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Fig. 1. Impressions of prior workshops.

This course is a hands-on introduction to the fabrication of flexible, transparent free-form displays based on electrochromism for an
audience with a variety of backgrounds, including artists and designers with no prior knowledge of physical prototyping. Besides
prototyping using screen printing or ink-jet printing of electrochromic ink and an easy assembly process, participants will learn

essentials for designing and controlling electrochromic displays.
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1 BENEFITS & LEARNING OBJECTIVES

Recently, the field of printed electronics has developed to the point at which thin and deformable interactive prototypes
can be created at low cost, even by non experts [7, 23]. While printed displays based on electroluminiscent technology
have been well established [5, 13, 21], printed displays based on electrochromic (EC) technology has only recently
seen an increased interest. Electrochromism is the capability of some materials to reversibly change color stimulated
by redox reactions [4, 7]. This means that EC materials can change their optical absorption characteristics or color
when an electrical voltage is applied (compare Figure 2). To date, EC technology has predominantly been commercially
used in windows and smart glass, enabling dynamic change of optical and thermal characteristics in buildings and
cars. Recently however, chemical developments enabled printing electrochromic materials on PET plastics allowing EC

displays to be flexible. One of the key traits of these displays is that they are non-light-emissive. Given the negative

Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party
components of this work must be honored. For all other uses, contact the owner/author(s).

© 2022 Copyright held by the owner/author(s).

Manuscript submitted to ACM


https://doi.org/10.1145/3491101.3503754

CHI 22 Extended Abstracts, April 29-May 5, 2022, New Orleans, LA, USA Lochtefeld et al.

impact of artificial light on human sleep patterns [2], this property is particularly beneficial for ubiquitous always-on
displays, e.g. as part of Internet of Things (IoT) solutions. Another advantage of EC displays is that they only require
power to change between states and then can keep their state for several hours similar to e.g. E-Ink based displays.

The goal of this course is to introduce participants to a simple prototyping method for EC displays that has been
developed as part of the DecoChrom project!. One of the major advantages of this method [7] is that it does not require
a clean room and it is possible to prototype in a non-laboratory setting. This has been in the past one of the major
obstacles for wider adoption of EC display technology, for novel prototypes.

EC displays have already been used in a variety of different applications, from simple user interfaces [1], notifica-
tions [20], hybrid board games [12], over ambient lighting [10, 11], wearables [3, 6, 8], as part of a learning activity[19]
or in a soft robot [18]. We hope that this course will motivate participants to develop novel applications for EC displays
as well as to investigate the field of printed electronics for HCI further. Especially prototyping transparent displays to
support co-located work on a shared visual work space and other scenarios that require a transparent screen [7, 14].

Furthermore, as EC displays are flexible they also allow for easy prototyping of e.g. shape-changing displays [22].

2 COURSE CONTENT
Course topics and content introduce participants to:

e Fundamental concepts and capabilities of EC displays
o Design guidelines for EC displays
o Physical prototyping techniques

Over the course of the session, students will learn to:

e Design and Assembly of EC displays
e Control in- and output using EC displays and Arduino
e Use of EC displays as part of HCI and UbiComp prototypes

The course will allow participants to build their own EC displays to provide a clear sense of purpose, as well as a
practical and interesting takeaway. While we will provide basic practical designs (such as On-Off switch, Arrows and
Mute-Volume), but also allow participants to modify, extend or completely design by themselves. In this way, they
can build something while learning about the basic principles of EC displays. All materials will be supplied by the
instructors. The participants will get access to the learning materials comprised for this novel prototyping methodology.
Furthermore, the participants of course will be allowed to keep their designed and assembled displays as well as getting

accessed to more materials for future projects if required.

3 AUDIENCE & PREREQUISITES

The course is intended for an audience that wants to know about prototyping with flexible displays and printed electron-
ics. Participants should have sufficient technical background to download, install and run the Arduino programming
environment on their laptops, and be able to physically handle (or have assistance handling) simple manual prototyping
techniques. Furthermore, basic knowledge of graphical design and image editing as well as basic electronics will be an
advantage.

This course is an improved variant of the course given at CHI 2019 [17] (it was also accepted at CHI 2020 and MUM
2021 which however, were both unfortunately cancelled due to COVID-19 [15, 16]) with slightly different instructors. But

!https://decochrom.com/
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Fig. 2. Application of EC display with two different states, that allow to switch e.g. a logo, created in [7].

all instructors have extensive experience from running similar courses for audiences ranging from artists to computer
scientists [9] that we arrange as part of the EU funded DecoChrom project. Overall we have run variants of this course
over 25 times with more than 300 participants. We have found that providing a short theoretical introduction followed
by a hands-on part that is supported by the instructors allows participants to move at their own pace while exploring
different design possibilities. Advanced participants (e.g. more familiar with electronics) can spend more time exploring

alternatives design variations as well as connect it an Arduino and explore interaction possibilities.

4 PRESENTATION FORMAT

The course will be held as a mixture of brief theoretical and interactive lectures interleaved with individually guided
exercises. The first session will introduces the working principles of EC displays, then moves to a short ideation session
in which the participants will develop low fidelity of the prototypes they want to design. The session will end with
an short rundown of design strategies. The second session will require the participants to design their own displays
supported by the instructors and will end with a demonstration by the instructors on how to assemble these displays.
The third session then continues with the participants assembling their designed display and finally test it and control

it using an Arduino.

5 INSTRUCTOR BACKGROUND

e Markus Lochtefeld is an Associate Professor for wearable- and tangible computing in the Department of
Architecture, Design and Media Technology at Aalborg University, Denmark. His research is situated at the
intersection of HCI and UbiComyp particularly focusing on wearable computing as well as novel prototyping and

fabrication techniques.
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e Walther Jensen is a PhD Student in the Department of Architecture, Design and Media Technology at Aalborg
University, Denmark. His research focuses on novel fabrication techniques for ambient displays as well as
Human-Drone interaction.

e Caglar Geng is a post-doctoral researcher at the University of Lapland, the faculty of Art and Design. His
research focuses on the relationship between fashion and computation to design wearable ambient displays.

¢ Jonna Hikkili is a professor at Faculty of Art and Design, University of Lapland. She conducts research in the
cross-section of technology and design in outdoor and nature contexts, and on mobile and wearable computing

for sports and wellness.
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