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Abstract
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Within the application context of interior spaces, this thesis investigates the emerging area
of body-driven energy harvesting technologies from the perspective of human computer
interaction (HCI) design. Upcoming innovations in new materials and low-power devices
have enabled the conversion of body movements such as steps and arm movements into
electrical energy for powering small computational things. Everyday interior spaces such
as public buildings or homes can be fitted with new materials that harness human kinetic
energy to produce electrical energy. Recent developments in the area of engineering and
materials science aim to make these technologies more efficient. However, research about
the implications of implementing them in the everyday from the perspective of the experi-
ences and interactions of the people adopting these technologies is highly under-explored.
In order to examine this design space, this research proposes to:

identify emerging concerns and challenges brought by everyday engagement with
electricity production that need to be addressed through an interaction design inquiry.

To investigate the above proposition, a design program situated between the field of human
computer interaction research and the practice of e-textile design is formulated with the
aim to:

Investigate, at the scale of the interior, how static electricity can bring new perspec-
tives and possibilities for:

* ways of engaging with e-textiles, and

* designing interactions for energy harvesting with textiles



The research sets up four research studies to systematically explore the design program.
These research studies focus on four questions of how static electricity shapes e-textiles,
how electrostatic textiles shape e-textile interactions, how e-static interactions shape
everyday behaviours and how e-static studies shape energy interpretations. By develop-
ing a working knowledge of textile-based triboelectric generators, various body-generated
electricity systems of different scales are envisioned. In the process of making, discovering
and exploring different textile systems, questions regarding human interactions, material
behaviours and the role of electricity in the everyday are discussed.

This thesis contributes to the practice of e-textiles by creating the foundational knowledge
of using static electricity as a resource in e-textile design and development without needing
specialised materials. Furthermore, it contributes to the field of human computer interac-
tion research by further developing the topic of energy harvesting as a research area of
interaction design. The thesis identifies two key areas for addressing challenges presented
by body-driven energy harvesting with HCI which include considering accumulation of
interactions over time and incorporating the electric properties of the body in interaction.

Additionally, practical outcomes of this research include:

* www.estatictextiles.cc- An online handbook for learning about and working with
static electricity and e-textiles which includes tutorials and examples from the
research process.

» E-static textiles prototyping board- A prototyping board developed for easy
integration of static electricity and textiles to be used as an educational tool for
designing and prototyping electrostatic energy-related interactions.
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Preface

This research inquiry is part of ArcInTex ETN (Architecture, Interaction Design and
Textiles European Training Network), which is a project funded by the European Union
Marie Curie grant.! ArcInTex ETN aims to strengthen the foundations of design for more
sustainable forms of future living by connecting Architecture, Interaction Design and
Textiles in a training network of early-stage researchers.? The research project is divided
into three work packages that explore this topic from three different scales— that of the
body, the interior and the building. The research program consists of fifteen Ph.D. students
distributed across universities and companies around Europe, with five students in each
work package. My research position is situated in the work package that investigates the
topic of “textile thinking for adaptive and responsive interior design at the scale of the
interior.” Within this work package, my research investigates the specific given theme of
“Designing for adaptive and responsive near-field interactions at the scale of the interior.””

This dissertation is written from the perspective of an electronic textiles (or e-textiles)
maker who is interested in investigating how textiles, both materially (textural, tangible
qualities) as well as conceptually (as a knowledge system) can inform the design of new
forms and interactions with computational things. Being a designer and a maker, working
with materials, prototyping and hands-on explorations are an integral way of learning
and understanding for me. Thus, this research closely follows a research through design

1. Arcintex ETN was a three-year EU research project (2015-2018) funded by the Marie Sadlowska
Curie research and innovation grant. ArcinTex is an international network of researchers and
practitioners from the field of textiles, interaction design and architecture. The ETN project is a
research consortium consisting of several universities and two companies across Europe.

2. This description is rephrased from the ArcinTex ETN website: www.arcintexetn.eu Please see site
for further information about the project.

3. Specified in section 3.3, ESR 10 on http://www.arcintexetn.eu/research/work-packages/



approach* that relies heavily on hands-on explorations to not only drive the research work
forward but also to arrive at the key research questions from the general theme of the
ArcInTex ETN project. Thus, the foundation of this research work lies in the practice of
e-textiles, however, it constantly reflects and responds to the broader conceptual themes
and challenges of materiality oriented human computer interaction® while addressing the
research outline of the ArcInTex ETN project.

4, Please refer to Chapter 1, section 1.2 for further discussion on how the research through design
approach is interpreted in this thesis.

5. Please refer to Chapter 2, section 2.1 for a detailed description on materiality oriented HCI.
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1 Introduction

1.1 Point of departure for this dissertation

Being surrounded by wireless data streams, digital clouds and continuously ‘connected’
objects and people, it is not difficult to realise that we are encompassed by a digitally rich
physical space. The idea of the computer is increasingly moving away from the typical
screen-and-keyboard setup and entering a multitude of everyday objects and spaces. A
growing number of products and services in areas such as smart homes and cities rely
heavily on distributed networks of sensors and computationally enabled objects and
spaces. It has been estimated that by 2020 we will be surrounded by trillions of sensors
around the world.® While the miniaturisation of the computer has created the possibility
to seamlessly populate everyday spaces with computational elements, it has also raised
the crucial challenge of finding environmentally friendly and sustainable solutions for
powering such devices. Small low-power devices such as sensors, actuators and infor-
mation processors in the contexts of internet of things (IoT), wearable computing and
electronic textiles (or e-textiles) thus increasingly need ways of harvesting energy from
their surroundings as a means to independently and sustainably power them.

Energy harvesting’ is the conversion of ambient energy into usable electrical energy.®

6.  Asdescribed in- Zhong Lin Wang, Jun Chen, and Long Lin, “Progress in Triboelectric
Nanogenerators as a New Energy Technology and Self-Powered Sensors,” Energy & Environmental
Science 8, no. 8 (2015): 2250-82, https://doi.org/10.1039/C5EE01532D.

7. Also known as energy scavenging.

8. Faruk Yildiz, “Energy Harvesting from Passive Human Power,” Journal of Applied Science &
Engineering Technology, 2011, 5-16.
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Although modern energy harvesting technologies, such as solar panels’ or windmills,'
have been around for several decades, low-power energy harvesting is a technology of the
21% Century.!! Because they lower maintenance fees as they do not need to be replaced
frequently and are more environmentally friendly than chemical batteries,'? interest in
energy harvesters has been growing in comparison to traditional batteries for powering
wearable and other devices. Additionally, energy harvesting is also desirable in areas or
situations where a stable supply of electricity is not possible.'

Various solutions for harvesting different kinds of environmental energy as a source of
electricity for low-power devices already exist; for example, harnessing light energy from
indoor sources such as light bulbs, radio frequency energy from other devices and anten-
nas, or atmospheric changes such as temperature or pressure.'* Apart from using environ-
mental sources, a significant portion of this low-power energy harvesting research looks
at the human body as a source of electrical energy for devices. Living subjects (humans
and animals) have been seen as abundant sources of energy in chemical, thermal and
mechanical forms.” Different kinds of material interventions in everyday situations are
being introduced that actively engage the body to generate electrical energy, for example
piezoelectric floor tiles' that harvest kinetic energy from people walking by. In this
thesis, the energy harvesting systems that directly utilise the kinetic energy of humans as
a source of electrical power are referred to as ‘body-driven energy harvesting’ devices.

There has been a growing body of work in engineering and materials science in the

9. The first solar cell was discovered in 1953 by Calvin Fuller, Gerald Pearson and Daryl Chapin,
however, the first low-cost solar cells were not developed until the early 1970s— Victoria C., “The
History Of Solar Power | Experience,” 2017, accessed February 28, 2019, https://www.experience.
com/advice/careers/ideas/the-history-of-solar-power/.

10. As early as 1887, the first known wind turbine used to produce electricity was built in Scotland. The
first megawatt-sized wind turbine was connected to a local electrical distribution grid in 1941—
Zachary Shahan, “History of Wind Turbines - Renewable Energy World,” 2014, https://www.
renewableenergyworld.com/ugc/articles/2014/11/history-of-wind-turbines.html.

11. Bob Chao, “Making Low-Voltage Energy Harvesting Practical: Part 1 — The History of Energy
Harvesting,” 2012, https://www.electronicproducts.com/Power_Products/Invertors/Making_low-
voltage_energy_harvesting_practical_Part_1_The_history_of_energy_harvesting.aspx.

12. Laurent Probst et al., “Energy Harvesting to Power the Rise of the Internet of Things - European
Commission,” 2017, https://ec.europa.eu/growth/tools-databases/dem/monitor/content/energy-
harvesting-power-rise-internet-things.

13.  Young-Man Choi et al., “Wearable Biomechanical Energy Harvesting Technologies,” Energies 10,
no. 10 (September 25, 2017): 1483, https://doi.org/10.3390/en10101483.

14. Fatih Unlt, Lukas Wawrla, and Adriana Diaz, “Energy Harvesting Technologies for loT Edge
Devices,” 2018, https://edna.iea-4e.org/library.

15. Canan Dagdeviren, Zhou Li, and Zhong Lin Wang, “Energy Harvesting from the Animal/Human
Body for Self-Powered Electronics,” Annual Review of Biomedical Engineering 19, no. 1 (June 21,
2017): 85-108, https://doi.org/10.1146/annurev-bioeng-071516-044517.

16. For example, “Pavegen - The Next Step,” accessed April 4, 2019, http://www.pavegen.com/.
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field of e-textiles that present examples of novel nanomaterials and soft-technologies
that enable energy harvesting close to and using the body, for example, piezoelectric!”
and triboelectric nanomaterials'® that can be integrated into clothing, and other textile
objects. Many of these technologies are still emerging and the primary focus has been
on improving the efficiency of energy conversion in these soft materials'®. While this is
an important aspect of technology development, it is also useful to take a critical look
at how the advancement and popularising of such technologies may redefine our expec-
tations and experiences of textiles as well as electricity. Considering the emerging area
of textile-based energy harvesting solutions that use the body, this research envisions a
design space for exploring e-textile interactions for the purpose of engaging with elec-
tricity in everyday interior spaces. It is hoped that developing a critical discussion from
the perspective of interaction design will inform future development and adoption of
such computational devices.

We are aware that often new features of our everyday technologies can introduce new
choreographies and influence our behaviours and experiences. For example, waving our
hands at a motion detector to turn on a light might not have been considered normal
behaviour twenty years ago, but today it is indeed a small inconvenience for saving valu-
able energy. Following this line of inquiry, this thesis explores the specific case of static
electricity as an interactive material quality of e-textiles that is useful for engaging with
electrical energy.

By developing different examples of actively engaging with static electricity through tex-
tiles, the research examines the emerging area of body-driven technology from the point
of view of e-textile interaction design. Through the process of making, discovering and
experiencing the different electrostatic (or e-static) textile setups, the research explores
the questions— “What new ways of engaging with e-textiles are enabled by static electric-
ity?” and “What are the implications of actively engaging the human body in electricity
generation on the way we design and relate to computational artefacts?”.

The following section gives an overview of the research approach undertaken to further
develop and systematically investigate the topic of e-textile interaction design for body-
driven energy harvesting through static electricity. In the second half of the chapter, a
detailed overview and structure of this thesis is outlined.

1.2 Taking a programmatic approach to design research
This thesis follows the approach to design research driven by program, experiments and
examples. The notion of the programmatic research used in this dissertation stems from

17. For example, Anja Lund et al., “Energy Harvesting Textiles for a Rainy Day: Woven Piezoelectrics
Based on Melt-Spun PVDF Microfibres with a Conducting Core,” Npj Flexible Electronics 2, no. 1
(2018): 9, https://doi.org/10.1038/s41528-018-0022-4.

18.  For example, A Young Choi et al., “Corrugated Textile Based Triboelectric Generator for Wearable
Energy Harvesting,” Scientific Reports 7, no. 1 (December 28, 2017): 45583, https://doi.org/10.1038/
srep45583.

19. This is discussed further in Chapter 2, section 2.3.1.
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the discussions around research through design (RtD) in the field of human computer
interaction (HCI) design. In this section, I give a brief background and overview of the
programmatic approach to design research in the context of HCI. Furthermore, I argue
for its relevance as a research approach for this thesis.

Research through design is “an approach of conducting scholarly research that employs
the methods, practices and processes of design practice with the intention of generat-
ing new knowledge”?. The term “research through design” (RtD) was first coined by
Frayling®' who described the multiple perspectives in which design and research come
together—research about design, research for design and research through design. While
research for and about design do not directly contribute to the knowledge of design
practice, research through design must be relevant and contribute to the improvement of
design practice.?? Furthermore, RtD should be understood as constituting aspects of both
research about and for design that produces original knowledge for the field of design.?
But what constitutes original knowledge and how can it claim its relevance for design?

In their paper presenting exemplary design research, Binder and Redstrom examine three
sources of knowledge production commonly associated with design.?* These are namely—
design theory (theory about design), design studies®® and knowledge associated to the
notion of “science of the artificial.”?*?” They argue that albeit these three knowledge tra-
ditions contribute to our understanding of design, they fall short for a design research

20.  John Zimmerman and Jodi Forlizzi, “Research Through Design in HCI,” in Ways of Knowing in HCI
(New York, Springer New York, 2014), 167-89, https://doi.org/10.1007/978-1-4939-0378-8_8.

21. Christopher Frayling, “Research in Art and Design,” Royal College of Art Research Papers 1, no. 1
(1993).

22. Alain Findeli et al., “Research Through Design and Transdisciplinarity: A Tentative Contribution to
the Methodology of Design Research,” 2008, https://hal.archives-ouvertes.fr/hal-00995468.

23.  Ibid.

24, Thomas Binder and Johan Redstrém, “Exemplary Design Research,” in Design Research Society
Wonderground International Society Conference (Lisbon, 20086), http://redstrom.se/johan/abstracts/
aexemplary.html.

25. Design theory traditionally aimed at understanding “the field of design as aesthetic expressions
of socio-cultural conditions”, with no aim to produce knowledge directly useful for the designers.
Design studies focuses on the acts of designing and develops models that help to identify how
design thinking can be facilitated. Although design studies may contribute to the designers
understanding of the environments and conditions of their own work. However, the main contribution
of design studies is geared towards the epistemological question of how designers know.— As
described in ibid.

26. Herbert A. (Herbert Alexander) Simon, The Sciences of the Atrtificial, (M.I.T. Press, 1969); As
referred to in Binder and Redstrém, “Exemplary Design Research.”

27. Following the notion of the sciences of the artificial, design is taken as a broad term that is geared
towards changing “existing states towards preferred ones” (Herbert A. Simon, The Sciences of
the Artificial). This kind of knowledge is, therefore, directed towards prescribing strategies and
procedures for designers to arrive at a good enough solution to the given design problem.— As
described in Binder and Redstrém, “Exemplary Design Research.”
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Figure 1. The relation between the broader research interest, design program and experiments. (Redrawn
from Brandt and Binder, “Experimental Design Research: Genealogy, Intervention, Argument.”, figure 2)

aiming at exploring new terrain for design and designers. The authors emphasise that
such a design research would need an approach that is informed by and compatible with
scholarly research but must acquire its credibility through other strategies grounded in
design practice. They propose the notion of exemplary design research that is driven by
programs, experiments and intervention? as one such approach to guide design research
aiming at exploring new areas for design.

The research approach “is exemplary in the sense that it enables critical dissemination
through examples of what could be done and /how, i.e. examples that both express the
possibilities of the design program as well as more general suggestions about (change
to) design practice.”? The research examples are thus developed within design programs
which act as a foundation and frame for carrying out a series of experiments.*

1.21 Programs, experiments and examples
Figure 1, adapted from Brandt and Binder,* illustrates the relationship between the
broader research interest, program and experiments. The question in this diagram points
to the overall research area which shapes the design program. This research interest will
typically have a larger scope than the program explored. The program frames and con-
textualises the broader research interest by proposing the possible.*

The design program, similar to a hypothesis in scientific research, takes a stance and

28. Ibid.
29. Ibid.

30. Johan Redstrom, “Some Notes on Program/Experiment Dialectics,” in Nordic Design Research
Conference 2011 (Helsinki, 2011), https://doi.org/10.1145/122552.122557.

31. Eva Brandt and Thomas Binder, “Experimental Design Research: Genealogy, Intervention,
Argument,” in IASDR 07 (Hongkong, 2007), https://adk.elsevierpure.com/en/publications/
experimental-design-research-genealogy-intervention-argument.

32.  Ibid.
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presents some kind of concrete intention. However, instead of presenting a problem to
be solved or tested, the design program is suggestive and remains open for interpretation
and change.*

Brandt and Binder* clarify the difference in how a design program is interpreted in
design practice and design research. In design practice, a program or brief plays the role
of setting the goals for the design work and frames the space within which the designing
happens. As the design work takes place, the design program, which has already been
established as relevant, becomes more precise in terms of a finished design. Whereas a
program in design research sets a frame to be challenged by experiments that “deliber-
ately seek to establish the strength and scope of the program in relation to an overarching
knowledge interest.”* As the research unfolds, it substantiates or challenges the hypo-
thetical world view set out by the initial program.*® Redstrom?” emphasises that programs
like this seem to blend what is normally considered through questions and answers in
scientific research. “Instead of presenting a question to be answered, programs present
propositions or proposals that need to be substantiated.*®” And similar to how in the
research process, the questions get reframed and the overall understanding of questions
and answers evolve together, the programmatic approach in design research builds on the
idea that research insights depend on the change that is driven by an interaction between
program and experiment.* Therefore, the research process in a program does not aim to
confirm or reject a hypothesis but takes an explorative stance that constantly dialogues
with and challenges the design program.

The experiments are setup to actively engage with the program. “The mutual depend-
ency of program and experiment stems from the program’s need for materialisation and
the experiment’s need for precise frames.”™° The role of the experiments is not to simply
reject or confirm the validity of the program. Rather, the experiments act as exploratory
probes into the implications of the program and how it can be refined to account for the
issues brought forward by the experiments.*

Bang and Eriksen* further investigate the role of design experiments driven by the

33. Redstrém, “Some Notes on Program/Experiment Dialectics.”

34. Brandt and Binder, “Experimental Design Research: Genealogy, Intervention, Argument.”
35.  Ibid.

36. Binder and Redstrém, “Exemplary Design Research.”

37. Redstrom, “Some Notes on Program/Experiment Dialectics.”

38.  Ibid.
39.  Ibid.
40.  Ibid.

41, Binder and Redstrém, “Exemplary Design Research.”

42.  Anne Louise Bang and Mette Agger Eriksen, “Experiments All the Way - Diagrams of Dialectics
between a Design Research Program and Experiments,” Artifact 3, no. 2 (December 3, 2014): 4,
https://doi.org/10.14434/artifact.v3i2.3976.

28



program by reflecting on their programmatic research project Xlab. Building on Schon’s*
definition of experiments, they propose three roles and characteristics of experiments for
when one is working within a design program— a) as initiators or drivers of framing a
program, b) as ways to reflect on and mature the research program serving as a vehicle
for theory construction and knowledge generation and c) as a ‘designerly’ approach to the
written knowledge dissemination and clarification of research contributions.

Design examples are collected during the different experiments as a representation or
illustration of the potential of the design program. For example, if the design program
secks new approaches to design or explores a new language of form that may stem from
the introduction of new materials, the design research must both be exemplary in the
way that it must demonstrate that what is proposed by the program is actually possible
and, additionally, present arguments that describe how pursuing such a line of inquiry is
opportunistic for the design field concerned.** Thus, design examples can act as proto-
types that demonstrate feasibility, but they can also become arguments in themselves that
support critical reflection of the overall design program.*

Although the notion of program-driven research has been used in different research con-
texts,*® the first program in the field of interaction design was introduced by the MIT
Media Lab with the ‘things that think’ consortium in 1995.#” The consortium brought
together designers, engineers, artists and scientists to invent the future of digitally aug-
mented objects and environments.* Hence, they emphasised that new application areas
and opportunities for emerging information technologies could not come from techno-
logical innovation alone but needed a programmatic perspective that explored varied
notions of technologies in use.*

Since the year 2000, several research initiatives in the field of HCI have been undertaken
using the programmatic approach, especially with an aim to explore new ways of design-
ing and to formulate new areas for design in HCI in response to emerging technologi-
cal innovations. For example, slow technology*® looked at how to design computational

43. Donald. Schoen, The Reflective Practitioner: How Professionals Think In Action (Basic Books,
1983), http://cumincad.scix.net/cgi-bin/works/Show?9e1a.

44, Binder and Redstrém, “Exemplary Design Research.”

45, Johan Redstrém, “Designing Everyday Computational Things” (Dept. of Informatics, Goteborg
University, 2001), http://redstrom.se/johan/thesis/index.html. p 36

46. For example, Bauhaus is one of the most influential design programs that has also served as a
model for design education— Eva Brandt et al., XLAB (Copenhagen: The Danish Design School
Press, 2011).

47, Binder and Redstrém, “Exemplary Design Research.”

48. “Things That Think: Vision Statement,” MIT media Lab, 1995, https://ttt. media.mit.edu/vision/vision.
html.

49, Binder and Redstrém, “Exemplary Design Research.”

50. Lars Halln&s and Johan Redstrém, “Slow Technology — Designing for Reflection,” Personal and
Ubiquitous Computing 5, no. 3 (August 2001): 201-12, https://doi.org/10.1007/PLO0000019.
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things to facilitate critical reflection, and IT+textiles’ was a program that explored new
interactions with textiles, made possible through the combination of electronics and tex-
tiles. Rich interaction design® in the Netherlands formulated ways of designing every-
day technologies with an emphasis on movement and spatial body skills. Static!** was a
design program that proposed the consideration of technology in terms of energy aes-
thetics instead of energy efficiency™. Whereas these examples illustrate institution-level
or larger project-level programs, the programmatic approach can also be undertaken at a
smaller scale, that of an individual research inquiry, such as a Ph.D. thesis.’>%

1.2.2 Evaluating and concluding the program-experiment cycle
Redstrom®® describes the process for a programmatic research approach as having the
following steps:

i. Formulating the design program,

ii. Realising the program by designing, implementing and evaluating design exam-
ples through experiments,

iii. Reflection and formulation of results, e.g., by reporting on the experiences gained,
formulating new working hypotheses and reformulating the design program.

Programmatic approach takes a cyclic approach that constantly formulates and refines
the design program through the lens of experiments and examples (see Figure 2). In prac-
tice, the conclusion of a design program is often a matter of the amount of funding, time
and resources.”® However, it would be difficult to conclude a program without having
enough examples that express and materialise it.°* Binder and Redstrom® propose that a
design program can be evaluated in multiple ways, for example, from the inside— that is,

51. Daniel Eriksson et al., IT+Textiles, ed. Redstrém Johan, Maria Redstrém, and Ramia Mazé (the
Interactive Institute and the Swedish School of Textiles at the University of Boras, 2010), https://www.
tii.se/projectsfittextiles.

52.  Zimmerman and Forlizzi, “Research Through Design in HCI.”
53. Ramia. Mazé, “Static! : Designing for Energy Awareness,” (Arvinius, 2010).
54. Redstrém, “Some Notes on Program/Experiment Dialectics.”

55.  Jonas Lowgren, Henrik Svarrer Larsen, and Mads Hobye, “Towards Programmatic Design
Research,” Designs for Learning 6, no. 1-2 (December 1, 2013), https://www.designsforlearning.nu/
articles/abstract/53/.

56. Bang and Eriksen, “Experiments All the Way - Diagrams of Dialectics between a Design Research
Program and Experiments.”

57. Redstrém, “Designing Everyday Computational Things.” p26.
58.  Redstrom, “Some Notes on Program/Experiment Dialectics.”
59.  Ibid.
60.  Ibid.

61. Binder and Redstrém, “Exemplary Design Research.”
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Figure 2. Programmatic research takes a cyclic approach.

on the basis of the extent of which it succeeds in fulfilling its own intentions and from the
outside— that is, on the basis of the extent of the changes, developments or alternatives to
existing theory and practice it suggests.

Considering that the experiments undertaken constantly engage with the design program,
the end of a research cycle could be said to be marked by a stage where it becomes
possible, or even necessary to reformulate the program to account for new findings and
generate new experiments.*

1.2.3 Results and theory development
The field of design research is maturing as researchers are defining its typologies and
building new design theories.®* However, there have been several discussions concern-
ing what constitutes design theory and how it is formed through the practice of design
research. Zimmerman et al.® have argued that theory in RtD takes the form of nascent
theory. Nascent theory essentially emerges from exploratory work and often acts as a
proposition of a new area that benefits from a discovery approach in order to articulate
what the important relationships between phenomena might be. Theory matures through
discourse as researchers substantiate, extend or refute aspects of the proposition.® In the
field of HCI, theory has been historically inspired by many of its constituent disciplines,
such as, psychological theories of human behaviour, engineering theories intended to

62. Ibid.
63. Ibid.

64. Jodi Forlizzi, Erik Stolterman, and John Zimmerman, “From Design Research to Theory : Evidence
of a Maturing Field From Design Research to Theory : Evidence of a Maturing Field,” in lasdr, 2009,
2889-98.

65.  John Zimmerman, Erik Stolterman, and Jodi Forlizzi, “An Analysis and Critique of Research through
Design,” in Proceedings of the 8th ACM Conference on Designing Interactive Systems - DIS "10 (New
York, USA: ACM Press, 2010), 310, https://doi.org/10.1145/1858171.1858228.

66.  Ibid.
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improve HCI practice as well as anthropological theories to situate action and interac-
tion.®” Although these theories have informed design practice, design theory can also be
intrinsically developed from within the research practice. Redstrom® argues that we may
have to consider certain conceptual elements and structures produced and performed
in research through design as theoretical even though they may not look like the kinds
of theory we might be familiar with from other disciplines. He describes the difference
between the need for theories in other disciplines versus in experimental design research
as the difference between aiming for abstract images of the actual versus creating con-
crete images of the potential. That is, while the former aims at achieving the universal
for support and stability, design needs theories that support conceptualising, making,
communicating, collaborating, etc.®® Hillnas™ argues in a similar way emphasising that
in experimental design we aim for qualitative results and the idea of verifiable knowledge
about the design process; validated models and working methods do not work well in
this context. He further describes experimental research as research through defining, in
contrast to research through purely analytical studies. Design examples could be referred
to as these kinds of definitions— that may be expressions of foundational insights or may
become canonical examples stating a given concept.”' Similar to the notion of nascent
theory introduced earlier, these definitions through design experiments are inherently
transitional.” This is to say that there cannot be a single definition of what design or
designing is in general, but different alternatives can be explored, presented, argued for
and critically examined and shared within design programs.

This thesis closely follows this approach and builds a theoretical contribution based on
examples developed through experiments within a design program. The results of the
thesis are an example of a design space emerging around the experience of adopting
energy harvesting practices in the everyday. The next section delves deeper into how this
research inquiry adopts the programmatic approach that shapes the thesis.

1.2.4 Adopting a programmatic approach for this thesis— relevance and overview
This thesis proposes that an interaction design perspective will contribute to the emerg-
ing area of body-driven energy harvesting by introducing a design space that addresses
the everyday experiences of people engaging with such technologies. A programmatic

67. Ibid.

68. Johan Redstrém, Making Design Theory (MIT Press, 2017), https://mitpress.mit.edu/books/making-
design-theory.

69.  Ibid. p25

70. Lars Hallnas and Johan Redstrém, Interaction Design: Foundations, Experiments (The interactive
Insitute, The Swedish School of Textiles and University College of Boras, 2006), www.hb.se/ths/ctf.

71. Lars Hallnas, “Outline of a General Artistic Design Research Program,” Boras: Smart
Textiles Design Lab Research Outlet, 2017, 30, http://hb.diva-portal.org/smash/record.
jsf?pid=diva2%3A1169474&dswid=-6131.

72. Redstrom, Making Design Theory.
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Figure 3. Programmatic research cycles undertaken in the project.

approach provides a systematic way of understanding, investigating and evaluating this
research proposition.

The frame given by the ArcInTex ETN project provides a broad stage for this investigation
by situating the research in the context of the interior scale relating to material innova-
tions in the field of e-textiles. However, to get a deeper understanding of the opportunities
and design challenges posed by interacting with energy harvesting materials and devices,
there was a need to initiate a program where such everyday objects and interactions with
textile materials may be envisioned, examined and discussed. Setting up a programmatic
approach enabled the development of specific examples that firstly illustrate how such an
interaction design inquiry may be shaped, and secondly, examine if and how they con-
tribute to the design of everyday body-driven energy harvesting textiles.

The thesis closely follows the three-step approach to programmatic research presented
by Redstrom, where two research cycles were undertaken in the duration of the entire
project (see Figure 3). The first stage of the research cycle started with the open ques-
tions set out by the larger ArcInTex ETN project and the program defined by the research
position. Here some external influences, such as my research background and interests,
played an important role in how the program was interpreted to setup the experiments.
In this stage, the experiments included exploration of textile interaction language in a
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spatial context, which led to considering different energy harvesting solutions with tex-
tiles.”® This first set of experiments led to the redefinition of the design program which
marked the start of this thesis inquiry.

The reformulated design program for this thesis within the ArcInTex ETN project aimed
at investigating an interaction design perspective to body-driven energy harvesting tex-
tiles in the context of interior environments. A design inquiry was thus shaped to enable
engagement with static electricity through textiles. Several experiments were set up to
investigate this design program. Furthermore, the reflections and insights from under-
taking the programmatic research culminated with propositions for specific directions of
inquiry for the HCI and e-textiles research community for designing and extending the
scope of energy harvesting interior e-textiles. The outcomes of this thesis are therefore
themselves programmatic in nature™ and illustrate and discuss specific directions for
future research in the field. The next section gives a more detailed outline of the overview
and structure of this dissertation.

1.3 Overview and structure of the thesis

1.3.1 Research proposition

Within the application context of interior spaces, this thesis investigates the emerging
area of body-driven energy harvesting technologies from the perspective of HCI design.
Upcoming innovations in new materials and low-power devices have enabled the con-
version of body movements such as steps, or arm movements into electrical energy for
powering small computational things.” Everyday interior spaces such as public buildings
or homes can be fitted with new materials that harness human movements to produce
electrical energy.

There has been an increasing interest and development in the area of engineering and
materials science to make these technologies more efficient. However, research about the
implications of implementing them in the everyday from the perspective of the experi-
ences and interactions of the people adopting these technologies remains underexplored.
In order to address and explore this design space, the broader research inquiry proposes
to:
e identify emerging concerns and challenges brought by everyday engagement
with electricity production that need to be addressed through an interaction
design inquiry.

73. The work and experiments of this part of the research cycle are not included in this dissertation to
keep it more comprehensible. Please refer to Appendix E for an overview of the research activities
undertaken in the beginning of the project.

74. Halln&s, “Outline of a General Artistic Design Research Program.”

75. The term “computational things” is adopted from Hallnas and Redstrém, “Interaction Design:
Foundations, Experiments.” Computational things refers to products and systems we design that are
computational in their nature. They point to how we meet them in daily life— “as things that are not
particularly different or more interactive than a door or a floor lamp, what makes them special is the
way that the computational technology builds them as things”.— Ibid.
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This thesis argues that body-driven micro-energy harvesting technologies, that convert
human energy into electrical energy, introduce a novel inter-dependent relationship
between humans and computational things that needs to be studied through interaction
design approaches. While energy harvesting technologies are not new, the increase in
their ubiquity at a material level in our everyday environments and their closeness to
the body raise new challenges for design that would be beneficial to address at an early
stage of technology development. Following this line of inquiry, this research formulates
a design program to investigate the specific case of electrostatic energy harvesting for
e-textiles from the perspective of human-computer interaction design.

A detailed literature review and a survey of the state of the art in the fields of e-textiles,
human computer interaction design and electrostatic energy harvesting is conducted
in Chapter 2 to substantiate the above research proposition and formulate the design
program.

1.3.2 The design program

The design program works with static electricity as an electrical property of textiles that
can be harnessed through interactions in everyday interior spaces. Here the notion of
the interior refers to the everyday built environments such as dwellings or workspaces.
By developing different examples of actively engaging with static electricity through
textiles, the research examines the emerging area of human-powered technology from
the point of view of e-textile interaction design. It focuses on two key questions: How
can static electricity be used to introduce new ways of engaging with e-textiles and what
opportunities and challenges emerge when designing interactions for energy harvesting
with electrostatic textiles?

Static electricity is a phenomenon commonly associated with prolonged interactions
with textiles. In everyday life it is usually associated with getting electrically shocked
when touching door handles or clothes clinging to the body. It is understandably consid-
ered an annoying and even dangerous phenomenon that is harmful for the body as well
as electronic components. However, static electricity has recently emerged as a viable
source of ambient energy in the area of low-power energy harvesting. Recent examples of
nanogenerators in the field of e-textiles have been shown to convert electrostatic charges
generated from repeated movement between materials into small amounts of electrical
energy.”® In the light of these new innovations, static electricity can be seen as a resource
rather than a negative aspect of textiles. When managed appropriately, static electricity
could translate the inherent material quality of certain types of textiles—their tendency
to get electrified when in contact with human skin—as a way of powering or interacting
with e-textiles. It also opens a design space for investigating new ways of engaging with
electrical energy through the material of textiles.

Furthermore, the design program specifies the context of the design inquiry at the scale
of the interior. This is an area of application that relates to the project requirement of the
given ArcInTex ETN research frame but is also relevant to both areas of e-textile design

76. Please refer to Chapter 2 for examples and further description.
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and energy harvesting. Textiles in the form of furnishings such as sofas or cushions and
large surfaces such as carpets, wall tapestries or curtains provide an interesting entry
point for developing energy harvesting interactions. Furthermore, the electrification of
textile materials is supported by large surface interactions and modern-day climate con-
trolled dry interiors. For this reason, considering the interior scale as a broad context for
application for the design program is a useful case for the given research topic.

The design program thus calls for an interior-scaled investigation that brings together the
fields of HCI research, the practice of e-textiles and the technical area of electrostatic (or
e-static) energy harvesting. How these different areas are brought together to formulate
this design program is presented at the end of Chapter 2 (Section 2.4).

1.3.3 Experiments
The thesis process involves a wide range of hands-on design experiments structured in
the form of four research studies that explore different aspects of the design program. The
four research studies each ask the following questions:

e Study 01— How may static electricity shape e-textiles?

e Study 02— How may e-static textiles shape e-textile interactions?

e Study 03— How may e-static textile interactions shape everyday behaviours?
e Study 04— How may e-static studies shape energy interpretations?

The area of electrostatic textiles is very new, with only a few examples of research and
even fewer examples from e-textile design (outside of materials science). Before address-
ing the design program of engaging with electrostatic textiles, first a basic understand-
ing of how to construct with static electricity was required. For this reason, the design
inquiry into e-static textiles for this thesis starts at the level of the textile material. Study
01 looks at how an electrostatic textile generator could be made into textile substrates
using existing textile production techniques. Study 02 takes the insights gained from
Study 01 to further scale up the electrostatic setups to the scale of the interior to explore
different interactions for engaging with static electricity. Study 03 learns from Study 01
and Study 02 to develop design narratives that explore the electrostatic interactions as
part of everyday behaviours. Study 04 flips the perspective from interaction to output
and discusses different interpretations and uses for the small surges of electricity that are
produced through energy harvesting actions.

The four studies thus systematically explore different aspects of designing and inter-
acting with static electricity through the material of textiles and the human body. The
research methods followed in Study 01, 02 and 03 closely follow material-specific strate-
gies in the field of e-textiles and HCI. An overview of the different research methods used
to undertake the research studies is outlined in Chapter 3.

Chapters 4 to 7 of the thesis give a detailed account of each research study by presenting
the main objectives, the outline of the experimental process and examples that form key
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results. Furthermore, the reflections from undertaking each research study are discussed
in relation to the design program and research inquiry.

1.3.4 Results and contribution

Chapter 8 gives an overview of the key insights gained from each of the research studies
to reflect on the overall results of the design inquiry undertaken. Two areas of results are
examined. The first part of the research results contributes to the practice of e-textiles
by creating foundational knowledge of using static electricity as a resource in e-tex-
tile design and development without needing specialised materials. A detailed reflection
from applying a material-centric perspective to interaction design in the field of e-textiles
is also presented.

Chapter 9 opens up the discussion to a broader research inquiry set out by the thesis; it
elaborates on the research examples to discuss the implications of designing interactions
for energy harvesting. It identifies two key aspects— that of accumulated interactions and
the notion of human computer collaboration brought on by incorporating the electric
properties of the body, as two areas for addressing challenges brought by body-driven
energy harvesting within HCIL.

Based on this reflection and formulation of results, the chapter concludes by refining the
design program to guide further research. The proposed direction for future work is sup-
ported by the following practical outcomes:

* www.estatictextiles.cc- An online handbook for learning about and working
with static electricity and e-textiles which includes tutorials and examples from
the research process.

* E-static textiles prototyping board- A printed circuit board (PCB) developed for
easy integration of static electricity and textiles to be used as an educational tool
for designing and prototyping electrostatic energy-related interactions.

Chapter 10 wraps up the dissertation with a summary and concluding remarks.
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2 Research frame: HCI,
e-textiles and static
electricity

In order to understand and develop an interaction design perspective for the emerging
area of body-driven energy harvesting systems, this research builds on the material-cen-
tric view in HCI research and draws insights from the specific case of designing inter-
actions with static electricity in the context of e-textiles. The three areas of human com-
puter interaction design, e-textiles and research in static electricity are seen from the
perspective of their shared concerns and the research frame is described further through
the intersections between these overlapping areas (see Figure 4). Section 2.1, 2.2 and 2.3
each describe the overlapping concerns and opportunities between these three domains of

Human
Computer
Interaction
Design

Section 2.4

Section 2.3

Figure 4. The frame of this research is defined by the intersections between the overlapping areas of
human computer interaction (HCI), electronic textiles (e-textiles) and interactive electrostatic energy
harvesting technology.
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e-textiles, HCI and static electricity. In Section 2.4, these arguments are drawn together
to shape this research inquiry and the design program for this dissertation.

2.1 HCI and e-textiles

This section first gives an overview of the development of the material-lens in the field of
HCI. Furthermore, the research in e-textile design is framed as an area within the mate-
riality-focused HCI which learns from and contributes to the field of HCI. In the latter
half of the section, the different approaches from the material driven HCI are categorised
into approaches for making, acting and relating to computational things. Building on this
further, I argue for undertaking an investigation on everyday engagement with electricity
through material interactions with e-textiles.

211  The material turn in HCI research

Since the beginning of the 21st century, there has been an increasing interest within
the field of HCI research to consider the material and tangible qualities of computers
in the design and experience of everyday technologies. This has been referred to as the
material turn in HCL””. The notion of the “material” in HCI emerged from the concept
of “tangible.””® In 1995, the idea of graspable user interfaces was introduced, which were
an extension of a graphical user interface (GUI) into the physical world.” This work was
later developed into the idea of tangible bits*® and tangible user interfaces®! that aspired
to bridge the gap between cyberspace and the physical environment by making digital
bits tangible.® The research framework of tangible user interfaces identified the increas-
ing opportunities for embedding computational capabilities in everyday objects and thus
aspired to interpret and merge the tactile richness of the physical world as a handler for
digital data.®® In contrast to similar research areas such as augmented reality, or ubig-
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uitous computing that support the ‘invisibility’ or disappearance of the computational
elements into the physical world, tangible interface research aspired to engage in a direct,
deliberate and tactile dialogue between people and computers using the tangible world.**

During the last two decades, different discourses have emerged to understand how com-
puters merge into other objects and extend the role of interaction design from making
efficiency-oriented tools for specific situations to designing technologies that are part
of our everyday lives for a long period of time.* For example, there was an emerging
concern that the computer, a device originally designed for the workplace, would bring
a focus on efficiency to even our non-work-related activities. Challenging this work-ori-
ented relationship to computers, approaches such as critical design®, ludic engagement®’
and slow technology®® placed playfulness, creativity and critical reflection—rather
than efficiency—at the centre of human-computer interaction. Building on this further,
Hallnds and Redstrom® have discussed a need for change in approach from “designing
for use” to “the presence” of computational objects. They describe presence as a state for
objects that have been ‘accepted’ into our lifeworld by attaining an expression-identity.
They emphasised that this expressional identity was not its functional identity, which
relates to the uses or tasks, but rather the additional meanings and relationships that
connected it to our own life and rhythms. Consecutively, they argued that the goal for
design was to make computational things that enabled different ways for people to relate
to them in everyday life. Incorporating ambiguity and introducing unfamiliar behaviours
in everyday objects were used as methods for challenging existing notions and provoking
new interpretations of everyday technologies.”
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Taking a phenomenological approach,’ the emergence of tangible interfaces was also
marked by a re-examination of the dexterity of the whole body in interaction. There
was an emphasis on Zow and not only what tasks are carried out.”> This opened a design
space for exploring interactions that focus on movements between actions, that use the
whole body, support skill development and highlight the presence of the body in digital
interactions.” For example, ‘hands only scenarios™ challenge the amount of attention
paid on the appearance of digital objects in the design process. Rather than interactions
being decided by the form of the objects, they focus on user actions by designing the
objects based on specific body movements.” The notion of embodied design developed
by Dourish, interpreted phenomenological ideas in relation to tangible and social com-
puting.”® The relationship between humans and computational things has been seen as
dynamic and emerging through interaction.”” Furthermore, digital interactions were
understood as embodied phenomena which occur in real space-time, and engaging with
artefacts results in creation, manipulation and sharing of meaning.”®

As the new design space was opened by tangible user interfaces (TUI) for incorporating
digital interactivity into everyday objects and spaces, the role of the interaction designer
quickly started to change from designing the interface of the computer to designing a
thing or environment in which a computer might be used to create a desired effect.”
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the life-world as a source of knowledge: as described in the book— Dermot. Moran, Introduction to
Phenomenology (Routledge, 2000).
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Following this line of inquiry, the research community, especially in the Netherlands,
argued for adopting an industrial design perspective to designing interactive technol-
ogy. For example, Djajadiningrat et al.'” found that tangible interfaces were more than
a representational issue that needed to semantically link affordances to interactions.
They also needed to make a meaningful connection between the physical and the digital
action. Researchers argued that as digital technology became integrated into everyday
objects, it brought with it the ‘computeresque’ aesthetics— with every action and interface
element looking and feeling the same despite the associated digital action. This perspec-
tive to interaction design thus focused on creating rich interactions that make the most
of the perceptual-motor skills of human beings for more intuitive, meaningful couplings
between appearance and actions and functions.'” Examples such as the digital camera,
alarm clock and heating controller'® framed some of the key thinking and work behind
designing for expressive and rich user interactions.

In 2005, Redstrom'® proposed considering technology as another material in design.
Materials, he argued, play an important role in design and craft practices and have been
central for challenging the notion of form, expressions, aesthetics and envisioning what
kinds of objects could be created in general. With computers entering different contexts
of our everyday life, Redstrom argued that an emphasis on only function was not enough.
We also needed to consider the textural and tactile experiences of touching, interacting
and living with technical things. He claimed that this was not a mere issue of packaging
but rather called for a change in how we approach shaping technology for people by
considering the expressions, temporal aspects and form of new technical things from a
material perspective.

Taking this further, Vallgdrda and Sokoler'™ proposed designing computational objects
to be similar to the practice of ‘formgiving’ in crafting traditional materials (e.g. clay or
wood), where developing hands-on practices that explore the open-endedness of mate-
rial properties could lead to novel forms and expressions. They introduced “computa-
tional composites™'® as new materials of which computational elements are an integral
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constituent. They further presented some of the material properties of computational
composites as being temporality, reversibility and accumulation, computed causality and
connect-ability which can be explored through the design process. Going further, Wiberg
and Robles!*® proposed the idea of computational compositions that explore the notion of
texture to address the confluence of the material and digital. They emphasised that the
early tangible interfaces, in an attempt to bridge the gap between bits and atoms, imposed
a further categorisation and separation between the two. They suggested that the notion
of ‘texture’, on the other hand, offered a vocabulary to address formal relations at the
level of structure, surface, overall appearance and feel.

Considering the materiality of interactions, Redstrom introduced the notion of tangled
interactions'”’ that summarises two main approaches to interaction. The first, which is
prevalent in ubiquitous computing, problematised the relationship between the action-po-
tential of a physical object and its intended functions. The second is related to the ‘abstrac-
tion of the material’ in digital artefacts caused by the increasing disconnect between
the internal and the surface complexity. While the first one moved away from the GUI
thinking of metaphoric visual representation to an embodied movement-oriented view
of interaction, the other supported the space-flexibility of GUIs and sought to add more
‘surface’ to compensate for the internal complexity. Challenging the boundary between
these two approaches, he introduced a third perspective—that of expanding the expres-
sivity of an existing ‘surface’ by adding multiple layers of interactions. For example, the
interactive pillow'”® used in the situational context of where the pillow exists in one’s
environment and what one ‘does’ with it. Another layer of functionality is added to the
use-context of the pillow, which is the ability to communicate with a distant loved one by
hugging the pillow.

While Redstrom introduced an approach of layering interactions, Buechley and
P-Wilson'® highlighted the similarities in values and approaches between the practices
of crafting and working with electronics. Wiberg!!® discussed the need for a methodology
specific to exploring interaction design from a material lens and looked to Schon’s'!
model of moving from details to the whole. Wiberg has proposed a framework that
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considers the interplay between details, wholeness, materials and textures to explore dif-
ferent levels of analysis in material-centred interaction design research. Other aspects
of materiality in HCI have also been brought forward; such as Kwon et al.!'?> who high-
lighted the importance of considering immaterial and materials. They introduced the
term ‘immaterial materials’ (air, magnetism, light and sound) as another category of
materials that comprise our physical world.

The material perspective in HCI seeks a unified understanding of the digital and the
physical that is shaped simultaneously and experienced as a single material, rather than
using materials to make better shells around miniature computers. In doing so, this per-
spective foregrounds both the materials for designing interactions and the design practice
used to give form to material compositions.'* In this way, the material turn in HCI indi-
cates also a turn towards materiality oriented interaction design.'"* Going forward, I refer
to the HCI research that is characterised by the material-turn described in this section as
‘materiality oriented HCT".

2.1.2 E-textiles as computational material contributing to HCI knowledge
An e-textile refers to a textile substrate that incorporates capabilities for sensing (biomet-
ric or external), communication and power transmission to allow information processing
devices to be networked together within a fabric.!’ E-textiles are often also referred to
as smart textiles or wearables. However, there is a significant difference between these
terms. E-textiles may use smart materials but are different from research in smart textiles
which focus on developing new kinds of materials with advanced capabilities, such as
stain resistance''® or colour change,'”” and fall more in the purview of materials science.'®
Similarly, although some e-textile artefacts can be categorised under wearables or weara-
ble computing, it is not the only area for e-textile application. Wearables refer to on-body

112. Hyosun Kwon, Hwan Kim, and Woohun Lee, “Intangibles Wear Materiality via Material
Composition,” Personal and Ubiquitous Computing 18, no. 3 (June 4, 2013): 651-69, https://doi.
org/10.1007/s00779-013-0688-5.

113.  Wiberg, Kaye, and Thomas, “PUC Theme Issue: Material Interactions.”
114, Ibid.

115, Joanna Berzowska, “Electronic Textiles: Wearable Computers, Reactive Fashion, and Soft
Computation,” Textile: The Journal of Cloth and Culture 3, no. 1 (2005): 58-75, https://doi.
0rg/10.2752/147597505778052639.

116. For example, T. Yuranova et al., “Self-Cleaning Cotton Textiles Surfaces Modified by Photoactive
SiO2/TiO2 Coating,” Journal of Molecular Catalysis A: Chemical 244, no. 1 (2006): 160-67, http://
www.sciencedirect.com/science/article/pii/S1381116905006 199.

117. For example, B. Gauvreau et al., “Color-Changing and Color-Tunable Photonic Bandgap
Fiber Textiles,” Optics Express 16, no. 20 (September 19, 2008): 15677, https://doi.org/10.1364/
OE.16.015677.

118. Berzowska, “Electronic Textiles: Wearable Computers, Reactive Fashion, and Soft Computation.”

44



devices that can measure, monitor or assist in a person’s everyday needs and activities.'’
These devices might be soft and textile-based, such as a heart rate monitoring sports-
bra'? or a knitted scarf-shaped music controller,'”! but they can also be hard-devices,
such as activity tracker wrist-bands or smart phones that are worn or kept close to the
body but do not use any textiles in their design or approach. E-textile artefacts essentially
utilise textile materials or properties such as softness or flexibility in the design of their
form and interaction. They might be wearable, but they can also refer to larger objects
such as furniture, curtains, carpets, etc.

E-textiles gained popularity as an area of research in 1997 with the development of
conductive fabric made from copper wrapped silk threads.””> This work reinterpreted
a traditional practice of incorporating metallic yarns in textiles as a means for carry-
ing electricity within the textile substrate. Conductive yarns provided an entry point for
re-imagining digital interfaces in a textile shape. Supported by the conceptual develop-
ment of tangible interfaces that emerged around the same time,'”* e-textiles have been
interpreted as a material form of computation, or as computational composites of which
textiles and electronics are material constituents.'** E-textile design is often a matter of
negotiating and balancing different material properties while discovering and improvis-
ing with the tactile and experiential possibilities of combining textiles and electronics.!*

The practice and research in the field of e-textiles have thus learnt from approaches in
HCI as well as provided a rich medium for investigating and informing materiality ori-
ented HCI design. As an example, the early prototypes of e-textiles presented in the year
2000, included an embroidered keypad'?® in which conductive yarn was used to embroi-
der a soft numeric keypad on textiles. In the same year, the firefly dress by M.Orth show-
cased LED lights on a dress that flickered when the conductive parts on the dress touched
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as a result of the wearer’s movements.'”” In 2004, Berzowska presented other materials
such as thermo-chromic inks'?® and shape-memory alloy'? that could be activated using
conductive yarns to change the visual pattern and the form of the e-textile, respectively.
These initial examples of e-textiles illustrate three key directions in how materiality ori-
ented HCI is reflected in the way material qualities and digital functionality have been
brought together—the keypad illustrates interpreting e-textiles as a tangible interface for
controlling digital functions, and the firefly dress acts as a kind of sensor that responds to
the wearer’s natural movements. The third example involving visual and shape changing
e-textiles illustrates their potential to act as displays or outputs for digital systems. Below,
I develop these observations further.

E-textiles for exploring rich user interfaces

E-textiles build on the tactile and transformative qualities of textiles as a resource for
designing interactions. We manipulate and handle textiles on a daily basis, such as
folding sheets, stretching the sleeve of a sweater, spreading a tablecloth, etc. Similar to
the early tangible interface designers who used physical tokens as handlers for digital
information,'*® e-textile designers have used textile objects as interfaces for the digital.
E-textiles, such as project jacquard by Google'! or Ralph Lauren’s mp3 jacket,'* bring
interactions commonly used with digital devices, such as swiping, tapping or pressing,
to the domain of textiles. Others have used the interactions specific to textiles, such as
stretching or folding,'* as starting points for developing e-textiles that may not directly
resemble existing textile artefacts. A need for developing a form and interaction language
based on everyday textile interactions that are specific to the material of e-textiles has
been previously emphasised.!
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Textiles provide a wide variety of textures and interactions that can be used as a resource
to design rich user interactions.'* They support materiality oriented HCI which calls for
expressive and whole-body interactions to support the versatility and skill of the human
body. Moreover, textiles enable the approach of rich user interactions to be applied at
larger scales to explore full-body interactions and create interactive spaces.

E-textiles for developing context-based sensors

Textiles populate our everyday environments in different forms such as objects, surfaces
or spatial elements, and we interact with and manipulate textiles on a daily basis. Specific
textile objects, such as a couch or a pillow, give a hint towards their use-context (e.g.,
sitting) or their location (e.g., bedroom). Using these inherent meanings in existing textile
objects has provided a medium for observing human behaviours or following the needs
of users on the fly."*® Similarly, the reality of clothing being close to the body has opened
up a variety of applications that can observe biometric data—Tlike heart rate—from the
wearer and can notify them of health-related issues.'’” Clothing also allows gestural rec-
ognition sensors to be placed close to the body to sense the wearer’s movements. For
example, keyglove'*® triggers specific digital commands according to the different hand
gestures of a person. Environmental data such as weather predictions, moisture and pol-
lution levels have also been used as input for e-textile systems to provide location-specific
insights to its users.'*

Therefore, as context-based systems, e-textiles primarily make use of the different
use-contexts of textiles when placing sensors to read context-based data. These kinds
of e-textile artefacts may not necessarily engage in direct interactions but rather act as
listeners for reading behaviours. In this way, these types of e-textiles may largely be con-
sidered as supporting ubiquitous computing rather than tangible interactions which focus
on more direct, tactile engagement with materials for the purpose of digital manipulation.
These products act as information tracking systems but do not include active manipula-
tion of a textile interface. As a result, the design approach of these products often aligns
more with ubiquitous computing research than with materiality oriented HCI research.

E-textiles for displaying material-expressions of computation
Redstrom argues that new materials extend the expressions of technology.'** For example,
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the temporal form of a computational device manifested in space could take multiple
forms. While an LCD screen might be one expression of displaying temporal form, new
materials could introduce other ways of visualising the computational states of the object.
E-textiles is a computational composite that offers opportunities for bringing textile qual-
ities to the way it displays information. For example, researchers have explored the idea
of dynamic patterns on textiles that could be changed on demand."' Taking this further,
Dumitrescu and Persson'* have used heat with textiles as a form of dynamic expression
and created textile samples that burn away when the conductive yarn in them is electri-
fied. The material transformations have enabled them to discuss reversible and non-re-
versible changes in the context of materiality oriented HCI.

While these examples present ways of programming dynamic behaviour in textiles, the
everyday form language of textiles already embody some aspects of temporal forms that
could be read as digital states of the computational textile. For example, a folded blanket
versus an open blanket or measuring the extent of crumpling of the textile caused by the
pulling of a string. These textile deformations have been explored in a workshop setting
to get suggestions for use-cases depending on the nature of the textile deformations per-
formed by the participants.'*3

The interaction design approaches in e-textiles have thus contributed to the discussion in
the broader field of materiality oriented HCI research. Additionally, I see the body of tex-
tile-specific computational things as uniquely contributing to the larger field of HCI due
to the wide contrast between the material qualities brought by textiles as well as the ges-
tures and physical attributes usually associated with everyday technologies. Compared
to other traditional materials, such as clay or wood, textiles provide a versatile range of
production techniques and a much larger scope for manipulation, from fibre, yarn and
textile substrates to objects of different scales and topologies. Textile techniques, thus
provide a rich resource for combining, improvising and experimenting with textiles and
electronics, making it an approachable material for designers to experiment with, rather
than only for materials scientists (as in the case of, smart glass or e-paper, for example).

New technologies or integration techniques continuously present new opportunities for
e-textiles to be more like textiles in appearance as well as behaviour. As the possibilities
increase, the role of e-textile research has extended towards finding new opportunities as
well as being critical of the implications of the everyday adoption of such technologies.
E-textiles research thus relates to a broader understanding of materiality oriented HCI
that looks at making computational things, studies behaviours and actions in use as well
as explores new ways of relating with computational things.

141. Examples: Eriksson et al., IT+Textiles.

142. Delia Dumitrescu and Anna Persson, “Exploring Heat as Interactive Expressions for Knitted
Structures,” Nordes, March 31, 2011, http://www.nordes.org/opj/index.php/n13/article/view/123.

143. Gowrishankar, Bredies, and Ylirisku, “A Strategy for Material-Specific e-Textile Interaction Design.”

48



Materiality-driven
HCl research

Interaction design approaches

Making Acting Relating
Crafting, shaping Expression and , Eme.rging roles and
computational aesthetics of movements relationships belyveen pgrsons
things & interactions and computational things

Figure 5. Materiality oriented interaction design approaches identified within HCI for this research.

2.1.3 Material interactions: Making, acting and relating with computational things
Section 2.1.1 described how the increasing miniaturisation of computational devices
propelled a part of the research in HCI towards emphasising the material and tangible
aspects of computational artefacts in the everyday. Since its emergence, the different
works and publications presented under materiality oriented HCI have addressed differ-
ent aspects of the combination of analogue and digital materials.

The historical overview presented in the beginning of the chapter also highlighted how
the consideration of material interactions extended the overall scope of the HCI field
from being concerned only with the interface between digital and physical to designing
whole products, environments, behaviours and experiences. I broadly organise the dif-
ferent strategies for dealing with material interactions as materiality oriented approaches
towards “making”, “acting with” and “relating to” computational artefacts in the every-
day (see Figure 5). In the previous subsection, I described how e-textiles learn from and
contribute to the field of materiality oriented HCI. However, an interaction design strat-
egy specifically geared towards addressing material qualities of textiles in the field of
e-textiles research is still lacking. The proposed categories of making, acting and relating
thus aim to provide a systematic way of studying material interactions in the field of
e-textiles. Below I unpack these categories further.

Making computational things
These approaches within the materiality oriented HCI specifically focus on the practice
of combining, shaping and designing with computational and traditional materials. For
example, the material strategy proposed by Vallgérda and Sokoler'** developed the idea
of computational composites in which active and passive materials are understood to be
constituents of the same material. The notion of crafting technology in HCI has been
compared to traditional craft practices in that similarly skilful combinations of materials
and aesthetics are used to make technological artefacts. For example, the kit of no parts
by Perner-Wilson'*® presents a series of crafted electronic components using manufac-
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turing techniques of traditional crafts such as wood working, textile and paper crafts to
build digital artefacts. Thus, the approaches towards making computational things are
in search of a more unified understanding of the material and digital when dealing with
the two at the same time and in a co-dependent manner from the beginning of the design
process.

Acting with computational things

This approach within the field of materiality oriented HCI is characterised by an empha-
sis on body movements, tactility and the aesthetic of interactions enabled by the form
and materials of computational artefacts. For example, Djajadingrat et al."® argue that
digital technologies have continued to place demands on our cognitive abilities but have
denied us the ability to develop bodily skills. They advocate a perceptual-motor centred
approach to tangible interaction, “which capitalizes on the fit between physical objects
and our motor abilities as well as on our sensory sensitivity to the rich expressiveness of
physical objects, and develops interaction styles which value movement of the body as
well as movement of product components.”™*” Similarly, Buur et al. emphasise focusing
on user actions even before designing the form of the product.'® Rich user interfaces'’
place a similar importance on movements and manipulations within the digital artefact
that make a better connection between human action and the digital function. The notion
of tangled interactions proposes the idea of layering expected interactions with objects
with new digital meanings, for example, hugging a pillow would also send a message to a
loved one."*® The approaches of acting with computational things thus extend beyond the
mere usability of an interface but call for a more performative stance where supporting
interactions with the whole body through different movements and sensorial experiences
play a central role in designing computational things.

Relating to computational things
Another parallel line of inquiry triggered by the material turn in HCI was a need to rede-
fine computers—with respect to their tangibility—alongside an aspiration to explore new
interpretations for computational technologies in the everyday. For example, reacting to
the always task-oriented relationship to computational devices, approaches such as slow
technology™' and reflective design'> placed critical reflection, rather than efficiency, at
the centre of human-computer relationships. While these approaches questioned the utili-
tarian role of computational things, others went to another extreme of exploring emerging

146. Djajadiningrat, Matthews, and Stienstra, “Easy Doesn't Do It: Skill and Expression in Tangible
Aesthetics.”

147. Ibid.
148. Buur, Jensen, and Djajadiningrat, “Hands-Only Scenarios and Video Action Walls.”

149. Joep Frens, “A Rich User Interface for a Digital Camera,” Personal and Ubiquitous Computing 10,
no. 2-3 (August 26, 2005): 177-80, https://doi.org/10.1007/s00779-005-0013-z.

150. Redstrom, “Tangled Interaction.”
151. Halln&gs and Redstrém, “Slow Technology — Designing for Reflection.”

152. Phoebe Sengers et al., “Reflective Design,” in Proceedings of AARHUS '05 (Aarhus, Denmark:
ACM Press, 2005), 49-58.

50



relationships to computational objects that behaved independently of the human.'?
Haillnés and Redstrom'* have argued for interaction design to shift its focus from design-
ing for use towards designing for computational things as co-habitants that become part
of our everyday lives and adopt different roles and meanings with time. The opening up
of possibilities for different ways of relating to computational things enabled by tangi-
ble computers looks to a conceptual shift rather than a search for more applications or
products.

These three categories of materiality oriented HCI aspire to tackle the combination of bits
and atoms from the different perspectives of making the object itself, and to focus on the
richness of interactions enabled by the new material combinations as well as develop a
deeper understanding of how embracing materiality in computational devices engages us
differently in our everyday lives.

2.1.4 Conclusion: Investigating everyday engagement with electricity through
material interactions with e-textiles

In Chapter 1, I described the emerging body-driven energy harvesting systems as mate-
rial interventions in the everyday that actively engage the body to generate electrical
energy. These systems or objects could be approached as computational composites,
that are composed from different materials (both active and passive, e.g., piezoelectric
elements, textiles, electronics, etc.) and have the ability to harness kinetic energy from
people through interactions. Following this idea, I argue that looking at body-driven
energy systems from a materiality oriented HCI perspective gives us an opportunity to
explore personal energy harvesting systems from the experiential point of view of the
people involved.

In section 2.1.1, I described how the material turn in HCI was propelled by the concern
that computers entering everyday aspects of our lives need alternative interpretations
that extend beyond the notion of efficiency, towards an experience of use that considers
computational things as cohabitants of our everyday spaces.'> This perspective draws the
attention towards expressions of interaction and materials in a design practice that places
the computational and the material at the same level. Researchers of materiality oriented
HCI have argued that exploring the new material properties of computationally enabled
materials is crucial for finding relevant forms that support and explore new visions of
how computational things could act for, with or despite of us."*® From this argument for
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investigating new ways of relating to body-driven energy, it is as important to understand
energy-harnessing materials in a different way as much as it is to understand ways of
harvesting energy through material interactions. Therefore, for this research project to
discuss the implications for interactive energy harvesting, an extensive exploration is first
needed to understand the possibilities brought forward by these new materials.'”’

The expressivity and development of human-motor skills in interactions with rich user
interfaces is an already well-researched area;'*® methods like the hands-only approach'®
or machine-cowboy'®” have emphasised the need to pay more attention to the physical
choreographies of interactions enabled by computational technology. Following material-
ity oriented HCI to consider interactions specific to a set of materials would enable inter-
action-focused research while setting an open-ended exploration of energy generation
through the body. E-textiles, from this perspective, would provide an opportune material
to explore everyday engagement with electricity.

Additionally, undertaking materiality oriented HCI research in the practice of e-textiles
helps to develop a material-specific methodology for e-textile development that is focused
on textiles. In section 2.1.2, I introduced e-textiles as a form of material computation that
continuously contributes to and learns from approaches in materiality oriented HCI. 1
showed that e-textiles has followed the approaches from tangible HCI research and has
been often used to exemplify findings in the latter. Although there have been projects that
approach e-textiles from the lens of interaction design, a holistic perspective on e-textile
interaction design approaches is needed to truly support textile-specific interpretations
in the use and adoption of e-textile artefacts. Furthermore, in section 2.1.3, I re-examine
the developments in materiality oriented HCI to propose the categories of making, acting
and relating with computational things as a systematic way of conducting materiality
oriented HCI in this research.

Undertaking a materiality-focused interaction design study for investigating making,
acting and relating with everyday electricity would therefore be a useful design case for:

* developing a textile-specific interaction design methodology for e-textile prod-
ucts and systems.

 re-examining the notion of electricity as a result of human-computer/ material
interactions.
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2.2 E-textiles and static electricity

This section first gives an overview of the state of the art in the area of energy harvesting
from the human body and argues for choosing static electricity as a case for undertaking
this research in the context of e-textiles.

2.21 Energy harvesting from the human body

Consumer products that use human energy using the principle of electromagnetic induc-
tion, such as in bicycle dynamos or hand-cranked radios and flashlights,'*! have existed
for several decades. Common interactions have included turning a crank, pulling a
chord, pushing, squeezing or shaking a product as well as using a foot pedal—like in
the bicycle—to convert human energy into electricity for products.'® These kinds of
gear-and-generator type harvesters are often bulky and lead to a high consumption of
metabolic energy, but they can generate the highest power, up to 10 Watts.'”> While these
types of generators are useful for high energy requiring products, the increasing demand
for low-power and small energy harvesting solutions for components like sensors or wire-
less units in the context of wearables and e-textiles is supported by the development of
other varied forms of kinetic, thermal and electrochemical micro-energy sources from
the body.

In the following section, I give an overview of the recent developments in body-driven
energy harvesting technologies. Furthermore, I argue that along with the technological
developments in this area, there is an increasing need to address body-driven energy
harvesting from the perspective of human computer interaction research.

Types of micro-energy sources in the human body

The first overview of different energy sources for microgeneration of power from the
human body was presented in 1996 by Starner.'**Arguing that batteries add weight and
inconvenience to wearable computers, he explored the possibility of harnessing the
energy from the wearer to power her device. He made a case for converting different
kinds of energy sources, such as body heat, breath, blood pressure, upper limb motion,
walking and finger motion. In 2004, following up on this work, Starner and Paradiso'®®
presented prototypes for energy harvesting shoes using different harvesting technologies
such as piezoelectric, rotary generator and hydraulic and pneumatic systems.
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Figure 6. Types of body-driven energy harvesting sources. Adapted from Dagdeviren, Canan, Zhou Li,
and Zhong Lin Wang. “Energy Harvesting from the Animal/Human Body for Self-Powered Electronics”,
figure 1.

The Ph.D. thesis by Jansen'®® submitted in 2011 discussed the development of human-pow-
ered products that focus on conversion of muscular work into electricity. He reported that
the number of human-powered consumer products available online from 2004 to 2010
had increased from 71 to 211. He merited this increase of human powered products to the
general trend towards an increased environmental awareness along with the increased
mobility and personalisation of consumer products.'” This trend has continued until
today, and with further advancements in new materials and energy harvesting technolo-
gies, novel body-driven energy harvesting solutions continue to emerge.

For example, the review by Dagdeviren et al.'®® summarises the different energy har-
vesting approaches from the bodies of living subjects for self-powered electronics. They
describe three main areas of energy harvesting—electrochemical, thermoelectric and
kinetic energy. Within kinetic energy, different principles are used, such as piezoelectric-
ity and triboelectricity (see Figure 6). Below I give brief descriptions of each along with
recent examples of related research.

Electrochemical energy harvesting

Electrochemical energy harvesting is based on bio fuel cells that use glucose, the primary
source of energy in the bodies of living subjects, to generate electricity.' In their paper
about enzymatic glucose biofuel cells, Slaughter et al.'”® argue that the idea of harvesting
energy directly from living organisms by building from a biological model of the internal
chemical mechanisms of a living organism is considerably more stable and reliable than
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systems based on mechanical motion. Sweat-lactate based fuel cells present another form
of biofuel cell."”! These are less invasive than the glucose-based cells as they can be stuck
onto the skin as a skin patch and use biofluids, such as human perspiration and lactate, to
generate small amounts of electrical energy.'™

Biofuel cells are at an early stage of development. However, several examples can already
be found in research. These include projects such as implanted biofuel cells in rats that
power an LED or a small device such as a digital thermometer;'” tattoo-shaped lac-
tate-sensors powered with a bio fuel cell worn on the skin to monitor the level of exercise
of the wearer;'™ and textile-based stretchable bio fuels to power wearable sensors and
garments.'”

Thermoelectric energy harvesting

Thermoelectric generators can be used to harvest electrical energy from human body
heat for the purpose of powering wearable electronics.”’® They use materials with high
electrical conductivity and low thermal conductivity known as thermoelectric materi-
als, which display the ability to generate power when exposed to a temperature gra-
dient."”” Thermoelectric energy harvesting involves placing the thermoelectric material
on the body, while the other side is exposed to the ambient air. The temperature differ-
ence between the two sides of the thermoelectric material can then be converted into
electricity.'”®

There have been several examples of wearable devices that harness thermal energy and
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also innovations in thermoelectric materials that better support on-body applications.
For example, the first wearable thermoelectric device was introduced in 2004 and was
in the form of a wireless sensor worn on the wrist."” New designs of thermoelectric
generator systems have been developed to make them light-weight and flexible for wear-
able applications. Some examples of flexible thermoelectric energy harvesters include
a polymer based thermoelectric generator by Vashaee and Shipman'®® and the flexible
thermoelectric generator developed by Liu et al.'® Other examples, such as thermoelec-
tric generators made completely with textile materials by Linden et al.,'® present further
opportunities for integrating thermoelectric energy harvesting seamlessly into textiles.

Kinetic energy harvesting
Kinetic energy harvesters harness the biomechanical energy from human motions, such

as a foot strike, a joint motion or upper limb motions."** Energy harvesting principles for
184

mechanical kinetic micro-energy mainly include piezoelectric and triboelectric.

Piezoelectric materials create electrical charge when mechanically stressed.'® These
materials used in energy harvesting systems include single-crystal and textured pie-
zoelectric ceramics, which are stiff, or polymer based piezoelectric materials (PVDF),
which can be made into flexible films. These piezoelectric elements have been used, for
example, in shoes'®® or sidewalks'’” to convert the body’s kinetic energy from walking
into electricity. Recent advancements in piezoelectric nanofibres' have enabled further
seamless integration into textile materials, for example, for harnessing energy from the
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movements of legs and elbow joints.'®

Triboelectric energy harvesting

A triboelectric generator' is an energy harvesting device that harnesses the electro-
static charges generated when different materials come into frictional contact.'”! The
first triboelectric nanogenerator generating micro-watts for powering small devices was
introduced in 2012.? Research in triboelectric nanogenerators has greatly improved this
energy harvesting technology in recent years' with an increasing number of examples of
textile implementations. For example, a corrugated textile-based triboelectric nanogen-
erator presented by Choi et al. in 2017, was shown to generate enough power to light 54
LEDs using the energy from footsteps.

This research uses triboelectricity or static electricity as a medium for investigating
body-driven energy harvesting. The following subsections first give a brief introduction
to static electricity followed by a more detailed overview of the recent developments in
triboelectric generators in the field of e-textiles. Furthermore, an argument for why this
research focuses on electrostatic energy harvesting is presented.

2.2.2 What is static electricity?

When two different materials of the same temperature are brought in contact with each
other, a transfer of electrons takes place across the interface. The amount of energy needed
to remove an electron from the surface of a material to infinity is known as its work func-
tion. The electrons move from the material with a lower work function to the material in
contact with a higher work function, thus creating a negative charge in the latter while
the former becomes positively charged. This effect is known as contact electrification
(or contact charging).'”* We have all experienced the effects of contact electrification,
more commonly known as static electricity or triboelectricity when handling textiles.
For example, the feeling of our hair rising up when removing a woollen cap or sweater.

Although static electricity is a well-known phenomenon, most of the research in the field
of textiles has been aimed at minimising its effects.'” Recently, however, static electricity
has gained interest in the areas of renewable energy and design. In the subsections below,
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I describe the related work in the field of energy harvesting in the context of e-textiles
and design projects that have used static electricity with textiles in their design process.

2.2.3 Static electricity as a textile-specific source of energy

Having a sustainable source of energy for e-textiles, especially in the context of weara-
bles, where the artefacts need to be comfortable and light-weight, has been recognised
as one of the key challenges in the field.'”® This need for renewable energy sources for
the field of tangible and ubiquitous computing is not new, however the textile-compati-
bility and efficiency of such technologies have improved considerably in recent years."’
Presenting a historical review of the field of e-textiles, Hughes-Riley et al. highlight that
the development of energy storage and scavenging within the field of e- textiles research
have extended considerably since 2010.1® This is characterised by the different energy
harvesting and scavenging solutions being implemented at the level of nanofibers and
yarns that enable the easy integration of such technologies into textiles without compro-
mising the feel of the textiles.

The first flexible triboelectric generator in research was reported in 2012 in the work of
Fan et al."? Since its emergence, triboelectric nanogenerators (or TENG) have shown to
convert what was previously considered an unusable form of electricity into a consider-
able amount of micro-watts, enough for running small low-power devices.?”® Between
2014 and 2018, several papers presented applications for triboelectric generators; for
example, woven structures for triboelectric nanogenerators for wearable applications by
Zhou et al.>” or Li et al.;** water-proof triboelectric systems for harsh environments by
Guo et al.;** triboelectricity based acoustic energy harvesting and self-powered sound
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recording by Fan et al.;*** and self-powered sensors such as motion sensor alarms®® or a
wireless sensor node®® using triboelectric nanogenerators. Using these different energy
harvesting systems in combination, such as piezoelectric and triboelectric,?’ has also
been explored to maximise the potential for generating electrical energy.

Compared to the other sources of energy such as piezoelectric, photovoltaic or thermo-
electric, which require translating specific materials such as PVDF,?* silicon diodes, or
bismuth telluride (Bi,Te,)-based modules*” into a textile shape, triboelectricity already
occurs in textile material combinations. Being based on any two dielectric materials that
come in contact with one another, an advantage of pursuing static electricity is that it
can work without using environmentally hazardous materials.?'® It also forms a continu-
ous source of electrification which, when managed safely, can contribute significantly to
e-textile design and development.

2.2.4 Static electricity as an interactive aspect of textiles

Apart from using static electricity as a source of electrical energy, some design projects
have explored static electricity in textiles from the perspective of material behaviours,
such as movements in light materials that are caused by the attractive and repulsive forces
or the tingly feeling on skin when there is an electrostatic field present. In the tensed-up
scarf project,?!! fine hair-like strands of a scarf were animated due to the electrostatic
charges of the wearers body. Furthermore, the master’s thesis project of Katsarou?'?
explored static electricity as a design material in textile design by creating a large

204. Xing Fan et al., “Ultrathin, Rollable, Paper-Based Triboelectric Nanogenerator for Acoustic Energy
Harvesting and Self-Powered Sound Recording,” ACS Nano 9, no. 4 (April 28, 2015): 4236-43,
https://doi.org/10.1021/acsnano.5b00618.
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Webinar,” IDTechEX Triboelectric Energy Harvesting Report, 2016, http://www.idtechex.com/
research/webinars/triboelectric-electricity-made-where-needed-at-micro-to-megawatts-00087.asp.
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installation with textiles tufted with polytetrafluoroethene (PTFE)*? tape. And in the
E-Static Shadows installation by Berzina et al.,'* an immersive electrostatic space was
created to investigate how electrostatic energy can play a role in designing interactive
textile systems by making static electricity more visible.

2.2.5 Conclusion: Static electricity as a material property of e-textiles

As reviewed in section 2.2.1, the development of energy harvesting or scavenging capa-
bilities at the level of the yarn presents a significant potential in textile-driven prod-
ucts and applications that can retain the qualities of textile materials. However, a lot of
these new materials are in the early stages of research, and they are difficult to access or
explore outside the field of materials science.

The e-textile design community, on the other hand, is working with easily available ver-
sions, such as piezoelectric elements® or solar cells*® in combination with textiles, to
explore ways of incorporating renewable energy systems in their projects. In compari-
son, triboelectric systems can be easily constructed using existing textile materials, such
as synthetic fabrics and conductive yarns or fabrics, without needing many specialised
components. For example, the work of Post et al.?'” looked into harvesting contact charges
with textiles and provided a demonstration of a dancer’s skirt that used electrostatic
charges, generated through the wearer’s movements, to power a medallion light mounted
on the waist line of the skirt.

Static electricity offers great potential for e-textile designers to incorporate everyday
materials such as wool, polyester and conductive materials into their work to explore
electrostatic energy from a design and interaction point of view. However, this area is less
explored in the field of e-textile design. It can be speculated that this might be due to the
low efficiency of such do-it-yourself (DIY) systems as compared to the nano-level triboe-
lectric generators. However, as the technology rapidly develops (as described in section
2.2.2), I hypothesise that more focus will soon be needed on the design and application of
such technologies in e-textile artefacts to support pleasurable use and experience.

In the previous section, I argued for taking a material-centric research approach to e-tex-
tiles for investigating everyday engagement with electricity. The current section gave
an overview of different body-driven energy harvesting possibilities. I built on this by
presenting triboelectricity, or static electricity as a form of energy that we experience
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214, Zane Berzina and Jackson Tan, “E-Static Shadows,” 2009, http://www.zaneberzina.com/e-
staticshadows09/Project.htm.
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Pauline van Dongen, “Solar Shirt,” accessed July 15, 2019, http://www.paulinevandongen.nl/project/
wearable-solar-shirt/.

217. E. Rehmi Post and Kit Waal, “Electrostatic Power Harvesting for Material Computing,” Personal
and Ubiquitous Computing 15, no. 2 (August 18, 2010): 115-21, https://doi.org/10.1007/s00779-010-
0313-9.
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Figure 7. (Top-left) Energy harvesting sources and nodes on the human body. lllustration from Ernesto
Ibarra et al., “HEH-BMAC: Hybrid Polling MAC Protocol for WBANs Operated by Human Energy
Harvesting”.(Top-right) Human-powered wearable computing. Image from T. Starner, “Human-Powered
Wearable Computing”, figure 2. (Bottom) Biomechanical energy harvesting. Image from Young-Man Choi
et al., “Wearable Biomechanical Energy Harvesting Technologies,” Energies 10, no. 10 (September 25,
2017): 1483, https://doi.org/10.3390/en10101483, figure 1.

with textile materials in the everyday. I argued that, compared to other micro-energy
sources, triboelectricity is closely linked to how our bodies interact with textile materials.
In recent years, triboelectricity in the context of textiles has shown immense progress,
and examples of how to safely harness this energy have been developed. E-textile design-
ers can learn from the research on TENG and use everyday objects as an inspiration to
explore static electricity as a textile-specific source of energy.

Furthermore, building on the notion of computational composites presented in the previ-
ous section, I propose that static electricity, in comparison to other micro-energy sources
described in this section, can be approached as a material property of e-textiles that can
be supported and shaped through e-textile constructions and interaction design.

2.3 Static electricity and HCI

This section delves deeper into the approaches to harvesting static electricity and argues

for undertaking a materiality oriented HCI inquiry into electrostatic energy harvesting
with textiles.

2.3.1 Looking beyond efficiency of energy harvesting
From the overview of different recent developments in micro energy harvesting in

section 2.2, it becomes apparent that the human body has been increasingly measured
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and studied to calculate different opportunities for electricity generation.

For example, describing a body-area network of sensors, Ibarra et al.>'® illustrate different
body energy sources and nodes (see Figure 7, top-left). Going further, examples in papers
by Choi et al.?' or Starner?*® provide estimates of energy produced trough different move-
ments and activities performed by a human (see Figure 7, top-right and bottom).

Energy harvesting modules, such as piezoelectric and triboelectric modules, have devel-
oped to be placed directly on the body, whereas biofuel cells can be placed both on top and
inside the body. Other energy harvesting solutions have taken advantage of the objects
and environments that humans interact with, such as opening a laptop®*! or walking on
the sidewalk.?*?

As described earlier in the chapter, the area of micro-power energy harvesting is in the
early stages of development with a growing body of work. A significant portion of the
research in body-driven energy harvesting aims toward optimising the technology for
efficient conversion of energy and ease of incorporation into wearables. For example, in
the paper about harvesting energy from living subjects, the authors describe how future
research needs to focus on improving the output power and efficiency of the harvesters
and increasing the biocompatibility.?** Similarly, in reporting the progress in triboelec-
tric nanogenerators, the researchers state the importance of optimising the generators by
better understanding the charge transfer and establishing standard calibration systems.?**
This goal of improving the technology of body-driven energy harvesting solutions is
undoubtedly important for the field to progress and support adoption of such technologies.

However, along with technology-development, there is a need to address the design of
personal energy harvesting systems from the experiential point of view of the people
involved. Body-driven energy harvesting systems directly utilise our bodies and have the
potential to change how we understand electricity or how we relate to technology in the
everyday. This research thus proposes to follow an alternative line of inquiry regarding
energy harvesting technology— that of investigating how body-driven energy harvesting
technologies present an opportunity to explore new ways of understanding the role of the
human body in design and adoption of digital technology.

218. Ernesto Ibarra et al., “HEH-BMAC: Hybrid Polling MAC Protocol for WBANs Operated by Human
Energy Harvesting,” Telecommunication Systems 58, no. 2 (February 4, 2015): 111-24, https://doi.
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“Human-computer interaction is a discipline concerned with the design, evaluation, and
implementation of interactive computing systems for human use and with the study of
major phenomena surrounding them.?” In response to technological changes, the field
of HCI focuses on issues of usability of technology along with asking questions regard-
ing aesthetic, emotional, psychological, sociological and cultural aspects of technology
adoption by people.”*® Body-driven energy harvesting is an emerging technology that
closely engages the human body. Approaching energy harvesting from the perspective of
human computer interaction design is thus crucial for critically reflecting on and propos-
ing future directions for development.

Several projects have previously applied approaches of interaction design and design
research to develop computational things that aim at making energy use more tangible and
transparent for the users. For example, the research program Static!*?’ illustrated different
ways of informing the user of their energy consumption behaviours through design ele-
ments incorporated in everyday technologies. The doctoral thesis by Acharya*® employed
a strategy of visualising energy use using the local decorative practice of Rangoli making
to generate a dialogue among different homes within a community around their energy
practices. Different projects in the fields of new media art and design®*° have visualised
energy-related data to create awareness and help people to reflect on and possibly change
their everyday behaviours to become more energy-conscious in their everyday lives.
However, a similar design initiative to explore and illustrate ways of better understanding
energy-harvesting practices in the everyday is still lacking.

A research project that previously explored energy harvesting from the perspective of
human computer interaction was the work of Pierce et al.?**?¥!32 They propose ways of
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and Jennifer Preece, “Teaching and Learning Human-Computer Interaction | ACM Interactions,”
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230. James Pierce and Eric Paulos, “Materializing Energy,” Proceedings of the 8th ACM Conference on
Designing Interactive Systems, 2010, 113-22, https://doi.org/10.1145/1858171.1858193.

231.  James Pierce and Eric Paulos, “Designing Everyday Technologies with Human-Power and
Interactive Microgeneration,” in Proceedings of the Designing Interactive Systems Conference on -
DIS "12 (New York, USA: ACM Press, 2012), 602, https://doi.org/10.1145/2317956.2318047.

232. James Pierce and Eric Paulos, “Electric Materialities and Interactive Technology,” in Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems - CHI "13 (New York, USA: ACM
Press, 2013), 119, https://doi.org/10.1145/2470654.2470672.

63



MOST POSITIVE (+)
Air + + +
Human hands, skin
Asbestos
Rabbit fur
Glass
Human hair
Nylon
Wool
Lead
Cat fur
Silk
Aluminium
Paper
Cotton
Steel
Wood
Lucite
Amber
Rubber balloon
Nickel
Copper
Silver
Synthetic rubber
Gold
Acetate, Rayon
Polyester
Celluloid
Polystyrene
Orlon, Acrylic
Cellophane tape
Polyvinylidene chloride
Polyurethane
Polyethylene
Polypropylene
Polyvinylchloride
Kel-F (PCTFE)
Silicon
Teflon
Silicone Rubber
MOST NEGATIVE (-)

Figure 8. Triboelectric series: materials listed according to their tendency to gain or lose electrons. Figure of

the table redrawn from http://eesemi.com/tribo_series.htm
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Figure 9. The triboelectric generator setup made from a PTFE sheet and two conductive sheets.
(lllustration from Mustafa Emre Karagozler et al., “Paper Generators”, figure 2c.)

materialising energy that would otherwise have been designed as something intangible
and undifferentiated. By foregrounding energy as a material, they introduce body-gener-
ated electricity through a phenomenological and interactive perspective that can be inves-
tigated as a sub-field of HCI. They describe electric-interactions as staying-on, directing
about and switching on. Designing interactions in the context of collecting, keeping,
sharing and activating energies guide their product and interaction design methods.

This thesis inquiry is deeply aligned with the work of Pierce et al. and builds on the
approach of exploring and questioning the role of electricity that can be transferred from
our own bodies to be collected, stored and shared. However, this dissertation focuses on
the research area of e-textiles where developments in energy harvesting technologies are
closely linked to new kinds of soft materials; this opens a design space for investigating
body driven energy harvesting from the perspective of materiality oriented HCI with
e-textiles. Following this line of inquiry can, therefore, further inform the development
of an interaction design perspective on body-driven energy harvesting.

2.3.2 Electrostatic macro generators

The triboelectric series® (see Figure 8) arranges common materials in the order of their
tendencies to gain or lose electrons. In this list, materials such as human skin, fur and
wool sit on the top with a high tendency for gaining a positive charge (lose electrons),
whereas synthetic materials such as PTFE (Teflon), polyester and plastics feature at the
bottom of the list with a high tendency for gaining electrons and becoming negatively
charged. When materials higher on the triboelectric series interact with materials listed
lower than them, there is a flow of electrons from the former to the latter. This explains
why we may see sparks while removing a polyester shirt or why our hair rises when
removing a woollen cap. The electrostatic effect is increased when materials far apart
on the triboelectric series interact with one another, for example, human skin interacting
with synthetic materials such as polyester or PTFE would produce greater electrostatic
charges than, for example, human skin and cat fur.

233. Alphalab Inc., “The TriboElectric Series,” accessed March 28, 2017, http://www.trifield.com/
content/tribo-electric-series/.
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Figure 10. Two main working principles of triboelectric generator circuits. (Left) The person touches an
electrode while moving the other electrostatic material. (Right) Layered materials where person interacts
from the outside.

While the examples of nanogenerators described in the previous section present electro-
static harvesting technologies fabricated at the nano-scale, Karagozler et al.** illustrate
the concept of “paper generators” which are energy harvesters based on contact electri-
fication that use common materials and do not require microfabrication. “The operation
of the paper generators relies on the movement of the two conductive sheets relative to
each other and the electric field source, i.e., PTFE. As the relative positions of the sheets
change, the distribution of the induced charges, the electric field, and the total capaci-
tance between the sheets change, resulting in an electric potential difference between the
conductors (see Figure 9). Hence, the mechanical movements of the sheets and the field
source are converted into electrical potential energy that can do work.”?*

Using this principle, they present five kinds of triboelectric generators from Teflon baking
sheet (PTFE) and aluminium foil that can harness static electricity to power small com-
ponents such as LEDs or e-paper displays in a children’s book. These five circuits could
be further grouped into two main working principles (see Figure 10): one that layers the
electrodes and the electrostatic material so that the person interacts from the outside,
insulated from the harvester; and the other kind, which requires the person to touch
one of the electrodes and, in this way, become part of the circuit supporting the flow of
electrons.

The work presented in paper generators is relevant for this research as the technology
of triboelectric generators is presented in a way that can be adopted and explored in
the everyday context using found materials. Therefore, it provides a starting point for a
design and material exploration that is accessible for e-textile and interaction designers.

234. Mustafa Emre Karagozler et al., “Paper Generators,” in Proceedings of the 26th Annual ACM
Symposium on User Interface Software and Technology - UIST '13 (New York, USA: ACM Press,
2013), 23-30, https://doi.org/10.1145/2501988.2502054.

235. Ibid.

66



Diode bridge + LED

(7 fé el

Electrode 1 Electrode 2

"\ Electrostatic material

Figure 11. Details of an electrostatic harvesting circuit that uses the human body as part of the harvesting
circuit.

Secondly, the triboelectric generator circuit configuration that involves the person touch-
ing the electrodes, places the person interacting with different materials at the centre of
the energy harvesting system. It emphasises the need to address the interaction design
for energy harvesting as it relates to how electrostatic materials and the people involved
may move in relation to the electrodes. This aspect is elaborated on further in the next
sub-section.

2.3.3 The human body as an integral part of the electrostatic circuit

Let us take another look at the circuit adapted from paper generators (see Figure 11)
which utilises the human body as part of the harvesting circuit. It is made of two elec-
trodes. One is insulated with a material that has a high tendency towards getting neg-
atively charged when in contact with human skin. These kinds of negatively charging
materials are referred to as electrostatic materials in this thesis. The two electrodes are
connected to a rectifier circuit and an output, for example, a light emitting diode (LED).
When a person rubs against the electrostatic material while in contact with the open
electrode, the electrostatic charges generated through the interaction flow through the
body to the circuit enabling the flow of electricity and lighting up the LED in short bursts.

In this setup, the person plays a crucial role in connecting and moving different kinds
of materials. At the same time, human skin, which is listed on the top of the triboelec-
tric series, is an essential aspect of the electrical setup that enables the circuit to work.
In this way, both the kinetic energy as well the electrical quality of human skin is uti-
lised in the energy harvesting system. The amount of electrostatic charges generated is
directly linked to the nature of movements between textiles, the person and the elec-
trodes. Considering this setup, the design of a triboelectric circuit could be framed as
an interaction design problem which calls for reinterpreting forms and movements with
textiles for generating electrical (or computational) meaning.

67



2.3.4 Conclusion: Designing triboelectric generators is an issue of materiality
oriented HCI

In this section, the working principle of a triboelectric generator circuit that works with
found materials was presented. The triboelectric generator circuit utilises the body, elec-
trostatic materials and electrodes in a configuration that supports the generation and flow
of electrostatic charges produced in interaction. I argue that the energy harvesting circuit
which directly utilises the kinetic energy of the body as well as the electrical property of
the skin exemplifies a new way of engaging with computational artefacts. It presents a
potential for further research in the context of energy harvesting from the perspective of
human-computer interaction.

In section 2.1, I described the emerging interest within HCI research towards considering
the materiality of computers. Traditional materials, such as textiles, have opened up new
ways of embodying and relating to technology in the form of e-textiles and wearables.
In section 2.2, I provided an outline of the electrical property inherent in textiles- the
tendency to accumulate electrostatic charges in interaction with the body. This further
extends the materiality discussion in HCI to investigate how static electricity could be
supported and utilised as a new way of engaging with e-textiles and energy. The triboe-
lectric generator circuit illustrated in this section follows this line of inquiry further into
considering the human body itself as a material to be used for designing enjoyable human
computer interactions.

Incorporating the material quality of the human body has already been used in the inter-
action and design of technological devices. For example, touch screens use skin conduct-
ance as an essential element for interfacing with digital devices. Similarly, Skintimacy?>*,
a wearable device that turns the skin into a touch sensor, incorporates the human body as
a tangible interface to interpret different tactile experiences into sound. In these exam-
ples, the electrical property of the human body becomes a sensor that can be interpreted
by the connected computational elements. However, in the triboelectric circuit, this rela-
tion is taken further, whereby the human body is not only a sensor that distorts existing
power signals, but it also actively participates in the generation of electrical energy for
the system.

Following the materiality oriented HCI approach and considering the human body as a
material in design opens the research potential for exploring new ways of engaging with
the body and new relationships and roles for technology that may arise specific to users in
different contexts. Investigating this through electrostatic interactions using the triboe-
lectric generator circuit presents an opportunity to discover new implications for using
the body as an active component of energy production.

236. Alexander Muller, Jochen Fuchs, and Konrad Ropke, “Skintimacy: Exploring Interpersonal
Boundaries through Musical Interactions,” in Proceedings of the Fifth International Conference on
Tangible, Embedded, and Embodied Interaction - TEI 11 (New York, USA: ACM Press, 2011), 403,
https://doi.org/10.1145/1935701.1935801.
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2.4 Formulating the program: Interaction design for energy harvesting with
electrostatic textiles

With the larger motivation of developing a better understanding of how to actively engage

human bodies in electricity generation from an interaction design perspective, this

chapter made a case for using materiality oriented HCI, e-textiles and static electricity as

an investigative frame for the research.

New innovation in low-power energy harvesting technologies are occurring at the scale
of materials, where everyday objects and spaces are seen as an opportunity for embed-
ding computational functions with the ability to power them using ambient and human
energy. While technological solutions aim at increasing efficiency and integration,
the approaches from materiality oriented HCI can bring concerns of experience, new
understanding of energy and use from an everyday perspective of the people involved.
As energy harvesting technologies increasingly use our bodies as sources of electri-
cal energy, addressing the implications of how we understand and design technology
becomes even more important.

Furthermore, I argue that static electricity and e-textiles provide an opportune medium
to investigate body-generated energy harvesting from the perspective of materiality ori-
ented HCI. E-textiles are a material form of computation that learns from and contributes
to the field of HCI. Static electricity is a form of everyday electricity that is manifested
through the interactions between the body and different kinds of textiles. The triboelec-
tric generator circuit presents an apt example of actively involving the body while using
the electrostatic property of human skin for generating electricity. Following this argu-
ment, this research undertakes a design inquiry into investigating different interactions
and forms of engaging with static electricity and textiles with the body in the everyday
using the triboelectric generator circuit as a guideline.

Building on the research frame developed in this chapter, the design program for this
thesis is formulated as:

At the scale of the interior, investigate how static electricity can bring new perspec-
tives and possibilities for:

» ways of engaging with e-textiles, and
* designing interactions for energy harvesting with textiles
The next chapter develops the program further by giving a detailed outline of the research

methods and experimental setups used to realise the above design program with a focus
on materiality oriented HCI.
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3 Engaging with static
electricity through
textiles

This chapter outlines the methods and research studies setup to implement and evaluate
the proposed design program by applying knowledge and approaches from the field of
materiality oriented HCI design. First, I give a summary of the technical description of
what static electricity is. The second section makes a case for taking an electrostatic gen-
erator circuit as a guiding principle for exploring different interactions with static elec-
tricity in the everyday. The third section conducts an in-depth review of different interac-
tion design approaches found in the field of e-textiles to categorise them into approaches
of making, acting and relating. The fourth section describes additional approaches from
HCT adopted in this research to support multiple interpretations in the process of design-
ing. Furthermore, an overview of the different research studies and methods undertaken
to investigate the design program are presented.

3.1 Technical description of static electricity

Before going forward with outlining the methods and approach undertaken in this
research, I would like to give a short summary of the technical descriptions of static
electricity covered in the previous chapter.

Static electricity is generated when different materials are rubbed together. A neutral
atom has a balanced amount of positive and negative charges. When this atom comes
in contact with another atom, some of its electrons will be attracted by the nucleus of
the second atom. The rubbing action between materials can provide enough energy for
the electrons from one atom to jump to the other when the contact is broken. The mate-
rial which loses the electrons becomes positively charged, and the material that gains
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electrons becomes negatively charged.?’ This effect is known as contact electrification
or contact charging.*®

The energy needed to remove an electron from the surface of a material to infinity is
known as its work function.”* Materials with higher work function have a higher ten-
dency to gain electrons when in contact with materials with a lower work function. The
triboelectric series (see Figure 8), arranges different materials in order of their tendency
to gain or lose electrons when in contact with one another. Any of the materials will
give up electrons and become positively charged if interacting with materials lower in
the series.”” In the context of electrostatic energy harvesting in this thesis, human skin
is considered the primary material which interacts with textiles and other soft materials
lower on the triboelectric series such as polyester, PTFE, PVC, etc.

Electrical energy is stored in materials which have a static charge. Given the opportunity,
the extra electrons stored in materials will escape through any conductive medium, to a
material that is positively charged or neutral (ground). These charges flow due to the elec-
trical potential between the charged material and the ground. This potential is measured
in the units of volts and is directly proportional to the charge of the materials**! and the
flow of charge is what constitutes static electricity, also known as triboelectricity. This is
the basis behind the work of an electrostatic or triboelectric generator which guides the
electrostatic charges through a circuit, instead of letting them dissipate into the ground
or the atmosphere, causing hazards. The electrostatic generator circuit is taken as a start-
ing point for exploring and designing interactions in this thesis. The next section delves
deeper into this aspect.

3.2 Using the electrostatic generator circuit as working knowledge

The electrostatic generator circuit discussed in Chapter 2 was used as the starting point
for implementing the design program. The circuit is considered a form of ‘working
knowledge’ that embodies the electrostatic phenomenon and visualises the accumulation
of charges during interaction.

The idea of working knowledge here is adopted from Davis Baird’s book ‘Thing knowl-
edge.””” In his book, Baird argues that material products, such as instruments or devices
used and developed in scientific research, constitute knowledge that is different from
theory. He describes three kinds of instrument epistemologies— models, working

237.  Crow, Rita M. “Static Electricity: A Literature Review,” 1991. http://adsabs.harvard.edu/
abs/1991selr.rept.....C.

238. Luttgens and Wilson, Electrostatic Hazards.
239. Ibid.

240. Crow, “Static Electricity: A Literature Review.”
241. Ibid.

242, Davis. Baird, Thing Knowledge : A Philosophy of Scientific Instruments (University of California
Press, 2004), https://www.ucpress.edu/book/9780520232495/thing-knowledge.
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knowledge and encapsulated knowledge. Working knowledge involves instruments that
display a phenomenon such as Faraday’s motor, a device developed in 1821 that demon-
strated electromagnetic rotations produced with an appropriately organised combina-
tion of electric and magnetic elements. Baird argued that such instruments constitute
a material knowledge that is separate from the theoretical explanations they support.
He explains this further using a series of examples from the history of technological
advancements where skilled individuals have developed new versions and improvements
of devices just from witnessing device demonstrations and without having any theoretical
knowledge of the scientific phenomenon.?*

Here, the electrostatic circuit is considered a form of working knowledge that presents
a certain configuration of material properties that enables one to interact and visualise
static electricity. This ability of the circuit to demonstrate electrostatic interactions can
thus be explored and extended without dealing with theoretical or scientific explanations
of the electrostatic phenomenon. Unlike the examples in Baird’s book, the aim in this
thesis is not to come up with theoretical explanations of the phenomenon, but to use the
circuit to generate examples of different forms and material combinations to understand
the different interactions it supports. The thesis does not seek to refine or optimise the
circuit itself but rather to use it as a template for substituting different materials, inter-
actions and configurations to explore different use-cases and forms of an electrostatic
circuit.

The electrostatic circuit, which has a well-defined function—that of harvesting static
electricity—is able to bring forward different interpretations depending on the context
and nature of its implementation, while the inherent function of harvesting energy stays
the same. Supporting the approach of research through design, a theoretical explanation
of the inner workings of the electrostatic circuit was not enough; it needed to be built and
experienced in order to get a deeper understanding of the implications in use.

The electrostatic circuit was thus taken as a template for a material system:

* that can be substituted with different materials having similar properties

* that can be scaled and re-shaped to explore different material interactions
As an example, Figure 12 illustrates an electrostatic circuit that is a reinterpreted and
scaled up version of the triboelectric generator circuit developed in the thesis. It utilises

the human body directly in the energy harvesting circuit.?* This version was based on
the same principle as the triboelectric generator circuit described in Chapter 2, however,

243. One such example in the book includes the development of a motor based on electromagnets
by a blacksmith named Thomas Davenport which he succeeded in building after seeing a
demonstration of the electromagnet made by Joseph Henry in the 1830s. Davenport accomplished
this just by observation and experimentation and without having any theoretical knowledge of the
scientific phenomenon.

244, This example of a triboelectric generator circuit was developed during the process of this
research. Several initial explorations with static electricity and textiles based on the existing circuit
during the initial stage of the research laid the foundation of this research inquiry. The different
explorations are explained in detail in Chapters 4,5 and 6.
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Figure 12. Example of a scaled-up version of an electrostatic generator circuit developed during the thesis.

the materials forming the original circuit (PTFE, aluminium foil) have been replaced by
other similar materials from the triboelectric series, namely, polyester fabric and a metal
mesh. A person can enable the flow of electricity by being in contact with the two elec-
trodes via an electrostatic material. Within this interaction principle, there exist several
ways of engaging and moving with materials to enable the flow of electrostatic charge
through the circuit. This way, it was possible to undertake an investigation of different
combinations of materials and circuit configurations to explore different contexts and
ways of engaging with static electricity through e-textiles.

3.3 Making, acting and relating with e-static textiles

Section 2.3 made a case for categorising the approaches to materiality oriented HCI as
approaches to making, acting with and relating to computational things. The approaches
to making focus on constructing or integrating traditional and computational elements
in a way that supports certain material qualities in the overall artefact. The approaches
to acting with computational things emphasises the body movements and interactions
supported by the material qualities of the computational thing. And approaches to relat-
ing with computational things seek to develop new ways of understanding the roles and
values with which technological materials are designed and adopted in the everyday.

These three approaches are used to identify and carry out a materiality oriented interac-
tion design investigation with e-textiles.
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3.3.1  Supporting material-specific interaction design methods in e-textiles

I have previously argued that e-textiles are computational materials, and the research
interests around e-textiles are closely aligned with the approaches in the larger field of
materiality oriented HCIL. In order to better understand the interaction design approaches
within the field of e-textiles, I collected different examples of e-textile projects,?” prod-
ucts and research in e-textiles and reviewed them for approaches regarding making,
acting and relating. These categories are often overlapping within the same project,
hence the examples chosen to illustrate the different categories point to a specific aspect
of the e-textile rather than representing an approach for the entire project. Additionally,
I present a short reflection on each of the approaches within e-textiles to select the ones
that closely support the material interactions and textile qualities in the design process.

3.3.2 Interaction design approaches to making e-textiles

E-textiles bring together features and characteristics from two distinctive domains of
electronics and textiles. Usually, textiles and electronics are considerably different from
one another in terms of material, surface qualities as well as use contexts. The different
elements or qualities are transferred from one medium to another in the development
of e-textile products.*® E-textile design is often a matter of negotiating and balancing
the different material properties while discovering and improvising with new interactive
possibilities and use contexts that emerge from these new combinations of textiles and
electronics. Previous research has suggested that the transfer of aspects can happen at
various levels and scales of the e-textile artefact.?*” Considering the making of e-textiles,
I find three broad levels at which the transfer of aspects takes place:

At the level of the artefact
This illustrates an additive approach where both textiles and electronics are combined
together with minimal change in the source material or object, for example, mounting
LEDs onto a textile substrate to make a dress that lights up.?*® Here the general idea
is characterised by bringing together electronics and textiles in their original forms to
create an e-textile that is usually an existing textile object with added (e-)features. These
e-textile artefacts are often understood as the sum of two distinct parallelly performing
features, one textile and one computational, for example, a jacket and an mp3 player**

a curtain and a lighting device.**°

or

245, This review is an extended version of my previous work: Gowrishankar and Bredies, “Investigating
Interaction Design for E-Textiles Using Case-Transfer.”

246. Ibid.
247. Ibid.

248. Example: CUTECIRCUIT, “Haute Couture,” accessed September 12, 2018, http://cutecircuit.com/
haute-couture/.

249. For example in, Technabob, “Wired Ralph Lauren Aero Type Ski Jacket Has IPod and Bluetooth
Controls.”

250.  Aoife Wullur, “Shades of Light,” 2011, http://www.aoifewullur.com/projecten/shades-of-light/.
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At the level of manufacturing processes

The design of e-textiles is mainly characterised by the integration of electronics and
textiles manufacturing processes to shape the e-textile materials. For example, using
weaving or knitting techniques to create different kinds of digital and analogue sensors
with conductive yarns.' In some cases, electronic components have been translated into
forms that can be attached easily to fabrics such as the Lilypad Arduino,?? a sewable
microcontroller. In other cases, textile elements have also been modified to support elec-
tronics better, such as conductive yarns that can be soldered. The shaping of e-textile
artefacts at the level of manufacturing processes thus tries to follow and reinterpret the
conventional techniques of constructing and assembling textile objects and electronics to
support their seamless integration.

At the level of the fibre/ material behaviour

E-textile artefacts are also shaped by the transfer of the material qualities of textiles into
electronics. For example, computational elements try to better match the flexibility and
softness of textiles in order to support textile practices in the making of e-textiles. This
is sometimes done by making components miniaturised so they don’t affect the physical
quality of the overall material.>® In other cases, such as stretchable electronics®* or soft
batteries,”> components are made to match the deformations in textiles during construc-
tion and use.

Initial observations
The three approaches to making e-textiles illustrate three different levels at which elec-
tronic components and textiles are combined. The first (level of the artefact) considers
textiles in their existing forms such as pillow covers or clothing as a substrate to mount
and hide computational elements. While this is useful for quickly trying out interaction
concepts in existing contexts, it does not lead to new forms and interactions with e-textile
artefacts.”*

Integrating electronics or sensor capabilities during the construction of textile substrates
results in materials that can be extremely textile-like but embed computational capacities.

251. Perner-Wilson and Satomi, “How to get what you want.”

252. Leah Buechley et al., “The LilyPad Arduino: Using Computational Textiles to Investigate
Engagement, Aesthetics, and Diversity in Computer Science Education,” in Proceeding of the
Twenty-Sixth Annual SIGCHI Conference on Human Factors in Computing Systems, CHI '08 (New
York, USA: ACM, 2008), 423-32, https://doi.org/http://doi.acm.org/10.1145/1357054.1357123.

253. Example: Jussi Mikkonen and Emmi Pouta, “Flexible Wire-Component for Weaving Electronic
Textiles,” in 2016 |IEEE 66th Electronic Components and Technology Conference (ECTC) (IEEE,
2016), 1656-63, https://doi.org/10.1109/ECTC.2016.180.

254. Thomas Vervust et al., “Stretchable and Washable Electronics for Embedding in Textiles,” MRS
Proceedings 1271 (January 1, 2010): 1271-JJ04-03, https://doi.org/10.1557/PROC-1271-JJ04-03.

255. Hang Qu, Oleg Semenikhin, and Maksim Skorobogatiy, “Flexible Fiber Batteries for Applications
in Smart Textiles,” Smart Materials and Structures 24, no. 2 (February 1, 2015): 025012, https://doi.
org/10.1088/0964-1726/24/2/025012.

256.  Gowrishankar and Bredies, “Investigating Interaction Design for E-Textiles Using Case-Transfer.”
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These can further be used as raw materials for further shaping new forms of interactive
objects and spaces.?” This approach opens up new kinds of textile objects based on their
computational material qualities and directs the research into finding new ways of con-
structing electronics.?®

The third approach to incorporating textile qualities into electronic components, such as
stretchability or water-resistance, is an important aspect of retaining textile qualities in
e-textile artefacts. However, this area of development usually lies within the domain of
materials science and engineering.?® Thus, from a design perspective, the integration and
combinations of computational and textile elements happens more at the level of textile
construction and artefacts.

3.3.3 Interaction design approaches for acting with e-textiles

Acting here refers to the physical gestures, body movements and the active material
manipulations that are involved while using a particular e-textile artefact. It is concerned
not only with the interface issue of mapping functions to gestures but also with balanc-
ing familiar and unfamiliar material properties to maintain relatable expectations yet
provoke exploration. There are a few ways in which the interactive capabilities are pre-
sented in e-textiles:

Interaction transfers
In order to present textile objects as computational devices, often interaction gestures
borrowed from electronic devices are implemented onto e-textile artefacts. The e-textile
interfaces directly adopt the interface elements from electronic devices, such as buttons
or touch pads, which allow one to push (e.g., a play button on a mp3 jacket?®®) or swipe
the surface of fabric.?®! Although these types of interfaces take advantage of familiar
operators and quickly communicate the device functions, they miss the opportunity to
really use the material-specific properties of textiles for engaging with e-textiles. In other
cases, interactions from our everyday handling of textiles, such as folding, stretching and
turning inside out, which are specific to textile materials, are taken as the starting point
for envisioning ways of acting with e-textile objects.’> These e-textiles combine our
knowledge of textile interactions for performing familiar digital actions; for example, in

257.  As an example, see different e-textile concepts using knitted sensors in— Anna Persson, “Knitted
Circuits for Visual and Tactile Interactive Expressions” 2009.

258.  See for example, Irene Posch, “The Embroidered Computer,” accessed February 4, 2019, http://
www.ireneposch.net/the-embroidered-computer/.

259. This is not to say that designers working closely with engineers cannot contribute to the
development of new technologies, only that it is more common for designers to work with materials
and technologies already available.

260. For example, Technabob, “Wired Ralph Lauren Aero Type Ski Jacket Has IPod and Bluetooth
Controls.”

261. For example, “Project Jacquard.”, 2015

262. Gowrishankar, Bredies, and Ylirisku, “A Strategy for Material-Specific e-Textile Interaction Design.”
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Figure 13. Spectrum of levels of engagement with e-textiles.

the turn-around controller,?” the interaction of turning inside-out is used for dimming a
light in the room.

These two cases above represent different directions of transfer, determined by whether
an interaction familiar to electronics or textiles guides the design of the e-textile.** For
example, the action of swiping on the surface of a fabric is an interface gesture that is
transferred from electronics to textiles. In comparison, a knitted stretch sensor works
with the material properties and construction techniques from textiles to identify certain
“states” of the e-textile artefact to emulate the behaviour of a digital sensor. In this case,
the direction of transfer is predominantly from textiles to electronics. While the first case
presents significant technological development, the interface is not as material-specific
as the latter case.

Layered interactions
The approach of layered interactions seeks inspiration from the interactions normally
associated with the underlying textile object. Following the idea of tangled interac-
tions,?® the usual behaviours and actions around specific textile objects are layered with
a digital meaning. For example, walking on a carpet is used as a sensor for lighting up
the carpet.?*®

Levels of engagement
Another distinction that can be drawn in relation to acting with e-textile artefacts is
according to the different levels of involvement it needs from the person. Let us con-
sider the levels of engagement as a spectrum with one end requiring constant and direct
involvement with an e-textile artefact, and the other end having e-textiles that function in
the background and require no direct manipulations and contact with the materials (see
Figure 13). It is important to mention that the notion of engagement here does not refer to
cognitive involvement but a physical and deliberate one. The passive side of the spectrum
uses textile properties or qualities in its interaction concept, but does not involve the user
directly; for example, textile displays, such as the slow-moving display by Berzowska,>*’

263. Ramyah Gowrishankar, “Turn-inside-out Textile Interface,” accessed February 4, 2019, https://
narrativize.net/portfolio/turn-around-textile-interface/.

264. This is also discussed in Gowrishankar and Bredies, “Investigating Interaction Design for
E-Textiles Using Case-Transfer.”

265. Redstréom, “Tangled Interaction.”

266. For example, Linda Worbin, “Trace,” 2008, accessed February 4, 2019, http://smarttextiles.se/
trace-exhibited-in-london/.

267. Berzowska, “Very Slowly Animating Textiles: Shimmering Flower.”
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use the patterns changing on the textiles as a visual interaction or experience but do not
directly involve the person touching or manipulating the e-textile. E-textiles in the areas
of performance or sports-wear are situated somewhere in the middle of the spectrum
where the person wearing the e-textiles gets direct feedback and could change behaviour
to influence and, in a way, control the e-textiles. However, although the application of
such e-textiles is in contexts where the person is active, the interactions with the e-tex-
tiles may not involve direct and active manipulation of the textile materials. The active
side of this spectrum constitutes e-textile projects that use textiles as an input or manip-
ulator for the use context. Instead of using pre-existing interface models, they try to find
new ones that are more specific to textiles. For example, the “Music Sleeve”,>*® a knitted
e-textile artefact for controlling music on the smartphone, looks for textile specific inter-
actions such as knotting or the ability to manipulate objects inside soft textile layers to
map the different digital states of the object.

Initial observations

Considering interaction transfers presents an interesting opportunity to find new rela-
tionships between familiar textile actions and digital interpretations. For example, using
textile specific actions such as ‘turning-inside-out’ or ‘folding-up’ can provide new inspi-
rations for the shaping of and relating to computational things. On the other hand, the
layered interaction approach provides an entry point for reinterpreting existing actions.
Thus, a combination of these two approaches could provide a useful method for applying
and exploring textile interactions in the context of e-textiles. Focusing on tangible inter-
actions that support direct physical interaction with materials, the e-textiles interaction
approach aligns more to the active side of the spectrum rather than to the passive observer
level.

3.3.4 Interaction design approaches for relating with e-textiles

Similar to the field of materiality oriented HCI, the research interests around e-textiles
can also be seen as broadening from the artefact itself, to activities of use as well as to
considering e-textiles as a conceptual lens for discussing new ways of relating with tex-
tiles and technology. While acting focuses on the behaviour of engaging with e-textiles,
the idea of relating goes towards understanding more general meaning or roles attached
to the e-textile artefact. The interaction design approaches to relating with e-textiles build
on the use contexts of existing textile and computational artefacts as well as look at mate-
rial properties to develop new ones.

Building on existing use-contexts
Textile use-contexts are used as a resource for proposing new ways of relating to e-tex-
tile artefacts. Building on the parent field of wearable computing, a common use-con-
text for e-textile development has been in the form of on-body artefacts such as cloth-
ing. e-Textiles built in the form of clothing have tried to enhance or add aspects to this
already well-established relation between clothing and the body. For example, e-textiles
in the context of healthcare take advantage of being close to the body to take biometric

268. Gowrishankar, Bredies, and Chow, “The Music Sleeve : Fabric As An Electronic Interface
Medium.”

78



measurements from patients.”” In other projects, such as the Twitter Dress,?” the idea of
clothing as a form of personal expression is interpreted as a digital display that projects a
live twitter feed sent to the dress.

Textiles as furniture or upholstery is another context present in e-textile research. The
relation between pieces of furniture to situations or activities, such as waiting or resting,
have been used as a way of developing examples of e-textile applications. For example,
the project Tic-tac Textiles?”
exchange through a subtle, tangible interface of a table cloth printed with thermo-chro-
mic inks. In the project Bedtime Stories,””> a woven bedspread of a child’s bed is con-
verted into an interactive story when looked through a specialised iPad application. These
projects build on activities or behaviours that already exist around textile artefacts and
introduce computational features to support or enhance these relationships.

explores waiting in common areas as a space for social

Looking at material behaviours to establish new relations

While the previous approach looked at textile objects as a whole, this one looks at the
specific material behaviours of textiles as an inspiration for relating to computational
things. Aspects such as the change in visual appearance due to wear and tear in textiles
over a long period of use could point to different kinds of relationships- from being used
everyday, to something precious being passed on through generations, to memories of
accidents or events that might cause a change in the pattern on textiles.?”> These aspects,
when programmed into the computational thing, can complement or contrast our expec-
tations from traditional textiles. For example, the burnt tablecloth?™ explores irreversible
changes caused to material by computation in contrast to the usual digital reversibility.

Alternatively, commonly expected behaviours from computers, such as efficiency
or sensing capabilities, have also been adopted as a way to make textiles seem more
like computers; for instance, future oriented fashion design concepts that tend to adopt
machine-like or “computeresque” appearances to convey the idea of being “smart”. This
perspective is also predominant in commercially available e-textile products that try to
be like gadgets and sensing devices (e.g., soft sensors incorporated in sportswear?”) and

269. Vagott and Parachuru, “An Overview of Recent Developments in the Field of Wearable Smart
Textiles.”

270. CUTECIRCUIT, “Twitter Dress,” accessed February 4, 2019, http://cutecircuit.com/media/media-
twitter-dress/.

271.  A.Emevi et al., “Tic Tac Textiles,” in Cumulus Lisbon, 2005, http://redstrom.se/johan/abstracts/
atictac.html.

272. K. Kuusk, O. Tomico Plasencia, and G.R. Langereis, “Bedtime Stories : Weaving Traditions into
Digital Technologies,” in Nordic Design Research Conference, 2013, http://repository.tue.nl/770918.

273.  Anna Persson and Linda Worbin, “Designing Dynamic and Irreversible Textile Patterns, Using a
Non-Chemical Burn-out (Ausbrenner) Technique,” The Nordic Textile Journal, 2008, 64-87, http://ndl.
handle.net/2320/4295.

274. Dumitrescu and Persson, “Exploring Heat as Interactive Expressions for Knitted Structures.”
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attempt to make e-textile objects accurate, efficient and informative like computational
devices.

Initial observations
The first approach to implementing existing use-contexts is a natural way of adding on
or exploring new relationships with familiar objects or situations. These act as analogies
for introducing new features or capabilities into everyday contexts. Like in the case of
making and acting, using already existing understandings of what textiles are as well as
how they feel and behave provides a rich resource.

While the above-mentioned approach of using use-contexts focuses more on what an
e-textile could be at the moment of use, the approach of using material behaviours takes
the aspect of time into account. The behaviours of textiles over time are used as inspi-
ration for designing computational interactions. This approach opens up long-term con-
siderations concerning interactions, whereby processes of change—not only the tangible
aspect of materials—are taken into account. Both these approaches play an important
role in designing with e-textiles and it would be beneficial if aspects of existing use-con-
texts and long-term interactions were considered within the interaction design process.

3.3.5 Summary of materiality oriented interaction design methods adopted from
e-textile practices

This section examined the different interaction design approaches from the field of
e-textiles in line with the approaches of making, acting and relating with computational
things. Furthermore, I have identified and selected methods within each category that
closely follow and support the material qualities of textiles. Table 1 summarises the dif-
ferent methods identified in this section.

Table 1. Summary of materiality oriented interaction design methods adopted from e-textiles.
Materiality MAKING E-TEXTILES ACTING WITH E-TEXTILES | RELATING TO E-TEXTILES
oriented
approaches | Using textile construc- | Using interaction Building on existing
to- tion techniques to transfers from textiles to textile use-contexts.

reconstruct or integrate
electronic components.

For example, soft pres-
sure sensors made by
knitting with a combina-
tion of conventional and
conductive yarns.

electronics.

For example, using every-
day textile interactions
such as turning inside-out
or stretching for digital
interfacing.

For example, using
the context of sitting
on a couch for digital
interpretation.

Layering interactions.

For example, an existing
interaction with a textile
object such as hugging

a pillow triggers a digital
meaning, such as, sending
an sms to a loved one.

Building on material
behaviours.

For example, using wear
and tear textile materials
with time as a design
material to display tempo-
ral states.
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In the previous section, I described the electrostatic generator circuit as an interaction
template for implementing the design program. In order to investigate electrostatic tex-
tiles from a materiality oriented HCI perspective, the selected methods are employed for
making, acting and relating with the electrostatic generator circuit.

3.4 Supporting multiple interpretations

As discussed in section 1.2, a key aspect of undertaking a programmatic approach to
design research is that the research process does not aim to confirm or reject a hypoth-
esis but takes an explorative stance that constantly dialogues with and challenges the
design program. The experiments are structured and have a purpose but, at the same
time, remain open to interpretations.?’

Body-driven electrostatic energy harvesting systems are an emerging technology, and a
large part of the debate surrounding them is associated with a single narrative of power
efficiency. Adopting an approach of supporting multiple interpretations is useful in
bringing alternative perspectives, experiences and debates to the field of e-textiles and
body-powered technologies from an early stage of the development process. Thus, in
addition to adopting material-specific interaction design methods from the practice of
e-textiles, the experiments intentionally keep the explorations of interacting with static
electricity and textiles open-ended to support varied observations and interpretations that
are rooted in experience rather than pre-conceived design ideas.

In doing so, the research experiments learn from two further approaches in HCI design
research that support multiple interpretations during the design process. The first involves
adopting methods from embodied ideation which support an active dialogue between the
body and materials, and the second works with speculative narratives and design fiction,
providing ways of engaging with topics that are not yet fully formed or defined. These are
described further in the following subsections.

3.4.1 Adopting embodied ideation methods

This research builds on the embodied design ideation approaches existing in the design
and research of wearables and materiality oriented HCI. In the previous section, I
described “acting with” interactive technology as one of the key foci of materiality ori-
ented HCI. This aspect of HCI research brought the emphasis back on the versatility and
skill of the human body in designing interactions which was previously overlooked in
the cognition-centred interface design.?”’ The research methods employed to investigate
movement and expression in interaction design have involved actively exploring through
the body. For example, Jensen et al.?”® studied videos of an industry conveyer belt worker
to discuss how human actions can be skilled, involving a series of actions that follow one
another in rhythmic flowing movements and use the whole body in the choreographies

276. Redstrém, “Some Notes on Program/Experiment Dialectics.”

277. Djajadiningrat et al., “Tangible Products: Redressing the Balance between Appearance and
Action.”

278. Jensen, Buur, and Djajadiningrat, “Designing the User Actions in Tangible Interaction.”
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designed around technical things. In making the rich user camera, Frens?” relied on pro-
totyping different alternatives to a standard digital camera interface and tried out differ-
ent versions himself and with students to test and improve the interaction design during
the process of development.?® In order to explore different interactive behaviours for an
intelligent lamp, Phillip Ross worked with professional dancers who embodied the lamp
and the user to improvise and choreograph different relationships, attitudes and behav-
iours through action.?® These different enactments enabled a dynamic and embodied way
of exploring the concepts of ethics, notions of power, control and playfulness that can be
embedded in ‘smart’ technology.

Similarly, the embodied ideation methods in the field of e-textiles and wearables work
closely with the body as a way of discovering and revealing new interactions and oppor-
tunities. For example, Tomico and Wilde?*? explicate that the new experiential soft weara-
bles are revealed from the emerging relationships between context, form, function, mate-
rial and interaction. Through different examples, they argue that by placing materials
close to the body and ideating through the body can allow a designer to combine lan-
guage with movement in abstract ways to become personally accustomed to the context
in which they design and relate functionality, materials and use through the means of
the body.?®* Segura et al.?®* propose a method of embodied sketching, which encourages
designers to view technology only as a part of that which sustains the whole activity,
rather than overemphasising the role of technology as being the design goal and the main
driver for the design process. The OWL project by Wilde and Andersen®® explores how
embodied experience and imagination could assist in the creation of unknown technol-
ogies. Instead of starting with a design brief or a set of technologies, the researchers
designed a series of upholstered wearable dummies. These soft, and unfamiliar body-
worn props were then used in fitting and interview sessions designed to invite different

279. Frens, “A Rich User Interface for a Digital Camera.”
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interpretations from the participants while experiencing the dummies on their bodies.
This, in turn, encouraged the participants to contemplate their experience of wearing the
dummy but also created a reflective space to talk about their own desires and needs as
they described the dummies as technology. Following this line of inquiry in her Ph.D.
thesis, Wilde?** demonstrates that “beginning with the body to arrive at a technologically
facilitated engagement leads not only to rich opportunities for playful interaction, but
also affords access to complex and idiosyncratic information about how people learn in,
through, and about their bodies.”?%

This thesis adopts embodied ideation methods of prototyping eclectrostatic textiles by
setting up and experiencing different electrostatic interventions in the space of the every-
day. Enactments and video documentations are used to create, observe and reflect on
electrostatic interactions with textiles. The idea that interaction creates meaning does
not only hold for users during interaction but also for designers when gathering ideas
and developing concepts.?®® Body-driven energy harvesting places the body and material
interactions at the centre of the design process. As described by the examples above,
embodied ideation in the form of prototyping different electrostatic textile setups and
experiencing and interacting with them is used to explore new relationships and aspects
of body-driven energy harvesting that otherwise may not become apparent.

3.4.2 Envisioning through “interaction fictions”

This thesis adopts narrative-oriented approaches of design fiction and speculative design
to develop the idea of “interaction fictions”. Design fiction is a term coined by Bruce
Sterling in his book Shaping Things.”® Claiming to be writing design fiction for years,
he described design fiction to be more practical and hands-on than science fiction.?*
Design fictions have been described as projections or extrapolations meant to explore
near futures. They are speculations of what the “next now” would be like, always remem-
bering that no possible future is out of the question.?*! Design fictions can take the form
of narratives, short stories, films or even objects and semi-working prototypes.>
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Using narratives to convey ideas in the form of scenarios, personas or story boards is
common in design practice. However, these kinds of narratives usually take on the role
of illustrating product functionalities or user groups and remain largely uncritical.?*2%*
Design fictions, on the other hand, are characterised by contradictions or conflicts that
aim at opening up scenarios for the inclusion of social and political conflict in design
thinking.?”> Emphasising concerns and questions around technology adoption, they are
conceived primarily as critiques and provocations, as in the case of the critical design®°
of Dunne and Raby?””.

Speculative design, similarly, also plays with contradictions to create a space to discuss
alternate ways of being and to collectively redefine our relationship to reality.®® Auger
explains that words such as ‘fictions’, ‘speculative’, ‘probes’ or ‘critical” when added to
design have a common goal of dislocating an object or a narrative from everyday life,
exposing their fictional or academic status.?*” He describes speculative design as dealing
with “alternate presents” that are design proposals which utilise emerging and contem-
porary technologies but apply different ideologies or configurations than those currently
directing product development.3®

Different methodologies for working with design fictions and speculative design have
been discussed. Auger presents different methods for crafting the speculation by bridging
the fictional concepts to the familiar present. These bridging techniques include taking an
ecological approach, where familiar settings or environments are used to present some-
thing unfamiliar, playing with the uncanny to provoke varied interpretations, using the
idea of design faction and borrowing techniques from observational comedy.*”' The ques-
tions and challenges engaging design fictions and speculative design are often complex.
Bleeker* advises designers who tie fact and fiction together to become deliberate and
revel in the messiness, the speculation and the confusion that arises when exploring
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alternatives to established trends. Blythe et al.*® take an anti-solutionist stance in their
magic machines workshops to claim that lo-fi prototypes and crude representations are
sometimes best to convey the complexity and provoke a discussion rather than aiming for
slick, over-simplified forms of narration.

Design fictions create a discursive space within which new forms of cultural artefacts
(futures/ alternate presents) might emerge, and it has become a significant means through
which designers explore the present condition of the interface culture.’* This thesis deals
with an emerging technology of electrostatic energy harvesting with the body and tex-
tiles. While the embodied ideation approach described in the previous subsection pro-
vides methods for directly engaging with the electrostatic textile systems, design fictions
enable the formulation of questions and illustrate contradictions that arise from the direct
engagement. With a focus on interaction design, this research closely follows the actions,
performances and body-movements supported by textile materials in electrostatic inter-
actions. Thus, the interactions involved in electrostatic energy harvesting is itself taken
as a point of departure for constructing design fictions.

Thus “interaction fictions” in this thesis act as design fictions that create a discursive
space around the active and physical interactions between the people and electrostatic
textile artefacts and spaces. The interaction fictions are crafted from the questions and
challenges around designing interactions and envision how the interaction design of these
systems may lead to different social and cultural practices around electrostatic textiles
in the everyday.

3.5 Overview and structure of the research studies

This research set out to outline an interaction design perspective into body-driven energy
harvesting systems that draws from material interactions to investigate the experiences
and everyday encounters of living with such technologies. Static electricity, which is
generated as a result of interactions between textiles and humans, was taken as a design
case for shaping an interaction design inquiry into body-driven energy harvesting in the
context of e-textiles.

The electrostatic circuit was used in the form of working knowledge to be reinterpreted
through different textile materials and techniques. Since there was no precedent to inves-
tigating static electricity from the perspective of interaction design, this research first
developed a methodological frame consisting of making, acting and relating for interac-
tion design with e-textiles. Using this as the foundation, four studies were set up. The first
three addressed making, acting and relating with static electricity by reinterpreting the
triboelectric circuit in the context of e-textiles. The fourth study explored the interpreta-
tions of the static electricity produced through interactions.
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Figure 14. Overview of research studies and methods.

Below, I give a detailed overview of these four research studies along with the methods
of making, acting and relating (see Figure 14) used in the investigations. Chapters 4 to
7 delve deeper into each of these studies describing the process, results and reflections
from each. These chapters present the research studies using a structure of describing
interaction design methods adapted from Hallnds and Redstrom?®® that include the fol-
lowing sections:

* Introduction: Overview of the aims of the research study

 Outline: A description of the research process undertaken

» Examples: A selection of examples that illustrate key insights, questions or chal-
lenges within the research study

» Observations: Reflections and observations from the research process regarding
the aims of the research study

» Discussion: Discussion and open questions regarding the examples of the
research study in relation to the design program

305. Halln&s and Redstrém, Interaction Design: Foundations, Experiments.
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Each study builds on the insights and experience of undertaking the previous studies. The
context of the interior is loosely used to situate the different experiments and provide a
frame for generating ideas to envision interactions. It is also used as a driver for scaling
up e-textile artefacts and interactions in the research studies as a means of developing
examples of varied temporal and spatial qualities.

3.5.1 Study 01: Material Exploration, how may static electricity shape textiles?
Study 01 focused on making e-textiles that support static electricity generation through
interactions with the human body. This study took the form of a material exploration,
where conductive and electrostatic materials were introduced within the textile construc-
tion to reconstruct the triboelectric circuit in a textile shape. The emphasis here was
placed on how materials were introduced in the context of the textile fabric to enhance
the generation of electrostatic charges and direct them through a circuit. The goal was
to develop examples of ‘electrostatic textiles’, or textiles that translate the electrostatic
circuit into a textile shape.

Methods and outcomes

An open-ended material exploration was undertaken with the goal of experimenting with
different textile construction techniques and soft materials to re-construct the triboelec-
tric circuit into the form of textile substrates. Methods of integrating elements from the
triboelectric circuit and textile materials were explored at the level of textile construction
using weaving, tufting and embroidery techniques. This material exploration resulted
in several samples of electrostatic textiles; furthermore, it helped to develop an under-
standing of the electrostatic properties of the available materials that could be utilised
in the design process. It also led to the re-interpretation of tools to test and visualise the
electrostatic effects in textiles.

3.5.2 Study 02: Embodied Speculation, how may electrostatic textiles shape
e-textile interactions?

Study 02 addressed acting with static electricity and explored the interactions enabled
by electrostatic textiles and set-ups. Following from the discussion in materiality ori-
ented HCI that places emphasis on expressivity and whole-body interactions, this study
focused on scaling up the triboelectric circuit to support varied interactions with soft
materials for engaging with static electricity. The triboelectric circuit, in this case, was
translated into a three-dimensional object, where engaging with the whole body played
a crucial role. Textiles and the body became the basic materials that were put together to
create electrostatic setups. Two such electrostatic objects, both immersive but of different
scales, were explored.

Methods and outcomes
In e-textile and wearable research, the methods of embodied ideation have been used
to speculate and imagine new forms and objects through material qualities of “stuff™ at
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hand.?* Adopting this approach of embodied ideation from the field of HCI and combin-
ing it with the critical eye of speculative design, Study 02 was a prototyping driven inves-
tigation that involved using easily available materials, building quick setups, trying them
out and noting initial observations and reflections. For scaling up the electrostatic circuit
to explore different levels of engagement, the study employed material-specific e-textile
interaction methods—identified in the previous section—of enabling active engagement,
exploring interaction transfer from textiles to electronics and trying out layered interac-
tions with existing textile objects prone to getting charged up. Scaling up the electrostatic
circuit resulted in rethinking our everyday engagement with the interior space. It also led
to developing a design strategy for engaging with electrostatic textiles in the everyday.

3.5.8 Study 03: Interaction Fiction, how may electrostatic textile interactions shape
everyday behaviours?

Study 03 took a speculative approach to develop interaction scenarios for relating with
electrostatic textiles and envisioned everyday behaviours and motivations for engaging
with static electricity.

Methods and outcomes

This study undertook a narrative approach based on the arguments of speculative design
and design fiction and worked with the idea of interaction fiction introduced earlier. The
electrostatic interactions and setups created in Study 02 were used as a starting point for
imagining situations, behaviours and actions in the everyday and exploring alternatives
through sketching, enactments and writings. Interaction design methods from e-textiles
for exploring different relationships by building on existing use contexts and material
behaviours were used. The different examples of everyday situations and narratives
created a repository of questions and issues regarding body-driven energy harvesting in
the everyday. This study also enabled a theoretical reflection on scaling up interactions in
physical space, as well as in time, in the context of everyday relationships to electricity
generation.

3.5.4 Study 4: How may e-static studies shape energy interpretations?
While Study 01, 02 and 03 address different aspects of actively engaging with electrostatic
energy in the everyday, Study 04 looked at electrostatic engagement from the perspective

306. Danielle Wilde, Anna Vallgarda, and Oscar Tomico, “Embodied Design Ideation Methods,” in
Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems - CHI '17 (New
York, USA: ACM Press, 2017), 5158-70, https://doi.org/10.1145/3025453.3025873; Danielle. Wilde
and Monash University. Faculty of Art and Design. Gallery.,

Swing That Thing : Moving to Move : The Poetics of Embodied Engagement (Monash University,
2011); Saskia Bakker, Alissa N. Antle, and Elise van den Hoven,

“Embodied Metaphors in Tangible Interaction Design,” Personal and Ubiquitous Computing 16, no. 4
(June 12, 2011): 43349, https://doi.org/10.1007/s00779-011-0410-4.
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of the results of such interactions. The aim of this study was to explore different inter-
pretations and forms for the small amounts of electricity generated through interaction.

Methods and outcomes

The study was undertaken in the form of a week-long workshop at the Berlin University
of the Arts. This workshop built on the insights and methods employed in the previous
studies and led the participants through a series of exercises aimed at building interaction
fictions with static electricity. During the workshop, three groups of four students (total
12 students) were given a basic introduction to static electricity and asked to explore
different interactions and narratives for engaging with static electricity in the everyday.
The final works presented by the students, in addition with other examples from the
research process, were used as a basis for developing an “energy-interpretation matrix”.
The matrix outlines different kinds of outputs that could be conceptualised through an
interaction design investigation of energy harvesting technologies.
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4 Study 01, Material
Exploration: How
may static electricity
shape e-textiles?

4.1 Introduction

Study 01 starts with looking at the electrostatic circuit as a material system that can be
reconfigured within a textile surface. Our interior environments incorporate different
kinds of textile materials and objects of different scales, for example, pieces of furniture,
rugs, curtains, cushions, etc. Incorporating the electrostatic circuit within interior tex-
tiles could potentially reinterpret how we engage with textile objects.

This study focused on the making of e-textiles that support the generation and use of
electrostatic charges through interactions. It interpreted static electricity as a material
property of e-textiles and aimed to develop examples of electrostatic textiles with differ-
ent expressions. It was also important to work with existing textile production techniques
that would enable the easy incorporation of available materials.

Following the presentation structure mentioned in the previous chapter, the next section
gives an outline of the process undertaken in the study. A selected set of examples illus-
trating the main findings is presented in section 4.3. The key observations from the study
are presented in section 4.4 followed by a discussion in section 4.5 regarding the results
of the research study in relation to the design program.

4.2 Outline

This research study took the form of a material exploration where different electrostatic
and conductive materials were substituted within the electrostatic circuit forming dif-
ferent textile surfaces. Using the triboelectric series as a reference, three electrostatic
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Table 2. Yarn materials used to construct electrostatic textiles.

PTFE Plastics Polyester

Conductive/ metal Wool Cotton

Figure 15. (Left) The clip-on tester. (Right) The tester is clipped to the sample and held with one hand
while tapping or rubbing the fabric with the other hand. The LED lights up when enough voltage is
generated.

Figure 16. Reading voltages generated by the electrostatic textile samples with an oscilloscope. (Left)
Example of single layered samples placed over a conductive fabric connected to the oscilloscope. (Right)
Example of a sample with integrated conductive elements that was directly connected to the oscilloscope.

materials, namely polyester, PTFE and thin plastic foil*"” in combination with conductive
yarns (see Table 2), were used to create different textile samples. Cotton and wool were
used as supporting yarns in some of the samples.

After initial explorations with different textile materials, three textile construction tech-
niques, weaving, rug-knotting and tufting, were chosen to explore the different struc-
tures and expressions of electrostatic textiles. These textile construction techniques were
observed to support the electrostatic effect due to the close surface contact between the
yarns of the fabric. Techniques such as knitting were left out, as it was observed to be less
effective during the initial exploration; this was because the loops forming the knitted

307. This material resembled cellophane-like thin yarn that was available at the weaving studio where
the samples were developed. This was a found material, and the exact composition of this yarn could
not be traced.
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structure have smaller contact between them.

The samples were made in an iterative way, and materials were chosen as per availabil-
ity in the textile studio that met the material requirements needed for the electrostatic
circuit. To visualise if electrostatic charges were generated in interaction, the samples
were checked first using a self-made tester clip (see Figure 15). This tester module was
another form of the electrostatic circuit that enabled a quick connection to textile sub-
strates to observe if the attached LED lit up with interactions.’%

As a next step, the samples were tested with an oscilloscope to get a broad idea of the
voltages generated during a tapping interaction (see Figure 16). The samples without
conductive elements were placed over an aluminium sheet attached to the oscilloscope.
In the samples which incorporated conductive elements, the oscilloscope was connected
directly to the conductive areas of the sample. The voltage readings from tapping ten
times on each sample were recorded, and the average and standard deviation was calcu-
lated for each sample.® The voltage values for the selected samples are included in the
examples illustrated in the next section.

4.3 Examples: Electrostatic textiles

The tables on the following pages (see pages 94—-99) show selected examples of electro-
static textiles created by using weaving, knotting and tufting. The examples illustrate a
collection of different textile surfaces and techniques that can be used to support electro-
static engagement with textiles.

Weaving
The woven samples (samples la to 1c and 2a to 2d) were made using combinations of
PTFE, polyester and plastic film yarn as weft threads, woven over a cotton or polyester
warp. Two sets of woven samples were developed: the first set (la to 1c) was made with
a single weave structure and the second set with a double weave structure. The single
weaves were made using a number of different available materials and explored different
textures and weave patterns.

The second set (2a to 2d) was made with selected materials in a double weave structure
that incorporated conductive yarns. The electrostatic materials were used on the top layer
and conductive yarns were inserted as weft yarns in the bottom layer in a way that the
maximum amount of the conductive surface would be exposed to the inside of the fabric
that touches the top electrostatic layer.

All woven samples except two were made using computer-aided arm looms. One of the
double weave samples was woven using an industrial sampling loom. The samples were
made with 16 or 8 shaft looms with either cotton or polyester as warp threads.>'°

308. Please refer to Appendix A.2 for further description of the clip-on tester.

309. Ramyah Gowrishankar, “Constructing Triboelectric Textiles with Weaving,” in Proceedings of
the 2017 ACM International Symposium on Wearable Computers - ISWC "17 (New York, USA: ACM
Press, 2017), 170-71, https://doi.org/10.1145/3123021.3123037.

310. Please refer to Appendix C for more details on the looms and warp settings.
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SAMPLES OF ELECTROSTATIC TEXTILES

1. Single layered woven e-static textiles
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Sample 1(a)

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage
WEAVING 40 x 28 ARM computer loom 8 shafts 4.6V (1.14)

Materials Method for incorporating electrode

Warp: Cotton External electrode

Wett: Plastic film yarn

W 3 -
Sample 1(b)
Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage
WEAVING 37 X 20 ARM computer loom 16 shafts 6.5V (0.89)
Materials Method for incorporating electrode
Warp: Polyester External electrode
Weft: 2 yarns: Teflon & Polyester
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Sample 1(c)

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage
WEAVING 40 x 22 ARM computer loom 8 shafts 3.3 V(0.79)
Materials Method for incorporating electrode

Warp: Cotton

Weft: Polyester multi-filament soft yarn

External electrode

Sample 1(d)

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage
WEAVING 23X 27 Hand woven not measured
Materials Method for incorporating electrode

Warp: Polyester The pipe cleaners have a conductive core made of twisted

Weft: Creative pipe cleaners (found-

object)

metal wires inside which the polyester fibres are held together.
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2. Double layered woven e-static textiles

Sample 2(a)

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage

WEAVING 30X 14 ARM computer loom 16 shafts 4.5V (1.59)

Materials Method for incorporating electrode

Warp: Cotton The bottom layer has rows of conductive yarn so that it is

Weft: Top- Teflon yarn exposed to the inside of the fabric that is in contact with
Bottom- Polyester & conductive yarn | the top layer.
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Sample 2(b)

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage

WEAVING 30 x11.5 ARM computer loom 16 shafts 3.6 V(0.7)

Materials Method for incorporating electrode

Warp: Cotton The bottom layer has rows of conductive yarn so that it is

Weft: Top- Polyester exposed to the inside of the fabric that is in contact with the
Bottom- Wool & conductive yarn top layer.
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Warp: Cotton
Weft: Top- Plastic film yarn
Bottom- Conductive yarn

Sample 2(c)

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage
WEAVING 30 x 38 ARM computer loom 8 shafts 4.6V (1.14)

Materials Method for incorporating electrode

The bottom layer has rows of conductive yarn so that it is
exposed to the inside of the fabric that is in contact with the top
layer.

| SAMPLE 2 (d)
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Warp: Cotton
Weft: Top- Polyester

Bottom- Polyester & conductive
yarn

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage
WEAVING 40 x 30 CC industrial sampling loom 16 7.7V (2.79)

shafts
Materials Method for incorporating electrode

The bottom layer has rows of conductive yarn so that it is
exposed to the inside of the fabric that is in contact with the
top layer.
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3. E-static textiles made using the rug knotting technique

Sample 3(a)

Textile Technique:
RYA RUG KNOTTING

Size (cm):
16 (diameter)

Construction tool:

Hand woven

Avg (Std dev) Voltage
7.6V (2.28)

Materials
Warp: Conductive yarn

Weft: Scraps of polyester fabric and

conductive yarn

Method for incorporating electrode

Conductive yarn as warp thread, insulated by the polyester
fabric. Inserts of conductive yarn are also added as weft
between polyester rows to increase contact points.

Sample 3(b)

Textile Technique:
RYA RUG KNOTTING

Size (cm):
18 X35

Construction tool:
Hand knotted

Avg (Std dev) Voltage
2.1V (0.37)

Materials

Base: Store-bought metal mesh
Weft: Scraps of polyester fabric and

conductive yarn

Method for incorporating electrode

The metal mesh underneath acts as the electrode. The thick
layer of knotted polyester fabric keeps the metal insulated.
The metal mesh enables a flexible and malleable surface.
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3. Tufted e-static textiles

Sample 4(a)

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage
TUFTING 76 X 71 Hand tufted not measured
Materials Method for incorporating electrode

Warp: Conductive yarn Widely spaced rows of conductive yarn is tufted first and cut

Weft: Scraps of polyester fabric and
conductive yarn

on the ends. The rows are connected

conductive loops.

horizontal row of conductive yarn. The plastic yarn is tufted
in between with bigger loops insulating the underlying

together by sewing a

SAMPLE: 4 (b)

Textile Technique: Size (cm): Construction tool: Avg (Std dev) Voltage
TUFTING 32X 30 Hand tufted 18.7 V (1.78)
Materials Method for incorporating electrode

Base: Polyester and conductive yarn
Tufting yarn: Plastic film yarn

The base fabric is pre-woven with conductive areas. The dense
texture of tufted plastic yarn insulates the conductive yarn.

99




Rya knotting Wrapping weft yarn

Figure 17. Knotting techniques used in hand woven e-static textiles.

One single layer construction was made using hand-weaving on a frame (Sample 1d).
This variation was woven with creative pipe cleaners as weft, which are made from poly-
ester fibres twisted between a couple of metal wires. This found object had a pre-assem-
bled combination of electrostatic material wrapped around a conductive core, and the
shape enabled it to be directly woven into a textile-like construction. This sample, due to
the metal wires, retained its shape when reformed or bent.

Rug knotting
Taking the weaving technique further, rug knotting techniques such as “Rya knotting”
were used to work with electrostatic materials over a conductive warp (samples 3a and
3b). In this knotting technique, weft threads are wrapped around the conductive warp
threads using knotting and wrapping techniques (see Figure 17). This way the conduc-
tive threads stayed in contact with the electrostatic material while being insulated from
human skin.

Sample 3a was made using a circular frame wound with conductive warp threads. The
small pieces of polyester fabric were wrapped around the warp threads using the Rya rug
knotting technique. In Sample 3b, the underneath conductive warp was substituted with
a store-bought metal mesh. Pieces of plastic sheets and polyester fabrics were then used
to knot over this conductive mesh. The resulting structure is flexible and also retains
its shape when bent. This technique of hand knotting was relatively time consuming,
however, it produced a dense textured surface that worked well for contact electrification.
Since small pieces of materials were used for knotting, it was possible to reuse the waste
or scrap pieces of textiles. This technique thus also enables the reuse of things like plastic
bags or packaging when crafting electrostatic surfaces. This configuration of having a
stiff electrode with a soft electrostatic surface could be shaped into larger structures
forming spatial elements within an interior and even designed to support people’s weight.

Tufting
The tufted samples (4a and 4b) have furry textures made with plastic foil yarns. Two
techniques were used to incorporate conductive threads into the tufting process. In
Sample 4a, the conductive yarn was first tufted in wide spaced columns with a short loop
length.The individual conductive lines were then connected together to form a single
electrode area. The plastic foil yarn was then tufted densely between the conductive rows
using longer loop lengths (see Figure 18). The dense plastic loops, in this way, stayed in
contact with the underlying electrode while insulating the conductive surface at the same
time. In sample 4b, the base fabric was first woven using an industrial sampling loom
with conductive and polyester yarn. This base is then tufted over with plastic foil yarn.
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Tufting was found to be a relatively easy way to create large electrostatic surfaces in a
time-efficient manner while having a lot of freedom for placing and creating conductive
areas within the textile substrate.

4.4 Observations

This study was a material exploration that resulted in several samples of electrostatic
textiles that incorporate an electrostatic generator circuit as part of the textile substrate.
These samples present a wide range of visual and textural expressions for combining
conductive electrostatic materials using existing textile construction tools and techniques
to support the accumulation and flow of electrostatic charges during interaction. Below
I describe some of the key observations from undertaking the process of making e-static
textiles.

Scalable integration
These textile samples were made from easily found materials and construction tech-
niques which are already part of the textile practice at both handmade (e.g., Sample 3a)
and industrial scales (e.g., Sample 2d). The weaving pattern of Sample 2b, made with the
computer-aided handloom, was reconstructed using an industrial sampling loom for 2d.
This provides a positive indication that the samples made in handlooms can be scaled up,
with minor modifications, using industrial machines.

Textile structures influence the amount of electrostatic charge

From the voltage readings (see Table 3), it can be seen that the Teflon and polyester yarns
woven in high density weaves, such as with an industrial loom, were the most electro-
static. Double layer structures worked well as a technique to incorporate electrodes, and
the separation between the layers allowed for the two materials to come into close contact
during tapping. It was observed that the electrification was easier to spot (lit LED even
with slight tapping) in samples which had the weft yarns uniformly exposed to either side
of the fabric. This provided a balance between the surface of the yarn being in contact
with the body on one side and the electrode on the other side of the textile surface. An
introduction of spacer materials (also synthetic) could enhance the effect further.
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Table 3. Overview of voltage readings from the electrostatic textile samples.

Sample Average (Stan\;ﬁ;tr:glzeviation)
1(a) 46V (1.14)
1(b) 6.5V (0.89)
1(c) 3.3V (0.79)
2(a) 4.5V (1.59)
2 (b) 3.6V (0.7)
2 (c) 46V (1.14)
2 (d) 7.7V (2.79)
3 (a) 7.6V (2.28)
3 (b) 2.1V (0.37)
4 (b) 18.7 V (1.78)

The samples with the weft piles and tufted loops (for e.g., 3a, 4a) were also effective as
the contact electrification was increased due to the larger surface area while also being
more interesting to touch. The long light-weight strands, when electrified, would also
move and respond to the hovering hand which made the interactions more engaging and
the electrification process more apparent.

LED as an effective way of visualising electrostatic interactions
Although the voltage values were interesting to observe, the primary focus of this research
was not to improve the efficiency of the voltage generation in the textiles but to explore
the interactions and experiences of engaging with electricity through textile materials.
For this reason, although an oscilloscope or a multimeter were occasionally used to check
the voltage generated in interaction, the LED was found to be the most compelling way
of communicating the effectiveness of the interaction visually.

An LED circuit, such as the tester clip (see Figure 15), also made it possible to easily
test the textile samples during construction, since taking it to an oscilloscope was not
always possible mid-production. The tester clip can be held with one hand, and clipped
onto the textile surface to quickly check if the electrostatic charges generated are enough
to light the LED. This tool could also be used to connect to existing textile surfaces in
one’s environment to explore and identify materials or objects that have a tendency to
get electrostatically charged. Appendix A.2 has further details on the clip and a video
demonstration of the clip is included in Appendix D.

Interactions supported by electrostatic textiles
The interactions or movements supported by the textile samples were largely limited to
tapping and rubbing. Other interactions, such as flapping the textiles with considerable
force, also sometimes worked in lighting the connected LED.

Limitations of the study
Although the textile samples illustrate a potential for further development, they constitute
an initial set of explorations. The patterns and weave-structures used for construction
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were mostly chosen from available programs in the studio. This study was thus mainly
a technical exploration that trained textile designers could take forward to develop and
design textile expressions specifically for electrostatic textiles.

Furthermore, the textile samples were tested to get a broad idea of the voltages produced.
These results were used to illustrate the potential for further research. Improving mate-
rial configurations and constructions to make the electrostatic charge generation more
efficient was not the goal of this study. Moreover, environmental conditions, such as
humidity and temperature, were not taken into account while measuring the voltages of
the samples.

4.5 Discussion: Pro-static e-textile design

Static electricity in textiles is not a new area of research, however, until recently, it
focused mainly on minimising the effects of static electricity rather than using it. There
are several anti-static measures, such as antistatic coatings and sprays that diminish the
effects of static electricity in textiles. One common way of making textiles antistatic is by
adding conductive fibres into the textile substrate that disperse the electrostatic charges
to the ground rather than letting them accumulate and lead to an electrical shock. For
example, interior textiles or clothing can be induced with metal fibres that allow the elec-
trostatic charges to flow into the ground and away from a person’s body.

Alternatively, this study explored the idea of incorporating conductive elements into the
textile substrate, not to disperse the charge, but to collect and guide it through an inte-
grated circuit. The examples presented in this study can be said to take a ‘pro-static’
approach that sought to enhance or support the electrostatic behaviour of the materials
and enable a flow of charge through the body while maintaining the safety of the per-
son(s) involved.

The pro-static approach in e-textiles opens a design space for applying textile design
knowledge to enable electrostatic interactions using existing manufacturing techniques.
Further research in this specific area may result in aesthetic and functional innovations
in the domain of interior textiles to support electrostatic charges through basic repeated
interactions (e.g., tapping, walking over). Furthermore, electrostatic textiles would be
well-suited for dry indoor climates where electrostatic charges are optimal. With further
improvements in technology, these textiles could be applied in the everyday for harvest-
ing triboelectric charges while introducing rich textures that need to be touched and
interacted with for electricity generation.

However, the interactions in the small sized samples developed in the study were limited
to tapping or rubbing, which do not fully explore the potential of textile transformations
that can be supported by e-textiles. The scope of interactions supported by electrostatic
textiles could be further extended by either scaling up the textile surface or by scaling up
the structure of the constructions. This is the direction taken in Study 02.
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5 Study 02: Embodied
Speculation, how may
electrostatic textiles
shape e-textile
interactions?

5.1 Introduction

The previous study aimed to translate the triboelectric circuit into textile substrates to
explore different ways of making electrostatic textiles. However, these textile samples
supported a narrow range of interactions including tapping and rubbing. Textiles are
versatile materials that we manipulate in different ways in the everyday, such as folding,
wrapping, turning-inside-out, etc. Furthermore, the interior provided a rich context
for experimenting with large scale materials and movements for engaging with static
electricity.

In order to broaden and scale-up the interactions for electrostatic engagement, the key
objectives of Study 02 were to investigate acting with electrostatic textiles and to develop
examples of large-scale interactions that highlight textile qualities in interaction and
support the flow of electrostatic charges through the circuit.

5.2 Outline

This investigation adopted the approach of embodied ideation where experiences of
actively engaging in building, interacting and observing the prototypes were used for
discussing and further opening up the topic of electrostatic energy harvesting from an
interaction design perspective.

In this study, the triboelectric circuit was scaled up to investigate acting with electrostatic
textiles and setups through different kinds of interactions and body movements enabled
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Figure 19. Scaling up the triboelectric circuit and trying out different textile materials and interactions.
(Left) Small piece of Teflon baking sheet over conductive fabric swatch. (Centre) Aluminium foil is used
to make two conductive tiles connected to a diode bridge and multimeter. (Right) A piece of foil blanket
on the floor provides a large conductive floor to explore the electrification process through playful
interactions.

by them. The triboelectric circuit was interpreted as a material system that can be distrib-
uted around the space or introduced around existing electrostatic objects.

There were two sets of explorations, the first focused on scaling up the electrostatic circuit
to enable interacting with different parts of the body, and the second introduced material
interventions around existing conductive objects or synthetic materials as a means to
create new electrostatic setups in the everyday. The different triboelectric setups made
during the explorations were connected to an LED circuit or a multimeter for visualising
the electrostatic charges generated during interaction. Each of the two explorations led
to the development of a test setup, which are introduced as examples in section 5.3. The
explorations and examples described in this study were undertaken by me. Experiencing
the setups first hand was useful in gaining an embodied understanding of engaging with
static electricity. The key observations from making and interacting with the electrostatic
setups in relation to the design program are presented in section 5.4, followed by a discus-
sion in section 5.5 regarding an interaction design strategy for electrostatic engagement.

5.21 Scaling up the triboelectric circuit for supporting textile interactions

Figure 19 illustrates a simple triboelectric generator circuit from three scales of interac-
tion. Each have two conductive elements as electrodes, one of which is insulated with a
material that has a high tendency towards becoming negatively charged when in contact
with human skin (e.g., materials that lie lower in the triboelectric series). These kinds of
materials are referred to as “electrostatic material” in this thesis. The two electrodes are
connected to a rectifier circuit and an output, e.g., an LED. When a person rubs against the
electrostatic material while in contact with the open electrode, the electrostatic charges,
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Figure 21. Example of electrostatic material intervention: home slippers that collect the electrostatic
charges generated through walking.

generated through the interaction, move through the body to the circuit enabling the flow
of electricity and lighting up the LED in short bursts.

The method of introducing interaction transfers from the practice of e-textiles is employed
here to support textile-related interactions and materials qualities to activate the triboe-
lectric circuit. In the three images in Figure 19, the triboelectric circuit is scaled-up by
increasing the size of the electrodes, thus giving more room for different kinds of inter-
actions and materials to be introduced. In Figure 19-left, the triboelectric circuit consists
of small swatches of materials that need to be tapped or hit with some force to activate.
In Figure 19-centre, the electrodes were made from large pieces of aluminium foil that
enabled me to step on the circuit while interacting with the electrostatic fabric with my
hands and arms. Using this setup, I could also place the textile on top of the electrodes
and step on and wipe the fabric with my feet. In the setup illustrated in Figure 19-right,
the electrodes are scaled up even further and occupy a large part of the floor. Here, I could
drag the fabric around with my feet as well as run and slide on it and over the electrode.

In the small-scale prototype, the interactions were limited to tapping and rubbing with
the hand. The scaled-up setups enabled interactions that engaged other parts of the body
for collecting electrostatic charges, such as combinations of feet, legs, and arms, to create
movements in the electrostatic materials; for example, by waving or wiping the textiles
while standing on the electrodes.
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The electrodes in the explorations were constructed with aluminium foil taped to differ-
ent surfaces. Different found materials, such as polyester fabrics, plastic sheets and other
everyday objects, for instance, balloons or filling materials, were introduced into the
circuit along with the different movements of the body, for example, shrugging, waving
or wrapping the electrostatic materials around the body and electrodes. The objective
here was not to collect exact measurements of voltages but to broadly rate interactions
with respect to the presence of a significant amount of electrostatic charges, i.e., at least
enough to make an LED light up.

5.2.2 Electrostatic material interventions

This investigation built on the method of layered interactions from the field of e-tex-
tiles. Here, our everyday interactions with objects were seen as an entry point to add an
additional digital meaning. Thus, instead of constructing the electrostatic circuit from
scratch, everyday objects with material properties that fit the triboelectric circuit were
taken as a starting point for adding layered interactions. For example, Figure 20 shows
an experiment where a chair with metal (conductive) legs was wrapped in cling film as
a way of introducing electrostatic materials over conductive objects. Sitting or moving
on the chair while connected to the circuit then produced small amounts of electrostatic
charges. In another experiment (see Figure 21), a polyester home slipper is attached with
extra electrostatic material and conductive fabric to increase its surface area and collect
electrostatic charges generated through walking.

5.3 Examples

The projects described below represent the explorations of scaling up and of material
interventions. The first example, electrostatic cube installation, presents different inter-
actions and experiences enabled by scaling up the electrostatic circuit to an immersive
interior space. The second example, electrostatic sleeping, follows the method of layering
interactions to re-interpret an existing textile object and activity—that of sleeping in a
sleeping bag—as an instance of everyday electrostatic engagement.

5.3.1 Electrostatic cube installation

This installation scaled up a DIY triboelectric generator circuit to make it a spatially
immersive experience. The circuit mainly consisted of two electrodes that acted as dif-
ferent interior elements, such as a ceiling or a wall of an enclosed space, while soft syn-
thetic materials and a person (me) played the role of collecting and directing electro-
static charges. The goal behind this exploration was to get an embodied understanding
of immersing oneself as part of the triboelectric circuit. Engaging with an interior-scaled
triboelectric circuit introduced a change in the perspective with which one interacts with
textile materials to produce static electricity. The scaling up of movements and surfaces
also supported the electrification process and made it more easily observable.

The installation consisted of a wooden frame constructed in the form of a cube of 2.5m
long edges. This frame acted as a stage for spatially distributing the triboelectric circuit
components in different ways. Easily available large materials, such as painters’ plastic
sheets and emergency blankets with one conductive side, were used to scale-up the
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circuit. Figure 22 shows a sketch of the basic setup.

A total of 10 variations explored different material placements and human movements
for energising the circuit (see Figure 23). For each setup, I performed a set of exploratory

Figure 22. Sketch of the electrostatic cube setup. (Left) An LED is connected via a rectifier bridge to the
electrodes in the cube. (Right) The LED lights up using the static electricity generated by the person and
material moving inside the space.
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to circuit
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Person interacting with
electrostatic materials
electrifies the setup

LED lights up with
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“"

Figure 23. Different configurations of conductive and electrostatic elements in the electrostatic cube
installation.
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Figure 24. Sequence frames from the video recordings of interactions. (Top) Conductive ceiling and
floor. (Middle) hanging electrodes and electrostatic materials. (Bottom) Conductive floor and ceiling with
suspended electrostatic material that can be pushed up and peeled away from the ceiling.

movements to make the electrostatic material (plastic sheet) touch and separate from
the electrodes (emergency blanket).>!! In Study 01, the electrostatic circuit in the form of
textile samples represented objects and surfaces that were being interacted with from the

311. The videos of the different setups and interactions in the electrostatic cube are included in

Appendix D.

110



-

4
y . = Static electricit
Conductive pillow y from the moveme):ns

s between materials
g <, 5 p
AR

Human skin

Read using a
microcontroller

Electrostatic
charge directed
through the circuit

Sleeping bag

-
Figure 25. Electrostatic sleeping setup.
outside. In contrast, the electrostatic cube setups in Study 02 acted as an interior stage
which enabled me to step into an electrostatically-rich environment to actively engage
with my whole body and energise the space from the inside. Figure 24 illustrates exam-
ples of three interior setups that were activated through different interactions. The first
set of images (Figure 24-top), illustrate a setup with a conductive floor and ceiling that
act as two electrodes of the triboelectric circuit. By moving and waving around a large
sheet of plastic, I became a material within the circuit who carried the flow of charge
from one electrode to the other. In another setup (Figure 24-middle), the plastic and con-
ductive materials hung down in the form of layered curtains. By walking through these
materials, and pushing away and touching the separated materials I actively enabled the
flow of charge through the spatial circuit. Similarly, in the third set of images (Figure
24- bottom), the interactions for energising the space involved pushing a loosely hanging
electrostatic material towards the conductive ceiling while standing on a conductive
floor. The performances for each setup were recorded as two-minutes long videos. > An
LED connected to the circuit in the foreground of the video illustrated the electrification
process. The LED lit up or flickered gently according to my performance in the spatial
circuit (see Figure 24).

5.3.2 Electrostatic sleeping
While the electrostatic cube was a constructed space that enabled immersive electrostatic
interactions, sleeping was recognised as an already existing immersive textile experience

312. Videos of all the electrostatic cube setups and interactions are included in Appendix D.
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in the everyday. Building on the exploration of electrostatic textile interventions (section
5.2.2), a sleeping bag made from a thin polyester material was used to create an electro-
static setup in a familiar situation.

I constructed a triboelectric circuit with a sleeping bag on the bed for three nights in
total. The polyester fabric of the sleeping bag became electrified with the movements
of the body and contact with the skin. The sleeping bag was placed on a conductive foil
on the bed which acted as an electrode in the circuit (see Figure 25). When sleeping in
the sleeping bag, I became part of the circuit becoming integral to the flow of electric
charge. There were two attempts made to observe the electrification during the night.
In the first attempt, the voltages were directly measured using an Arduino and stored in
a spreadsheet along with the time stamp. This system of measuring actual voltages was
not robust and often crashed. In the second attempt, the changes in voltage were mapped
to an analogue sensor connected to an Arduino. This was still found to be unreliable but
worked sufficiently to broadly detect the changes in voltage caused by the electrification
process rather than record exact voltage values.

5.4 Observations

Everyday electrostatic materials
Using the triboelectric series as reference, several everyday soft and synthetical materials
were tried out with the scaled-up circuit. Examples of electrostatic materials that were
found to be effective are illustrated in Figure 26.

Scale dependent interactions

The interactions described in previous research, such as rubbing and tapping, were found
to be less effective at a larger scale. At this scale, other interactions that supported contact
and separation of materials in quick successions, such as waving large materials over
the electrodes, sweeping, sliding or throwing, were more effective for supporting the
flow of electrostatic charge. The extent of the surface area of materials in contact and
the distance by which they were separated were directly proportional to the extent of the
electrification process.

Immersive circuit experience

Scaling up the circuit created a different relationship with respect to the body. Instead
of being outside controlling or interacting with small parts with my hands, there was a
possibility to interact with the whole body. The electrodes were placed on different sides
of the constructed cube to guide the choreography and move the electrostatic material in
the space. This created an experience of a performance within the circuit, foregrounding
the movements of my body and the conductivity of the skin as essential components of
the circuit.

Human movements forming or revealing electric potential
Extending the previous observation, by immersing myself in the electrostatic cube and
interacting with the kinetic and electrical potential of my body, I engaged in a collabo-
rative performance with the space. This constructed interior space could be interpreted
as having been designed with the potential for electrostatic engagement that was realised
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Figure 26. Examples of everyday electrostatic materials and objects.

when a person (me) entered it, thereby transforming an otherwise dormant space into an
electrically-active object.

Encountering material properties

The plastic sheet and emergency blanket were chosen for their size, electrostatic and con-
ductive properties. However, the interactions with the materials in the immersive setup
revealed other properties such as sounds, textures, translucency or reflectivity that influ-
enced the overall experience of the space. The light weight of the charged plastic sheet
would get stuck to the conductive ceiling, which would need to be peeled off in a quick
action. When the large sheet was thrown upwards, it would catch air, diffuse the light and
slowly float back to the ground. Playing with these different qualities gave a rich experi-
ence of interacting with the electrostatic cube (see Figure 27).

Results hidden from interaction

The LED, which illustrated the electrostatic charges generated in interaction, was facing
the camera in the setup. I could not see the results of my movements in the cube during
the interaction. Similarly, during the electrostatic sleeping, the feedback from the static
electricity generation took place when I was asleep. Watching the recorded video after
each session of the electrostatic cube interactions, I observed some movements that were
especially effective and those that did not work at all. Inside the cube, while I had in mind
the pointers from the previous observations, not getting immediate feedback led me to
pay more attention to the materials at hand rather than be influenced by the feedback.
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Figure 27. Details showing aesthetic qualities of interacting with a soft electrostatic material in the interior
setup.

Being materially similar to other components

The experience of inserting my body in a cocoon shaped sleeping bag connected to the
circuit felt like being fitted in as a component. The electrical property of the human skin
was being utilised here to activate the circuit and, like in the case of the electrostatic cube,
there was no immediate feedback for the electrification process. This hinted towards
a different kind of everyday relationship with technology that could be thought of as
needing humans for their material properties rather than the other way around. Further
research in this direction can give more insights into the desirable and undesirable qual-
ities perceived by people for taking up such a role.
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Limitations of the study

Although Study 02 learnt from the textile constructions and interactions observed in the
previous study, it mainly used readily available textiles and textile-like materials for the
experiments. This was due to the need for larger materials, and not having large-sized
samples of the constructed e-static fabrics. This limitation led to relying on materials or
other found objects that met the requirements needed for constructing an electrostatic
circuit. This constraint, however, in turn enabled an opportunity to engage more actively
with the interior environment in this study.

In the process of conducting experiments with static electricity in this research, I gained
an in-depth, hands-on knowledge of working and interacting with static electricity safely.
However, there may be varied perceptions and attitudes towards engaging with static
electricity close to the body in the context of energy harvesting. The purpose of this
study was to gain theoretical insights on shaping an interaction design study. However,
the desirability of engaging with electricity needs to be addressed in further detail with
users, if one is designing services or applications based on these findings.

5.5 Discussion: Designing e-static choreographies

The idea of “making electrical contacts” is an existing approach in e-textile design for
thinking and developing different kinds of textile sensors and switches.>* As an example,
a soft switch can be made by layering two conductive textiles sandwiched with a spacer
fabric, so that when the two sides are pressed the conductive textiles would momentarily
make contact. When not pressed, the spacer fabric keeps the two conductive parts apart.
This soft switch translates the mechanism of a normal switch as closing or opening a
circuit. Taking this approach, an electrical circuit is distributed around a textile form
so that a person, when manipulating certain parts of the textile, brings conductive parts
together and apart (closing or opening a circuit). This has created a design space for
exploring different textile interactions, or our everyday handling of textiles, as a resource
for designing different kinds of soft sensors and switches.’'* For example, a knotting
switch that when tied together connects two conductive parts to one another and enables
the flow of electrical current through the circuit.

In the scaled-up electrostatic setups investigated in Study 02, the distribution of conduc-
tive and electrostatic parts of the circuit is extended beyond the textile surface itself. If
an entire interior space is seen as a circuit with several opportunities to make connec-
tions for closing or opening the circuit, the electrostatic materials along with the person
become crucial for how and where these connections are made.

E-textiles, in this case, could be seen as a distributed material system and e-textile inter-
action design could be described as a way to integrate the material properties through
action. Additionally, in the case of electrostatic textile setups, e-textile interaction is

313. Also illustrated and explained in previous work: Gowrishankar, Bredies, and Ylirisku, “A Strategy
for Material-Specific e-Textile Interaction Design.”

314. Several examples from the Kobakant repository of soft sensors and switches could be
categorised as using this approach- Perner-Wilson and Satomi, “How To Get What You Want.”
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not limited to making or breaking an electrical contact but also produces the electrical
impulse that activates the circuit. The scaled-up electrostatic setups illustrate a proof of
concept for approaching e-textile interaction design from the perspective of the moving
body within a larger material system. This conceptual shift proposes an alternative
approach to e-textile design that instead of focusing on the integration of textile and
electronic elements within the same artefact, looks at e-textiles as a distributed system of
material properties that may be integrated through human action.

Existing descriptions of e-textiles, such as computation that happens close to the body?*'

or a computational composite®® that can be shaped in the design process, have given a
conceptual frame to the design and development of e-textile products and services. The
description of e-textiles as a distributed material system in the interior, puts emphasis on
the choreography and the role of the body acting between these materials. Building on
the examples of this research study, I highlight some aspects of electrostatic interactions
below that might become relevant for materiality oriented e-textile interaction design.

Using the environment more actively

In both examples of the electrostatic cube and the sleeping bag, the conductive and elec-
trostatic properties of available materials and objects are used to engage with the energy
harvesting circuit. Following this idea, e-textiles could use the material properties of
existing objects in different contexts as resources for shaping e-textile setups and appli-
cations. The interaction design process would then focus on how a person may interpret,
improvise and collaborate with their immediate surroundings to realise the “electrostat-
ic-potential” of the e-textile setup.

Space for improvisation and creativity

Embedding the potential for interaction, rather than rules for interfacing, may allow
for multiple interpretations by the people engaging with the system. Within each setup
of the cube, there were different ways of moving and acting in the space to light the
LED.?" Similarly, the sleeping bag example may be extended to re-interpret other every-
day objects and activities for building one’s own systems for electrostatic engagement.
Considering e-textiles as setups rather than pre-manufactured artefacts could provide a
design space for creative interpretations and improvisation as the person finds their own
expression and way for linking the material parts through actions.

Emphasis on movement and scales of interaction
The electrostatic cube and the sleeping bag, both illustrated intentional interactions with
e-textile systems, but called for different levels of activity. The distribution of material
qualities around the space enabled whole-body interactions. Textiles can encourage dif-
ferent scales of interaction, such as a delicate tying of a small bow to a large throw of a
bedspread. While a distribution of materials over a large space may call for whole-body

315. Berzowska, “Electronic Textiles: Wearable Computers, Reactive Fashion, and Soft Computation.”
316.  Vallgarda and Redstrom, “Computational Composites.”

317. Please see Appendix D for an overview of different interaction setups explored in the electrostatic
cube.
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engagement, the interaction design for a system distributed over a small area, such as a
piece of clothing, could also be approached from a material-setup perspective.

5.5.1 Strategies for supporting electrostatic engagement through interactions
Building on the theoretical, scientific explanation of static electricity along with the
hands-on explorations of scaling up the triboelectric circuit helped to identify ideal con-
ditions for maximising the electrostatic effect through interactions. For example, the
best forms of material interactions for static electricity generation are those that involve
maximum surface contact and interactions that enable repeated separation and contact
between the different materials and the electrodes of the triboelectric circuit. From the
textile constructions, certain surface textures, such as furry surfaces and soft large mate-
rials (e.g., plastic sheets and tightly-woven synthetic textiles), were identified as ideal for
static electricity.

These hands-on insights from working with static electricity and textiles are presented
below as a set of interaction design strategies for acting with e-static textiles to: firstly,
increase and support the generation of electrostatic forces and secondly, to link body
actions to everyday situations through interactions with materials.

The interaction design guidelines identified for working with static electricity were as
follows:

* Increase your surface area: Static electricity is a surface phenomenon. The
areas of the surfaces that rub against one another are directly proportional to
the amount of the resulting electrification. The interior space has many surfaces
that we barely come in contact with or are limited by our own surface area. By
extending the surface areca of electrostatic interactions, we can maximise the
contact between different surfaces or introduce new interactions with existing
surfaces.

* Enable contact with more surfaces while moving: The probability of electrifi-
cation increases when the body comes in contact with more materials. Thus, in
the design process, choose places or activities which involve coming in contact
with soft surfaces or create situations or interventions that put materials in peo-
ple’s paths.

e Prefer large and dynamic movements: Moving in the most dynamic way
between materials in relation to the electrodes increases electrostatic charge
collection. Thus, scaled-up interactions that use the whole body to engage with
large, soft electrostatic materials are ideal for electrostatic interactions.

e Prefer synthetic and furry materials: Soft surfaces made from synthetic mate-
rials are apt to becoming charged in relation to the human body. Furry materials
have more surface area and thus support maximum electrification. In the design
process, favour surfaces or introduce new surfaces made from synthetic soft and
furry surfaces.
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6 Study 03: Interaction
fiction: How may
e-static interactions
shape everyday
behaviours?

6.1 Introduction

This study aimed at investigating how engaging with electrostatic textiles may influence
how we relate to notions of energy in the everyday. It builds on the insights and exam-
ples created in Study 01 and Study 02 to develop narratives that explore interactions and
attitudes towards static electricity that may emerge if e-static textiles were adopted into
the everyday.

6.2 Outline

This study applied the interaction strategy discussed in the previous study (see Section
5.5.1) to envision everyday situations and interactions with electrostatic energy. This was
done by following two lines of inquiry: The first developed examples of interactions and
uses for electrostatic textiles. The second attempted to categorise and construct scenarios
with the qualities of the interactions illustrated in the examples.

To collect examples of interaction instances, two sets of explorations were conducted.
The first explored the strategies for e-static interaction design introduced in the previous
chapter to enact different interactions with various fictional electrostatic surfaces in the
interior. The second extended the exploration through sketching by working with the
interaction design methods for relating to e-textiles (see Figure 14 on page 86), which
included building on existing use cases and building on material behaviours.
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Figure 28. Screen shots from a video collage of electrostatic activities (anti-clockwise from top-right)
Rubbing feet on carpet while sitting, rubbing feet on an electrostatic setup while working on a standing
table, walking through an electrostatic curtain, sliding on the conductive floor over a textile, wiping the
walls.

The second line of inquiry included categorisation of the examples according to the scale
of interaction and the amount of effort required to engage with the electrostatic tex-
tiles. These groupings paved the way for further envisioning scenarios and narratives
for engaging with static electricity through textiles. Each of the above explorations and
methods are outlined in further detail in the following subsections.

6.2.1 Enacting electrostatic surfaces

The e-textile samples made in the first study and the interaction design strategy (increas-
ing one’s surface area, enabling contact with more surfaces and preferring large move-
ments) were taken as a starting point to envision interactions that may emerge from
applying electrostatic surfaces into the everyday space. I recorded short enactments of
different electrostatic actions with a video camera. The props for these video clips were
made using prototypes constructed in previous explorations or from found materials (e.g.,
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polyester fabric, PTFE tape, etc.) and objects (e.g., rug, electrostatic white board sheets)
that have a tendency to get charged when in contact with the body.

The triboelectric circuit was interpreted as integrated into everyday spaces, and the
videos showed different explorations of e-textile interventions. Some frames from the
videos are illustrated in Figure 283 for example, rubbing my feet on an electrostatic
carpet while using my phone (see Figure 28, top-right) or having a ‘feet-rubbing’ elec-
trostatic setup under a standing table (see Figure 28, top-left) that may nudge one to
keep their feet moving and rubbing while standing on an electrode and, therefore, stay
constantly engaged with electrostatic charges while working. This would not only keep
us from staying still for a long time while on the computer but may also open up dif-
ferent kinds of e-textile interactions. PTFE tape curtains installed in doorways could
enable contact with electrostatic materials every time we walk through interior spaces
(see Figure 28, bottom-left). The slow movements of the electrostatically charged thin
strips of the curtain also add an additional aesthetical quality to the space. Conductive
areas on the floor of the interior may introduce playful ways of walking through the inte-
rior, such as running and sliding on an electrostatic surface over the conductive parts (see
Figure 28, bottom-right). Electrostatic surfaces on the wall (see Figure 28, centre-right)
may encourage new behaviours, such as rubbing and wiping it on an everyday basis, to
collect electrostatic charges.

Enacting possible situations inspired by the interactions to activate triboelectric circuits
helped to relate the material interactions from the previous studies to concrete situations,
everyday objects and actions in interior spaces. By enacting the interactions, I could get
a sense of the experience of having our interiors surrounded by these kinds of energy
harvesting installations and what it may feel like to actively engage with static electricity
on an everyday basis.

6.2.2 Sketching interaction instances

Following the same approach as with the video enactments, further ideas for interactions
in the interior space were envisioned through sketching. The sketches used three starting
points for exploring different electrostatic interactions. The first introduced electrostatic
textiles or objects as spatial elements that would support triboelectric circuit interac-
tions. The second used everyday objects prone to electrification, such as carpets or winter
jackets, as a starting point to contextualise the interaction instances (method- building
on existing use contexts). Finally, the third approach looked for activities which involve
the handling of large textiles, such as wiping or spreading a tablecloth, to introduce an
electrostatic interpretation (method- building on material behaviours).

Some of the sketches for each of the starting points are illustrated in Figures 29, 30 and
31.3Y Figure 29 illustrates examples of three sketches with a starting point of introduc-
ing spatial interventions. The first sketch (see Figure 29-left) illustrates a doorway fitted
with large soft e-static pillows that leave people no other choice than to squeeze through

318. The video of electrostatic enactments is included in Appendix D.

319. Further examples of electrostatic sketches are included in Appendix D.
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Figure 30. Examples of sketches of e-static interactions. Starting point: to use existing everyday objects
prone to electrification. (Left) People rubbing their feet while watching TV. (Centre) Furry door knobs.
(Right) Electrostatic yoga.

Figure 31. Examples of sketches of e-static interactions. Starting point: activities which involve moving
with textiles. (Left) Wiping the kitchen floor with fabric. (Centre) Flapping a curtain. (Right) Tablecloth over
conductive table.
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them. The second sketch (see Figure 29-centre) envisions conductive patterns or tiles on
the floor of a corridor in combination with hanging electrostatic materials. The people
passing by would have the choice and possibility to move differently through the space to
engage with these materials for energy harvesting. The third sketch (see Figure 29-right)
illustrates an example of new versions of textile objects that may appear in the interior,
such as a tall furry carpet. People may enjoy the soft textures while also engaging with
static electricity as they walk through an interior space.

Figure 30 illustrates examples of the second approach of using existing objects that are
prone to electrification as a starting point for envisioning electrostatic setups in the every-
day. The first sketch (see Figure 30-left) envisions a scenario where a family powers the
television by constantly rubbing their feet on a polyester rug. The second sketch (see
Figure 30-centre) introduces an e-static material over a door knob, an object commonly
associated with getting electrical shocks, to safely collect electrostatic charges. The third
sketch (see Figure 30-right) interprets a yoga mat as an object which could collect electro-
static charges as the person on it moves and touches the mat during her exercise.

Figure 31 illustrates sketches that look at existing textile interactions in the everyday
as a starting point for introducing triboelectric systems. Figure 31-left envisions wiping
a conductive floor with a piece of cloth as an electrostatic interaction. Figure 31-centre
imagines large electrostatic curtains hanging against conductive walls that would need
to be shaken and waved periodically for generating static electricity. Figure 31-right rein-
terprets spreading a large electrostatic table cloth over a table as a way of generating
electrostatic charges.

The sketching process, structured partially through these take-off points, otherwise took
the form of an open exploration. The aim was to generate a large volume of interaction
instances which then could be used for further analysis. Thus, an attempt was also made
to think of different examples of different scales of interactions and sizes. Working with
textiles was useful in opening up the explorations to different situations and sizes of
objects, and the research study specifically took advantage of this aspect.

6.2.3 Initial observations and categorisation of electrostatic interactions

Everyday objects, interior spaces and situations that are already familiar to us in relation
to static electricity formed a rich starting point for imagining different instances of delib-
erate engagement with static electricity. In most cases, the sketches illustrated moments
or situations while leaving the motivation or applications for such interactions open for
further interpretation. The different sketches were then organised according to the dif-
ferent qualities of interactions they illustrated to explore the emerging narratives behind
those instances. For example, the sketches were organised according to the scale of inter-
action, the level of unfamiliarity of action, the level of unfamiliarity of object or situation,
and according to the effort and skill that might be needed to perform the actions. These
different categories grouped the electrostatic instances according to the qualities of the
interaction rather than a use context.
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Figure 32. Mapping e-static sketches according to effort and scale

The interaction qualities of effort and scale were found to be most interesting for envi-
sioning scenarios that the illustrations may have been a part of (see Figure 32). While
some actions that required more effort and skill may be undesirable in some situations
(for e.g., during an emergency), it may be attractive in others (e.g., as a sport). I realised
that the idea of effort is also related to the familiarity of the action. Although, due to the
context of static electricity, all the interactions have an element of unfamiliarity, there
were some interactions that were more unusual than the others. For example, continu-
ously rubbing your feet on the carpet while watching TV or working is a strange activity
but as an interaction (feet rubbing on carpet), it is not an unfamiliar one. On the other
hand, squeezing through a soft electrostatic doorway could be considered as requiring
more effort while also being an unfamiliar textile interaction in the everyday context.

On the vertical axis, the scale of the interactions was also found to be relevant in devel-
oping narratives around the interactions. Some sketches showed interactions with an
object, for example electrostatic home slippers that collect charges while walking. Other
sketches illustrated more spatial, larger scale or immersive environments in which the
person is engaging with an electrostatic setup, for example in the case of electrostatic
sleeping. While objects might point towards mobile, personal electrostatic experiences,
the spatial examples may include collective and situated electrostatic experiences.

Following the above insights, the sketches were mapped on the range of effort needed on
one axis and scale of interaction on the other. This provided a base for motivations and
contexts of use to emerge from the categorisations and helped to shape the electrostatic
interaction fictions. Figure 33 illustrates an example of how the different sketches were
grouped according to the level of engagement and motivation for interacting with static
electricity. The sketches along with notes about the motivations and the activities they
might point to helped to make connections and identify similar and dissimilar charac-
teristics between different groupings. In the figure, three main attitudes or approaches
for engaging with static electricity were identified. The first looked at electrostatic
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engagement as a by-product of existing activities, such as in the case of the electrostatic
yoga sketch (Figure 30-right). Here, the electrostatic circuit is introduced as an additional
layer on existing objects and activities and might be considered as requiring minimal or
no extra effort. Building on ideas such as feet rubbing under the standing table (Figure
28, top-left), the second group envisioned electrostatic engagement as a social etiquette
that may be expected from the future citizens of technological societies. Here, certain
activities, even though requiring a bit more effort, can be seen as motivated by other
concerns such as health or a sense of social responsibility. The third approach, similar to
the door-squeeze sketch (Figure 29-left) that gave little choice to the people who passed
through the doorway, imagined electrostatic engagement as an activity that is enforced
upon the people by the way interior spaces are designed. Identifying these qualities of
interactions from the sketches formed the basis for developing examples of interaction
fictions presented in the next section.

6.2.4 Constructing narratives

The different interaction instances were mapped according to the effort and scale of
interactions they portrayed. The extreme ends of the spectrum, the cases of least and
maximum effort along with immersive and microscopic scale, were seen as containing
the most provocative narratives. The middle areas could be interpreted in different ways
where more effort is balanced with more enjoyment, such as learning something difficult
to develop a skill or doing something for fun or enjoyment.

6.3 Examples: Electrostatic interaction fictions

Today, there is an increasing need for adopting renewable energy sources on one hand,
and on the other, for developing new technologies that support alternative systems of
energy production and distribution. Our bodies are sources of kinetic energy that could
be converted into small amounts of electricity to power our devices.

Static electricity is a form of body-generated electricity. The small amounts of electric
current produced are a result of the interaction between the moving body and different
materials. This charge was not there before, the difference in potential between the dif-
ferent materials is generated through the movements between them. The three narratives
developed from the sketches thus explore different relationships to electricity and conse-
quently provoke alternative interpretations for energy in the everyday.

Energy gardeners: Emergence of the electrified urbanites
With the growing community of makers and DIY practitioners, energy harvesting
becomes a part of everyday urban activities, such as balcony gardening or 3D printing.
Motivated by the cause for supporting renewable clean energy, this community of people
engage in body-generated electricity practices to contribute to their own energy needs.
Even if this would not be a sufficient method to meet their entire energy needs, they take
up the practice as a way to be actively involved with the subject of electricity use and
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sustainable ways of living. They would show and encourage commitment to the topic
by being involved with electricity production using their own bodies. They would have
electrostatic installations at home that they actively interact with and also have electro-
static objects that they carry with them. This community of “energy gardeners” would
campaign for the need for renewable forms of energy, invest in electrostatic technology
and collect their own electricity in addition to what is available from the grid. Since
textiles are the cheapest and most easily available source of e-static energy, there will be
a rise of electrostatic installations and engagement within this community. There would
be several levels of electrostatic setups in the interior that one would be able to acquire.
The beginner level would be comprised of electrostatic objects or materials that would
enable the collection of charges from the activities they already do, like walking around
or sitting on a couch. The expert level of electrostatic engagement would require more
physical effort and commitment from the energy gardeners, but would be capable of gen-
erating more electricity.

There will be a growing online community of energy gardeners who would publish DI'Y
tutorials for building different kinds of textile installations for electrostatic engagements.
They will share behaviours or movements most effective for energy harvesting; demon-
strate examples and help each other with their everyday practices of electrostatic activi-
ties; and perhaps even offer advice on food supplements, exercises or skin care products
that would support and maximise the effectiveness of electrostatic energy harvesting.

Electrostatic etiquettes: Social energy norms

With the growing digitisation of the world, electricity would gain multiple levels of impor-
tance. While it will be sourced through the wall plugs as we do today, it will also gain
a social and ethical importance— like a greeting or saying thank you. Electricity would
become a social gesture, that through body-generated electricity, a person could gift,
contribute or use for displaying her good intentions. Even in small amounts, the “elec-
tric-actions” of citizens in the everyday would be considered normal social behaviour,
such as holding the door open in the lift for an oncoming person or giving up your seat
for an elderly passenger. Contributing one’s body energy would be considered a polite
gesture, something expected out of future members of the community. Electrostatic walls
in public and private spaces would enable people passing by to touch and rub against
the surfaces to make an electricity contribution. People would be seen walking close
to the walls in electrostatic corridors rather than in the middle of the space. It would be
polite to go through someone’s cupboard of winter clothes when you visit their homes
as your browsing through their clothing would contribute to their electricity pool. A gift
of wiping your feet on your host’s carpet or an exchange of an electrostatic shock would
be an appreciated social gesture. Through these small electrical-interactions you would
show that you are deserving and a contributing member of the technologically rich elec-
tric society.
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Electrostatic rules: Architectural laws

In this scenario, electricity is considered a precious commodity. It would be mandatory
for everyone entering a building to contribute towards the electricity use of the building.
The architecture in the buildings would be designed in a way that the people would not
be able to avoid passing through electrostatic areas. These rules would be enforced by the
state and be integral to the building laws. Similar to the situation of going through a secu-
rity gate or having a car make sure that the driver wears a safety belt, the building would
ensure that every person entering contributes through electrostatic energy. For example,
the doors would be fitted with electrostatic curtains that would collect electrostatic
charges from people passing by, and the corridors would be made considerably narrower
so that when a person walks through, she can’t avoid touching the electrostatic walls.
Interior places with the most movement, such as staircases or railway station platforms,
would be fitted with electrostatic materials that would demand electrostatic charges from
people passing by. The state would advertise this is as a win-win situation for people who
no longer would have to suffer any electrostatic shocks and would be doing something
good to maintain the energy sustainability despite the small inconveniences— a feeling
we might be already familiar with, for example, during long queues at the airport security
check or when waving our hands around in a dark room to get light sensors to react and
turn back on.

6.4 Discussion: Thinking through interaction fictions

This study looked at the different interactions enabled by the triboelectric circuit to
develop different attitudes and relationships with electrostatic energy using different
interaction fictions.

The initial video enactments of electrostatic activities enabled an exploration of space
and materials through the body. It put the interactions in focus, and brought forward
qualities, such as repeating small actions over a long period of time or exaggerating
body movements to increase contact with interior surfaces. This embodied exploration
along with the more open-ended sketches illustrated different interactions for electro-
static engagement in the interior.

Engaging with static electricity in the different research experiments often required rel-
atively high effort compared to the amount of electricity generated. This went against
the very definition of a machine as something that makes work more efficient. However,
it was this characteristic of the interactions that raised questions of effort and scale in
relation to using the material property and energy of the body directly for digital use. It
also provided a stage to explore how we perform for technology as much as it does for us.
We know that computational things introduce certain choreographies of interactions.??°
We perform with textiles everyday, as much as we do with our mobile phones or washing
machines. Today we experience several problems with some of these choreographies,

320. See for example, Nicolas Nova et al., “Curious Rituals: Gestural Interaction in the Digital
Everyday,” 2012, https://curiousrituals.wordpress.com/2012/09/03/curious-rituals-book/.

128



especially the ones that keep us static in front of a screen.*?! The approach of developing
interaction fictions, as undertaken in this study, provides a way of exploring the bodily
engagement that the emerging technologies might demand from us. Through narratives,
we can explore different levels of engagement and qualities of interactions as well as
challenge the direction of development for such technologies at an early stage.

Working with technical plausibility

The narratives in the study were developed on the basis of how the triboelectric genera-
tor circuit actually works. In this way, the interactions described are technically plausi-
ble although the forms and methods for implementing them are partially imagined. The
interaction fictions discuss unusual behaviours, provoke varied interpretations of use and
question the nature of engagement and the role of the human body in contributing to elec-
trical energy. Building on existing technology anchored the narratives in reality, which is
then used as a take-off point for asking questions and exploring future directions.

Thinking in terms of repeated long-term interactions

An aspect of working with interaction fictions about electrostatic textiles was that
it emphasised the consideration of long-term interactions. This was supported by the
nature of energy harvesting itself, where small actions can be collected, for example, in a
battery. Interaction fictions called for a temporal scaling of actions to address choreogra-
phies as part of the everyday repeated rhythms of daily routines. It may be conceptually
equated to stress test for a new material being developed, or computer simulations in
architecture that evaluate the stability of a structure through different forces over time.
Interaction fictions opened up a possibility to speculate on the behaviours that may arise
around a given technology based on the kinds of interactions they support. Here it is
also important to stress that the least effort is not always the most durable but rather the
point would be to explore possibilities to think about the sustainability and desirability of
actions introduced by new technologies.

321.  See for example, David W. Dunstan et al., “Too Much Sitting — A Health Hazard,” Diabetes
Research and Clinical Practice 97, no. 3 (September 1, 2012): 368-76, https://doi.org/10.1016/J.
DIABRES.2012.05.020.
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7 Study 04: How may
e-static studies
shape energy
interpretations?

7.1 Introduction

While electrical energy forms a direct output of the interaction with static electricity,
it can also be interpreted as a measure of something else. Studies 01, 02 and 03 investi-
gate the making, acting with and relating to electrostatic textiles from the perspective of
engaging with materials in the everyday. However, these studies kept the output or the
interpretations for the electricity generated open and broadly described as electrostatic
charges. Study 04 addressed electrostatic engagement from the perspective of the results
of the interactions; it investigated how the small amounts of electrostatic charges col-
lected in the everyday might be used, what it could look like and what kind of experiences
they may involve. This study thus aimed to explore and collect examples of different
interpretations of energy and how we may relate to electrical energy differently if elec-
trostatic energy harvesting was adopted into the everyday.

7.2 Outline

This study built on the insights and methods employed in the previous studies and took
the form of a week-long course aimed at developing interaction fictions with static elec-
tricity. The course was held at the Berlin University of the Arts (UdK). There were twelve
students in total from product and fashion design bachelor’s studies at the UdK. The
course took the perspective of engaging with static electricity and textiles as a source of
energy. The interpretation of energy was left open.

During the course, the students were introduced to the triboelectric circuit, and they were
given different group exercises of short (15-20 minutes) and longer (1-2 days) lengths to
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delve into the topic, experiment with materials and develop their own narratives. The
goal of the course was to engage with static electricity as done in the thesis process and
develop speculative scenarios that present new challenges or provocations for relating to
electrical energy in the everyday. The different activities of the course are described in
detail below:

Day 1:

Introduction and warm up exercise

The students were first introduced to my thesis topic on static electricity and textiles and
given a broad overview to the approaches in speculative and critical design along with
project examples. A plan for the following week was presented and the students were
encouraged to be experimental, bold and provocative in their explorations. As embodied
explorations were an important part of the process, the students were given small enact-
ment exercises over the coffee break. Some were given a specific way to move or act,
such as always being in touch with a wall when walking or to walk backwards or be blind
folded and helped by a friend.

Discovering the triboelectric circuit and interactions

After a brief exchange of impressions from the warm-up exercise, we turned our focus to
static electricity. A large triboelectric circuit was set up using aluminium foil on the floor,
and a plastic sheet was used as an electrostatic material. A multimeter attached to the
circuit displayed the voltages and changes that appeared with different interactions. This
setup was used to demonstrate the circuit, try out different interactions and collectively
discuss the ideal conditions needed for engaging with static electricity. It enabled the
students to try out the circuit themselves while also understanding how static electricity
works.

Quick embodied explorations of the triboelectric circuit

After the introduction to the triboelectric circuit, the students divided themselves into
groups of 2 or 3. They were given different materials, conductive and electrostatic, and
were asked to go around the university building and construct their own triboelectric cir-
cuits as well as take short videos and images of themselves interacting in different ways.
They were given 15-20 minutes to come up with as many setups as possible. The aim of
this exercise was to quickly try out different options without being too concerned with
bigger ideas and to try out everything that came into mind. The other goal was to encour-
age students to relate to conductive things, spaces and surfaces from the perspective of
textiles, static electricity and body movements.

Developing short narrative enactments

After the initial quick explorations, the students were divided into three groups of four
people each and were given a location near the university to visit and develop a similar
triboelectric setup, this time with a bit more consideration and narration. They were
encouraged to take inspiration from the artefacts, people and kinds of activities and
movements they encountered in the space. These three places were a shopping mall, a
metro station and a university lobby. The videos were submitted to an online folder at the
end of the day.
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Day 2:

Interaction analysis

The next day was started with analysing the videos made by the students in terms of
categories and qualities of interactions. This session used an adapted version of the vid-
eo-card analysis method.??? First, all the videos were distributed among the groups of stu-
dents to analyse interactions from the perspective of the interior spaces and elements fea-
tured, as well as considering the different materials, body parts and movements involved.
For each identified element, the students made a “video card” which included a sketch of
the interaction displayed in the video, the file name of the video for later reference and
a description of their observations. After they had finished analysing their set of videos,
they were asked to create groupings or categories from their video cards.

As a next step, the students were asked to place all the different video cards according to
different qualities of interaction- such as effort, scale, fun, originality, social acceptance,
pace of action and the number of people involved. Every arrangement was recorded and
shared with all the students as reference for their next exercises.

Constructing narratives

During the afternoon session, I presented some examples of speculative design narra-
tives and the different forms they took — for example, a video clip or a newspaper article.
There was a discussion on different possibilities for asking questions through speculative
design methods.

After this discussion, the students returned to their groups to brainstorm ideas for their
electrostatic future stories keeping in mind the interactions, categories and the short exer-
cises they undertook so far. They were asked to keep the triboelectric circuit in mind but
interpret it as they wished for their story or question.

Discussion and Feedback
At the end of the day, each group presented their initial ideas and we discussed together
the possibilities, ideas and suggestions stemming from each contribution.

Day 3-4

Group work and feedback sessions

During the next two days, the groups worked on refining and preparing their final ideas.
The format was left open as long as it would be a visual representation. During this time,
I met with the groups separately for feedback and help as they needed. The students were
also informed that their final ideas might be used as part of my thesis, and a written per-
mission for using this work was obtained.

Day 5:

Final presentation
The screening and presentation of the work of all groups was arranged, and was followed
by a group discussion.

322. This session was facilitated by two colleagues from the Design Research Lab- Marie Beuthel and
Anne Wohlauf.
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Figure 34. Stills from some of the videos made by students for the first exercise of quick material
explorations of the triboelectric circuit principle. Clockwise from top left: Dancing with a bronze statue
and plastic sheet, laying synthetic material over railing while climbing down the stairs, interacting with a
conductive table and plastic table cloth, head gear for rubbing, electrostatic materials catching the wind.

7.3 Observations

The students were quick to understand and work with the triboelectric circuit princi-
ples by trying out and asking questions. Some of the screenshots from the first set of
quick videos are illustrated in Figure 34.%2 Each group explored different movements
and spaces in the building. Some looked for conductive objects such as a bronze statue
in the garden (see Figure 34, top-left) and table tops (see Figure 34, top-right) to use in
the setup with electrostatic materials. Others placed conductive foils and plastic sheets
freely in different spaces to perform with it, for example, placing a conductive sheet over
a plastic roadblock (see Figure 34, bottom-left) or rubbing it on their bodies and hair (see
Figure 34, bottom-right). In these explorations, the interactions and improvisations were
the main focus, the setups in the explorations were not actually connected to a circuit.
In the reflection session that followed, the students stated that they enjoyed the format of
quick explorations and found it to be a good way to enter the topic. While in several of the
explorations, the students directly engaged their bodies, they also found that natural ele-
ments, such as wind moving the materials against one another, gave an enjoyable experi-
ence to the interactions.

323.  Allvideos submitted by the students during the course are included in Appendix D.
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Figure 35. Examples of electrostatic interactions explored by students at the university building. (Left to
right) Rubbing with a plastic sheet over a conductive pillar, a picnic blanket that collects e-static charges
from people, sliding over the staircase railing, walking through an electrostatic curtain.

Figure 36. Examples of electrostatic interactions explored by students at the subway station. (Left to right)
Charging a phone by dragging it over a conductive railing, deliberately bumping into people in the train to
collect electrostatic charges from them, an electrostatic plastic curtain for people to walk through, wearing
a balloon hat that rubs against different surfaces.

Figure 37. Examples of electrostatic interactions explored by students at a shopping mall. (Left to right)
surfaces that you rub your phone on to charge it, rubbing the railing while standing on an escalator,

walking through a balloon structure that rubs your hair when you walk through, sliding on metal railing of a
staircase.
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Figure 38. Categories from video card analysis of the electrostatic interactions portrayed in the videos.
(Top) Interior spaces and features. (Middle) Materials and qualities. (Bottom) Body parts involved in
interactions and emerging qualities.

The next task of going to a location and setting up electrostatic interactions yielded more
mixed results. Although all the groups managed to make different videos, some, for
example in the shopping mall, said they could not try out everything as they faced some
interruptions and questions from the audience and the authorities. Nevertheless, each
group had a set of videos and a range of interactions that they could analyse the next day.
Some examples of the videos are illustrated in Figures 35, 36 and 37.

Some of the interactions the students explored in the university building (see Figure 35)
included rubbing an electrostatic cloth on a pillar wrapped with conductive material,
having a picnic on an electrostatic blanket, sliding on a conductive staircase to release
electrostatic charges from clothes and walking through conductive curtains that collect
electrostatic charges from the body. The interactions explored in the subway station
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(see Figure 36) included wiping a mobile phone on the staircase railing to charge it and
wearing conductive clothing in the subway station in order to collect or ‘steal’ electro-
static charges from other passengers and surfaces that might have gotten electrified while
interacting with others. Other explorations in the subway station included an electrostatic
curtain that the passengers had to move up or push out of the way in order to pass as
well as a head gear made with electrostatic materials, such as a balloon, that would get
charged as the person went about her daily commute. Some examples of interactions the
students explored in the shopping mall (see Figure 37) were surfaces that you could rub
your mobile phones on to charge them, including interactions with moving surfaces, such
as an escalator railing or having a balloon installation that rubs your hair as you walk
under it.

The three groups intuitively used familiar movements in spaces, familiar textile objects,
material qualities and sometimes invented new or unfamiliar actions. For example, using
the metal staircase railing as a surface to rub against was repeated by all groups. All of
the groups also used sliding down the staircase railing as an example of electrostatic
interaction (see Figures 35, 36 and 37). Reinterpreting familiar objects, such as a curtain
or a picnic blanket that comes in contact with many people, was also something that
the students found inspiration in. In some cases, the triboelectric circuit requirements
provoked new interactions, such as churning a piece of electrostatic material around a
conductive pillar (see Figure 35) or dressing up in conductive clothing and deliberately
rubbing against people to collect their charges (see Figure 36). The actions were situated
in the location given to them, but the spaces chosen by the students were seen to be over-
lapping and could be generalised. These patterns became more apparent in the following
day during the video analysis.

The video analysis was an intense session that involved going through, naming and
categorising interactions. The categories from the materials, the body part movements
and interior spaces are shown in Figure 38. Placing interactions on different spectrums
helped to highlight the range of interpretations and provided students with different
means of comparison and opportunities to find inspiration from each other’s explora-
tions. The spatial elements in the videos often included transitory areas, such as stair-
cases and doorways (see Figure 38-top). The three main materials listed were human,
plastic and metal. The qualities listed included combinations or contrasts, such as warm/
cold or hard/soft (see Figure 38-middle). Often the hard interiors or metal were juxta-
posed with soft textiles or warm skin which brought forward an interesting aspect of the
triboelectric circuit that could be used for designing interactions. The group analysing
the interaction qualities and body parts listed different body parts (see Figure 38-bottom),
such as the belly, which is a part of the body we do not often use with technology. The
students also recognised and categorised the nature of interactions in the video as being
voluntary, forced or unnoticeable.

In their last task of building on all the previous exercises and interactions for creating a
visual narrative to express a concern or question regarding electrostatic energy futures,
the three groups took very different directions. These are described as examples in the
next section.
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Figure 39. “Social rub”: Examples of materials explorations, sketches and storyboards made by the group
in preparation for the final work.

Figure 40. Static electricity as social currency: “Social rub”: some screen shots.

7.4 Examples

741 Static electricity as social currency

The first group explored energy from a social perspective. They asked the question of
what would it be like if an energy-hungry city encouraged its residents to engage in elec-
tricity production in return for the participation in cultural activities that the city makes
possible. The students were inspired by their earlier explorations and improvisations with
materials in space. They constructed a satire where different social meeting points, like a
café, would demand a certain score in an energy application on your smart phone called
“Social Rub**. In their narrative, when people do not have enough “energy score”, they
would need to go to recharging stations for an “electrostatic rub”. Each person’s contri-
bution of material and movements is noted and thanked by the city. However, they may
still not have enough to afford all the cultural activities they would like to take part in
and people would need to negotiate their energy currency amongst their friends. Some

324. Video included in Appendix D.
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Figure 41. “Synthofungus”: Examples of materials explorations done to visualise the charge collection
over the surface.

Figure 42. Static electricity as a drug- “Synthofungus”: some screen shots.

of the initial sketches and models for social rub sculptures explored by the students are
illustrated in Figure 39. The screenshots from their video “social rub” are presented in
Figure 40.

7.4.2 Static electricity as a drug

The second group became interested in surface interactions and the idea of going around
with a conductive textile that one can rub against other people or surfaces that other
people have touched and collecting the charge for their own benefit. They started with
the idea of stealing electrostatic charges from public spaces but became inspired by how
they would show the collection of charges visually. They did several material tests trying
different textures and materials for shaping this conductive collector for their video (see
Figure 41). In this process, getting inspired by the mushroom-like forms they found in
their explorations, they deviated into an idea of surface interactions as a new trend or
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Figure 43. Group 3: “Collective energy”: Examples of materials explorations, sketches and storyboards
made by the group in preparation for the final work.

A

.l : .. ,
Figure 44. Static electricity as a collective responsibility: some examples of narrative frames.

energy drug (see Figure 42). The final video,*”® which they called “Synthofungus”, was
a conceptual montage where they close in on the interactions with different synthetic
surfaces with a wearable device. They describe their future world as having unlimited
supply of energy, and where energy harvesting is a self-indulgent and intoxicating act.

7.4.3 Electrostatic energy as a collective responsibility

The third group imagined an energy crisis, where the underground rail, the only public
transportation, is completely dependent on static electricity. Every passenger is respon-
sible for contributing to the running of the train, to the extent that the train would slow
down or even stop when the energy is low. The passengers while travelling need to con-
stantly move and produce static electricity. They explored making props of shoes that
would collect electrostatic charges (see Figure 43) and planned to make a collage style
animation. In the end, they settled on a series of images that describes their world (see
Figure 44). Their image series**® illustrated all passengers as having an energy rating that
indicated their ability to contribute towards powering the transport system. When people

325. Video included in Appendix D.

326. Included in Appendix D.
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are low on energy, they must eat or find nourishment in order to get back to producing
electricity with their bodies during their everyday commute. The group also thought
about having higher energy ratings, and thus making it less physically demanding, for
certain groups of people, such as the elderly and people with disabilities.

7.5 Discussion: Electrostatic-energy interpretation matrix

The topic of the course did mention energy, but the interpretation of energy was left
open to the students, and the three groups used energy in different ways. The last group
followed a more conventional interpretation of electrical energy that is harvested in order
to make other machines function. The first group interpreted energy as a social cur-
rency, where your energy contribution is recognised and made relevant in a social setting.
They visualised this as energy playgrounds for everyone placed in the city, where one is
socially pressured to play and contribute. The second group took a still broader inter-
pretation of energy as something that is treated and consumed in a wasteful manner for
personal pleasure.

Thinking through interactions was seen to bring out and highlight different material
properties and also bring about new actions or behaviours. For example, in the different
quick explorations, the quality of materials really came through, such as the lightness,
translucency, the sounds and the stickiness to the body. However, the connections to
the interaction and materials in the final works grew weaker. Some characteristics of
the electrostatic interactions, such as rubbing against surfaces was incorporated, but the
material juxtapositions and textiles or soft aspects were not carried through till the end.
This was probably due to the larger story or idea taking foreground rather than building
directly from what was done before. Generalising from specific interactions to larger
concepts is a challenging task and, in retrospect, I think the locations or the materials that
the students had worked with in the previous explorations could have been given as part
of the final task. This might have encouraged the conceptual developments around more
specific activities or objects.

In spite of these shortcomings, the different explorations and videos made by the students
were able to provide a variety of examples and instances of how electrical energy is
interpreted in the energy harvesting systems. In this section, I would like to unpack this
further by building on the examples from the course as well as others developed in pre-
vious research studies (Chapters 4—6) to discuss the different approaches for addressing
the output of electrostatic engagements.

Immediate and delayed effects of electrostatic interaction

In the interactions explored throughout this thesis, two temporalities of the electrostatic
outputs could be considered. The first is an immediate direct conversion into electrical
output, such as when tapping on the electrostatic textiles in a triboelectric circuit lights an
attached LED. The other kind of interaction, as illustrated by the work of group 3, inter-
prets energy as something collected through a series of interactions over time by several
people. Here, each interaction may not produce a recognisable output, but it becomes
significant when accumulated over time.
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Table 4. Matrix of the kinds of outputs that could be designed for electrostatic textile setups.

Feedback
Immediate Immediate energy conversion As a sensor/ switch
Examples E.g., Walking through an electrostatic | E.g., Stroking the furry wall triggers purring
curtain makes LEDs light up. sounds.
Feedback
Collect over time/| FOR THE OBJECT FOR THE SPACE FOR THE PERSON
Slow, delayed ITSELF INVOLVED
feedback
Interaction The interaction is “col- | The cumulative of the The result of the interac-
characteristic lected” for the object | interactions is visual- | tion is detachable. The
being interacted with. | ised or experienced person interacting can
) collectively within the take away the collected
U CICEEIEe SN spatial context of the value of interactions.
collects the charges and | . .
. 2= interaction.
interprets them within The output of the electro-
itself, which might be This implies the loca- static interactions is relevant
considered as a feature | tion specificity of the to the individual interacting
or a behaviour of the result of the interactions. | with the system. This points
system. The space where the to more personal objects
interaction takes place or interactions that can be
is changed over time related to a single person
through the interactions. or group.
This could be relevant
in semi-public or public
spaces where multi-
ple contributors could
influence an outcome
collectively.
Examples of E.g., E.g., E.g.,
;:f::;g:?{:l: Waving a tablecloth over | By sleeping on an elec- By sitting and bouncing
a table everyday over trostatic bed at home one | on an electrostatic chair
time to collect energy for | can energise not only over time, a person can
e lighting it up for a special | herself but also her TV. collect points that can be
- Electricity for occasion dinner. exchanged for goods, ser-
energy vices or just for advertising
................... The inhabitants of an their energy-engagement.
N Beating (cleaning) arug | apartment building
) Elecf[rl(:lty for over a period of time change the painting on the
experience slowly changes its colour | wall by walking through a | A knitter can display her
due to the electrostatic tall carpet. A new painting | experience through the
charges produced during| is started every two electrostatic memory
the cleaning. years and the old one is embedded in her knitting
displayed in the building’s | needles.
common area.
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Electricity for energy and electricity for experiences

Another distinction between the outputs of electrostatic harvesting systems in the differ-
ent examples can be made regarding the interpretation of the electrical energy generated
in interactions. In examples such as the energy for social sharing or those that convert
the interactions into electricity, or in the case of the interaction fiction of the architectural
laws described in the previous chapter (see section 6.3, page 128), the output is equated
to the notion of electrical energy that is usable directly to power devices, lights, mobile
phones, etc.

Alternatively, in other cases, the small electricity generated through the interactions is
not considered to be the final outcome. Rather, the electrical impulses are used to inform
or are interpreted as contributing to the computational system in a broader sense. In the
example of social currency (section 7.4.1), the electricity collected is not directly used
for powering devices but is equated to a social status that qualifies a person for cultural
experiences offered in a city. Here the electricity acts as a kind of sensor that measures or
estimates one’s activities for another kind of qualitative result.

Taking this further, the electrostatic energy produced through interactions can still
be extended in terms of the recipients of the output— for example, in the idea of social
currency and synthofungus (sections 7.4.1 and 7.4.2), the recipients of the electrostatic
engagement are individuals who do the actions. On the other hand, in the energy as social
responsibility example (section 7.4.3), the electrostatic engagement of the participants is
reflected in the common place, that is the train station. This of course indirectly benefits
the individuals but the direct output of the electrostatic interactions is first reflected in
the common space occupied by the participants. The third type of recipient, which is
common in most energy harvesting devices, are the electrostatic artefacts themselves.
For example, the electrostatic charges collected by a watch are used to power it.

Energy interpretation matrix

This study aimed to develop examples of different interpretations for energy generated
through electrostatic systems to complement the different discussions in the previous
studies on making and engaging with such systems. Building on the results of the week-
long course with students, I developed a matrix (see Table 4) of the kinds of outputs that
could be designed for electrostatic textile setups. In the top part of the table, the inter-
actions characterised by immediate feedback are categorised into two parts- one that
directly converts the electrical energy into electrical output, e.g., an LED, and the second
as sensor or a switch which immediately triggers a feedback.

In the bottom part of the matrix, the case of interactions collected slowly over a longer
period of time is presented. The interactions are further categorised according to three
primary target groups who may directly benefit from the voltages generated by the
system. Each of the cases are illustrated by two examples, one that interprets electricity
as energy and one that interprets it as a sensor for triggering other changes. This matrix
intends to present a framework for designing different relationships to the electrical
energy generated through body-engagement. This could be further extended with more
work and research in the field.
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8 Results and
reflection:
Electrostatic
contributions to
e-textile interaction
design

This research developed an interaction design inquiry for engaging with static electricity
in the interior based on the idea of making, acting and relating with electrostatic textiles.
The inquiry was set up in the form of four research studies that systematically explored
the intersection of e-textile practice, materially oriented HCI and static electricity to
provoke, ask questions and explore the design program aiming—

to investigate, at the scale of the interior, how static electricity can bring new per-
spectives and possibilities for:

* ways of engaging with e-textiles, and
* designing interactions for energy harvesting with textiles

In this chapter, I examine the research process undertaken and the examples developed to
reflect on how they relate to the design program.

The chapter is divided into three sections. The first section discusses the results of the
research work in relation to the first objective of the design program. Here, I first reflect
on the methods followed in the research process to map out a materiality oriented interac-
tion design approach for e-textiles. The second section of this chapter corresponds to the
latter part of the program. It re-examines the research studies and results to reflect on and
summarise key insights and opportunities from working with static electricity to design
e-textile interactions for engaging with energy. The third section presents the tools and
resources developed to support further research. This chapter contributes to the practice
of e-textile interaction design within which the studies were situated.
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8.1 Towards a materiality oriented e-textile interaction design approach

In this section, I examine outcomes from of the research studies in relation to applying a
material-specific interaction design inquiry in the field of e-textiles for adopting electro-
static materials in the interior. I make a proposition for a materiality-focused interaction
design strategy for the field of e-textiles based on this research process.

In Chapter 2 of the thesis, I described e-textiles as a computational material that learns
from as well as contributes to the field of materiality oriented HCI research. Although
there have been approaches to interaction design discussed in some e-textile projects,*”’
an in-depth understanding of interaction design approaches specific to the computational
material of e-textiles is less developed. In previous work,*?* I have argued that developing
a material-specific interaction and form language for e-textiles is crucial for enabling
rich and tactile experiences in use, as well as for collaboratively exploring new inter-
pretations for soft technology. In section 2.1, I argued that the design study of everyday
engagement with static electricity is useful for developing a textile-specific interaction
design methodology.

In this section, I re-examine this proposition in view of the research studies. Building on
the discussion raised in Study 02, I present a framework for textile-specific interaction
design that builds on defining e-textiles as a material system integrated through human
interactions.

8.1.1 Defining e-textiles as a material system

The research studies used the electrostatic harvesting circuit as a starting point for design-
ing interactions with static electricity. The circuit is interpreted as a material system con-
stituted of materials of certain properties (electrostatic, conductive, etc.) that need to be
‘activated’ through interactions. Study 01 constructed different versions of this material
system using textiles and other soft conductive materials to translate the circuit into dif-
ferent forms of e-textiles. These e-textile substrates can be used independently or with
other conductive objects or textiles to harvest electrostatic charges. Similarly, in Study
02, the electrostatic circuit was scaled up to represent an interior space where a person
interacting with materials activated the space. These two studies illustrated that even
when textiles and computational elements are not integrated into one single material, they
can be brought together through interaction in a way that the whole system together with
the conductive, electrostatic and human elements constitutes an e-textile system.

Following this idea, e-textiles could be defined as a material system consisting of tex-
tile-like materials as well as passive and active electronic elements that can be integrated
into the same material or distributed around a space. The material system can be inter-
preted as an e-textile when the different materials (are made to) actively engage with one
another with the help of a (human) participant.

327. For example, Lars Hallngs and Johan Redstrom, “Textile Interaction Design,” Nordic Textile
Journal 1 (2008): 104-15, https://www.semanticscholar.org/paper/textile-interaction-design-Hallnas-
Redstrom/1ce8e5741a3f6bd9215baaac65bd764 18fda8ad6.

328. Gowrishankar, Bredies, and Ylirisku, “A Strategy for Material-Specific e-Textile Interaction Design.”
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Table 5. Material-specific interaction design strategies for making, acting with and relating to e-textiles.

Interaction design Interaction design Interaction design
approaches to making approaches to acting with approaches to relating with
e-textiles e-textiles e-textiles
Re-interpreting textile con- Layering existing interac- Building on existing use-con-
struction techniques to form tions with textiles with digital texts of textiles to explore
electronic components meanings. extended meanings.
Interaction transfers- working Building on how textile material
with textile interactions as a behaves in one context to trans-
resource for designing digital fer it to another context.
interactions.

This definition of e-textiles foregrounds the material properties and interactions between
the different parts of the system that are activated by a participant, for example, a person
in a specific context. The design process would focus on supporting material qualities
and interpretations specific to textiles for activating the e-textiles. The interaction design
would explore, introduce and learn from the interactions between the materials and par-
ticipants in given situations.

Furthermore, the frame of making, acting and relating form a broad framework within
which the relationships between materials and participants could be explored from an
early stage of the design process. The textile-specific interaction design methods identi-
fied in the thesis present examples of how to keep a material focus throughout the e-tex-
tile design and development process. In the following subsection I unpack this further.

Making, acting and relating as a methodological frame

In Chapter 2, I argued that with the growing emphasis on materiality thinking in HCI,
the notion of interaction design has expanded from being only concerned with the inter-
section (interface) between physical and digital to a holistic concern of shaping the
digital and the physical together to envision acts of use’? that enable and support rich
human-material interactions over time. I categorised these approaches broadly into strat-
egies for shaping computational things (making), for considering the actions surrounding
computational things (acting with) and as approaches for exploring new relations and
activities with computational things (relating to). Furthermore, I organised approaches to
interaction design found in e-textile practice on the basis of making, acting and relating
to identify the most material-specific ones (see Table 5). These methods were used in the
research studies 01, 02 and 03 to systematically explore different interactions and forms
of the electrostatic circuit.

Study 01 employed methods of making electrostatic textiles using textile construction
techniques such as weaving, tufting and rug knotting. Applying the triboelectric circuit
from the perspective of making computational things, enabled the integration of both
the interactive qualities of textiles as well as those essential for a triboelectric circuit

329. Hallnas, “On the Foundations of Interaction Design Aesthetics: Revisiting the Notions of Form and
Expression.”
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INTERACTION DESIGN GOALS

KEY QUESTIONS TO ADDRESS

METHOD EXAMPLES

ADDITIONAL PARAMETERS
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relation for materials
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Choreographies
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material-relations
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Physical scale of interactions
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—

Figure 45. A framework for materiality-oriented e-textile interaction design based on the research results.
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to work. Study 02 scaled up the triboelectric circuit to focus on interactions between
material properties rather than the construction of an integrated material. Here, the idea-
tion process followed the methods of layering existing interactions as well as interaction
transfers to explore a number of movements and choreographies with soft materials for
engaging with static electricity. The third study focused on relating with electrostatic
textile setups and developed examples of interaction fictions by building on existing use
contexts and the material behaviours of textiles.

The three studies illustrated a design process that considered different aspects of inter-
action design in one inquiry. The perspectives of making, acting and relating are often
inter-dependent and exist in various degrees in e-textile projects. However, taking them
as three distinct areas of concern enabled a high-level exploration of each while extend-
ing and experimenting with ideas and prototypes developed during the different steps
of making, acting and relating. The three studies used the same technology- a triboelec-
tric generator circuit— and explored it from the perspective of constructing a new mate-
rial, scaling it up to observe body and material interactions and envisioning it as an
everyday technology to critically examine its long-term social and behavioural effects.
Additionally, following the selected materiality oriented methods, each study closely fol-
lowed the material qualities of textiles and supported different kinds of material interac-
tions that illustrate their own interaction language specific to the medium of electrostatic
textiles.

Building on the above reflections, Figure 45 illustrates an initial model for a materiality
oriented e-textile interaction design that could be used for designing active engagement
with e-textile systems that foreground the material-properties of textiles. The approach
is based on establishing a relationship between the material elements that need to be
translated into a unified e-textile system. Following the approaches of making, acting and
relating, the material system could be configured in different ways to generate multiple
examples to critically examine directions for further development at early stages of an
emerging technology or smart material in the context of e-textiles. Additional parame-
ters, such as scaling up in space and time and considering different feedback times, are
included as issues to address or incorporate while designing. The examples of specific
methods identified in this thesis act as a starting point to support each approach. The
e-textile community is invited to add additional methods and examples to develop this
materiality oriented e-textile interaction design approach further.

8.2 Opportunities for incorporating static electricity in design and develop-
ment of interior-scaled e-textiles

In this section, I outline different opportunities and challenges for adopting static elec-
tricity as a design parameter for e-textile applications in the interior. This relates to the
second part of the design program that sought to get a better understanding of designing
interactions for energy harvesting with textiles.

Electrostatic energy harvesting with interior textiles
Study 01 illustrated examples of textile substrates that support the collection and flow
of electrostatic charges generated from the interactions between the human body and
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textiles. These samples were made with easily available materials, such as polyester and
plastics, that are used extensively in the interior textile industry. Furthermore, the elec-
trostatic textile samples demonstrated that existing textile construction tools and tech-
niques, such as weaving and tufting, can be used to construct electrostatic-friendly, or as
the term introduced in Study 01, pro-static textiles. Furthermore, it was also shown that
the production of these textiles can be scaled up to industrial weaving looms.

Some of the e-static samples were evaluated with an oscilloscope to get a rough idea of
the voltage produced through interactions of tapping and rubbing.**® The voltage gen-
erated in tightly woven fabrics with an integrated electrode layer ranged from 3.5 V to
6 V for pieces between 10 to 20 cm wide. This value increases when the same fabric is
produced with an industrial machine using finer yarns and a higher yarn count. This is
a promising result that illustrates the possibility for interior textiles to incorporate the
potential for electrostatic energy harvesting. While the majority of triboelectric generator
research, as presented in Section 2.3, is focused on the area of wearable and on-the-body
applications, the results from Study 01 call for further investigation of triboelectric har-
vesting through textile interactions in the context of interior environments.

Static electricity presents new ways of interacting with e-textiles

The examples from studies 01 and 02 illustrate different shapes, textures and scales
that a triboelectric generator circuit may adopt using textiles as a primary material for
interaction. These different examples support a wide range of interactions and levels of
engagement depending on the scale at which the triboelectric circuit was implemented.
The interactions themselves were found to be not directly scalable, that is, interactions
that worked at a small scale were not as effective at the larger scale. For example, with the
textile samples in Study 01, rubbing and tapping hard on the textile surface was an effec-
tive way to generate some current. However, when the same setup was scaled up as an
entire floor of electrostatic material over an electrode, jumping or walking on the surface
became the least effective way of generating a voltage. At this scale, interactions with
wider movements, such as waving or wiping, were much better for creating recognisable
voltage outcomes. Thus, each instance of scaling up opened an exploration of e-textile
interactions while keeping the basic setup of the triboelectric circuit the same.

Table 6 describes the interactions with textiles and the body for each scale of electrostatic
setup in detail. In Study 01, the triboelectric circuit was scaled to the level of a textile sub-
strate. The different materials were incorporated during the construction process in such
a way that electrostatic materials would lay loosely over conductive threads. Interactions
that made a strong impact, such as tapping or rubbing with the hand, provided enough
energy to create a potential difference in the circuit. The interactions were more precise
and repetitive, and since the conductive parts were so close to the electrostatic materials,
they also required some force.

In Study 02, the scaled-up version of the triboelectric circuit in the form of an electro-
static cube installation and the sleeping bag set-up enabled the person to literally enter

330. The results of this study and the overview of voltage readings are reported in the publication—
Gowrishankar, “Constructing Triboelectric Textiles with Weaving.”
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Table 6.  Overview of interactions in Study 01 & Study 02.

Interactions with textile materials enabled by e-static setups

Study 1 Rubbing and tapping with the hand on the surface of the textile

Study 2 In the electrostatic cube example: Larger body movements with the textile- e.g. waving,
throwing, wiping, flapping etc. In the sleeping bag example- sleeping inside, turning

around, changing sleeping positions

the circuit. The circuit in this study was interpreted as an immersive object which was
operated from within rather than from the outside as in the first study. Being inside this
circuit, I had much more freedom of movement and space for improvisation with the elec-
trostatic materials without compromising the voltage output. Thus, the resulting interac-
tions were based more on the characteristics of the materials at hand. The large piece of
plastic sheet in the electrostatic cube installation could be moved in several ways using
the characteristics of the plastic sheet, such as its lightness or translucency. The inter-
actions in this way were much more material-specific and relied on my knowledge and
experience of handling textile-like materials.

Study 03 built on the idea that several surfaces in our everyday environment act as elec-
trodes (e.g., the floor, wall or ceiling) and contain different kinds of electrostatic textile
interventions that we encounter and manipulate. The interactions combine both textile
surfaces (rubbing feet, tapping, touching) as well as that of whole-body interactions
(waving, wiping, walking through). These interactions thus opened up the exploration
of situations or instances where we are most likely to engage with large scale textiles or
places in the interior where we are most mobile.

Thus, working with static electricity and textiles at different scales extended the scope
of how we may interact with e-textiles for digital interfacing and energy harvesting.
Additionally, scaling up can be used as a strategy for investigating full-body interactions
with textile-based interior setups for the purpose of engaging with ambient energy.

New interpretations for energy collected through interactive textiles

This research set out to investigate interaction design for energy harvesting with e-tex-
tiles using static electricity. Through the process of the research studies, it became appar-
ent that the energy generated through static electricity in the explorations presented a
considerable constraint on how it can be electrically expressed. Thus, the direct transla-
tion of electrostatic interaction with textiles is illustrated using an LED in this research.
However, the limitation of the electronics that were accessible for this research was taken
as an opportune starting point to explore, extend and interpret different ways of analysing
the electrical output from such systems. The examples developed in studies 03 and 04
give an outline of how the qualities of interactions could lead to a larger design discussion
concerning scenarios and attitudes towards energy harvesting.

In Study 03, the qualities of interactions, such as scale and levels of active engagement,
led to three narrative scenarios which discuss different relationships between energy
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producers and users, for example, where electrostatic engagement is a hobby shared by a
community of urban energy farmers or a situation where energy is scarce and everyone
is expected to contribute to the energy pool through electrostatic harvesting systems in
public and semi-public areas. These interaction fictions thus provided a way to think
about and address plausible scenarios at an early stage of the technology and could be a
useful tool to enable designers and technologists to collaboratively discuss and develop
directions for e-textile development from a critical perspective.

Interaction fictions can also be used to explore different interpretations and relationships
to the energy produced with the body. This is illustrated in Study 04, which developed
examples of alternative narratives for how electricity generation may be interpreted in
everyday life. It was found that while the electrical energy could be used to power other
devices, it could also be used as a sensor or a measure for other activities or qualities of
interaction. The energy interpretation matrix developed as a result of Study 04 (see Table
4 on page 142) maps the different approaches for designing interactions with static
electricity in different contexts.

Addressing contradictions
The experiments with static electricity and textiles raised several contradictions that
emphasise some of the challenges brought by electrostatic harvesting in the interior.
However, the contradictions described below can be seen as opportunities to provoke and
engage the audience in a critical discourse or seen as challenges to be addressed in design
and expression of electrostatic systems.

Working with plastic and other synthetic materials

Materials at the bottom of the triboelectric series that have a high tendency towards
becoming negatively charged when in contact with skin mostly constitute synthetic mate-
rials. Incorporating these materials into electrostatic harvesting systems provides a way
for re-using and recycling plastics, polyester and other slow and non-degrading materi-
als. There are different kinds of textile objects in our homes and interior environment,
such as rugs or curtains, that already use such materials in their construction. There are
also techniques to recycle plastic wastes and bottles into soft yarns that can be made
into textiles. The experiments in this research have illustrated a proof of concept of the
different ways in which these recycled soft electrostatic materials may provide a way for
engaging with static electricity in everyday interior spaces, such as one’s home. Although
this provides an opportunity for the area of electrostatic textiles, it must also address
people’s preferences towards natural materials. The home is also a place where people
look for most comfort and cosiness, and natural and organic materials may be preferred
for textiles that operate close to the body. Further research into how electrostatic mate-
rials would be perceived and adopted in relation to natural materials would be useful for
guiding material development in this field.

Effort and gain

Energy cannot be created; it can only be transferred from one form into another. Thus,
every form of kinetic body-generated energy harvesting system requires human effort to
be converted into electrical energy. The central design challenge here is to find a balance
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between motivation for electrical engagement and the perception of the electrical output
to create desirable energy harvesting experiences. In Study 03, the interaction narra-
tives explored examples of different relationships between effort and electrical gain. It is
important to emphasise that the least effort or most efficient system may not be the most
desirable one regarding the experience of the person involved. While a certain amount of
efficiency is certainly useful, it does not need to be the only goal for technology devel-
opment. Development of electrostatic textile systems need to consider different levels
of engagement and involvement with electricity for designing different experiences and
applications for electrostatic textile interactions.

Direct engagement with electricity

The electrostatic sleeping example in Study 02 re-interprets a daily activity of sleeping as
a way of engaging with static electricity through textiles. The aim of this exploration was
to generate examples of immersive textile interactions in the everyday that may result in
electrostatic charges. The intention here was not to suggest products or application, and
the examples were not tested or evaluated with users. Nevertheless, in informal discussion
with colleagues and peers, this example created a varied response. To most it communi-
cated a possibility and a realisation towards the extent of textile engagement that results
in electrostatic charges. However, to some, it presented an extreme example of bring-
ing electricity and magnetism uncomfortably close to the body. These two perspectives
provide an interesting contradiction of perception that is relevant for body-driven energy
harvesting with textiles- on one hand, it provides an opportunity to provoke and engage
an active dialogue amongst people about the relationship between electrical energy and
the body using static electricity, which is a phenomenon that already occurs close to the
body. On the other hand, it highlights a design challenge for energy harvesting textiles
and products to express their safety or risks to the people using them.

8.3 Resources and tools developed for supporting future work

8.3.1  Online handbook for working with e-static textiles

The research studies presented in this thesis have developed the foundational work on
incorporating static electricity as a resource for designing interactions with e-textiles
without needing specialised materials. Different materials, ways of integrating and devel-
oping circuits with textiles and conductive elements to safely generate and direct elec-
trostatic charges have been explored. The different examples developed in the research,
along with short tutorials and tips for getting started with static electricity are being
compiled in the form of an online handbook under the website www.estatictextiles.cc.®!

The website is divided into three main pages. The first gives an introduction to what static
electricity is and simple science experiments that one can do to engage and play with
the electrostatic effect. The second page introduces the triboelectric generator circuit
and different aspects of interacting with the circuit using the body and textile mate-
rials. Different examples from the thesis regarding scaling up interactions, immersive
setups and everyday narrations are illustrated. The third page constitutes descriptions of

331. Please refer to Appendix A.1 for further information.
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IN1 & IN2- High voltage input from
the electrostatic textile set-up.

IMMEDIATE FEEDBACK:
Convert the e-static interactions into
pulse signals and interpret them
visually (e.g., LED, counter), with
audio (e.g., piezo speaker) or an
actuator (e.g., motor)

PROTOTYPE INTERACTIONS:
Connect the e-static textiles board
to a micro-controller, such as an
Arduino, to prototype long-term
engagement with static electricity
and textiles.

3.3-5 Volts

Figure 46. E-static textiles prototyping board developed as a result of the research. See Appendix A.2
for further details and information.

different tools and methods for prototyping. Here, examples of different ways of inter-
preting static electricity are mentioned along with tips for constructing and visualising
electrostatic charges. Each of the pages link to different examples of experiments and
explorations done during the thesis process.

This documentation is directed towards the e-textiles community and provides an intro-
duction to static electricity and gives information on basic skills and knowledge needed
to start safely exploring static electricity as a new way of engaging with e-textiles.

8.3.2 E-static textiles prototyping board

To support further research in the area of electrostatic textiles, a prototyping board (see
Figure 46) was developed in collaboration with a Berlin-based electronic prototyping
firm called Konstruktiv Berlin.** During the thesis project, although there were several
examples that use an LED to visualise the electrostatic engagement, it was challenging
to design working examples of more complex interactions or to prototype and explore
long-term interactions. For example, in the case of electrostatic sleeping (section 5.3.2),
the high voltage input was difficult to read and process using simple tools already famil-
iar to the design community, such as an Arduino. In order to develop further examples
of electrostatic interactions and prototype interactions, a specialised interface that could
easily connect to electrostatic textiles was needed. The e-static textile prototyping board
was thus developed to make it easy for others to connect high voltage inputs from elec-
trostatic textiles and quickly start prototyping and exploring long-term interactions with
static electricity and textiles.

The hexagonal-shaped e-static textiles prototyping board measures approximately 3.6

332.  https://konstruktiv-berlin.de/language/en/
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Figure 47. Details of the E-static textiles prototyping board.

cm by 3.2 cm and has five sewable connectors which make it easy to incorporate into
e-textile projects (see Figures 46 and 47). The IN1 and IN2 pins are used for connecting
to the high voltage inputs from the electrostatic setups. VCC is used for powering the
board using a constant voltage between 3.3 and 5 volts. The GND pin connects to the
ground and the OUT pin can be used to connect different outputs for visualising the
electrostatic interactions. The OUT pin can also be connected to the interrupt pin of an
Arduino to read and program complex interactions over a long period of time using the
Arduino software platform. Along with the sewable connectors, each of the pins are also
available as through-hole connectors where connectors for jumper cables or a battery can
be soldered if needed.

The board was developed in various stages in collaboration with an electronic engineer
at the prototyping firm (see Figure 48). The first stage included an initial prototype with
roughly soldered components made after the first meeting and discussion of what I wanted
the PCB to do. After testing the initial prototype, an outline for the shape of the board
was designed by me, while the engineer designed the circuit layout and made further
adjustments to the outline according to the technical requirements. The first batch of a
few PCBs were manufactured and tested with the electrostatic textile samples developed
during the thesis. After adjusting some of the component values and minor calibrations,
a final set of the prototyping boards was manufactured.

The e-static textiles prototyping board is not an electrostatic harvester, rather it enables
designers and makers to envision everyday engagement with static electricity using
working prototypes. It can be used to detect the presence of electrostatic charges in inter-
action as a sensor for e-textile applications. It can also be used to prototype examples
of energy harvesting interactions without being constrained by limitations of current
harvesting capabilities. A detailed overview of the e-static textiles prototyping board and
the technical descriptions is included in Appendix A.3. Instructions on how to get started
with the board as well as examples of Arduino programs to enable easy incorporation into
e-textile projects are also included in the above-mentioned website- www.estatictextiles.
cc.
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Initial prototype PCB design and circuit layout

First batch for testing Final manufactured PCBs

Figure 48. Stages of development of the e-static textiles prototyping board.

These prototyping boards are intended to be used in educational settings and workshops
to introduce electrostatic energy as a resource for e-textile design. Additionally, a work-
shop kit including the PCB along with additional components and materials for working
with static electricity and textiles has been developed (see Figure 49). The workshop
kit includes an e-static textiles prototyping board, a simple LED circuit meant to be
directly connected to e-static setups, an LED, a resistor and some conductive thread.
The workshop kit also includes a series of handouts and illustrations that outline simple
instructions for connecting and exploring different basic setups for engaging safely with
static electricity and soft electrostatic materials. Please refer to Appendix A.4 for further
details about the workshop kit and the supporting materials.

The prototyping boards were developed during the end of the thesis process. So far,
these PCBs have been used in making demonstrators of electrostatic engagement sup-
porting the thesis work (see Figure 50). The first demonstrator, named the e-static wall
(see Figure 50-left) presents an eclectrostatic wall that can be stroked or rubbed while
walking by. When enough electrostatic charges are accumulated, the lamp attached to
the setup lights up. This setup uses the e-static prototyping board to explore interactions
over a long period of time for energy harvesting. The second demonstrator, the e-static
seat (see Figure 50-right), explores static electricity as a sensor for e-textile setups. The
e-static prototyping board in this case is used to count and display the electrostatic
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Sleeve for e-static textiles LED module
prototyping board
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E-static textiles
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Figure 49. E-static textiles workshop kit developed during the thesis to be used in educational settings.
Please refer to Appendix A.4 for further information about the workshop kit and supporting materials.

Figure 50. Examples of electrostatic setups made using the e-static textiles prototyping board. (Left)
e-static wall. (Right) e-Static seat. Further information about these setups can be found in Appendix B.
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charges generated when a person sits and moves on the seat. Please refer to Appendix
B on page 203 for further details about the two demonstrators. Additionally, short video
demonstrations of the setups are included in Appendix D.

Furthermore, a workshop about working with static electricity and textiles using the
e-static prototyping board and the above-mentioned workshop kit was undertaken at
IKEA, Sweden, in June 2019 with eight participants from different teams at the IKEA
design department. During this half-day workshop, the participants were introduced to
my thesis project and were guided through different explorations of engaging with static
electricity using the e-static textiles workshop kit. Some impressions from this workshop
are included in Appendix A.4.

The e-textile prototyping board together with the online handbook constitute concrete
results of the research that aim at sharing the knowledge gained during this thesis process
with the community of e-textile researchers and practitioners to start engaging with static
electricity. A plan for working further with them is described in section 9.3, which pre-
sents directions for future work.
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9 Discussion: Towards
an interaction design
perspective for
body-driven energy
harvesting

In the previous chapter, I described the research results and reflections in relation to
the design program and contributions to the field of e-textile interaction design. In
this chapter, I extend the discussion to relate the insights from investigating the design
program to the broader research interests of the thesis which proposed to:

identify emerging concerns and challenges brought by everyday engagement with
electricity production that need to be addressed through an interaction design
inquiry.

I do so by drawing on the insights from the research studies to create an open discussion
around two key aspects that may become important for the field of body-driven energy
harvesting systems as an area within materiality oriented HCI. The first involves consid-
ering human computer interactions as accumulated series of actions over a long period of
time rather than single instances of input and output. The second concerns involving the
electric properties of the body as a collaborative aspect in human computer interaction.

The last section of the chapter builds on the discussion presented here to refine the origi-
nal design program and proposes directions for future work.

9.1 Accumulated interactions as an inquiry into sustainability of interactions

In this section I will examine studies 03 and 04 with regard to the temporal scaling-up of
the triboelectric circuit and delve deeper into the discussions regarding long-term inter-
actions raised at the end of Chapter 6. I propose that the temporal scaling of interactions
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relevant for energy harvesting could be shaped into an inquiry concerning the sustaina-
bility of interactions.’*

Building on the insights from the previous studies involving interacting and activating
e-textile setups, Study 03 interpreted the triboelectric circuit as a feature of the every-
day environment. Applying the interaction strategies identified in Study 02, several sit-
uations, instances and interactions were envisioned for engaging with static electricity
using enactments, videos and sketches. The focus in Study 3 shifted from trying to acti-
vate the triboelectric circuit through interactions to imagining it as a part of everyday
rhythms and routines over a long period of time. This marked the temporal scaling of the
triboelectric circuit. This was further supported by the apparent limitations of energy
conversion efficiency of the electrostatic setups. The discussion at the end of Chapter 6
reflected on this inefficiency as a nudge towards considering the long-term implications
of the physical choreographies introduced by emerging technologies. Here, I would like
to develop this idea further to propose the notion of accumulated interactions as a key
characteristic of designing interactions for body-driven energy harvesting.

The discussion in Study 04 introduced the idea of accumulated interactions in relation to
immediate and delayed feedback from the electrostatic harvesting systems. Immediate
feedback refers to systems where the electrostatic charges generated in each interaction
are directly translated into electricity, for example, for blinking an LED. The approach
of delayed feedback plays with the idea of charging something over time where the indi-
vidual interactions get added up and slowly become more meaningful, for example, when
there is enough energy collected to power something, or when the amount of electrostatic
charges over time is used to measure everyday engagement with a certain activity.

Designing for delayed feedback or designing for collecting interactions is significantly
different from the usual concern of interaction design of triggering different features in a
system through interaction. Furthermore, in the case of energy harvesting, the person or
people involved are engaged in a productive activity of collecting electric charge that was
not there before. This marks another key shift in how we understand human computer
interaction from that of manipulating electrical current already present, to generating it
with and for the computational artefact. This brings two aspects of sustainability into the
HCI field— one of engaging in a sustainable practice of energy harvesting, and the second
of considering the sustainability of the interaction itself over time.

The idea of sustainability in HCI is not new. Sustainable HCI aims at developing inter-
active systems that are human and environmentally friendly.*** The seminal article by

333. This is an aspect that relates to the objectives of the Arcintex ETN project frame of which this
doctoral thesis is a part.

334. Abdulmajid Hissen Mohamed Ali et al., “Sustainability Issues In Human Computer Interaction
Design,” International Journal of Technical Research and Applications, no. Special Issue 9 (2014),
https://www.ijtra.com/special-issue-abstract. php?id=sustainability-issues-in-human-computer-
interaction-design.
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Blevis®** published in 2006, argued for reducing the material effects brought on by HCI in
forms of use, reuse and disposal in support of sustainability. Different works within the
field of HCI have addressed issues related to the environmental sustainability of compu-
tational technology. For example, Ali et al.?3¢ highlight sustainability in human computer
interaction design around issues of power consumption, reducing e-waste and promoting
software reusability. Energy use and awareness is also an important topic within HCIL.
Research projects such as Static!*” have visualised energy use and included electricity as
a design element to continuously inform the users of their energy-consumption behav-
iours. These projects operate on a premise that making the users aware of their energy
practices through design can help them identify and change certain routines towards
making more sustainable choices. These kinds of persuasive design approaches to change
sustainability behaviours was noted to comprise about 45% of sustainability related HCI
publications according to a review by DiSalvo et al.** in 2010. Some of the other genres
of sustainability approaches in HCI have been identified as re-examining what users
understand by sustainability, developing sensors to monitor and report on environmental
data and rethinking methods for supporting reuse and reducing waste through HCI.>¥
This body of research on sustainable HCI has contributed to raising concerns as well as
presented approaches and examples of addressing issues regarding environmental sus-
tainability in HCI design and research.

Some key critiques of the current body of sustainable HCI work have been that it needs
to address larger time scales to be conclusive about its impacts on sustainable behaviour,
as well as the need to address sustainability in HCI at a regional level of political poli-
cy-making that goes beyond the scale of the individual.** It has also been noted that there
is a need to address the full diversity of sustainability issues and to learn from and col-
laborate with other disciplines to broaden the understanding of sustainability for HCI.3*
In addressing some of these issues, researchers such as Wakkary et al.>* have proposed

335. Eli Blevis, “Advancing Sustainable Interaction Design: Two Perspectives on Material Effects,”
Design Philosophy Papers 4, no. 4 (December 29, 2006): 209-30, https://doi.org/10.2752/14487130
6X13966268131875.

336. Ali et al., “Sustainability Issues In Human Computer Interaction Design.”
337. Mazé, “Static!: Designing for Energy Awareness.”

338. Carl DiSalvo, Phoebe Sengers, and Hrénn Brynjarsdottir, “Mapping the Landscape of Sustainable
HCI,” in Proceedings of the 28th International Conference on Human Factors in Computing Systems -
CHI’10 (New York, USA: ACM Press, 2010), 1975, https://doi.org/10.1145/1753326.1753625.

339. Ibid.

340. Ibid.; M. Six Silberman et al., “Next Steps for Sustainable HCI,” Interactions 21, no. 5 (September
1, 2014): 66-69, https://doi.org/10.1145/2651820.

341. DiSalvo, Sengers, and Brynjarsdoéttir, “Mapping the Landscape of Sustainable HCI” and Silberman
et al.“Next Steps for Sustainable HCI.”

342. Ron Wakkary and Karen Tanenbaum, “A Sustainable Identity,” in Proceedings of the 27th
International Conference on Human Factors in Computing Systems - CHI 09 (New York, USA: ACM
Press, 2009), 365, https://doi.org/10.1145/1518701.1518761.

160



adopting a combination of methods from practice theory and design fiction to reframe
interaction design with respect to sustainability. They argue that the practice-oriented
approach can help “interaction designers move away from models of individual behav-
iour and artefact studies towards seeing sustainable behaviours as a part of multidimen-
sional and interrelated practices.”>*

The interaction fictions introduced in this research on e-static textiles support this view of
sustainability in HCI by framing it as a part of a larger network of behaviours and every-
day rhythms. Interaction fictions enabled envisioning single interactions with emerging
technology as part of other existing models of socio-cultural practices.

Additionally, the research proposes a new aspect of sustainability that is less explored in
HCI- that of considering the sustainability of the actions themselves. The notion of accu-
mulated interactions urges designers to discuss and address long-term use. The notion of
longer time scales of interactions is considered in life-cycle studies and ergonomics to
address the long-term effects on the body of assuming certain postures for an extended
period of time. This is an important aspect of sustainable HCI. Additionally, accumulated
interactions go beyond considering the interactions not only as repetitive but also cumu-
lative. For example, in research studies 03 and 04, interaction fictions are used to explore
and present future scenarios that do not explain the use of a product, but rather illustrate
examples of how we, as a society, may interact with electrostatic energy in the everyday.
In this way, computational interactions can be seen as collectively evolving and chang-
ing how we understand and relate to the world around us.*** Considering interactions as
accumulative can help to envision emerging social and cultural sustainability at an early
stage of design and create a space for exchange and discussion.

9.2 Open question: Human computer collaboration

The working principle of the triboelectric circuit chosen for this research makes the
human body an essential part of the energy harvesting circuit. This was chosen to bring
the focus on interactions and body movements while exploring different electrostatic
setups. The different electrostatic setups in the research studies thus highlight the pres-
ence of the human body in interaction and thereby focus on the electric properties of the
skin that are directly utilised for energy harvesting.

In Hertzian tales,** Dunne and Raby explore the invisible landscapes of electromagnetic
waves emitted by all the electronic devices that populate our everyday. Through different
investigations, they illustrate and discuss not only the physical but also the emotional

343. Ibid.

344. This has been discussed extensively in various research fields. Example: Marshall McLuhan and
Lewis H. Lapham, Understanding Media : The Extensions of Man, accessed December 15, 2017,
https://mitpress.mit.edu/books/understanding-media.

345. Anthony Dunne, Hertzian Tales: Electronic Products, Aesthetic Experience, and Critical Design
(MIT press, 2005), http://mitpress.mit.edu/catalog/item/default.asp?tid=10771&ttype=2.

161



and behavioural relationships between electronic devices and people inhabiting the same
space. The boundaries are blurred when we ourselves become carriers and antennas for
signals, for example, when we adjust or change our own location to get better reception
on the radio or when we hold our phones up in the air trying to “catch” more bars of
phone reception. The examples of electrostatic energy harvesting discussed in this thesis
that utilise our body’s kinetic energy and conductive property for generating electricity
further blur the boundaries between computational things and us.

Working with the context of the interior in this thesis resulted in examples such as the
electrostatic cube (Study 02) that interpret an interior space as a computational object
that is activated by its interaction with a person. In this immersive electrical space, the
material quality of human skin is crucial to the working of the system along with that
of other materials that constitute the electrostatic circuit. The body thus takes on a par-
ticipative role in this computational space and converts an otherwise dormant space
into an electrical object. From this perspective, people could be seen as dwelling and
acting in collaboration with(in) computational spaces. Following the idea of ‘technology
as second-skin’**® wearing computationally enabled clothes could also be regarded as
inhabiting a computational thing. Moreover, energy harvesting technologies that can be
implanted within the body take the participation of the human body to yet another level.
Considering these different scales of computational interventions inside, on and around
our bodies, presents a growing challenge for interaction design to address this blurring
of boundaries between the user and body-driven energy harvesting systems and devices.

The above examples of human-computer interaction urge us to interpret the engage-
ment between humans and machines as more direct and interdependent. In exploring the
material properties of energy, Pierce and Paulos** describe how our expectations might
change by detaching a device from its usual power source (plug points, batteries) and
relying instead on human kinetic energy. They argue that de-tethering electrical artefacts
from their usual power sources makes them similar to other non-electrical objects, such
as a book. The person activates the electrical object using her energy in the same way
as one might see opening a book as activating it. They propose that bodily engagement
with electrical energy extends the design space of the HCI by expanding the electrifiable
space, by presenting new ways of interacting and by exploring new relationships to elec-
trical technology.**

The notion of collaboration also relates to the recent discussion in the field of HCI
that extends the idea of interaction to the wider context of ‘integration.”** Farooq and

346. For example, “The Beauty of 2nd Skin | Sabine Seymour TEDx Talk | Art, Media, &amp;
Technology,” accessed July 24, 2019, http://amt.parsons.edu/blog/the-beauty-of-2nd-skin-sabine-
seymour-tedx-talk/.

347. Pierce and Paulos, “Materializing Energy.”
348. Pierce and Paulos, “Electric Materialities and Interactive Technology.”

349. Ron Wakkary and Erik Stolterman, “Integration,” ed. Ron Wakkary and Erik Stolterman,
Interactions 23, no. 6 (October 26, 2016): 5-5, https://doi.org/10.1145/3005777.
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Grudin®? have argued that the relationship between humans and the computer is chang-
ing from being stimulus-response based to a proactive one where the computer performs
on the user’s behalf even when the person is not interacting with the computer. They
describe integration as a partnership between humans and computer software which aims
for a symbiotic relationship where they work towards the same goals.

The results of this thesis further extend this discussion by illustrating a partnership not
only at a software level but at the level of materials. This collaboration calls for an active
engagement from the humans and the extent of effort and usefulness needs to be negoti-
ated according to different contexts. Body-driven energy harvesting is an example of this
kind of human computer integration that proposes a conceptual shift in how we design
everyday technologies and extends the notion of use to that of collaboration. How much
are we willing to do for electricity and what do we expect from our everyday technologies
in return?

9.3 Directions for future work

This thesis aimed at developing an interaction design perspective to research body-driven
energy harvesting in the context of e-textiles. The discussion in this chapter developed
examples of two characteristics of body-driven energy harvesting that become relevant
for interaction design— a focus on accumulated interactions and the other, building on the
idea of human-computer collaboration. In chapter 8, the results and reflections positively
illustrated how using electrostatic energy in the context of e-textiles was a useful case
study to explore, extend and develop new insights through the design program formu-
lated at the beginning of the thesis.

Moreover, based on the reflections and discussion presented in this chapter, I propose
that long term accumulative interactions as a design goal presents a key direction for
further research in the area of body-driven energy harvesting within materiality oriented
interaction design. Following this proposition, the design program for future work could
be refined and reformulated as:

Explore and develop examples of accumulated interactions using e-static textile
setups in the everyday, with a keen focus on the following three interpretations
of accumulation:

* Accumulation of material expression
* Sustainability of interactions over time
* Collaborations between humans and e-static setups

The reformulated design program focuses on aspects of accumulation of interactions in
the context of energy harvesting with e-static textiles. The three focus areas within the
design program build on the insights gained from the research studies of this thesis and
identify areas for further research and development. The accumulation of material expres-
sions focuses on visual and tangible expressions as a result of long-term interactions

350. Umer Farooqg and Jonathan Grudin, “Human-Computer Integration,” Interactions (ACM, October
26, 2016), https://doi.org/10.1145/3001896.
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within the material itself. The sustainability of interactions emphasises designing inter-
action choreographies within and around e-static systems from the perspective of long-
term interactions. And the third area approaches accumulative long-term interactions
from the perspective of developing examples of relating with e-static setups that highlight
a collaborative relationship between people and the system working towards a common
goal.

9.3.1 Resources and tools

The design program undertaken for this thesis aimed at opening up a design space for
considering electrostatic energy in textiles from the perspective of interaction design.
The research studies, with the exception of Study 04, were undertaken by me and used
my observations and reflections to drive the research discussion forward. These research
studies were useful for opening up the topic and creating the foundational knowledge on
working with static electricity and textiles. Going forward, it would be useful to share
the results of the research studies outside of the dissertation in forms that are accessible
and approachable for others to explore, contribute to and build on the results from this
thesis. For this reason, the outcomes described in section 8.4— the online handbook for
e-static textiles and the e-static textiles prototyping board— would be crucial resources for
investigating the above-formulated design program and developing this work further. For
example, the e-static textile prototyping board can support a prototyping-based inquiry
of accumulative interactions that focuses on collection rather than single instances of
input and output. Similarly, the e-static textiles handbook could be developed into a plat-
form for sharing examples and results from electrostatic interactions observed over a
long period of time.
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10 Concluding remarks

This doctoral thesis investigated body-driven energy harvesting from the point of view of
e-textile interaction design. It aimed to discuss and address the implications of involving
the human body actively in powering electronic devices and explored its influences on
the way we design and relate to technological artefacts.

In doing so, the research set up a systematic study of static electricity as an energy source
in the context of e-textile design. Developing a working knowledge of textile-based tri-
boelectric generators, various body-generated electricity systems of different scales were
envisioned. The context of the interior formed a broad frame to situate and guide the
research studies. In the process of making, discovering and exploring different textile
systems, questions regarding human interactions, material behaviours and the role of
electricity in the everyday were discussed.

The design program undertaken to consider static electricity as a material property for
designing e-textile interactions led to extending the scope of e-textile design and devel-
opment by:
* extending the definition of e-textiles as a material system that is guided by tex-
tile-specific interactions in different contexts.

* presenting examples and methods for designing with static electricity in the
context of e-textiles using easily-accessible materials.

» discussing applications and future implications of engaging with electrostatic
energy through interaction fictions that are based on real technological con-
straints and understanding.
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Furthermore, the research opened a discussion in the field of human computer interaction
research by presenting energy harvesting as a topic of interaction design. It identified the
following two areas that become relevant for designing interactions with body-driven
energy harvesting technology within materiality oriented HCI:

* Accumulated interactions as an inquiry into interaction sustainability.

 Utilising the electric properties of the body in interaction as a way of exploring
the notion of human-computer collaboration

Additionally, practical outcomes of this research included:

* www.estatictextiles.cc— An online handbook for learning about and working
with static electricity and e-textiles which includes tutorials and examples from
the research process.

» E-static textiles prototyping board— A PCB developed for easy integration of
static electricity and textiles to be used as an educational tool for designing and
prototyping electrostatic energy-related interactions.

This four-year research project provided the opportunity to explore static electricity and
textiles from varied perspectives and actively engage through making and observing.
Although the technology of electrostatic harvesting is still developing, this thesis aimed
at engaging the design community in the field of HCI and e-textiles to consider body-
driven energy harvesting as an area of human computer interaction that can explore,
challenge and inform the direction of technology development. Furthermore, it is hoped
that this thesis has illustrated the vast potential for incorporating static electricity as a
design parameter in e-textile development.
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Epilogue

This doctoral thesis was part of the ArcInTex ETN project. The Ph.D. program within
the project included several summer schools, courses, workshops and research exchanges
amongst the universities in the consortium. These organised teaching events along with
the rich exchange amongst project supervisors and other Ph.D. students in the program
contributed immensely to the development of this research. Please refer to Appendix E
for a detailed overview of my participation in courses, workshops and research activities
within the ArcInTex ETN project.
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APPENDIX A:
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E-static textiles workshop kit
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A.1 Online handbook:

estatictextiles.cc

The e-static textiles online handbook gives an overview of the basic knowledge and skills
needed to start exploring static electricity as a material property of textiles for shaping
interactions with electronic textiles.

It compiles the explorations and results from the thesis into a comprehensible handbook
that can act as a reference. Furthermore, it can also become a platform for sharing and
exchange amongst the e-textile design community that is interested in exploring static
electricity and textiles. The image on the right presents some screenshots of the website.

estatictextiles.cc
SITEMAP

HOME

Getting started

What is static
electricity

Everyday electrostatic
materials

- Collection

Exploring dynamic
behavior

- Examples
DIY experiments

- Examples

E-static interactions
Triboelectric generator
circuit
E-static textile
substrates

- Collection
E-static interior setups
- Examples

Long-term e-static
interactions

- Examples
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Tools for prototyping

Static electricity as
energy

- Examples
E-static textiles proto-
typing board

- Introduction

- Examples

- Workshops

All examples

About & contact




e-Static

‘tex‘t”es GETTING STARTED  E-STATIC INTERACTIONS ~ TOOLS ~ EXAMPLES Q

- ;
rototyping interactions with

static electricity & textiles

Getting started with static elect

Static electricity is usually considered an annoying

often i with door-knob shocks, hair
risings or clingy clothes. But it is also a form of everyday
electrical energy that is closely related to how our bodies
interact with textiles, and when handled safely, presents an
exciting opportunity to envision new forms and interactions
for e-Textiles!

What is static electricity? electrostatic materials dynamic behaviour DIY-experiments

Designing e-Static interactions

A triboelectric generator circuit is used as a template for
designing and observing interactions between people and
textiles with static electricity.

Triboelectric circuit e-Static textile-substrates e-Static interior setups longterm e-static interactions

Static electricity as energy e-textiles prototyping board
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A.2 Clip-on tester

The clip-on tester was developed during the thesis for quickly testing if interacting with
certain textiles and objects generates enough electrostatic energy to light an LED. The
clip is made from a crocheted cotton thread and covers a store-bought plastic clip. The
triboelectric generator circuit (illustrated below) is laid out around the clip, such that one
electrode is exposed on the top where the clip is held and the other electrode is placed in
between the tips so that it makes a firm contact with the electrostatic surface being tested.
The two electrodes are attached to a self-made LED module with a diode bridge rectifier.
The tester is clipped on an electrostatic surface and held with one hand; the other hand is
used to interact with the surface. When there are enough electrostatic charges, the LED
flickers bright.

The clip-on tester is an example of tools built during the research process to make engag-
ing with e-static textiles easier and more systematic. Please refer to Appendix D for a video
demonstration of the clip-on tester.

Diode rectifier bridge

E-static
textiles S
input
LED
e W
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Electrode 1: Touch
when clipping on the
fabric

LED and diode bridge

Electrode 2: Inbetween
the tips of the clip so it
touches the fabric directly.




A.3 E-static textiles
prototyping board

The e-static textiles prototyping board is a tool developed towards the end of the thesis to
support future work and development in the area of electrostatic textiles. The prototyping
board makes it possible to easily incorporate high voltage inputs from electrostatic setups
to visualise the generated electricity, to interpret static electricity as a sensor to trigger
different functions and to create e-static interventions in the everyday for prototyping
long-term interactions.

The sewable connectors on the board make it easy to incorporate in e-textile projects.
The through-hole connection points allow also for connecting jumper cables and a power
source directly onto the board.

Short videos demonstrating some of the features of the board can be found in the support-
ing files included in Appendix D.
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Static electricity inputs
from the textile setup

eStatic
textiles.cc
ArcinTexETN

Pulse out— connect directly
to an output or to Arduino
interrupt pin

Voltage in: 3.3-5V
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Stages of development of the e-static prototyping board

Initial prototype PCB design and circuit layout

First batch for testing Final manufactured PCBs

The board was developed in collaboration with a berlin-based prototyping company called
August and Piela Konstruktiv GbR. It went through several stages of development, from
the first initial working prototype, to collaboratively designing the shape and circuit for the
printed circuit board (PCB), to a small test batch, followed by the manufacturing of the
final set of prototyping board. The following pages give an overview of the circuit layout,
the oscilloscope readings and notes for further development for the board.
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Circuit Layout- E-static textiles prototyping board
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Oscilloscope readings of the OUT pin on the e-static textiles board

The out-pin of the e-static textiles prototyping board gives a pulse out every time a voltage
higher than 90V is generated by the e-static interaction. A single interaction with a weak
electrostatic setup would result in spaced out peaks. A single interaction with a highly
electrostatic setup would generate denser peaks with higher amplitude. This kind of pulse
input can be connected to the interrupt pin of an Arduino to easily read the values and
design and prototype different kinds of electrostatic behaviours and applications.

—E‘F"('r-r—jrl‘rr(‘("r—r—'——_

/) U//// /

——-rlﬁr‘r”‘rﬂ!‘(

Several electrostatic interactions over a short period of time
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Notes on further development of the board

From the oscilloscope readings, it can be seen that during a high intensity electrostatic
interaction, a portion of the signals do not reach back to zero. Although the e-static is still
able to recognise and count electrostatic inputs to a good degree of accuracy, its perfor-
mance would be improved if the pulse outputs would go back to zero every time. This
issue would be addressed in further development of the board. The circuit sketch below
illustrates a preliminary plan for adding an extra transistor for improving the signal output.

5V

N\

ouT

100 uF
22K
BC548C
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A.4  E-static textile
workshop kit

The e-static textiles workshop kit consists of components, materials and tools that help to
give a basic introduction to working safely with static electricity and textiles in a workshop
setting. The kit consists of an e-static textiles prototyping board, a module integrated with
a diode-bridge and an LED, a spool of conductive yarn, an LED, and a resistor.

This kit was used to facilitate a half-day workshop for a small design team at IKEA,
Sweden in June 2019. The goal of the workshop was to share my research findings, and
give a hands-on workshop that would share a basic understanding of the opportunities
and challenges of working with static electricity and textiles. During the workshop, the
participants built their own triboelectric circuits, experimented with different electrostatic
materials and interactions, tried examples of Arduino codes for prototyping interactions
and also discussed their thoughts and ideas for working with this topic in their own work
contexts.

It is aimed that the workshop kit would work closely with the resources included in the
estatictextiles.cc website using it as a reference as well as an archive for documenting the
results.

In the following pages, further details on the kit, the workshop handouts and some docu-
mentation pictures from the workshop at IKEA are presented.
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The Workshop kit

Jumper
cables

Workshop kit
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Sleeve for e-static textiles

LED module
prototyping board

ESTATIC TEXTILES
PROIOTVP[NG BOaRp

LED and resistor

E-static textiles

prototyping board Conductive yarn
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Workshop handout

1 Assembling the
electrostatic
generator circuit

STEP 1:

Connect the LED module to the two electrodes by
attaching crocodile clips between pads on the module
marked with a black dot, and the two conductive
materials.

Make sure the two electrodes are not touching.

LED module

Electrode 1 Electrode 2

Electrostatic material

STEP 2:

Place the electrostatic material on one electrode such
that it completely covers it.

Now touch the other electrode with any part of your
body, while moving the electrostatic material over the
first electrode.

The electrostatic charges will flow through the circuit
lighting the blue LED in short bursts.

STEP 3:
Try some other variations of the the circuit, and

explore different interactions for activating the circuit.

Covering both elec-
trodes with the elec-
trostatic material.

Layering the elec-
trostatic material
between the two
electrodes.

Explore different ways of moving the electrostatic material while still touching one electrode.

Try wiping, waving, tapping — whichever interactions your electrostatic material enables.

Observe which interactions work best for lighting the LED, which interactions are fun, which are more
comfortable. How big or small are the movements you explore? What parts of the body are you using?
Can many people interact at the same time to activate the circuit?
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Workshop handout
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Workshop handout

nw Attaching the
e-static textiles
prototyping board
to the Arduino

STEP 1

Attach to
electrostatic setup
to the e-static
prototyping board

S
Attach to Z
electrostatic
setup _
H
~
osb
S
g £
8

STEP 2

Hook up the
e-static prototyping
board to the
Arduino and
connect the output
LED.

Attach to Digital PIN 2
on the Arduino

w Attach to 45V V_,

pin on the Arduino

out

&

>

Attach to GND pin
on the Arduino

STEP 3

Upload the given Arduino
program examples for
collecting or counting
electrostatic interactions

UPLOAD
ARDUINO
EXAMPLE CODE
for electrostatic
interactions

Arduino illutsration source: https://www.ort

ATVL NI

o]

Dooo

+

LED Output to
visualise accumu-
lated interactions

Eocoooooo

com, ._u‘mismé\cm@_::,sa‘mac,:o‘u—omﬁmam
ming/9781430237778/arduino_i_slash_o_demysti-

fied.htmi#fig_5_1
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Some impressions from the workshop at IKEA, June 2019.
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APPENDIX B:
Demonstrators— e-static textile
interactions

B.1 Energy harvesting with e-static wall

B.2 Counting interactions with e-static seat
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B.1 Energy harvesting
with e-static wall

This e-textile setup illustrates the experience of energy harvesting by engaging with an
electrostatic wall in a home over time. The persons passing in front of the furry electro-
static surface interact by rubbing and stroking it. The electrostatic charges generated with
each interaction are recorded using the e-static textiles prototyping board and an Arduino.
The idea of charging a battery is simulated in software. When there are enough electro-
static charges collected, the lamp connected to the setup lights up.

When the collected charge is used up, the light starts to dim, at which point a person can
add more electrostatic charges into the system by stroking the surface to make the light
bright again.

The e-static wall has one electrode integrated within the textile substrate. The other elec-
trode is placed on the floor in the form of a conductive rug. Thus, a person standing on
the rug while stroking the textile becomes part of the electrostatic circuit needed to safely
collect the charges.

Please refer to Appendix D for a video demonstration of this setup.

Electrostatic object/surface used: Tufted textile with plastic film yarn ( see sample 4a on
page 99)
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B.2 Counting interactions
with an e-static seat

This example illustrates how static electricity could be used as an interaction sensor in
an electrostatic setup. The e-static seat is connected to a counter that increments when it
detects electrostatic charges generated due to the person sitting and moving on the seat.

The e-static seat is made using the principle of an electrostatic generator circuit. Metal
springs and conductive fabric inside the upholstered seat act as an electrode which is insu-
lated by a thick cushion of waste plastic sheets, synthetic fabric scraps and styrofoam balls.
The conductive rug on the floor acts as the second electrode. When a person sits on the seat
while stepping on the conductive rug, electrostatic charges flow through the circuit. An
e-static textiles prototyping board is connected to the seat which directly outputs values to
the counter corresponding to the electrostatic charges generated during each interaction.

Please refer to Appendix D for a video demonstration of this setup.

Electrostatic object/surface used: Plastic sheets, polyester fabric, styrofoam balls.
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APPENDIX C:
Woven e-static textiles
sample book
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Constructing Triboelectric Textiles with Weaving
Ramyah Gowrishankar
Berlin University of the Arts

ArxcInTex TN

Marie Sktodowska-Curie actions European Training Network (ETN)

All samples presented here were made at the textile studios at the
Swedish school of textiles in Borés.
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Looms and warp settings
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Rakt genomgaende solvning 24 skaft/ Straight threading 24
shafts ARM 3

Vit polyester, Trevira CS Tathet/density 21 tr/ | Rakt genomgaende solvning pa 24 skaft
Nm 40/2 Straight threading 24 shafts

cm
Sked/reed 70/10 1-3

Varplangd/warplength: 11,6 meter
Skedbredd/width in reed: 40 cm
Tradantal/Number of ends: 840 tr
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Filtbindning/Weft faced double-faced

ARM 4
Beige bomull Ne 20/2 (Nm Varptathet/density 9 tr/ | Rakt genomgaende solvning pa tva
34/2) cm partier om 4 skaft vardera
Beige cotton Sked/reed 45/10 1-2 Straight threading, two blocks with
vaf/weft: Ull/wool Nm 6/2 4 shafts each

Varplangd/warplength: 20 meter
Skedbredd/width in reed: 40 cm
Tradantal/Number of ends:

Kanten: 28 tr

Parti 1: 28 tr

Parti 2: 40 tr Parti 1 och 2 4 ganger=272 tr
Parti 1: 28 tr

Kanten: 32 tr

Totalt tradantal: 360

Solvning/threading 3 cm i kanterna breda partier 5 cm och smala partier 3 cm

Partimonster/blocks

=
i
2

Detaljmonster/ weave pattern




Dubbelvay, rips/Double weave, rep weave ARM 5

Gra/grey Bomull/cotton Ne Tathet/density 32 tr/cm Rakt genomgaende solvning pa tva
20/2 (Nm 34/2) Sked/reed 80/10 1-4 partier om 8 skaft vardera
Blekt/bleached Bomull/cotton Straight threading, two blocks

Ne 20/2 with 8 shafts each
Relationstal/ratio 1:1

Skedbredd/width in reed: 30 cm
Tradantal/Number of ends:

Parti 1: 224 tr, Parti 2:224 tr

Parti 1:160 tr, Parti 2:160 tr

Parti 1: 96 tr, Parti 2: 96 tr

Totalt tradantal/Total number of threads: 960 tr

Partimonster/blocks

T T |
L] .| 1

Solvning/threading

Stadkant/selvage

Forsta inslaget gar fran hoger till vanster/ First weft goes from right to left.
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Spetssolvning/Pointed threading ARM 7

Svart/black Tathet/density 19 tr/ | Spetssolvning 16 skaft
Polyester Nm 40/2 cm Pointed threading 16 shafts
Sked/reed 95/10 1-2

Skedbredd/width in reed: 39,6 cm

Tradantal/Number of ends: Kanten/edge 4 + 4 tradar, spetsen/pointed draft 30 tr x 24,5 + 1 = 744 tr
Solvning/threading

Solva kanten 4 tr och sedan 24,5 v:n, sluta med 4 kanttradar

Solvning/threading

Stadkant/selvage

Forsta inslaget gar fran hoger till vanster/ First weft goes from right to left.
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A

Single Layer Weaves
Weaving with different electrostatic yarns /materials
A1: Samples on the hand looms
A2: Samples woven by hand using weaving frames
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SAMPLE A1.1
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Textile technique: Construction tool: Avg (Std dev) Voltage
WEAVING ARM 4 46V (1.14)

Materials: Method for incorporating electrode
Warp: Cotton External electrode
Weft: Plastic film yarn
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SAMPLE A1.2

Front Back

Textile technique: Construction tool: Avg (Std dev) Voltage
WEAVING ARM 4 Not measured
Materials: Method for incorporating electrode

Warp: Cotton External electrode

Weft: Rubber yarn
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SAMPLE A1.3
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Textile technique:
WEAVING

Construction tool:
ARM 4

Avg (Std dev) Voltage
3.3V (0.79)

Materials:
Warp: Cotton
Weft: Polyester filling yarn

Method for incorporating electrode

External electrode
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Front

SAMPLE A1.4

Back

Textile technique:
WEAVING

Construction tool:
ARM 7

Avg (Std dev) Voltage
6.5V (0.89)

Materials:
Warp: Polyester
Weft: 2 yarns: Teflon & Polyester

Method for incorporating electrode

External electrode
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SAMPLE A1.5
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Textile technique:
WEAVING

Avg (Std dev) Voltage
Not measured

Construction tool:
ARM 5

Materials:
Warp: Cotton
Wett: Furry Polyester yarn

Method for incorporating electrode

External electrode

Note for construction:

Weaving with the furry yarn, and then pulling out /

brushing up the pile on top. (The top half of the sample
is brushed, bottom is how it looked from the loom)
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SAMPLE A1.6
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Sample dimension: 29X21 cm
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Textile technique: Construction tool: Avg (Std dev) Voltage
WEAVING ARM 5 Not measured
Materials: Method for incorporating electrode
Warp: Cotton External electrode
Wett: Plastic film yarn
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Textile technique:

WEAVING

Construction tool:

Avg (Std dev) Voltage
ARM 5

Not measured

Materials:

Warp: Cotton
Weft: Wool

Method for incorporating electrode
External electrode

Note for construction:
Broken twill in 2 interconnected layers with floats inside.

After weaving, the floats inside the layers can be pulled
to form folds in the overall fabric.
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SAMPLE A1.8

Textile technique: Construction tool: Avg (Std dev) Voltage
WEAVING ARM 5 Not measured
Materials: Method for incorporating electrode

Warp: Cotton External electrode

Weft: Polyester chanelle yarn | Note for construction:
Some blocks are filled with polyester filling in attempt to
amplify the electrostatic effect.

227



SAMPLE A2.1
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Method for incorporating electrode

External electrode
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Sample dimension: 23X27 cm
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pipe cleaners

(metal core and polyester

fibres)

Textile technique:

WEAVING
Weft: creative

Warp: Cotton

Materials:




SAMPLE A2.2

Sample dimension: 16 cm diameter

Front

Textile technique:

Construction tool:

Avg (Std dev) Voltage

WEAVING Hand woven on circular 7.6V (2.28)
loom
Materials: Method for incorporating electrode

Warp: Conductive yarn

Weft: Scraps of polyester
fabric for piling,

100% Wool yarn and
knitted tube of conductive

yarn

Conductive warp insulated by the polyester pieces knot-

ted in the weft direction.
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Double Weave
Weaving 2-layer material combinations:
Electrostatic yarns /materials and conductive yarn
B1: Samples made with hand looms
B2: Samples woven by hand with weaving frames and
B3: Samples made with industrial looms
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SAMPLE B1.1
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Textile technique: Construction tool: Avg (Std dev) Voltage
WEAVING ARM 5 4.5V (1.59)

Materials: Method for incorporating electrode
Warp: Cotton The bottom layer has rows of conductive yarn so that it
Weft: Top: Teflon is exposed to the inside of the fabric that is in contact

Bottom: Polyester & with the top layer.
conductive yarn
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SAMPLE B1.2
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Textile technique: Construction tool: Avg (Std dev) Voltage
WEAVING ARM 5 3.6V (0.7)

Materials: Method for incorporating electrode

Warp: Cotton The bottom layer has rows of conductive yarn so that it

Weft: Top: Polyester is exposed to the inside of the fabric that is in contact
Bottom: Wool & with the top layer.

conductive yarn
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SAMPLE B1.3
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Sample dimension: 30X13 cm

Textile technique:
WEAVING

Construction tool:
ARM 5

Avg (Std dev) Voltage
Not measured

Materials:

Warp: Cotton

Weft: Top: wool and
conductive yarn,
Bottom: Wool

layer with gaps.

Method for incorporating electrode
Weaving with three weft yarns simultaneously to make
three distinct areas, two of them conductive in the front

A polyester fabric is inserted in between the layers that
can be pulled from between the gaps of the fabric.
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SAMPLE B1.4
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Textile technique:
WEAVING

Construction tool:
ARM 5

Avg (Std dev) Voltage
46V (1.14)

Materials:
Warp: Cotton

Method for incorporating electrode
The bottom layer has rows of conductive yarn so

that it is exposed to the inside of the fabric that is in
contact with the top layer.

Weft: Top: Plastic foil yarn,
Bottom: Conductive yarn
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SAMPLE B1.5

Sample dimension: 25x28 cm

Back
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Textile technique: Construction tool: Avg (Std dev) Voltage
WEAVING ARM 5 5.7V (2.49)
Materials: Method for incorporating electrode

Warp: Cotton
Wett: Top: Plastic foil yarn,
Bottom: Conductive yarn

Rows of conductive yarn woven on top and bottom
of the piece. The space between the woven layers
is stuffed with polyester filling material during the
weaving process.
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SAMPLE B2.1

Sample dimension: 21 cm diameter

Back

Textile technique:

Construction tool:

Avg (Std dev) Voltage

WEAVING Hand woven on circular 4.28 V (0.44)
loom
Materials: Method for incorporating electrode

Warp: Conductive yarn

Weft: Top: Polyester yarn,
Bottom: Polyester &

Conductive yarn

Conductive warp insulated by the wool and polyester

wrapped in the weft direction.
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SAMPLE B3.1
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Warp: Cotton

Weft: Top: Polyester yarn,
Bottom: Polyester &

Conductive yarn

Textile technique: Construction tool: Avg (Std dev) Voltage
WEAVING CCI Sampling Loom 7.7V (2.79)
Materials: Method for incorporating electrode

The bottom layer has rows of conductive yarn so that it
is exposed to the inside of the fabric that is in contact

with the top layer.
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LOOM SETUP FOR SAMPLE B3.1

/7

Loom: CCI SAMPLING 2 Warp threads at the edges changed to conductive
16 Shafts (1-16) 40 cm width yarn so that the rown of conductive yarn would be
12 Colours weft connected to each other.

Warp: White Polyester Nm 40/2, 30 thr/cm

EAR IR

Loom settings for the broken twill area Loom settings for the plain weave area
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APPENDIX D:
Supporting files (DVD)
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LIST OF SUPPORTING FILES

01- Electrostatic generator circuit

- Videos demonstrating the e-static generator circuit used in this thesis

02- Research Studies
- Study 01
- Measuring e-static textile samples with an oscilloscope
- Demonstration videos of the Clip-on tester
- Study 02
- Electrostatic cube interaction videos
- An analysis of the interactions in the above videos
- Study 03
- Enacting e-static surfaces (video)
- E-static sketches
- Study 04
- Student videos and final works
- Documentation materials from the workshop

- Experiment cards— An overview and analysis of different experiments undertaken.

03- E-static textiles prototyping board

- Videos illustrating examples for connecting an output directly to the e-static board.
- Connecting an LED

- Connecting a counter
- Connecting a piezo speaker

- Videos illustrating examples of programming interactions by using an Arduino with the
e-static board.

- Reading and displaying values from the e-static board through a serial port
- A program that simulates slow-charging and harvesting interaction.

- Examples of Arduino programs for getting started (also available on the website)

04- E-static engagement demonstrators (videos of e-textile setups)
- Energy harvesting with e-static wall

- Counting interactions with e-static seat

241



242



APPENDIX E:

Overview of courses and
research activities in the
ArcinTex ETN project
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Summary of participation in activities and courses within the ArcinTex ETN
project

I took part in all of the required ArcInTex research activities including common courses,
workshops and training events from August 2015 to July 2018. A short summary of all the
events and research activities undertaken by me within the ArcInTex ETN project is given
below, followed by a more detailed account in a tabular form.

My first secondment took place at the Swedish school of textiles in Boras from September
to December 2016 with the other members of work package 3. The secondment included a
series of courses and workshops including ‘dynamic form workshop’, ‘textile interaction
design’, ‘nomadic tent structures’, ‘academic photography’ and a research methods course.
In addition to this, I took part in a month-long course on introduction to weaving tech-
niques. This course was helpful to create several textile samples as part of my research into
electrostatic textiles. During the secondment, I was able to progress in my individual work
by doing an extensive material exploration and developing hands-on skills and a working
method for engaging with static electricity and textiles. The work package 3 group was
an important resource for discussions, collaborative brain storming and reflecting on the
shared topic of the interior.

My second secondment was at the Wearable Senses Lab of the Technical University in
Eindhoven (TU/e), Netherlands from September to December 2017. Being at the TU/e
helped me to deepen my theoretical frame, reflect and document my experiments and
extend my literature review for the dissertation.

Participation in public outreach and Marie Curie ambassadorial activities during the project
included several research colloquiums and research seminars at the UdK (spring 2016,
Spring 2017, Winter 2018) and Swedish school of textiles (Autumn 2016); work-in-progress
exhibition at the ‘UdK Rundgang’ (Summer 2017); presenting and heading a round-table
discussion around sustainability in Wear IT festival in Berlin (Summer 2017) and conduct-
ing a compact course on speculative design methods using my ongoing research work for
students at UdK (Summer 2017).

Peer reviewed publications include: R. Gowrishankar, K. Bredies, and S. Ylirisku,
“A Strategy for Material-Specific e-Textile Interaction Design,” in Smart Textiles
Fundamentals, Design, and Interaction, S. Schneegass and O. Amft, Eds. Springer
International Publishing, 2017, pp. 233-257.

and

R. Gowrishankar, “Constructing triboelectric textiles with weaving,” in Proceedings of
the 2017 ACM International Symposium on Wearable Computers - ISWC °17, 2017, pp.
170-171.

List of Activities

21/9/2015-3/10/2015. Summer School 1: Research methods, artistic research, prac-
tice-based design research, University of Arts (UDK).

11/10/2015-16/10/2015. Bio plastics workshop in Vilnius Arts Academy (VAA).
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15/10/2015. Mycelium workshop at the the Contemporary Art Centre in Vilnius as part
of the project by Zooetics organised by artists Gediminas & Nomeda Urbonas and KTU.

22/02/2016—29/02/2016. Common Course: “Activating the surface” at the University of
Arts Berlin.

11/04/2016—15/04/2016. ArcInTex Network meeting in Boras Swedish School of Textiles.
18/04/2016—20/04/2016. Workshop 1: Innovation Module at Tu/e.

15/07/2016-22/07/2016. Summer School “Research entrepreneurship in the academic and
non - academic area”, Royal College of Art London.
01/9/2016 — 30/12/2016. Secondment at the Swedish school of textiles in Boras.

18/10/2016. Presentation of research at the International week at The University of Boras -
along with Work package 3 team.

18/10/2016. Attended a webinar on Triboelectricity by IDTechex.

09/11/2016. Research Seminar at the Swedish School of Textiles to present ArcIntex ETN
research.

5/2/2017-10/2/2017. Common Course 2 Embodied textile interactions in Vilnius Art
Academy (VAA).

27/04/2016. Attended the IdTechEx Energy Harvesting and Storage summit, Berlin.

04/05/2017. Presented the ArcInTex ETN project and ongoing research at the UdK inter-de-
partmental Doctoral colloquium

09/06/2017. Presented research and hosted a roundtable discussion as part of the sustaina-
bility track at the WearlT festival in Berlin

Summer 2017. Book Chapter “A Strategy for Material-Specific e-Textile Interaction” pub-
lished in Smart Textiles: Fundamentals, Design, and Interaction.(http:/www.springer.
com/de/book/9783319501239

7/07/2017-14/7/2017. Summer school : Research career, development and business plan.
Tu/e.

31/07/2017—04/08/2017. Compact course for the students at UdK about speculative design
methods using my ongoing research on Electrostatic textile energy harvesting.

11/09/2017-15/09/2017. Conference participation and poster presentation at the International
Symposium for wearable computing (ISWC 2017), Hawaii, USA.

25/09/2017-31/12/2017. Secondment 2 at TU Eindhoven.
11/01/2018. Research Colloquium at Design Research Lab, UdK Berlin.
21/01/2018-26/01/2018. Workshop 2, Heriot Watt University.

During the academic year 2017/2018 my research focused on analysing the research
studies, consolidating reflections, documenting my research in an online format that is
usable for the e-textiles community and developing an e-static textiles prototyping board

in collaboration with a Berlin-based circuit and prototyping company.
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1. PERSONAL DETAILS

Surname First name E-mail

Gowrishankar | Ramyah I.2OWT

address

ishankar@udk-berlin.de

2. GENERAL INFORMATION ABOUT DOCTORAL STUDIES

Doctoral studies subject

University/Department

Work package 3. Designing for adaptive
and near-field interactions at the scale of
the interior. (Textile interaction design)

UdK Berlin / Department of Design

3. SUPERVISION

Principal supervisor:
Prof. Dr. Gesche Joost
UdK Berlin

2nd Supervisor:
Prof. Dr. Berit Greinke
UdK Berlin

Assistant supervisor from the project

Prof. Jolanta Vasalinskiene /VAA

Assistant supervisor from the project

Mr. lan Higgins / RCA

4. OVERVIEW OF COURSES, INCLUDING

NETWORK TRAINING ACTIVITIES

4.1 Year 1

4.1.1 Summer School 1: Research methods, artistic research, practice-based design research

Examiner (for the course) Planned(semester) Completed(semester) Reported(date)
Dr. Phil. Katharina Bredies | 21.09-3.10.2015 3.10.2015 3.10.2015

4.1.2 Common Course 1: Textile Architecture, UdK Berlin

Examiner (for the course) Planned(semester) Completed(semester) Reported(date)
Prof. Dr. Norbert Palz 22-29.02.2016 29.02.2016 31.03.2016
4.1.3 Workshop 1: Innovation Module, TU/e

Examiner (for the course) Planned(semester) Completed(semester) Reported(date)
Ass. Prof. Oscar Tomico 18.04.2016 20.04.2016 18.05.2016
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4.1.4 Other research activities (lectures, seminars, workshops, etc.)

- Attended ArcInTex network meeting in Vinius, 12—15 Oct 2015. I participated in
the Bio plastics workshop at the Vilnius Academy of Arts that gave an introduction
to working with organic materials to create plastic substrates and small objects. In my
explorations within the workshop, I experimented with combining knitted textiles and
yarns with bioplastics. I also made a sample with integrating a simple LED circuit within
the bioplastics that could be powered with an external battery.

- Mycelium workshop at the the Contemporary Art Centre in Vilnius as part of the
project by Zooetics organised by artists Gediminas & Nomeda Urbonas and KTU. This
workshop gave the possibility of preparing and working with mycelium to understand
the entire process of growing and developing forms with this material. Working with
organic growing materials was a very interesting way to enter into the discussion of
future of production and consumption of goods in our everyday lives.

- ArcInTex network seminar and workshop in Boras - April 11-15th 2016. I participated
in the textile interactions workshop that explored the expression and actions of the inter-
actions. Our group in this workshop took a simple textile object, a seating cushion, and
developed different interaction ideas through body storming. My investigations revolved
around exploring the idea of collaborative seating and what sort of negotiations and com-
promises are needed in interactions if more than one person were needed for sitting com-
fortably with a textile object. The explorations were captured in the form of short videos.

- IdTechEx Energy Harvesting and Storage summit, Berlin April 27th 2016. This event
is an annual meeting for showcasing and sharing the state of the art in Energy harvesting
and storage technologies in Europe. I visited the exhibition at the event and was able to
get an interesting insight into the current developments in the field energy harvesting as
well as have the opportunity to discuss with experts and share ideas for energy harvest-
ing from a textile context.

4.2 Year 2

4.2.1 Summer School 2: Research entrepreneurship in the academic and non-academic
area, RCA

Examiner (for the course) Planned(semester) | Completed(semester) | Reported(date)

Prof. Clare Jonhston 15-22.07.2016 22.07.2016 22.08.2016

4.2.2 Common Course 2: Embodied Textile Interaction, VAA

Examiner (for the course) Planned(semester) | Completed(semester) | Reported(date)

Prof Egle Ganda Bogdaniene | 5-10.02.2017 10.02.2017 24.03.2017
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4.2.3 Secondments 1

- Swedish School of Textiles, September—December 2016.

4.2.4 Other research activities (lectures, seminars, workshops, etc.)

- Attended a webinar on Tribolectricity by IDTechex - 18.10.2016. The webinar gave
an overview on the current state of the art in triboelectric generators in the context of
energy harvesting and discussed the future potentials and directions for development in
the field of Engineering.

4.3 Year 3

4.3.1 Summer School 3: Research career, development and business plan, TU/e

Examiner (for the course) Planned(semester) | Completed(semester) | Reported(date)

Ass. Prof. Oscar Tomico 7.07.2017 14.07.2017 30.07.2017

4.3.2 Secondments 2

- Eindhoven Technical University, Netherlands. September—December 2017

4.3.3 Other research activities(lectures, seminars, workshops etc.)

- Attended workshop 2 in HW (21-26 Jan 2018)

- Presented Arcintex ETN research at ISWC 2017 conference in Hawaii, USA. (sept
11-15 2017)

- Presented and discussed research results at the research Colloquium at UdK, Jan 2018

4.4 Year 4

4.4.1 Other research activities (lectures, seminars, workshops etc.)

- ArcInTex ETN research conference , 5-6 March 2019
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5. SUMMARY OF COURSES AND COMPLETED RESEARCH

YEAR 1

Courses:

- The summer school at UdK, Berlin in Autumn 2015, gave an overview of
different research methods and approaches for design research and think-
ing which helped me to focus and develop my research questions and posi-
tioning. My research inquiry: “ What kind of novel forms and interactions
can be developed for digital expression at the scale of the interior using
textile interactions as a starting point?”, is positioned between the fields of
electronic textiles and tangible interaction design and places an emphasis
on movement and creative engagement with digital interfaces.

- The common course in Berlin “Activating the Surface” at the UdK Berlin
provided a theoretical introduction as well as a hands-on experience of
dealing with ‘architectural-thinking’ and working with space, materials
and time in a collaborative team. This course was very useful in bringing
forward the challenges and opportunities of physically scaling up while
considering the change in experience and perception in relation to the body.

- Workshop 1 at TU/e in April 2016 introduced the idea of making a growth
plan for the research which was challenging but useful for envisioning the
different stages in a PhD process and identify the possible paths that the
research could take and consecutively deriving the results that could be
aimed for.

Overview of research activities

Oct 2015—Jan 2015

- Conducted in-depth literature review in the fields of Tangible Interaction
Design and e-Textiles. Through this, I further developed the theoretical
framework for using textile interactions as a resource for e-Textile inter-
action Design. Reflecting on the ongoing empirical work and the research
literature, I submitted an abstract for a chapter in a book called Handbook
on smart textiles and textile electronics, to be published by Springer and
edited by researchers at the university of Stuttgart.

- This abstract was accepted, following which I worked on a full chapter,
with co-authors, Katharina Bredies (UdK Berlin) and Salu Ylirisku (SDU,
Denmark). Writing this 25-page research article helped to organise and
collect an in-depth literature review of the related fields. I further artic-
ulated the insights and results of ongoing research work to outline and
realize my research approach. This book will be published towards the end
of 2016.
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- Along with writing the article, I also started initial explorations for inves-
tigating textiles in the context of the interiors. Having previously worked
only with small scale textile prototypes, I started to address the challenge
of scaling up of textile structures, materials as well as interactions. The
two main activities conducted included explorations with arm knitting as a
technique for using one’s body for scaled up textile production. The second
included open explorations with making large-scale quick prototypes with
textiles.

- A collaborative project within the work package team that adopted a
travelling tent as a template for collectively experimenting and exhibiting
interior-scale textile explorations began to emerge. Shared online resource
pools of images, texts and reflections were also set up to support collabo-
rative work.

Feb—May 2016

- Following chapter writing process, through which I was able to derive
a focus on movement and deformable qualities of textiles for the doctoral
research, I started to look into the possibilities of energy harvesting by
utilising the kinetic potential of textile interactions.

-Conducted background research on piezoelectric elements and projects
developed in the recent years and started collecting research references
and companies in the field. I also contacted several researchers and com-
panies to try to get material samples to experiment with or look for collab-
oration opportunities. Alongside, I have been doing some low-fi piezoelec-
tric experiments for understanding of the technology for e.g. working with
ceramic piezo-elements and growing home-made piezoelectric crystals.

- I attended the exhibition at the Energy Harvesting and Storage summit at
Berlin which gave me valuable insights on the current state of the art and a
possibility to discuss with experts.

- Learning more about interior design and projects, I have also been
working with the idea of using textile interactions for designing and inter-
acting with spatial features. This is an ongoing exploration and the several
small-scale quick models made are documented on a personal blog. Video
documentation to capture the movements and interactions in the models is
planned for supporting the reflection process.

- With the work package team, we have continued the explorations of con-
sidering scale, and space with respect to textile interactions through pro-
totypes and photography. We had two group workshops so far and a third
one is planned for May 2016. The first one was a writing workshop, the
second one was about scaling up and using the stretchability of textiles as
a structural element.
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June—July 2016

- The individual research took a more focused direction towards energy
harvesting with textiles, especially looking at piezo and triboelectric
effects. Made multiple tests and measurements of different small-scale
set-ups for harvesting static electricity while using textile interactions as
a focal point. Introducing movement into the explorations, a method of
animating small models in photo collages was undertaken as a strategy for
sketching in a bigger scale.

- Started a research diary, where I regularly note down observations,
thoughts and ideas. Also developed a more uniform template for docu-
menting the empirical work and experiments in the form of a prototyping
diary.

- Since the energy produced with textiles is low in efficiency, I am explor-
ing different reasons for engaging in energy harvesting and investigating
what it means to produce small amounts of electric potential in a long
period of time, how this relates to craft, and what kind of practices or
textile interactions can be developed around energy harvesting in this way.
I am currently working on scenario building and narratives as a way to
further detail the research enquiry.

- I have been also planning the collaborative project during the
secondment in Boras with my work package group, as well as my own
research activities with my supervisors. I am currently working on rework-
ing my research proposal and writing a concrete plan for the secondment.

YEAR 2

Courses

- Summer School 2 -RCA London. The summer school in London was
focused on research and entrepreneurship. It provided different per-
spectives on the subject including research to business narratives, issues
regarding funding as well as hints for improving communication and pres-
entation skills. Persistence and flexibility in representation of the core idea
were the two entrepreneurial qualities that stood out for me.

- Introduction to Electronics workshop (1-7.09.2016). This week long work-
shop by Erin Lewis during the Secondment covered the basics of elec-
tronic circuits and physical computing. Since I am already familiar with
the basics, this was more of a revision for me. I took some time during the
classes to instead experiment with components that were new to me such
as working with a LED matrix and the energy harvester breakout board I
got for my research project.
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- Dynamic form workshop (8-12.09.2016). This three-day workshop

focused on exploring dynamic forms and expressions. We were given a
task of exploring dynamic form by selecting 2 materials. I used this exer-
cise to explore the potential of static electricity to create movement in
materials through series of short videos. It was useful to explore alternative
expression of static electricity.

- Textile Interaction Design (week 38). This course focused on writing as

a tool as well as form for exploring as well as expressing interactions. I
found it interesting to think about interaction through text, while it asked
for specificity, it also gave freedom to open out the topic.

- Nomadic Tent structures (week 40). In this course, the work package
team explored alternative ways of dwelling by camping in the Swedish
forest for 2 nights. Constructing, organising, observing and adapting to a
different environment gave us an opportunity to compare and critique our
notions of the interior.

- Academic photography course at HB. Through different tasks of organ-
ising and communicating our research through images, this course gave
a hands-on understanding of the role of images in research as not only as
documentation or as a support for the text but as independent communica-
tive elements.

- Research methods course at HB. This course by Lars Hallnas discussed
Artistic research, methods and results. The discussions in class about each
other’s work in relation to the research results was very useful in rethink-
ing the framing and scope of my doctoral work

- Introduction to Weaving. Learnt about basic weave structures and using
the hand looms basics for programming and weaving with different
machine looms. Made several woven samples through which 1 was able
to explore different material combinations and structures for enhancing
electrostatic properties.

Overview of research activities
August 2016
- Developed detailed research proposal

- In August 2016, I wrote a research proposal for the PhD based on the
research development in the first year of the project. This included revised
research questions, the literature review, empirical experiments done so
far and incorporated a concrete plan for the upcoming secondment.
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September—December 2016

- The secondment in Boras started with a series of courses. I have set up a
documentation blog for sharing ongoing explorations with my supervisors.

- The various courses during the secondment have been helpful to take
the individual research forward. I tested different technical implementa-
tions for storing and visualising electrostatics. Discovered materials such
as polyester, foil blanket to use for quick prototyping. Explored scenar-
ios through sketches and video to further develop the future scenarios.
Attended the weaving course at HB. This course gives me an opportu-
nity to explore static electricity in textiles from a materials perspective.
The patterns or structures developed during the course could inform the
form-development of the intended electro-static textile interventions.
Identified directions for further developing large scale electrostatic explo-
rations through prototyping.

- Collaborative work with wp3: Several meetings with the work package
to discuss collaborative work. Organised a workshop to investigate interi-
or-scaled textile interactions in the context of electrostatic charge collec-
tion. Had several feedback sessions within the Wp3 to comment and give
ideas for each other’s work. Prepared group presentations for ArcInTex
research work to share with students of HB and can be used for later use.
Compiled the learning from previous workshops into a series of books and
collaborated on setting up an exhibition for the Mid Term review meeting
to present the approach and work done in the work package 3.

Jan-—April 2017

- During the beginning of the year, I focused on documenting, collecting
and reflection of the work done during the secondment. The woven samples
were documented in a sample book. Continued investigation with electro-
static materials and collection set-ups. Started to define methodology by
analysing the work, sketches and approaches taken so far in the research.

- Submitted short paper to the ISWC 2017 conference.

- Started to write an article for the Journal of Design but was not able to
finish before the deadline. The material and work done in writing the paper
will be used in the final dissertation.
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May—July 2017

- Continued to develop research methods and design strategies for e-static
harvesting using textiles. Further experiments for ways of recording and
observing the voltages generated were done and an outline for technical
requirements were laid out. I am currently collaborating with an expert
to finalise these harvesting and observation set up to be used for analysis.

- Started to make interior-scale interaction prototypes at the temporary
work space at UdK. These interactions are documented with video and
time-lapse images. The analysis of this work is in progress.

- Prepared and submitted the Thesis exposé to the Doctoral committee of
UdK and got approval for continuing with the dissertation work for pursu-
ing the Doctor of Philosophy degree.

YEAR 3

Courses

- Summer School 3 @ TU Eindhoven: The summer school 3 provided
guidelines and assistance in thinking about and planning for post-PhD
career development. The workshop on everyday futures was an interesting
format for working with researchers from other fields and engaging in a
discussion about future technologies.

- Workshop 2 @ HW University: This workshop focused on developing
visual communication skills and tips for effectively expressing research
content to a wider non-expert audience.

Overview of research activities

July—August 2017

- Wrapped up the interior-scale explorations started in the summer and
prepared for the presentation and travel to ISWC conference.

- Also planned and organised a week long compact course for students of
UdK on Speculative Design Methods.

Sept—Dec 2017

- Participated and presented at the International Symposium for Wearable
Computing and continued to Secondment 2 at TU Eindhoven.

- The 4-month secondment at TU Eindhoven was used to reflect on the dif-
ferent research experiments done during the past year, starting writing and
structuring thesis work, to extend the literature review and start shaping
the final research frame. This also helped in identifying the next steps
needed to wrap up the thesis.
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Jan—July 2018

- This period was focused on continuing evaluation of the different research
studies in order to develop the overall thesis arguments. During this time,
I started drafting the final dissertation that needed several versions before
finding the best suited structure.

YEAR 4

Overview of research activities

August 2018—Feb 2019

- Continued writing dissertation. In parallel, finalised the research dem-
onstrators and started a website for documenting results in a form that is
usable for e-textile community.

- Collaborated with a circuit design and prototyping company based in
Berlin to design and develop a “e-Static prototyping board” that would
enable one to easily connect high voltage inputs such as static electricity
and interpret it using an Arduino to design and prototype interactions with
triboelectric generators.

March 2019—Oct 2019

- Writing and finalising thesis

5. LIST OF PUBLICATIONS

Name of publication Date

Book chapter: A Strategy for Material-Specific e-Textile Spring 2017

Interaction Design

Gowrishankar, Ramyah, Katharina Bredies, and Salu Ylirisku.
“A Strategy for Material-Specific e-Textile Interaction
Design.” In Smart Textiles Fundamentals, Design, and
Interaction, edited by Stefan Schneegass and Oliver Amft,
233-57. Springer International Publishing, 2017. https://doi.
org/10.1007/978-3-319-50124-6_11.

Paper/Brief: Constructing triboelectric textiles with weaving Autumn 2017

Gowrishankar, Ramyah. “Constructing Triboelectric
Textiles with Weaving.” In Proceedings of the 2017 ACM
International Symposium on Wearable Computers - ISWC
’17, 170-71. New York, USA: ACM Press, 2017. https://doi.
org/10.1145/3123021.3123037.
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6. COMPLETED MARIE SKEODOWSKA-CURIE AMBASSADORS ACTIONS (e.g.teach-
ing activities, workshops, lectures, seminars)

Semester (autumn/ Nature of action Date

spring and year.)

Spring 2016 Research Colloquium at Design Research Lab, | 23.06.2016
UdK Berlin
Presentation of Tesea'rch at the (}Internahongl 18 & 20.10.2016
week at The University of Borés - along with
Workpackage 3 team.

Autumn 2016 Research Seminar at the Swedish School of 9.11.2016
Textiles to present ArcIntex ETN research
Design seminar at the Swedish School of 13.11.2016
Textiles to present ArcIntex ETN research-
along with Workpackage 3 team.

Spring 2017 Presented the ArcInTex ETN project and 4th May 2017
ongoing research at the UdK inter-departmen-
tal Doctoral colloquium

Spring 2017 Presented research and hosted a roundtable 9th June 2017
discussion as part of the sustainability track at
the WearlT festival in Berlin

Summer 2017 Work in progress exhibition at UdK Rundgang | 21.07.2017—

23.07.2017

Summer 2017 Compact course for the students at UdK 31.07.2017—
about speculative design methods using my 4.08.2017
ongoing research on Electrostatic textile energy
harvesting.

Autumn 2017 Paper publication and poster presentation at 11-15.09.2017
ISWC 2017 conference in Hawaii, USA.

Jan 2018 Research Colloquium at Design Research Lab, | 11.01.2018

UdK Berlin
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This work is licensed under a Creative Commons
Attribution-ShareAlike 4.0 International License.
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statements are excluded.

260


http://creativecommons.org/licenses/by-sa/4.0/

	Nov2020-cover04
	Blank
	Nov2020-ThesisBOOK



