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ABSTRACT One disadvantage of many physical computing devices, including

The recently introduced MicroCode portable programmer enables
young children and educators to program the BBC micro:bit with-
out the need for a computer or the Internet. It includes a tile-based
programming language for the BBC micro:bit and allows users to
code the micro:bit "on to go" when slotted into a battery-powered
shield that provides a color display and extra input mechanisms.
MicroCode utilises the radio functionality of the micro:bit to send
commands to and receive events from various micro:bit robot cars,
extending its reach to allow for more interactive learning opportu-
nities.

CCS CONCEPTS

- Computer systems organization — Sensors and actuators; «
Human-centered computing — User interface programming;
Graphical user interfaces.
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1 INTRODUCTION AND RELATED WORKS

Physical computing devices are re-programmable computing sys-
tems that cut across hardware and software that can interact with
their physical environment [12]. The BBC micro:bit is one such de-
vice that has grown in popularity in recent years [1]. The micro:bit
has many advantages - it is small, portable, has embedded sen-
sors, can be battery-powered and coded in multiple programming
languages including block and text-based languages.
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the micro:bit, is they need a host computer to program them. The
list of these "computers" has expanded: a tablet or even a mobile
phone can be used to program many of these devices.

The need for a host computer makes many physical computing
devices and robotics inaccessible to multiple communities around
the world. Notably those without reliable Internet, electricity or
resources such as computers, tablets or mobile phones.Using two
devices, a computer and a physical computing device can be too
much for very young children to manage, as well as an educator
with large class sizes.

When physical computing devices do not require a connection
to a host computer, we call this portable programming. The Bee-
Bot mobile robot is an example of this [6], a standalone device
with buttons on its back. Action Box is another similar robot with
buttons [11]. In these cases, there is no visual reminder of the code
entered: what buttons were pressed and in what order. While using
physical computing with pre-reading children could successfully
introduce them to computational thinking [10] [9] just a few of them
are available. Bee-Bot is also an example of a physical computing
device that is accessible to much younger children as there are no
words on it; thus children can code it without knowing how to read.
According to Vee [16] learning to code is comparable to and just
as essential as learning to read and write. The concept of “Coding
as literacy” [2] recognizes the importance of digital literacy as a
lifelong learning skill and an inclusion factor for a wealthy digital
societies. [13]

Lego Mindstorms are an example of portable programming with
a screen. Its user interface allows the creation of very simple pro-
grams that contain a sequence of actions, including looping.

2 MICROCODE

We introduce MicroCode, a new portable programmer that enables
coding of the micro:bit and coding it as a remote to a variety of
micro:bit robots.

The MicroCode software and hardware provide a live, portable
and visual programming environment. The micro:bit can be plugged
into a portable battery powered arcade shield. These shields in-
clude a D-pad and extra buttons to program the micro:bit using
MicroCode, see Figure 1.

At first glance there are no words in the MicroCode coding
screen, until the user moves over the tiles using the D-pad. The
icons which children have referred to as "emojis" are fun and easy
to recognise for children who are young and/or have low literacy
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Figure 1: The micro:bit inside a portable shield running Mi-
croCode

skills. The tiles are structured in a manner many children are used
to when learning to read: Left to Right, Top to Bottom.

The program runs on the micro:bit in the shield. The children
can see the program on the screen, and experience it running on
the micro:bit at the same time. Any change made on the screen is
immediately applied to micro:bit. This is known as live program-
ming and is known to be beneficial for novices [7]. Students feel
in control, they can directly see the effect of their changes. This
can, in turn, improve the self-direction of students [3], increase
their engagement [14] and show them how to apply programming
concepts [15]. Like physical computing, live programming is based
on the constructivist framework [8] supporting discovery [5] and
active learning [17].

3 MICROCODE AND ROBOTS OVERVIEW

A new recent addition to MicroCode is the ability to code a variety
of robots using the arcade shield and a second micro:bit in a robot,
see Figure 2.

There is no standard for how companies control their robots
using the micro:bit. For example company A may use pin 16 for
the left motor. Company B may use pin 20. To ensure both robots
act in the same way, the user must select what robot they have and
download a hex file to their robot.

The micro:bit in the arcade shield sends commands over the radio
to the micro:bit in the robot. Figure 3 shows some basic commands
a child can create to turn the micro:bit into a remote for the robot
car.

MicroCode includes line following and distance sensing tiles.
The sensors on the micro:bit robot send data back to the shield.

4 CONCLUSION AND FUTURE WORK

MicroCode allows children of all ages and educators to program the
micro:bit and micro:bit robots in a live and portable way. We hope
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Figure 2: Different robots that can be remote controlled using
MicroCode

Figure 3: MicroCode blocks to remote control robots, their
distance sensors and line following sensors

to evaluate MicroCode with the communities it aims to support. In
the future we will run a study in which pre-literacy children will
be using MicroCode to program a robot in order to understand the
opportunities and limitations of this approach to coding literacy in
this age group. Future developments of the MicroCode project are
ongoing. An exciting development is using the jacdac [4] port on
many of the arcade shields to add extra accessories for the students
to be creative, for example more buttons, multi-coloured LEDs and
more sensors.
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