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Abstract

This paper reports on a tangible programming
system designed for the novice user in developing
regions. The system integrates three open source tools
with low cost hand-made hardware incorporating
recycled material. The result is a simplistic system that
a novice can use to code a five-step sequence using an
instruction set of four commands. Using a single PC,
and multiple instances of the hardware described here,
numerous novice programmers may potentially make
use of the same PC simultaneously.

1. Introduction

The personal computer (PC) is a technological
marvel, so much so that it has contributed to the digital
divide [1]. The PC is not simple to use, it has been
blessed by engineers and software developers with
wide ranging capabilities in the form of software and
hardware. In some societies children are exposed to
this complex machine from a young age. These
children have no problem in adjusting to this
technology and making full use of the capabilities
encased in the dull box which is the PC. However, a
substantial number of children in developing regions
do not have the luxury of having access to a PC from a
young age. When first exposed to this technology,
these prospective users are overwhelmed by the techno-
speak and abstract mental models required to
comprehend this machine. It is no wonder that the
current design of both the machine, and the
applications that execute on it, contribute to the digital
divide. This “Swiss Army Knife”, which we call the PC
has been designed to do many things. But does it have
real use if the novice is repelled by the mental load
required to do so?

Perhaps what the novice computer programmer
requires is a dedicated “appliance” [2] that reduces this
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complex technology to something which only addresses
the current need of the user. For the purpose of this
paper, that need is for a novice to gain exposure to the
logical thinking required in computer programming
(Figure 1).
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Figure 1. The Dialando programming system
in use at a conference demonstration session.
The unit at the bottom contains the Arduino
controlling circuitry which is connected to the
laptop computer using a USB cable.

2. Our Approach

Our research aims to provide the novice user a
gentle introduction to the abstract programming
abilities of the PC. In order to achieve this, our
approach is to first introduce programming concepts by
making use of both concrete inputs and outputs. With
such an approach the user can physically manipulate
the inputs to a programme and observe the results as a
physical manifestation in the real world. Through the
initial introduction to programming using concrete
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inputs and outputs (concrete-concrete interaction), the
novice can progress to more abstract concepts [3, p89]
such as required for using on-screen input and output
(abstract-abstract  interaction) in  conventional
programming environments. An optional concrete-
abstract stage can be introduced between these
concrete-concrete and abstract-abstract interaction
approaches. Such a three-step approach supports a
novice to gracefully become a computer programmer
[4, p70].

In this paper we report on a simplistic concrete-
abstract system which consists of a combination of
recycled materials and electronic circuitry which
interfaces to a PC. Using this system, the novice
programmer manipulates tangible inputs and observes
the results on the PC screen (Figure 2).
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Figure 2. The mapping between the tangible
instruction objects and the on-screen
execution is shown in this example
programme. Each instruction object [A...E] is
interpreted sequentially at times [t;...t5]. At
these instances in time, the on-screen avatar
executes corresponding movements.
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Figure 3. Four discrete directions are selected
by simply rotating the programming disk while

it is in position on the programming tray.
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3. Prior Work

Other low-cost systems, which help the novice user
in developing regions understand fundamental
programming principles, have previously been
reported. These include GameBlocks (both acrylic-
based [5] and foam-based [6] versions) and
RockBlocks [7].

4. Design Considerations

Dialando is a derivative of the words “dial”, “and”,
“do” which means to dial the action required and the
avatar does it — subsequently “dial-and-do” came to be
known as Dialando.

“Dialling” an action is accomplished by rotating the
disk to align with one of the four discrete directions
imprinted on the programming surface (Figure 3).
These directions correspond with the four actions
(move forward, move backward, turn left, turn right)
which the avatar is able to execute. The action of
“dialling” an action increases the richness of the user’s
interaction with the system [8, p11].

Dialando is also the name of the avatar (a puppy)
which executes the instructions on the screen.

To the novice programmer the Dialando system
seems to consist of only three component types. The
first of these are the five tangible input disks which the
user rotates. The second type is the set of five
programming surfaces with the embedded sensors.
Included in this second component type is the encased
controller which houses an open source Arduino board
[9]. The user need not be aware of the contents of this
box which is stringed at the end of the five
programming surfaces. To the user this box simply
seems like a termination of the other five. The third
component as it appears to the user is the PC.

Once the PC has been started and the five
programming surfaces connected to it via a single USB
connection, the required application is executed on the
PC. These activities are executed by a computer literate
person. Now the system can be used by the novice
programmer whose only interaction with the PC is in
using the tangible programming disks.

This interface to the application executing on the PC
removes the novice from the many frustrating error
messages and other problems [10, p28,30] a
programmer can expect when making use of an abstract
programming environment using a keyboard and mouse
to enter programming code.

From our experience in using GameBlocks and
RockBlocks at numerous science workshops with
children, it became clear that aligning the object with
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the reading surface is a recurring problem. Our first
GameBlocks implementation made use of mechanical
alignment mechanisms and eliminated this problem.
However, as we tested new designs with the foam
version of GameBlocks and later with RockBlocks, we
neglected this important aspect of the design.

5. Implementation

We subsequently sought a reliable means of aligning
the programming object with the programming tray.
We still aimed for a method that does not require
electrical contacts or the use of expensive sensing
circuitry.

Similar to our previous systems, the solution we
implemented retained the use of reed switches that
sense the presence of a magnet. The combination of
magnets in close proximity to the reed switched would
uniquely represent the programme instruction required.

In addition to the encoding magnet/reed switch
pairs, we added strong rare earth magnets in the centre
of both the programming trays and the programming
disks. This provided a means of aligning the disk with
the tray without effort on the part of the user (Figure 4).
With this configuration the user was free to simply
rotate the disk in the required direction without having
to re-align the disk to the tray.

Two magnets are embedded in each of the disks in
such a way that four unique rotation angles can be
sensed with the accompanying trays. Each tray has
three reed switched embedded that coincide with the
outer rim of a disk when placed onto the tray.

Each programming disk is comprised of two
discarded compact disks (CD) and a short length of
discarded thick electrical cable to encase the magnets.
The electrical cable is simply used for aesthetic reasons
to round off the outer rim of the programming disk
assembly.

The programming trays are constructed from
discarded plastic DVD cases. All the components in
both the programming trays and programming disks are
held together with hot glue.

The Dialando interface design is based on the
rotation of a disk. The disk which has been placed on
top of a sensing surface represents the intended
direction the on-screen avatar is to move on the screen.
The sensing surface contains three magnetic sensors.
The sensors are part of low-cost intrusion detection
circuitry commonly found in Western homes. Resistors
are connected across each reed switch, resulting in
changing resistance as the switches are opened and
closed as a magnet approaches it. The switches are
physically configured to detect four valid orientations
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the programming disk can take. These orientations are
Forward, Backward, Left, and Right.

The Forward and Backward instructions result in the
avatar covering a fixed linear distance on the computer
screen. The Right and Left instructions result in 90
degrees avatar rotations on the screen in the respective
direction. The avatar moves according to its own
reference system, just as would the on-screen turtle of
Papert’s Logo. We found that this makes programming
a non-trivial task as the programmer has to keep re-
orientation herself as the avatar executed the
instructions.

‘Programming tray>

‘ Programming disk

Figure 4. The Dialando programming system
consists of five programming disks that are
placed on top of five programming trays.

6. Conclusions and future work

Our research in new technologies for developing
regions relies on the testing of novel concepts. We
often have to integrate custom built hardware and
software. Because our target beneficiaries are often
from poor communities, this should be done easily and
at low cost. The open source tools (Arduino,
Processing [11], and Scratch [12]) we used in this
particular research project made the integration
between hardware and software almost a trivial task
(Figure 5).

On-screen output

Figure 5. System overview, showing the open
source components used.

Tangible input

Although the USB interface between hardware and
software holds the promise of simply adding another
hardware interface as required, we have yet to confirm
that. Our aim is to confirm that multiple instances of
the Dialando programming hardware subsystem can be
interfaced to a single PC. If this can be achieved then
multiple groups of programming novices may share the
same PC simultaneously. This would expose more
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children to programming without an excessive increase
in the related education budget.
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