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Abstract. This work illustrates and reflects on the design process of MLTK01,
an open-source toolkit for fast prototyping tangible learning things, built on top of
Arduino and ml5js. The toolkit was developed as a response to the current lack of
fast and easy to use tools for tangible experimentswithmachine learning. Learning
from insights gained through previous projects, we defined a set of basic building
blocks necessary to enable such experiments and engaged in an iterative process of
sketching, prototyping and preliminary testing of the toolkit. MLTK01 includes
a custom PCB, a software library and accessories. Together with a descriptive
account of the design process we also discuss possible applications of the toolkit
and its implications for a design process of tangible learning things.

Keywords: Machine learning · Toolkit · Tangible learning things · PCB · Fast
prototyping

1 Introduction

With their growing availability and accessibility, machine learning (ML) algorithms are
increasingly approached as a design material (Luciani et al. 2018; Dove et al. 2017;
Yang et al. 2018(A); Yang et al. 2018(B)). These, not only are embedded into mundane
products and services, e.g., spam filters in our email or personalized advertisement
(Yang et al. 2018(B)), but starts to become widely available to non-expert users, both in
research and practice environments (Sarkar 2016; Mellis et al. 2017). Both industry and
academia, in fact, have been working towards lowering the barrier to useML algorithms.
From more technical approaches focused on improving ML interfaces and their user
experience (e.g., Mellis et al. 2017) to hybrid approaches where ML tools are developed
bymultidisciplinary teams including designers (see theMagenta project byGoogleBrain
(Kayacik et al. 2019)).As a result, there is today a largevariety of freely available and easy
to useML tools, such as TrainableMachines, ml5js, Wekinator, RunawayML andmore.
These offer novel opportunities for exploration and prototyping to creative practitioners
(Fiebrink 2019). These tools are also increasingly being used to prototype tangible
learning things both in design research (see the The Morse Thing project (Oogjes et al.
2020) or the project Shybo (Lupetti et al. 2017)) and professional contexts (see examples
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from art and design practice like the Objectifier (Schwab 2017), NORAA (Visnijc 2018
(A)), Soli (Dufrense 2016), Spot (Aouf 2019) and more). Yet, tools specifically designed
to support these tangible explorations are still lacking.

The prototyping process ofML tangibles is still characterized bymultiple actions that
require an intermediate level of expertise both in hardware and software development.
The process usually startswith the selection of aMLmodel and of hardware components,
which also need to be assembled. In order to prototype hardware that relies on software
running on a computer (common practice when fast-prototyping things that embed ML
abilities), thus, it is necessary to define a communication layer (wi-fi, bluethooth, serial)
and a protocol (custom protocol, attention commands, open sound control), which need
to be implemented on both the computer and the hardware. Ones the software and the
hardware are connected, the ML model can be customized and used. Thereafter, this
type of work still requires designers to create custom tools for bridging existing ML
libraries and tools with hardware components, which may be a time-consuming activity
and, for users with low technical skills, a discouraging challenge. To address this issue,
we designed and developed MLTK01: a toolkit aimed at allowing creative practitioners
to fast and easily prototype tangible learning things.

2 MLTK01 Toolkit

MLTK01 is a toolkit that allows to avoid or reduce hardware prototyping time and focus
on the design of interactions with tangible learning things. The toolkit was developed
by combining hardware and software from two existing open-source tools: Arduino and
ml5js.

2.1 Board

Due to our intent of allowing users to easily plug-in the board, train and play ML
sketches, we developed a configuration of hardware components (PCB) which, accom-
panied by illustrations printed on the custom printed circuit board (PCB), facilitate the
flow of usage. The board comes pre-flashed with a custom firmware exposing the board
bluethooth property and is intended to function in combination with a webpage run-
ning a sketch which includes the MLTK01 library. The essential hardware components
consist of: connectors, a switch, a button, a rotary encoder, a LED ring and an Arduino
nano BLE Sense. The latter was chosen especially to providemanipulability, as it comes
with several useful components embedded: 9 axis inertial sensor, that can be used for
developing wearable devices; humidity and temperature sensor, that allow to get highly
accuratemeasurements of the environmental conditions; barometric sensor, which easily
allow to make a simple weather station; a microphone, to capture and analyze sound in
real time; and a color, brightness and proximity sensor that allows to estimate room’s
luminosity, as well as if someone is moving close to the board (Figs. 1 and 2).
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Fig. 1. MLTK01 board final prototype and components.
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Fig. 2. Training sequence of the MLTK01 board.

2.2 Software Library

The MLTK01 library can be used directly into the p5.js1 web editor. Before starting to
explore the ML sketches, users can use a string of code available in the getting started
section of the MLTK01 website to import the p5.js, the ml5js2 and the MLTK libraries.
This links the main sketch file and fetches a stylesheet designed to render some UI
utilities coming with the MLTK library. The library includes four key components, that
are: MLTK object, which access the features provided by the MLTK library; train and
play functions, that switch modality from training to playing; label variable, which
labels the collected data according to a selected class; and features variable, where can
be specified the type of input data that are being collected.

3 Using MLTK01

Training the MLTK01 board consists of five steps: (1)moving into train mode by chang-
ing position of the switch; (2) selecting a class by turning the rotary encoder; (3) checking
the selected class on the LED right; (4) recording training data by pressing the button;
(5) checking the results of the training by switching back to play mode. If, when check-
ing, the result is not as desired, more training may be needed. In that case, the user can
simply switch back to train mode and record more input data.

3.1 Example Applications

The toolkit can be used to prototype a variety of different applications. Here we illustrate
two alternatives, one making use of the tangible component as input, the other as output.
The first example, Simple learning robot, uses an Image Classifier to train a little robot
to recognize different people and react accordingly. The reactions are: calm, expressed
through a light blue fading light and nomovement; and alerted, expressed through a fast-
fading red light and shaking movement. The second example, Game controller (Fig. 4),
uses a KNN classifier to train the MLTK01 board to serve as game controller. Using the
embedded 9 axis inertial sensor, in fact, the board can be trained to recognize different
gestures which, then, can be used as input to control a game character actions (Fig. 3).

1 https://p5js.org/.
2 https://ml5js.org/.

https://p5js.org/
https://ml5js.org/
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Fig. 3. Simple learning robot: reacts as scared or calm according to the person in front, trained
using image classification.

Fig. 4. Game controller: the board was trained to associate gestures to game commands by using
a KNN classifier.
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4 Conclusions

In order to understand interactions with ML interfaces, we looked at how ML processes
are represented and enabled through existing tools. We, then, identified necessary hard-
ware components that a board for tangible ML experiments should have and prototyped
it. This was completed with a software library that combines p5.js, the ml5js libraries
and a dedicated one. This way, we created a tool that can be easily set up and used
for fast ML experiments without requiring hardware prototyping time and technical
expertise. Initial hardware selection and assembly are not needed anymore: the user can
customize the hardware by adding components but it is an optional expansion of the
toolkit. Furthermore, MLTK01 allows to eliminate the need for developing a commu-
nication protocol and writing a custom firmware for the hardware used. Removing this
process generates benefits for the user as it saves time, but foremost is a crucial benefit
not only because saves time, but foremost because it lowers the barrier for designers
with low technical expertise to engage withML explorations. Thus, the examples shown
on the previous page illustrating two options of how to operate the toolkit, demonstrate
possible processes in which the toolkit can enable the development of tangible learning
things. Our aim, however, is to challenge designers to explore, play and define mean-
ingful ways in which materiality can be brought back into the explorations of ML, to
challenge assumptions about what input data is and can be. In order to engage with this
challenge, we will test, explore and use the toolkit as part of workshop activities includ-
ing designers and artists to critically investigate the implications of ML as an enabling
system to allow for speculations in regards to emerging relationships between human
and artificial intelligence in the near future.

Acknowledgments. Wewould like to thank Elisa Giaccardi for her support and advice.Wewould
also thank the Delft Institute of Design for Values for supporting the project through the DDFV
seed project fund.
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