinking,
but it is a good tool to practice the work with tables and orientation on the desktop. The World of
Sounds application in turn, in addition to the development of algorithmic skills, is suitable to train
working with text and working with controls of the dialog box. Pupils learn these skills in a funny
way. Moreover, creating various audio stories contributes to the development of child creativity.

7. Conclusions
Our environments are physical micro-worlds [11] which help visually impaired learners train
algorithmic thinking and help them understand the very basic algorithmic concepts. Besides the fact
that children train their orientation in the space, they solve logic problems and make their first steps
in environments similar to a programming environment. Our learning activities were suitable for
our learners and we hope that they will be useful also for other teachers and their pupils (sighted
and blind as well). The Lady Beetle environment and World of Sounds environment are not perfect.
We did just the first step in development of appropriate universal programming environments
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available for children. We face a number of challenges. We still have not found a suitable way to
introduce more complicated algorithmic concepts such as a conditional command, procedure, or
variable. Our task in the near future will be to add these features to our environments and learning
activities.
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