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Abstract
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:LWKLQ�WKH�DSSOLFDWLRQ�FRQWH[W�RI�LQWHULRU�VSDFHV��WKLV�WKHVLV�LQYHVWLJDWHV�WKH�HPHUJLQJ�DUHD�
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 
DV�SXEOLF�EXLOGLQJV�RU�KRPHV�FDQ�EH�¿WWHG�ZLWK�QHZ�PDWHULDOV�WKDW�KDUQHVV�KXPDQ�NLQHWLF�
energy to produce electrical energy. Recent developments in the area of engineering and 
PDWHULDOV�VFLHQFH�DLP�WR�PDNH�WKHVH�WHFKQRORJLHV�PRUH�HI¿FLHQW��+RZHYHU��UHVHDUFK�DERXW�
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. 

7R�LQYHVWLJDWH�WKH�DERYH�SURSRVLWLRQ��D�GHVLJQ�SURJUDP�VLWXDWHG�EHWZHHQ�WKH�¿HOG�RI�KXPDQ�
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 
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7KH�UHVHDUFK�VHWV�XS�IRXU�UHVHDUFK�VWXGLHV�WR�V\VWHPDWLFDOO\�H[SORUH�WKH�GHVLJQ�SURJUDP��
7KHVH�UHVHDUFK�VWXGLHV�IRFXV�RQ�IRXU�TXHVWLRQV�RI�KRZ�VWDWLF�HOHFWULFLW\�VKDSHV�H�WH[WLOHV��
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 
DQG�H[SORULQJ�GLIIHUHQW�WH[WLOH�V\VWHPV��TXHVWLRQV�UHJDUGLQJ�KXPDQ�LQWHUDFWLRQV��PDWHULDO�
behaviours and the role of electricity in the everyday are discussed. 

7KLV�WKHVLV�FRQWULEXWHV�WR�WKH�SUDFWLFH�RI�H�WH[WLOHV�E\�FUHDWLQJ�WKH�IRXQGDWLRQDO�NQRZOHGJH�
of using static electricity as a resource in e-textile design and development without needing 
VSHFLDOLVHG�PDWHULDOV��)XUWKHUPRUH��LW�FRQWULEXWHV�WR�WKH�¿HOG�RI�KXPDQ�FRPSXWHU�LQWHUDF-
tion research by further developing the topic of energy harvesting as a research area of 
LQWHUDFWLRQ�GHVLJQ��7KH�WKHVLV�LGHQWL¿HV�WZR�NH\�DUHDV�IRU�DGGUHVVLQJ�FKDOOHQJHV�SUHVHQWHG�
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.1 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.2 The research project is divided 
into three work packages that explore this topic from three different scales– that of the 
ERG\��WKH�LQWHULRU�DQG�WKH�EXLOGLQJ��7KH�UHVHDUFK�SURJUDP�FRQVLVWV�RI�¿IWHHQ�3K�'��VWXGHQWV�
GLVWULEXWHG�DFURVV�XQLYHUVLWLHV�DQG�FRPSDQLHV�DURXQG�(XURSH��ZLWK�¿YH�VWXGHQWV�LQ�HDFK�
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 
LQWHULRU�́ �:LWKLQ�WKLV�ZRUN�SDFNDJH��P\�UHVHDUFK�LQYHVWLJDWHV�WKH�VSHFL¿F�JLYHQ�WKHPH�RI�
³'HVLJQLQJ�IRU�DGDSWLYH�DQG�UHVSRQVLYH�QHDU�¿HOG�LQWHUDFWLRQV�DW�WKH�VFDOH�RI�WKH�LQWHULRU�́ 3  

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 
QSBDUJUJPOFST�GSPN�UIF�mFME�PG�UFYUJMFT
�JOUFSBDUJPO�EFTJHO�BOE�BSDIJUFDUVSF��5IF�&5/�QSPKFDU�JT�B�
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.

��� � � �4QFDJmFE�JO�TFDUJPO����
�&43����PO�IUUQ���XXX�BSDJOUFYFUO�FV�SFTFBSDI�XPSL�QBDLBHFT�
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approach4 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 
H�WH[WLOHV��KRZHYHU��LW�FRQVWDQWO\�UHÀHFWV�DQG�UHVSRQGV�WR�WKH�EURDGHU�FRQFHSWXDO�WKHPHV�
and challenges of materiality oriented human computer interaction5 while addressing the 
research outline of the ArcInTex ETN project.

��� � � �1MFBTF�SFGFS�UP�$IBQUFS��
�TFDUJPO�����GPS�GVSUIFS�EJTDVTTJPO�PO�IPX�UIF�SFTFBSDI�UISPVHI�EFTJHO�
approach is interpreted in this thesis.

��� � � �1MFBTF�SFGFS�UP�$IBQUFS��
�TFDUJPO�����GPS�B�EFUBJMFE�EFTDSJQUJPO�PO�NBUFSJBMJUZ�PSJFOUFE�)$*�
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1 ,QWURGXFWLRQ�

1.1 3RLQW�RI�GHSDUWXUH�IRU�WKLV�GLVVHUWDWLRQ
Being surrounded by wireless data streams, digital clouds and continuously ‘connected’ 
REMHFWV�DQG�SHRSOH��LW�LV�QRW�GLI¿FXOW�WR�UHDOLVH�WKDW�ZH�DUH�HQFRPSDVVHG�E\�D�GLJLWDOO\�ULFK�
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 
VSDFHV��,W�KDV�EHHQ�HVWLPDWHG�WKDW�E\������ZH�ZLOO�EH�VXUURXQGHG�E\�WULOOLRQV�RI�VHQVRUV�
around the world.6 While the miniaturisation of the computer has created the possibility 
to seamlessly populate everyday spaces with computational elements, it has also raised 
WKH�FUXFLDO�FKDOOHQJH�RI�¿QGLQJ�HQYLURQPHQWDOO\�IULHQGO\�DQG�VXVWDLQDEOH�VROXWLRQV�IRU�
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 harvesting7 is the conversion of ambient energy into usable electrical energy.8 
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Although modern energy harvesting technologies, such as solar panels9 or windmills,�� 
have been around for several decades, low-power energy harvesting is a technology of the 
21st Century.11 Because they lower maintenance fees as they do not need to be replaced 
frequently and are more environmentally friendly than chemical batteries,12 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.13 

Various solutions for harvesting different kinds of environmental energy as a source of 
HOHFWULFLW\�IRU�ORZ�SRZHU�GHYLFHV�DOUHDG\�H[LVW��IRU�H[DPSOH��KDUQHVVLQJ�OLJKW�HQHUJ\�IURP�
indoor sources such as light bulbs, radio frequency energy from other devices and anten-
nas, or atmospheric changes such as temperature or pressure.14 Apart from using environ-
PHQWDO�VRXUFHV��D�VLJQL¿FDQW�SRUWLRQ�RI�WKLV�ORZ�SRZHU�HQHUJ\�KDUYHVWLQJ�UHVHDUFK�ORRNV�
DW�WKH�KXPDQ�ERG\�DV�D�VRXUFH�RI�HOHFWULFDO�HQHUJ\�IRU�GHYLFHV��/LYLQJ�VXEMHFWV��KXPDQV�
and animals) have been seen as abundant sources of energy in chemical, thermal and 
mechanical forms.15 Different kinds of material interventions in everyday situations are 
being introduced that actively engage the body to generate electrical energy, for example 
SLH]RHOHFWULF� ÀRRU� WLOHV16 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 
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¿HOG� RI� H�WH[WLOHV� WKDW� SUHVHQW� H[DPSOHV� RI� QRYHO� QDQRPDWHULDOV� DQG� VRIW�WHFKQRORJLHV�
WKDW�HQDEOH�HQHUJ\�KDUYHVWLQJ�FORVH� WR�DQG�XVLQJ� WKH�ERG\��IRU�H[DPSOH��SLH]RHOHFWULF17 
and triboelectric nanomaterials18 that can be integrated into clothing, and other textile 
objects. Many of these technologies are still emerging and the primary focus has been 
RQ�LPSURYLQJ�WKH�HI¿FLHQF\�RI�HQHUJ\�FRQYHUVLRQ�LQ�WKHVH�VRIW�PDWHULDOV19. While this is 
an important aspect of technology development, it is also useful to take a critical look 
DW�KRZ�WKH�DGYDQFHPHQW�DQG�SRSXODULVLQJ�RI�VXFK�WHFKQRORJLHV�PD\�UHGH¿QH�RXU�H[SHF-
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 
FKRUHRJUDSKLHV�DQG�LQÀXHQFH�RXU�EHKDYLRXUV�DQG�H[SHULHQFHV��)RU�H[DPSOH��ZDYLQJ�RXU�
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-
DEOH�HQHUJ\��)ROORZLQJ�WKLV�OLQH�RI�LQTXLU\��WKLV�WKHVLV�H[SORUHV�WKH�VSHFL¿F�FDVH�RI�VWDWLF�
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 7DNLQJ�D�SURJUDPPDWLF�DSSURDFK�WR�GHVLJQ�UHVHDUFK
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 
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WKH�GLVFXVVLRQV�DURXQG� UHVHDUFK� WKURXJK�GHVLJQ� �5W'�� LQ� WKH�¿HOG�RI�KXPDQ�FRPSXWHU�
LQWHUDFWLRQ��+&,��GHVLJQ��,Q�WKLV�VHFWLRQ��,�JLYH�D�EULHI�EDFNJURXQG�DQG�RYHUYLHZ�RI�WKH�
SURJUDPPDWLF�DSSURDFK�WR�GHVLJQ�UHVHDUFK�LQ�WKH�FRQWH[W�RI�+&,��)XUWKHUPRUH��,�DUJXH�
for its relevance as a research approach for this thesis.

5HVHDUFK�WKURXJK�GHVLJQ�LV�³DQ�DSSURDFK�RI�FRQGXFWLQJ�VFKRODUO\�UHVHDUFK�WKDW�HPSOR\V�
the methods, practices and processes of design practice with the intention of generat-
ing new knowledge”����7KH� WHUP�³UHVHDUFK� WKURXJK�GHVLJQ´� �5W'��ZDV�¿UVW�FRLQHG�E\�
Frayling21 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.22�)XUWKHUPRUH��5W'�VKRXOG�EH�XQGHUVWRRG�DV�FRQVWLWXWLQJ�DVSHFWV�RI�ERWK�
UHVHDUFK�DERXW�DQG�IRU�GHVLJQ�WKDW�SURGXFHV�RULJLQDO�NQRZOHGJH�IRU�WKH�¿HOG�RI�GHVLJQ�23 
But what constitutes original knowledge and how can it claim its relevance for design?

,Q�WKHLU�SDSHU�SUHVHQWLQJ�H[HPSODU\�GHVLJQ�UHVHDUFK��%LQGHU�DQG�5HGVWU|P�H[DPLQH�WKUHH�
sources of knowledge production commonly associated with design.24 These are namely– 
design theory (theory about design), design studies25 and knowledge associated to the 
QRWLRQ�RI�³VFLHQFH�RI�WKH�DUWL¿FLDO�́ 26,27 They argue that albeit these three knowledge tra-
ditions contribute to our understanding of design, they fall short for a design research 
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23.    Ibid.
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design thinking can be facilitated. Although design studies may contribute to the designers 
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 the main contribution 
of design studies is geared towards the epistemological question of how designers know.– As 
described in ibid.
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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 intervention28 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.”29 The research examples are thus developed within design programs 
which act as a foundation and frame for carrying out a series of experiments.��

1.2.1 1SPHSBNT
�FYQFSJNFOUT�BOE�FYBNQMFT
)LJXUH௘����� DGDSWHG� IURP� %UDQGW� DQG� %LQGHU�31 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.32 

7KH�GHVLJQ�SURJUDP�� VLPLODU� WR�D�K\SRWKHVLV� LQ� VFLHQWL¿F� UHVHDUFK�� WDNHV�D� VWDQFH�DQG�

28.    Ibid.

29.    Ibid.
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SUHVHQWV�VRPH�NLQG�RI�FRQFUHWH�LQWHQWLRQ��+RZHYHU��LQVWHDG�RI�SUHVHQWLQJ�D�SUREOHP�WR�
be solved or tested, the design program is suggestive and remains open for interpretation 
and change.33

Brandt and Binder34 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 
HVWDEOLVKHG�DV�UHOHYDQW��EHFRPHV�PRUH�SUHFLVH�LQ�WHUPV�RI�D�¿QLVKHG�GHVLJQ��:KHUHDV�D�
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.”35 As the research unfolds, it substantiates or challenges the hypo-
thetical world view set out by the initial program.36�5HGVWU|P37 emphasises that programs 
like this seem to blend what is normally considered through questions and answers in 
VFLHQWL¿F�UHVHDUFK��³,QVWHDG�RI�SUHVHQWLQJ�D�TXHVWLRQ�WR�EH�DQVZHUHG��SURJUDPV�SUHVHQW�
propositions or proposals that need to be substantiated.38” 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.39 Therefore, the research process in a program does not aim to 
FRQ¿UP�RU�UHMHFW�D�K\SRWKHVLV�EXW�WDNHV�DQ�H[SORUDWLYH�VWDQFH�WKDW�FRQVWDQWO\�GLDORJXHV�
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 
UHMHFW�RU�FRQ¿UP�WKH�YDOLGLW\�RI�WKH�SURJUDP��5DWKHU��WKH�H[SHULPHQWV�DFW�DV�H[SORUDWRU\�
SUREHV�LQWR�WKH�LPSOLFDWLRQV�RI�WKH�SURJUDP�DQG�KRZ�LW�FDQ�EH�UH¿QHG�WR�DFFRXQW�IRU�WKH�
issues brought forward by the experiments.41 

Bang and Eriksen42 further investigate the role of design experiments driven by the 
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SURJUDP�E\�UHÀHFWLQJ�RQ�WKHLU�SURJUDPPDWLF�UHVHDUFK�SURMHFW�;ODE��%XLOGLQJ�RQ�6FK|Q¶V43 
GH¿QLWLRQ�RI�H[SHULPHQWV��WKH\�SURSRVH�WKUHH�UROHV�DQG�FKDUDFWHULVWLFV�RI�H[SHULPHQWV�IRU�
when one is working within a design program– a) as initiators or drivers of framing a 
SURJUDP��E��DV�ZD\V�WR�UHÀHFW�RQ�DQG�PDWXUH�WKH�UHVHDUFK�SURJUDP�VHUYLQJ�DV�D�YHKLFOH�
for theory construction and knowledge generation and c) as a ‘designerly’ approach to the 
ZULWWHQ�NQRZOHGJH�GLVVHPLQDWLRQ�DQG�FODUL¿FDWLRQ�RI�UHVHDUFK�FRQWULEXWLRQV�

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 
seeks 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 
RSSRUWXQLVWLF�IRU�WKH�GHVLJQ�¿HOG�FRQFHUQHG�44 Thus, design examples can act as proto-
types that demonstrate feasibility, but they can also become arguments in themselves that 
VXSSRUW�FULWLFDO�UHÀHFWLRQ�RI�WKH�RYHUDOO�GHVLJQ�SURJUDP�45

Although the notion of program-driven research has been used in different research con-
texts,46� WKH�¿UVW�SURJUDP� LQ� WKH�¿HOG�RI� LQWHUDFWLRQ�GHVLJQ�ZDV� LQWURGXFHG�E\� WKH�0,7�
0HGLD�/DE�ZLWK� WKH� µWKLQJV� WKDW� WKLQN¶�FRQVRUWLXP�LQ������47 The consortium brought 
together designers, engineers, artists and scientists to invent the future of digitally aug-
mented objects and environments.48�+HQFH��WKH\�HPSKDVLVHG�WKDW�QHZ�DSSOLFDWLRQ�DUHDV�
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.49

6LQFH�WKH�\HDU�������VHYHUDO�UHVHDUFK�LQLWLDWLYHV�LQ�WKH�¿HOG�RI�+&,�KDYH�EHHQ�XQGHUWDNHQ�
using the programmatic approach, especially with an aim to explore new ways of design-
LQJ�DQG�WR�IRUPXODWH�QHZ�DUHDV�IRU�GHVLJQ�LQ�+&,�LQ�UHVSRQVH�WR�HPHUJLQJ�WHFKQRORJL-
cal innovations. For example, slow technology�� looked at how to design computational 
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WKLQJV�WR�IDFLOLWDWH�FULWLFDO�UHÀHFWLRQ��DQG�,7�WH[WLOHV51 was a program that explored new 
interactions with textiles, made possible through the combination of electronics and tex-
WLOHV��5LFK�LQWHUDFWLRQ�GHVLJQ52 in the Netherlands formulated ways of designing every-
day technologies with an emphasis on movement and spatial body skills. Static!53 was a 
design program that proposed the consideration of technology in terms of energy aes-
WKHWLFV�LQVWHDG�RI�HQHUJ\�HI¿FLHQF\54. Whereas these examples illustrate institution-level 
or larger project-level programs, the programmatic approach can also be undertaken at a 
VPDOOHU�VFDOH��WKDW�RI�DQ�LQGLYLGXDO�UHVHDUFK�LQTXLU\��VXFK�DV�D�3K�'��WKHVLV�55,56

1.2.2 Evaluating and concluding the program-experiment cycle
5HGVWU|P57,58 describes the process for a programmatic research approach as having the 
following steps:

i. Formulating the design program,

ii. 5HDOLVLQJ�WKH�SURJUDP�E\�GHVLJQLQJ��LPSOHPHQWLQJ�DQG�HYDOXDWLQJ�GHVLJQ�H[DP-
ples through experiments,

iii. 5HÀHFWLRQ�DQG�IRUPXODWLRQ�RI�UHVXOWV��H�J���E\�UHSRUWLQJ�RQ�WKH�H[SHULHQFHV�JDLQHG��
formulating new working hypotheses and reformulating the design program.

3URJUDPPDWLF�DSSURDFK�WDNHV�D�F\FOLF�DSSURDFK�WKDW�FRQVWDQWO\�IRUPXODWHV�DQG�UH¿QHV�
WKH�GHVLJQ�SURJUDP�WKURXJK�WKH�OHQV�RI�H[SHULPHQWV�DQG�H[DPSOHV��VHH�)LJXUH௘������,Q�SUDF-
tice, the conclusion of a design program is often a matter of the amount of funding, time 
and resources.59�+RZHYHU�� LW�ZRXOG�EH�GLI¿FXOW� WR� FRQFOXGH�D�SURJUDP�ZLWKRXW�KDYLQJ�
enough examples that express and materialise it.���%LQGHU�DQG�5HGVWU|P61 propose that a 
design program can be evaluated in multiple ways, for example, from the inside– that is, 
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RQ�WKH�EDVLV�RI�WKH�H[WHQW�RI�ZKLFK�LW�VXFFHHGV�LQ�IXO¿OOLQJ�LWV�RZQ�LQWHQWLRQV��DQG�IURP�WKH�
outside– that is, on the basis of the extent of the changes, developments or alternatives to 
existing theory and practice it suggests.62 

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 
SRVVLEOH��RU�HYHQ�QHFHVVDU\�WR�UHIRUPXODWH�WKH�SURJUDP�WR�DFFRXQW�IRU�QHZ�¿QGLQJV�DQG�
generate new experiments.63 

1.2.3 3FTVMUT�BOE�UIFPSZ�EFWFMPQNFOU
7KH�¿HOG�RI�GHVLJQ�UHVHDUFK� LV�PDWXULQJ�DV�UHVHDUFKHUV�DUH�GH¿QLQJ�LWV� W\SRORJLHV�DQG�
building new design theories.64�+RZHYHU��WKHUH�KDYH�EHHQ�VHYHUDO�GLVFXVVLRQV�FRQFHUQ-
ing what constitutes design theory and how it is formed through the practice of design 
research. Zimmerman et al.65�KDYH�DUJXHG�WKDW�WKHRU\�LQ�5W'�WDNHV�WKH�IRUP�RI�QDVFHQW�
theory. Nascent theory essentially emerges from exploratory work and often acts as a 
SURSRVLWLRQ�RI�D�QHZ�DUHD�WKDW�EHQH¿WV�IURP�D�GLVFRYHU\�DSSURDFK�LQ�RUGHU�WR�DUWLFXODWH�
what the important relationships between phenomena might be. Theory matures through 
discourse as researchers substantiate, extend or refute aspects of the proposition.66 In the 
¿HOG�RI�+&,��WKHRU\�KDV�EHHQ�KLVWRULFDOO\�LQVSLUHG�E\�PDQ\�RI�LWV�FRQVWLWXHQW�GLVFLSOLQHV��
such as, psychological theories of human behaviour, engineering theories intended to 

62.    Ibid.

63.    Ibid.
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LPSURYH�+&,�SUDFWLFH�DV�ZHOO�DV�DQWKURSRORJLFDO�WKHRULHV�WR�VLWXDWH�DFWLRQ�DQG�LQWHUDF-
tion.67 Although these theories have informed design practice, design theory can also be 
LQWULQVLFDOO\�GHYHORSHG�IURP�ZLWKLQ�WKH�UHVHDUFK�SUDFWLFH��5HGVWU|P68 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 
RI�WKHRU\�ZH�PLJKW�EH�IDPLOLDU�ZLWK�IURP�RWKHU�GLVFLSOLQHV��+H�GHVFULEHV�WKH�GLIIHUHQFH�
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.69�+lOOQDV�� argues in a similar way emphasising that 
LQ�H[SHULPHQWDO�GHVLJQ�ZH�DLP�IRU�TXDOLWDWLYH�UHVXOWV�DQG�WKH�LGHD�RI�YHUL¿DEOH�NQRZOHGJH�
DERXW� WKH�GHVLJQ�SURFHVV��YDOLGDWHG�PRGHOV�DQG�ZRUNLQJ�PHWKRGV�GR�QRW�ZRUN�ZHOO� LQ�
WKLV�FRQWH[W��+H�IXUWKHU�GHVFULEHV�H[SHULPHQWDO�UHVHDUFK�DV�UHVHDUFK�WKURXJK�GH¿QLQJ� in 
contrast to research through purely analytical studies. Design examples could be referred 
WR�DV�WKHVH�NLQGV�RI�GH¿QLWLRQV±�WKDW�PD\�EH�H[SUHVVLRQV�RI�IRXQGDWLRQDO�LQVLJKWV�RU�PD\�
become canonical examples stating a given concept.71 Similar to the notion of nascent 
WKHRU\� LQWURGXFHG� HDUOLHU�� WKHVH�GH¿QLWLRQV� WKURXJK�GHVLJQ� H[SHULPHQWV� DUH� LQKHUHQWO\�
transitional.72�7KLV� LV� WR� VD\� WKDW� WKHUH�FDQQRW�EH�D� VLQJOH�GH¿QLWLRQ�RI�ZKDW�GHVLJQ�RU�
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 
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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-
WLRQV�LQ�WKH�¿HOG�RI�H�WH[WLOHV��+RZHYHU��WR�JHW�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�RSSRUWXQLWLHV�
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 
DSSURDFK�HQDEOHG�WKH�GHYHORSPHQW�RI�VSHFL¿F�H[DPSOHV�WKDW�¿UVWO\�LOOXVWUDWH�KRZ�VXFK�DQ�
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 
E\�5HGVWU|P��ZKHUH�WZR�UHVHDUFK�F\FOHV�ZHUH�XQGHUWDNHQ�LQ�WKH�GXUDWLRQ�RI�WKH�HQWLUH�
SURMHFW��VHH�)LJXUH௘������7KH�¿UVW�VWDJH�RI�WKH�UHVHDUFK�F\FOH�VWDUWHG�ZLWK�WKH�RSHQ�TXHV-
WLRQV�VHW�RXW�E\�WKH�ODUJHU�$UF,Q7H[�(71�SURMHFW�DQG�WKH�SURJUDP�GH¿QHG�E\�WKH�UHVHDUFK�
SRVLWLRQ��+HUH�VRPH�H[WHUQDO�LQÀXHQFHV��VXFK�DV�P\�UHVHDUFK�EDFNJURXQG�DQG�LQWHUHVWV��
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.73�7KLV�¿UVW�VHW�RI�H[SHULPHQWV�OHG�WR�WKH�UHGH¿QLWLRQ�RI�WKH�GHVLJQ�SURJUDP�ZKLFK�
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 
LQYHVWLJDWH� WKLV�GHVLJQ�SURJUDP��)XUWKHUPRUH�� WKH�UHÀHFWLRQV�DQG� LQVLJKWV� IURP�XQGHU-
WDNLQJ�WKH�SURJUDPPDWLF�UHVHDUFK�FXOPLQDWHG�ZLWK�SURSRVLWLRQV�IRU�VSHFL¿F�GLUHFWLRQV�RI�
LQTXLU\�IRU�WKH�+&,�DQG�H�WH[WLOHV�UHVHDUFK�FRPPXQLW\�IRU�GHVLJQLQJ�DQG�H[WHQGLQJ�WKH�
scope of energy harvesting interior e-textiles. The outcomes of this thesis are therefore 
themselves programmatic in nature74� DQG� LOOXVWUDWH� DQG� GLVFXVV� VSHFL¿F� GLUHFWLRQV� IRU�
IXWXUH�UHVHDUFK�LQ�WKH�¿HOG��7KH�QH[W�VHFWLRQ�JLYHV�D�PRUH�GHWDLOHG�RXWOLQH�RI�WKH�RYHUYLHZ�
and structure of this dissertation.

1.3 2YHUYLHZ�DQG�VWUXFWXUH�RI�WKH�WKHVLV

1.3.1 3FTFBSDI�QSPQPTJUJPO
Within the application context of interior spaces, this thesis investigates the emerging 
DUHD�RI�ERG\�GULYHQ�HQHUJ\�KDUYHVWLQJ�WHFKQRORJLHV�IURP�WKH�SHUVSHFWLYH�RI�+&,�GHVLJQ��
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.75 Everyday interior spaces such as public buildings 
RU�KRPHV�FDQ�EH�¿WWHG�ZLWK�QHZ�PDWHULDOV� WKDW�KDUQHVV�KXPDQ�PRYHPHQWV� WR�SURGXFH�
electrical energy. 

There has been an increasing interest and development in the area of engineering and 
PDWHULDOV�VFLHQFH�WR�PDNH�WKHVH�WHFKQRORJLHV�PRUH�HI¿FLHQW��+RZHYHU��UHVHDUFK�DERXW�WKH�
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:

• 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.
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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 
WKH�ERG\�UDLVH�QHZ�FKDOOHQJHV�IRU�GHVLJQ�WKDW�ZRXOG�EH�EHQH¿FLDO�WR�DGGUHVV�DW�DQ�HDUO\�
stage of technology development. Following this line of inquiry, this research formulates 
D�GHVLJQ�SURJUDP�WR�LQYHVWLJDWH�WKH�VSHFL¿F�FDVH�RI�HOHFWURVWDWLF�HQHUJ\�KDUYHVWLQJ�IRU�
e-textiles from the perspective of human-computer interaction design. 

$�GHWDLOHG�OLWHUDWXUH�UHYLHZ�DQG�D�VXUYH\�RI�WKH�VWDWH�RI�WKH�DUW�LQ�WKH�¿HOGV�RI�H�WH[WLOHV��
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 
FDQ�EH�KDUQHVVHG� WKURXJK� LQWHUDFWLRQV� LQ� HYHU\GD\� LQWHULRU� VSDFHV��+HUH� WKH�QRWLRQ�RI�
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 
DV�HOHFWURQLF�FRPSRQHQWV��+RZHYHU�� VWDWLF�HOHFWULFLW\�KDV� UHFHQWO\�HPHUJHG�DV�D�YLDEOH�
VRXUFH�RI�DPELHQW�HQHUJ\�LQ�WKH�DUHD�RI�ORZ�SRZHU�HQHUJ\�KDUYHVWLQJ��5HFHQW�H[DPSOHV�RI�
QDQRJHQHUDWRUV�LQ�WKH�¿HOG�RI�H�WH[WLOHV�KDYH�EHHQ�VKRZQ�WR�FRQYHUW�HOHFWURVWDWLF�FKDUJHV�
generated from repeated movement between materials into small amounts of electrical 
energy.76 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 
WR�JHW�HOHFWUL¿HG�ZKHQ�LQ�FRQWDFW�ZLWK�KXPDQ�VNLQ²DV�D�ZD\�RI�SRZHULQJ�RU�LQWHUDFWLQJ�
with e-textiles. It also opens a design space for investigating new ways of engaging with 
electrical energy through the material of textiles.

)XUWKHUPRUH��WKH�GHVLJQ�SURJUDP�VSHFL¿HV�WKH�FRQWH[W�RI�WKH�GHVLJQ�LQTXLU\�DW�WKH�VFDOH�
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 
SRLQW�IRU�GHYHORSLQJ�HQHUJ\�KDUYHVWLQJ�LQWHUDFWLRQV��)XUWKHUPRUH��WKH�HOHFWUL¿FDWLRQ�RI�
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 
¿HOGV�RI�+&,�UHVHDUFK��WKH�SUDFWLFH�RI�H�WH[WLOHV�DQG�WKH�WHFKQLFDO�DUHD�RI�HOHFWURVWDWLF��RU�
H�VWDWLF��HQHUJ\�KDUYHVWLQJ��+RZ�WKHVH�GLIIHUHQW�DUHDV�DUH�EURXJKW�WRJHWKHU�WR�IRUPXODWH�
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:

• Study 01– How may static electricity shape e-textiles?
• Study 02– How may e-static textiles shape e-textile interactions?
• Study 03– How may e-static textile interactions shape everyday behaviours?
• 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-
LQJ�WKH�GHVLJQ�SURJUDP�RI�HQJDJLQJ�ZLWK�HOHFWURVWDWLF�WH[WLOHV��¿UVW�D�EDVLF�XQGHUVWDQG-
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 
���ORRNV�DW�KRZ�DQ�HOHFWURVWDWLF�WH[WLOH�JHQHUDWRU�FRXOG�EH�PDGH�LQWR�WH[WLOH�VXEVWUDWHV�
XVLQJ� H[LVWLQJ� WH[WLOH� SURGXFWLRQ� WHFKQLTXHV�� 6WXG\� ��� WDNHV� WKH� LQVLJKWV� JDLQHG� IURP�
6WXG\����WR�IXUWKHU�VFDOH�XS�WKH�HOHFWURVWDWLF�VHWXSV�WR�WKH�VFDOH�RI�WKH�LQWHULRU�WR�H[SORUH�
GLIIHUHQW�LQWHUDFWLRQV�IRU�HQJDJLQJ�ZLWK�VWDWLF�HOHFWULFLW\��6WXG\����OHDUQV�IURP�6WXG\����
DQG�6WXG\����WR�GHYHORS�GHVLJQ�QDUUDWLYHV�WKDW�H[SORUH�WKH�HOHFWURVWDWLF�LQWHUDFWLRQV�DV�
SDUW�RI�HYHU\GD\�EHKDYLRXUV��6WXG\����ÀLSV� WKH�SHUVSHFWLYH�IURP�LQWHUDFWLRQ� WR�RXWSXW�
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 
UHVHDUFK�PHWKRGV�IROORZHG�LQ�6WXG\��������DQG����FORVHO\�IROORZ�PDWHULDO�VSHFL¿F�VWUDWH-
JLHV�LQ�WKH�¿HOG�RI�H�WH[WLOHV�DQG�+&,��$Q�RYHUYLHZ�RI�WKH�GLIIHUHQW�UHVHDUFK�PHWKRGV�XVHG�
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 



37

UHVXOWV��)XUWKHUPRUH��WKH�UHÀHFWLRQV�IURP�XQGHUWDNLQJ�HDFK�UHVHDUFK�VWXG\�DUH�GLVFXVVHG�
in relation to the design program and research inquiry.

1.3.4 3FTVMUT�and contribution
Chapter 8 gives an overview of the key insights gained from each of the research studies 
WR�UHÀHFW�RQ�WKH�RYHUDOO�UHVXOWV�RI�WKH�GHVLJQ�LQTXLU\�XQGHUWDNHQ��7ZR�DUHDV�RI�UHVXOWV�DUH�
H[DPLQHG��7KH�¿UVW�SDUW�RI�WKH�UHVHDUFK�UHVXOWV�FRQWULEXWHV�WR�WKH�SUDFWLFH�RI�H�WH[WLOHV�
by creating foundational knowledge of using static electricity as a resource in e-tex-
WLOH�GHVLJQ�DQG�GHYHORSPHQW�ZLWKRXW�QHHGLQJ�VSHFLDOLVHG�PDWHULDOV��$�GHWDLOHG�UHÀHFWLRQ�
IURP�DSSO\LQJ�D�PDWHULDO�FHQWULF�SHUVSHFWLYH�WR�LQWHUDFWLRQ�GHVLJQ�LQ�WKH�¿HOG�RI�H�WH[WLOHV�
is also presented.

&KDSWHU���RSHQV�XS�WKH�GLVFXVVLRQ�WR�D�EURDGHU�UHVHDUFK�LQTXLU\�VHW�RXW�E\�WKH�WKHVLV��LW�
elaborates on the research examples to discuss the implications of designing interactions 
IRU�HQHUJ\�KDUYHVWLQJ��,W�LGHQWL¿HV�WZR�NH\�DVSHFWV±�WKDW�RI�DFFXPXODWHG�LQWHUDFWLRQV�DQG�
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 
HQHUJ\�KDUYHVWLQJ�ZLWKLQ�+&,��

%DVHG�RQ�WKLV�UHÀHFWLRQ�DQG�IRUPXODWLRQ�RI�UHVXOWV��WKH�FKDSWHU�FRQFOXGHV�E\�UH¿QLQJ�WKH�
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. 

• (�VWDWLF�WH[WLOHV�SURWRW\SLQJ�ERDUG��$�SULQWHG�FLUFXLW�ERDUG��3&%��GHYHORSHG�IRU�
easy integration of static electricity and textiles to be used as an educational tool 
for designing and prototyping electrostatic energy-related interactions.

&KDSWHU����ZUDSV�XS�WKH�GLVVHUWDWLRQ�ZLWK�D�VXPPDU\�DQG�FRQFOXGLQJ�UHPDUNV�
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2 5HVHDUFK�IUDPH��+&,��
H�WH[WLOHV�DQG�VWDWLF�
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-
WULF�YLHZ�LQ�+&,�UHVHDUFK�DQG�GUDZV�LQVLJKWV�IURP�WKH�VSHFL¿F�FDVH�RI�GHVLJQLQJ�LQWHU-
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 
WKH�LQWHUVHFWLRQV�EHWZHHQ�WKHVH�RYHUODSSLQJ�DUHDV��VHH�)LJXUH௘������6HFWLRQ����������DQG�����
each describe the overlapping concerns and opportunities between these three domains of 

Human 
Computer 
,QWHUDFWLRQ�

DesignDesigning 
H�VWDWLF�WH[WLOHV�
LQWHUDFWLRQV

E-textiles

6WDWLF�
(OHFWULFLW\

6HFWLRQ����

6HFWLRQ����

6HFWLRQ����

6HFWLRQ����

Figure   4. 5IF�GSBNF�PG�UIJT�SFTFBSDI�JT�EFmOFE�CZ�UIF�JOUFSTFDUJPOT�CFUXFFO�UIF�PWFSMBQQJOH�BSFBT�PG�
IVNBO�DPNQVUFS�JOUFSBDUJPO�	)$*

�FMFDUSPOJD�UFYUJMFT�	F�UFYUJMFT
�BOE�JOUFSBDUJWF�FMFDUSPTUBUJD�FOFSHZ�
harvesting technology.
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H�WH[WLOHV��+&,�DQG�VWDWLF�HOHFWULFLW\��,Q�6HFWLRQ������WKHVH�DUJXPHQWV�DUH�GUDZQ�WRJHWKHU�
to shape this research inquiry and the design program for this dissertation.

2.1 +&,�DQG�H�WH[WLOHV
7KLV�VHFWLRQ�¿UVW�JLYHV�DQ�RYHUYLHZ�RI�WKH�GHYHORSPHQW�RI�WKH�PDWHULDO�OHQV�LQ�WKH�¿HOG�RI�
+&,��)XUWKHUPRUH��WKH�UHVHDUFK�LQ�H�WH[WLOH�GHVLJQ�LV�IUDPHG�DV�DQ�DUHD�ZLWKLQ�WKH�PDWH-
ULDOLW\�IRFXVHG�+&,�ZKLFK�OHDUQV�IURP�DQG�FRQWULEXWHV�WR�WKH�¿HOG�RI�+&,��,Q�WKH�ODWWHU�
KDOI�RI�WKH�VHFWLRQ��WKH�GLIIHUHQW�DSSURDFKHV�IURP�WKH�PDWHULDO�GULYHQ�+&,�DUH�FDWHJRULVHG�
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. 

2.1.1 5IF�NBUFSJBM�UVSO�JO�)$*�SFTFBSDI
Since the beginning of the 21st century, there has been an increasing interest within 
WKH�¿HOG�RI�+&,� UHVHDUFK� WR� FRQVLGHU� WKH�PDWHULDO� DQG� WDQJLEOH�TXDOLWLHV� RI� FRPSXWHUV�
in the design and experience of everyday technologies. This has been referred to as the 
PDWHULDO�WXUQ�LQ�+&,�77��7KH�QRWLRQ�RI�WKH�³PDWHULDO´�LQ�+&,�HPHUJHG�IURP�WKH�FRQFHSW�
of “tangible.”78 In 1995, the idea of graspable user interfaces was introduced, which were 
an extension of a graphical user interface (GUI) into the physical world.79 This work was 
later developed into the idea of tangible bits�� and tangible user interfaces81 that aspired 
to bridge the gap between cyberspace and the physical environment by making digital 
bits tangible.82�7KH�UHVHDUFK�IUDPHZRUN�RI�WDQJLEOH�XVHU�LQWHUIDFHV�LGHQWL¿HG�WKH�LQFUHDV-
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.83 In contrast to similar research areas such as augmented reality, or ubiq-
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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.84

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 
HI¿FLHQF\�RULHQWHG� WRROV� IRU� VSHFL¿F� VLWXDWLRQV� WR� GHVLJQLQJ� WHFKQRORJLHV� WKDW� DUH� SDUW�
of our everyday lives for a long period of time.85 For example, there was an emerging 
concern that the computer, a device originally designed for the workplace, would bring 
D�IRFXV�RQ�HI¿FLHQF\�WR�HYHQ�RXU�QRQ�ZRUN�UHODWHG�DFWLYLWLHV��&KDOOHQJLQJ�WKLV�ZRUN�RUL-
ented relationship to computers, approaches such as critical design86, ludic engagement87 
and slow technology88� SODFHG� SOD\IXOQHVV�� FUHDWLYLW\� DQG� FULWLFDO� UHÀHFWLRQ²UDWKHU�
WKDQ�HI¿FLHQF\²DW�WKH�FHQWUH�RI�KXPDQ�FRPSXWHU�LQWHUDFWLRQ��%XLOGLQJ�RQ�WKLV�IXUWKHU��
+DOOQlV�DQG�5HGVWU|P89 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.��

84.    Ibid.
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Taking a phenomenological approach,91 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 how and not only what tasks are carried out.92 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.93 For example, ‘hands only scenarios’94 challenge the amount of attention 
SDLG�RQ�WKH�DSSHDUDQFH�RI�GLJLWDO�REMHFWV�LQ�WKH�GHVLJQ�SURFHVV��5DWKHU�WKDQ�LQWHUDFWLRQV�
being decided by the form of the objects, they focus on user actions by designing the 
REMHFWV�EDVHG�RQ�VSHFL¿F�ERG\�PRYHPHQWV�95 The notion of embodied design developed 
by Dourish, interpreted phenomenological ideas in relation to tangible and social com-
puting.96 The relationship between humans and computational things has been seen as 
dynamic and emerging through interaction.97 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.98

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.99 
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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 
DFWLRQ��5HVHDUFKHUV�DUJXHG�WKDW�DV�GLJLWDO� WHFKQRORJ\�EHFDPH�LQWHJUDWHG�LQWR�HYHU\GD\�
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.

,Q� ������ 5HGVWU|P��� 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 
RI�RXU�HYHU\GD\�OLIH��5HGVWU|P�DUJXHG�WKDW�DQ�HPSKDVLV�RQ�RQO\�IXQFWLRQ�ZDV�QRW�HQRXJK��
We also needed to consider the textural and tactile experiences of touching, interacting 
DQG�OLYLQJ�ZLWK�WHFKQLFDO�WKLQJV��+H�FODLPHG�WKDW�WKLV�ZDV�QRW�D�PHUH�LVVXH�RI�SDFNDJLQJ�
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, Vallgårda 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 
DQG�5REOHV��� proposed the idea of computational compositions that explore the notion of 
WH[WXUH�WR�DGGUHVV�WKH�FRQÀXHQFH�RI�WKH�PDWHULDO�DQG�GLJLWDO��7KH\�HPSKDVLVHG�WKDW�WKH�
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.

&RQVLGHULQJ�WKH�PDWHULDOLW\�RI�LQWHUDFWLRQV��5HGVWU|P�LQWURGXFHG�WKH�QRWLRQ�RI�WDQJOHG�
interactions���� WKDW�VXPPDULVHV�WZR�PDLQ�DSSURDFKHV�WR�LQWHUDFWLRQ��7KH�¿UVW��ZKLFK�LV�
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 
WKH�LQWHUQDO�DQG�WKH�VXUIDFH�FRPSOH[LW\��:KLOH�WKH�¿UVW�RQH�PRYHG�DZD\�IURP�WKH�*8,�
thinking of metaphoric visual representation to an embodied movement-oriented view 
RI�LQWHUDFWLRQ��WKH�RWKHU�VXSSRUWHG�WKH�VSDFH�ÀH[LELOLW\�RI�*8,V�DQG�VRXJKW�WR�DGG�PRUH�
‘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. 

:KLOH� 5HGVWU|P� LQWURGXFHG� DQ� DSSURDFK� RI� OD\HULQJ� LQWHUDFWLRQV, Buechley and 
3�:LOVRQ��� highlighted the similarities in values and approaches between the practices 
of crafting and working with electronics. Wiberg��� discussed the need for a methodology 
VSHFL¿F� WR� H[SORULQJ� LQWHUDFWLRQ� GHVLJQ� IURP� D�PDWHULDO� OHQV� DQG� ORRNHG� WR� 6FK|Q¶V111 
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 
RI�PDWHULDOLW\�LQ�+&,�KDYH�DOVR�EHHQ�EURXJKW�IRUZDUG��VXFK�DV�.ZRQ�HW�DO�112 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. 

7KH�PDWHULDO� SHUVSHFWLYH� LQ�+&,� VHHNV� D� XQL¿HG� XQGHUVWDQGLQJ� RI� WKH� GLJLWDO� DQG� WKH�
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.113�,Q�WKLV�ZD\��WKH�PDWHULDO�WXUQ�LQ�+&,�LQGL-
cates also a turn towards materiality oriented interaction design.114 Going forward, I refer 
WR�WKH�+&,�UHVHDUFK�WKDW�LV�FKDUDFWHULVHG�E\�WKH�PDWHULDO�WXUQ�GHVFULEHG�LQ�WKLV�VHFWLRQ�DV�
µPDWHULDOLW\�RULHQWHG�+&,¶�

2.1.2 �&�UFYUJMFT�BT�DPNQVUBUJPOBM�NBUFSJBM�DPOUSJCVUJOH�UP�)$*�LOPXMFEHF
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.115 E-textiles are often also referred to 
DV�VPDUW�WH[WLOHV�RU�ZHDUDEOHV��+RZHYHU��WKHUH�LV�D�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKHVH�
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 resistance116 or colour change,117 and fall more in the purview of materials science.118 
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 
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devices that can measure, monitor or assist in a person’s everyday needs and activities.119 
These devices might be soft and textile-based, such as a heart rate monitoring sports-
bra��� or a knitted scarf-shaped music controller,121 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 
XWLOLVH�WH[WLOH�PDWHULDOV�RU�SURSHUWLHV�VXFK�DV�VRIWQHVV�RU�ÀH[LELOLW\�LQ�WKH�GHVLJQ�RI�WKHLU�
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.122 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,123 e-textiles have been 
interpreted as a material form of computation, or as computational composites of which 
textiles and electronics are material constituents.124 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.125

7KH�SUDFWLFH�DQG�UHVHDUFK�LQ�WKH�¿HOG�RI�H�WH[WLOHV�KDYH�WKXV�OHDUQW�IURP�DSSURDFKHV�LQ�
+&,�DV�ZHOO�DV�SURYLGHG�D�ULFK�PHGLXP�IRU�LQYHVWLJDWLQJ�DQG�LQIRUPLQJ�PDWHULDOLW\�RUL-
HQWHG�+&,�GHVLJQ��$V�DQ�H[DPSOH��WKH�HDUO\�SURWRW\SHV�RI�H�WH[WLOHV�SUHVHQWHG�LQ�WKH�\HDU�
������LQFOXGHG�DQ�HPEURLGHUHG�NH\SDG126 in which conductive yarn was used to embroi-
GHU�D�VRIW�QXPHULF�NH\SDG�RQ�WH[WLOHV��,Q�WKH�VDPH�\HDU��WKH�¿UHÀ\�GUHVV�E\�0�2UWK�VKRZ-
FDVHG�/('�OLJKWV�RQ�D�GUHVV�WKDW�ÀLFNHUHG�ZKHQ�WKH�FRQGXFWLYH�SDUWV�RQ�WKH�GUHVV�WRXFKHG�
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as a result of the wearer’s movements.127�,Q�������%HU]RZVND�SUHVHQWHG�RWKHU�PDWHULDOV�
such as thermo-chromic inks128 and shape-memory alloy129 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-
HQWHG�+&,�LV�UHÀHFWHG�LQ�WKH�ZD\�PDWHULDO�TXDOLWLHV�DQG�GLJLWDO�IXQFWLRQDOLW\�KDYH�EHHQ�
brought together—the keypad illustrates interpreting e-textiles as a tangible interface for 
FRQWUROOLQJ�GLJLWDO�IXQFWLRQV��DQG�WKH�¿UHÀ\�GUHVV�DFWV�DV�D�NLQG�RI�VHQVRU�WKDW�UHVSRQGV�WR�
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 Google131�RU�5DOSK�/DXUHQ¶V�PS��MDFNHW�132 bring 
interactions commonly used with digital devices, such as swiping, tapping or pressing, 
WR�WKH�GRPDLQ�RI�WH[WLOHV��2WKHUV�KDYH�XVHG�WKH�LQWHUDFWLRQV�VSHFL¿F�WR�WH[WLOHV��VXFK�DV�
stretching or folding,133 as starting points for developing e-textiles that may not directly 
resemble existing textile artefacts. A need for developing a form and interaction language 
EDVHG�RQ�HYHU\GD\�WH[WLOH�LQWHUDFWLRQV�WKDW�DUH�VSHFL¿F�WR�WKH�PDWHULDO�RI�H�WH[WLOHV�KDV�
been previously emphasised.134

127.    Ibid.
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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.135 7KH\�VXSSRUW�PDWHULDOLW\�RULHQWHG�+&,�ZKLFK�FDOOV�IRU�
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 
RU�VSDWLDO�HOHPHQWV��DQG�ZH�LQWHUDFW�ZLWK�DQG�PDQLSXODWH�WH[WLOHV�RQ�D�GDLO\�EDVLV��6SHFL¿F�
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 
RI�XVHUV�RQ�WKH�À\�136 Similarly, the reality of clothing being close to the body has opened 
up a variety of applications that can observe biometric data—like heart rate—from the 
wearer and can notify them of health-related issues.137 Clothing also allows gestural rec-
ognition sensors to be placed close to the body to sense the wearer’s movements. For 
example, keyglove138�WULJJHUV�VSHFL¿F�GLJLWDO�FRPPDQGV�DFFRUGLQJ�WR�WKH�GLIIHUHQW�KDQG�
gestures of a person. Environmental data such as weather predictions, moisture and pol-
OXWLRQ�OHYHOV�KDYH�DOVR�EHHQ�XVHG�DV�LQSXW�IRU�H�WH[WLOH�V\VWHPV�WR�SURYLGH�ORFDWLRQ�VSHFL¿F�
insights to its users.139

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 
PRUH�ZLWK�XELTXLWRXV�FRPSXWLQJ�UHVHDUFK�WKDQ�ZLWK�PDWHULDOLW\�RULHQWHG�+&,�UHVHDUFK�

E-textiles for displaying material-expressions of computation
5HGVWU|P�DUJXHV�WKDW�QHZ�PDWHULDOV�H[WHQG�WKH�H[SUHVVLRQV�RI�WHFKQRORJ\���� For example, 

135.    Ibid.
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the temporal form of a computational device manifested in space could take multiple 
IRUPV��:KLOH�DQ�/&'�VFUHHQ�PLJKW�EH�RQH�H[SUHVVLRQ�RI�GLVSOD\LQJ�WHPSRUDO�IRUP��QHZ�
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.141 Taking this further, 
'XPLWUHVFX�DQG�3HUVVRQ142 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-
¿HG��7KH�PDWHULDO�WUDQVIRUPDWLRQV�KDYH�HQDEOHG�WKHP�WR�GLVFXVV�UHYHUVLEOH�DQG�QRQ�UH-
YHUVLEOH�FKDQJHV�LQ�WKH�FRQWH[W�RI�PDWHULDOLW\�RULHQWHG�+&,��

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.143

The interaction design approaches in e-textiles have thus contributed to the discussion in 
WKH�EURDGHU�¿HOG�RI�PDWHULDOLW\�RULHQWHG�+&,�UHVHDUFK��$GGLWLRQDOO\��,�VHH�WKH�ERG\�RI�WH[-
WLOH�VSHFL¿F�FRPSXWDWLRQDO�WKLQJV�DV�XQLTXHO\�FRQWULEXWLQJ�WR�WKH�ODUJHU�¿HOG�RI�+&,�GXH�
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 
SURGXFWLRQ�WHFKQLTXHV�DQG�D�PXFK�ODUJHU�VFRSH�IRU�PDQLSXODWLRQ��IURP�¿EUH��\DUQ�DQG�
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 
LQFUHDVH��WKH�UROH�RI�H�WH[WLOH�UHVHDUFK�KDV�H[WHQGHG�WRZDUGV�¿QGLQJ�QHZ�RSSRUWXQLWLHV�DV�
well as being critical of the implications of the everyday adoption of such technologies. 
(�WH[WLOHV�UHVHDUFK�WKXV�UHODWHV�WR�D�EURDGHU�XQGHUVWDQGLQJ�RI�PDWHULDOLW\�RULHQWHG�+&,�
that looks at making computational things, studies behaviours and actions in use as well 
as explores new ways of relating with computational things. 
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2.1.3 .BUFSJBM�JOUFSBDUJPOT��.BLJOH
�BDUJOH�BOE�SFMBUJOH�XJUI�DPNQVUBUJPOBM�UIJOHT
Section 2.1.1 described how the increasing miniaturisation of computational devices 
SURSHOOHG�D�SDUW�RI�WKH�UHVHDUFK�LQ�+&,�WRZDUGV�HPSKDVLVLQJ�WKH�PDWHULDO�DQG�WDQJLEOH�
aspects of computational artefacts in the everyday. Since its emergence, the different 
ZRUNV�DQG�SXEOLFDWLRQV�SUHVHQWHG�XQGHU�PDWHULDOLW\�RULHQWHG�+&,�KDYH�DGGUHVVHG�GLIIHU-
ent aspects of the combination of analogue and digital materials. 

The historical overview presented in the beginning of the chapter also highlighted how 
WKH� FRQVLGHUDWLRQ� RI�PDWHULDO� LQWHUDFWLRQV� H[WHQGHG� WKH� RYHUDOO� VFRSH� RI� WKH�+&,�¿HOG�
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-
GD\��VHH�)LJXUH௘������,Q�WKH�SUHYLRXV�VXEVHFWLRQ��,�GHVFULEHG�KRZ�H�WH[WLOHV�OHDUQ�IURP�DQG�
FRQWULEXWH�WR�WKH�¿HOG�RI�PDWHULDOLW\�RULHQWHG�+&,��+RZHYHU��DQ�LQWHUDFWLRQ�GHVLJQ�VWUDW-
HJ\�VSHFL¿FDOO\�JHDUHG� WRZDUGV�DGGUHVVLQJ�PDWHULDO�TXDOLWLHV�RI� WH[WLOHV� LQ� WKH�¿HOG�RI�
e-textiles research is still lacking. The proposed categories of making, acting and relating 
WKXV� DLP� WR�SURYLGH� D� V\VWHPDWLF�ZD\�RI� VWXG\LQJ�PDWHULDO� LQWHUDFWLRQV� LQ� WKH�¿HOG�RI�
e-textiles. Below I unpack these categories further. 

Making computational things
7KHVH�DSSURDFKHV�ZLWKLQ�WKH�PDWHULDOLW\�RULHQWHG�+&,�VSHFL¿FDOO\�IRFXV�RQ�WKH�SUDFWLFH�
of combining, shaping and designing with computational and traditional materials. For 
example, the material strategy proposed by Vallgårda and Sokoler144 developed the idea 
of computational composites in which active and passive materials are understood to be 
FRQVWLWXHQWV�RI� WKH� VDPH�PDWHULDO��7KH�QRWLRQ�RI�FUDIWLQJ� WHFKQRORJ\� LQ�+&,�KDV�EHHQ�
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 
E\�3HUQHU�:LOVRQ145 presents a series of crafted electronic components using manufac-

����� � � �7BMMHÌSEB�BOE�4PLPMFS
�i"�.BUFSJBM�4USBUFHZ��&YQMPSJOH�.BUFSJBM�1SPQFSUJFT�PG�$PNQVUFST�w

����� � � �)BOOBI�	)BOOBI�3PTBNPOEF
�1FSOFS�8JMTPO
�i"�,JU�PG�/P�1BSUTw�	.BTTBDIVTFUUT�*OTUJUVUF�PG�
5FDIOPMPHZ
�����

�IUUQ���ETQBDF�NJU�FEV�IBOEMF��������������

Figure   5. .BUFSJBMJUZ�PSJFOUFE�JOUFSBDUJPO�EFTJHO�BQQSPBDIFT�JEFOUJmFE�XJUIJO�)$*�GPS�UIJT�SFTFBSDI�

Making Acting

Materiality-driven 
)$*�SFTFBSDI

$SBGUJOH
�TIBQJOH�
computational 

things

Expression and 
aesthetics of movements 

��JOUFSBDUJPOT

Emerging roles and 
relationships between persons 

and computational things

Interaction design approaches

3FMBUJOH



50

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 
LQ�VHDUFK�RI�D�PRUH�XQL¿HG�XQGHUVWDQGLQJ�RI�WKH�PDWHULDO�DQG�GLJLWDO�ZKHQ�GHDOLQJ�ZLWK�
the two at the same time and in a co-dependent manner from the beginning of the design 
process.

Acting with computational things
7KLV�DSSURDFK�ZLWKLQ�WKH�¿HOG�RI�PDWHULDOLW\�RULHQWHG�+&,�LV�FKDUDFWHULVHG�E\�DQ�HPSKD-
sis on body movements, tactility and the aesthetic of interactions enabled by the form 
and materials of computational artefacts. For example, Djajadingrat et al.146 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 
DSSURDFK�WR�WDQJLEOH�LQWHUDFWLRQ��³ZKLFK�FDSLWDOL]HV�RQ�WKH�¿W�EHWZHHQ�SK\VLFDO�REMHFWV�
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.”147 Similarly, Buur et al. emphasise focusing 
on user actions even before designing the form of the product.148�5LFK�XVHU�LQWHUIDFHV149 
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
$QRWKHU�SDUDOOHO�OLQH�RI�LQTXLU\�WULJJHUHG�E\�WKH�PDWHULDO�WXUQ�LQ�+&,�ZDV�D�QHHG�WR�UHGH-
¿QH�FRPSXWHUV²ZLWK�UHVSHFW�WR�WKHLU�WDQJLELOLW\²DORQJVLGH�DQ�DVSLUDWLRQ�WR�H[SORUH�QHZ�
interpretations for computational technologies in the everyday. For example, reacting to 
the always task-oriented relationship to computational devices, approaches such as slow 
technology151�DQG�UHÀHFWLYH�GHVLJQ152�SODFHG�FULWLFDO�UHÀHFWLRQ��UDWKHU�WKDQ�HI¿FLHQF\��DW�
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 
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relationships to computational objects that behaved independently of the human.153 
+lOOQlV�DQG�5HGVWU|P154 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.

7KHVH�WKUHH�FDWHJRULHV�RI�PDWHULDOLW\�RULHQWHG�+&,�DVSLUH�WR�WDFNOH�WKH�FRPELQDWLRQ�RI�ELWV�
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, 
WKDW�DUH�FRPSRVHG�IURP�GLIIHUHQW�PDWHULDOV��ERWK�DFWLYH�DQG�SDVVLYH��H�J���SLH]RHOHFWULF�
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 
HQHUJ\�V\VWHPV�IURP�D�PDWHULDOLW\�RULHQWHG�+&,�SHUVSHFWLYH�JLYHV�XV�DQ�RSSRUWXQLW\�WR�
explore personal energy harvesting systems from the experiential point of view of the 
people involved.

,Q�VHFWLRQ��������,�GHVFULEHG�KRZ�WKH�PDWHULDO�WXUQ�LQ�+&,�ZDV�SURSHOOHG�E\�WKH�FRQFHUQ�
that computers entering everyday aspects of our lives need alternative interpretations 
WKDW�H[WHQG�EH\RQG�WKH�QRWLRQ�RI�HI¿FLHQF\��WRZDUGV�DQ�H[SHULHQFH�RI�XVH�WKDW�FRQVLGHUV�
computational things as cohabitants of our everyday spaces.155 This perspective draws the 
attention towards expressions of interaction and materials in a design practice that places 
WKH�FRPSXWDWLRQDO�DQG�WKH�PDWHULDO�DW�WKH�VDPH�OHYHO��5HVHDUFKHUV�RI�PDWHULDOLW\�RULHQWHG�
+&,�KDYH�DUJXHG�WKDW�H[SORULQJ�WKH�QHZ�PDWHULDO�SURSHUWLHV�RI�FRPSXWDWLRQDOO\�HQDEOHG�
PDWHULDOV� LV�FUXFLDO� IRU�¿QGLQJ�UHOHYDQW�IRUPV�WKDW�VXSSRUW�DQG�H[SORUH�QHZ�YLVLRQV�RI�
how computational things could act for, with or despite of us.156 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 
GLVFXVV�WKH�LPSOLFDWLRQV�IRU�LQWHUDFWLYH�HQHUJ\�KDUYHVWLQJ��DQ�H[WHQVLYH�H[SORUDWLRQ�LV�¿UVW�
needed to understand the possibilities brought forward by these new materials.157

The expressivity and development of human-motor skills in interactions with rich user 
LQWHUIDFHV�LV�DQ�DOUHDG\�ZHOO�UHVHDUFKHG�DUHD�158 methods like the hands-only approach159 
or machine-cowboy��� have emphasised the need to pay more attention to the physical 
choreographies of interactions enabled by computational technology. Following material-
LW\�RULHQWHG�+&,�WR�FRQVLGHU�LQWHUDFWLRQV�VSHFL¿F�WR�D�VHW�RI�PDWHULDOV�ZRXOG�HQDEOH�LQWHU-
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. 

$GGLWLRQDOO\��XQGHUWDNLQJ�PDWHULDOLW\�RULHQWHG�+&,�UHVHDUFK�LQ�WKH�SUDFWLFH�RI�H�WH[WLOHV�
KHOSV�WR�GHYHORS�D�PDWHULDO�VSHFL¿F�PHWKRGRORJ\�IRU�H�WH[WLOH�GHYHORSPHQW�WKDW�LV�IRFXVHG�
on textiles. In section 2.1.2, I introduced e-textiles as a form of material computation that 
FRQWLQXRXVO\�FRQWULEXWHV� WR�DQG� OHDUQV� IURP�DSSURDFKHV� LQ�PDWHULDOLW\�RULHQWHG�+&,�� ,�
VKRZHG�WKDW�H�WH[WLOHV�KDV�IROORZHG�WKH�DSSURDFKHV�IURP�WDQJLEOH�+&,�UHVHDUFK�DQG�KDV�
EHHQ�RIWHQ�XVHG�WR�H[HPSOLI\�¿QGLQJV�LQ�WKH�ODWWHU��$OWKRXJK�WKHUH�KDYH�EHHQ�SURMHFWV�WKDW�
approach e-textiles from the lens of interaction design, a holistic perspective on e-textile 
LQWHUDFWLRQ�GHVLJQ�DSSURDFKHV�LV�QHHGHG�WR�WUXO\�VXSSRUW�WH[WLOH�VSHFL¿F�LQWHUSUHWDWLRQV�
in the use and adoption of e-textile artefacts. Furthermore, in section 2.1.3, I re-examine 
WKH�GHYHORSPHQWV�LQ�PDWHULDOLW\�RULHQWHG�+&,�WR�SURSRVH�WKH�FDWHJRULHV�RI�PDNLQJ��DFWLQJ�
and relating with computational things as a systematic way of conducting materiality 
RULHQWHG�+&,�LQ�WKLV�UHVHDUFK�

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

• GHYHORSLQJ�D�WH[WLOH�VSHFL¿F�LQWHUDFWLRQ�GHVLJQ�PHWKRGRORJ\�IRU�H�WH[WLOH�SURG-
ucts and systems.

• re-examining the notion of electricity as a result of human-computer/ material 
interactions.

157.    Ibid.
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2.2 (�WH[WLOHV�DQG�VWDWLF�HOHFWULFLW\
7KLV�VHFWLRQ�¿UVW�JLYHV�DQ�RYHUYLHZ�RI�WKH�VWDWH�RI�WKH�DUW�LQ�WKH�DUHD�RI�HQHUJ\�KDUYHVWLQJ�
from the human body and argues for choosing static electricity as a case for undertaking 
this research in the context of e-textiles. 

2.2.1 Energy harvesting from the human body
Consumer products that use human energy using the principle of electromagnetic induc-
WLRQ��VXFK�DV�LQ�ELF\FOH�G\QDPRV�RU�KDQG�FUDQNHG�UDGLRV�DQG�ÀDVKOLJKWV�161 have existed 
for several decades. Common interactions have included turning a crank, pulling a 
FKRUG��SXVKLQJ��VTXHH]LQJ�RU�VKDNLQJ�D�SURGXFW�DV�ZHOO�DV�XVLQJ�D� IRRW�SHGDO²OLNH� LQ�
the bicycle—to convert human energy into electricity for products.162 These kinds of 
gear-and-generator type harvesters are often bulky and lead to a high consumption of 
PHWDEROLF�HQHUJ\��EXW�WKH\�FDQ�JHQHUDWH�WKH�KLJKHVW�SRZHU��XS�WR����:DWWV�163 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
7KH�¿UVW�RYHUYLHZ�RI�GLIIHUHQW� HQHUJ\� VRXUFHV� IRU�PLFURJHQHUDWLRQ�RI�SRZHU� IURP� WKH�
human body was presented in 1996 by Starner.164Arguing that batteries add weight and 
inconvenience to wearable computers, he explored the possibility of harnessing the 
HQHUJ\� IURP� WKH�ZHDUHU� WR�SRZHU�KHU�GHYLFH��+H�PDGH�D�FDVH� IRU�FRQYHUWLQJ�GLIIHUHQW�
kinds of energy sources, such as body heat, breath, blood pressure, upper limb motion, 
ZDONLQJ�DQG�¿QJHU�PRWLRQ��,Q�������IROORZLQJ�XS�RQ�WKLV�ZRUN��6WDUQHU�DQG�3DUDGLVR165 
presented prototypes for energy harvesting shoes using different harvesting technologies 
VXFK�DV�SLH]RHOHFWULF��URWDU\�JHQHUDWRU�DQG�K\GUDXOLF�DQG�SQHXPDWLF�V\VWHPV�
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7KH�3K�'��WKHVLV�E\�-DQVHQ166�VXEPLWWHG�LQ������GLVFXVVHG�WKH�GHYHORSPHQW�RI�KXPDQ�SRZ-
HUHG�SURGXFWV�WKDW�IRFXV�RQ�FRQYHUVLRQ�RI�PXVFXODU�ZRUN�LQWR�HOHFWULFLW\��+H�UHSRUWHG�WKDW�
WKH�QXPEHU�RI�KXPDQ�SRZHUHG�FRQVXPHU�SURGXFWV�DYDLODEOH�RQOLQH�IURP������WR������
KDG�LQFUHDVHG�IURP����WR������+H�PHULWHG�WKLV�LQFUHDVH�RI�KXPDQ�SRZHUHG�SURGXFWV�WR�WKH�
general trend towards an increased environmental awareness along with the increased 
mobility and personalisation of consumer products.167 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.168 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 
NLQHWLF�HQHUJ\��:LWKLQ�NLQHWLF�HQHUJ\��GLIIHUHQW�SULQFLSOHV�DUH�XVHG��VXFK�DV�SLH]RHOHFWULF-
LW\�DQG�WULERHOHFWULFLW\��VHH�)LJXUH௘������%HORZ�,�JLYH�EULHI�GHVFULSWLRQV�RI�HDFK�DORQJ�ZLWK�
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.169 In their paper 
DERXW�HQ]\PDWLF�JOXFRVH�ELRIXHO�FHOOV��6ODXJKWHU�HW�DO���� 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.171 These are less invasive than the glucose-based cells as they can be stuck 
RQWR�WKH�VNLQ�DV�D�VNLQ�SDWFK�DQG�XVH�ELRÀXLGV��VXFK�DV�KXPDQ�SHUVSLUDWLRQ�DQG�ODFWDWH��WR�
generate small amounts of electrical energy.172

%LRIXHO�FHOOV�DUH�DW�DQ�HDUO\�VWDJH�RI�GHYHORSPHQW��+RZHYHU��VHYHUDO�H[DPSOHV�FDQ�DOUHDG\�
be found in research. These include projects such as implanted biofuel cells in rats that 
SRZHU� DQ� /('� RU� D� VPDOO� GHYLFH� VXFK� DV� D� GLJLWDO� WKHUPRPHWHU�173 tattoo-shaped lac-
tate-sensors powered with a bio fuel cell worn on the skin to monitor the level of exercise 
RI� WKH�ZHDUHU�174 and textile-based stretchable bio fuels to power wearable sensors and 
garments.175 

Thermoelectric energy harvesting
Thermoelectric generators can be used to harvest electrical energy from human body 
heat for the purpose of powering wearable electronics.176 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.177 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.178

There have been several examples of wearable devices that harness thermal energy and 

����� � � �%BHEFWJSFO
�-J
�BOE�8BOH
�i&OFSHZ�)BSWFTUJOH�GSPN�UIF�"OJNBM�)VNBO�#PEZ�GPS�4FMG�1PXFSFE�
&MFDUSPOJDT�w

����� � � �"NBZ�+��#BOEPELBS
�i3FWJFX�8FBSBCMF�#JPGVFM�$FMMT��1BTU
�1SFTFOU�BOE�'VUVSF
w�+PVSOBM�
PG�5IF�&MFDUSPDIFNJDBM�4PDJFUZ����
�OP����	/PWFNCFS���
�����
��)����o��
�IUUQT���EPJ�
PSH������������������KFT�

����� � � �"��;FCEB�FU�BM�
�i4JOHMF�(MVDPTF�#JPGVFM�$FMMT�*NQMBOUFE�JO�3BUT�1PXFS�&MFDUSPOJD�%FWJDFT
w�
4DJFOUJmD�3FQPSUT��
�OP����	%FDFNCFS���
�����
������
�IUUQT���EPJ�PSH���������TSFQ������

����� � � �:VUP�,BUP�FU�BM�
�i"�4USFUDIBCMF
�8FBSBCMF�-BDUBUF�4FOTPS�XJUI�B�5FYUJMF�#BTFE�#JPGVFM�$FMM
w�
.FFUJOH�"CTUSBDUT�."�������
�OP�����	4FQUFNCFS��
�����
������o����
�IUUQ���NB�FDTEM�PSH�DPOUFOU�
."����������������

����� � � �*UUIJQPO�+FFSBQBO�FU�BM�
�i4USFUDIBCMF�#JPGVFM�$FMMT�BT�8FBSBCMF�5FYUJMF�#BTFE�4FMG�1PXFSFE�
4FOTPST�
w�+PVSOBM�PG�.BUFSJBMT�$IFNJTUSZ��"��
�OP�����	%FDFNCFS���
�����
�������o��
�IUUQT���EPJ�
PSH���������$�5"�����(�

����� � � �.FMJTTB�)ZMBOE�FU�BM�
�i8FBSBCMF�5IFSNPFMFDUSJD�(FOFSBUPST�GPS�)VNBO�#PEZ�)FBU�)BSWFTUJOH�
	"CTUSBDU

w�"QQMJFE�&OFSHZ�����	/PWFNCFS���
�����
�����o��
�IUUQT���EPJ�PSH���������+�
"1&/&3(:�������������

����� � � �-JOEFO�,��"MMJTPO�BOE�5SJTIB�-��"OESFX
�i"�8FBSBCMF�"MM�'BCSJD�5IFSNPFMFDUSJD�(FOFSBUPS
w�
"EWBODFE�.BUFSJBMT�5FDIOPMPHJFT
�+BOVBSZ���
�����
��������
�IUUQT���EPJ�PSH���������
admt.201800615.

����� � � �.��-PTTFD�FU�BM�
�i5IFSNPFMFDUSJD�(FOFSBUPS�1MBDFE�PO�UIF�)VNBO�#PEZ��4ZTUFN�.PEFMJOH�BOE�
&OFSHZ�$POWFSTJPO�*NQSPWFNFOUT
w�5IF�&VSPQFBO�1IZTJDBM�+PVSOBM�"QQMJFE�1IZTJDT���
�OP����
	0DUPCFS���
�����
�������
�IUUQT���EPJ�PSH���������FQKBQ���������



56

also innovations in thermoelectric materials that better support on-body applications. 
)RU�H[DPSOH��WKH�¿UVW�ZHDUDEOH�WKHUPRHOHFWULF�GHYLFH�ZDV�LQWURGXFHG�LQ������DQG�ZDV�
in the form of a wireless sensor worn on the wrist.179 New designs of thermoelectric 
JHQHUDWRU�V\VWHPV�KDYH�EHHQ�GHYHORSHG�WR�PDNH�WKHP�OLJKW�ZHLJKW�DQG�ÀH[LEOH�IRU�ZHDU-
DEOH�DSSOLFDWLRQV��6RPH�H[DPSOHV�RI�ÀH[LEOH� WKHUPRHOHFWULF� HQHUJ\�KDUYHVWHUV� LQFOXGH�
a polymer based thermoelectric generator by Vashaee and Shipman���� DQG� WKH�ÀH[LEOH�
WKHUPRHOHFWULF�JHQHUDWRU�GHYHORSHG�E\�/LX�HW�DO�181 Other examples, such as thermoelec-
WULF�JHQHUDWRUV�PDGH�FRPSOHWHO\�ZLWK�WH[WLOH�PDWHULDOV�E\�/LQGHQ�HW�DO��182 present further 
opportunities for integrating thermoelectric energy harvesting seamlessly into textiles.

Kinetic energy harvesting
.LQHWLF�HQHUJ\�KDUYHVWHUV�KDUQHVV�WKH�ELRPHFKDQLFDO�HQHUJ\�IURP�KXPDQ�PRWLRQV��VXFK�
as a foot strike, a joint motion or upper limb motions.183 Energy harvesting principles for 
PHFKDQLFDO�NLQHWLF�PLFUR�HQHUJ\�PDLQO\�LQFOXGH�SLH]RHOHFWULF�DQG�WULERHOHFWULF�184

3LH]RHOHFWULF� PDWHULDOV� FUHDWH� HOHFWULFDO� FKDUJH� ZKHQ� PHFKDQLFDOO\� VWUHVVHG�185 These 
materials used in energy harvesting systems include single-crystal and textured pie-
]RHOHFWULF�FHUDPLFV��ZKLFK�DUH�VWLII��RU�SRO\PHU�EDVHG�SLH]RHOHFWULF�PDWHULDOV��39')���
ZKLFK�FDQ�EH�PDGH�LQWR�ÀH[LEOH�¿OPV��7KHVH�SLH]RHOHFWULF�HOHPHQWV�KDYH�EHHQ�XVHG��IRU�
example, in shoes186 or sidewalks187 to convert the body’s kinetic energy from walking 
LQWR�HOHFWULFLW\��5HFHQW�DGYDQFHPHQWV�LQ�SLH]RHOHFWULF�QDQR¿EUHV188 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.189

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.191 The 
¿UVW�WULERHOHFWULF�QDQRJHQHUDWRU�JHQHUDWLQJ�PLFUR�ZDWWV�IRU�SRZHULQJ�VPDOO�GHYLFHV�ZDV�
LQWURGXFHG�LQ������192�5HVHDUFK�LQ�WULERHOHFWULF�QDQRJHQHUDWRUV�KDV�JUHDWO\�LPSURYHG�WKLV�
energy harvesting technology in recent years193 with an increasing number of examples of 
textile implementations. For example, a corrugated textile-based triboelectric nanogen-
HUDWRU�SUHVHQWHG�E\�&KRL�HW�DO��LQ�������ZDV�VKRZQ�WR�JHQHUDWH�HQRXJK�SRZHU�WR�OLJKW����
/('V�XVLQJ�WKH�HQHUJ\�IURP�IRRWVWHSV��

This research uses triboelectricity or static electricity as a medium for investigating 
ERG\�GULYHQ�HQHUJ\�KDUYHVWLQJ��7KH�IROORZLQJ�VXEVHFWLRQV�¿UVW�JLYH�D�EULHI�LQWURGXFWLRQ�
to static electricity followed by a more detailed overview of the recent developments in 
WULERHOHFWULF�JHQHUDWRUV�LQ�WKH�¿HOG�RI�H�WH[WLOHV��)XUWKHUPRUH��DQ�DUJXPHQW�IRU�ZK\�WKLV�
research focuses on electrostatic energy harvesting is presented.

2.2.2 8IBU�JT�TUBUJD�FMFDUSJDJUZ 
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 
WR�UHPRYH�DQ�HOHFWURQ�IURP�WKH�VXUIDFH�RI�D�PDWHULDO�WR�LQ¿QLW\�LV�NQRZQ�DV�LWV�ZRUN�IXQF-
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 
WKH� IRUPHU�EHFRPHV�SRVLWLYHO\�FKDUJHG��7KLV�HIIHFW� LV�NQRZQ�DV�FRQWDFW�HOHFWUL¿FDWLRQ�
(or contact charging).194�:H�KDYH� DOO� H[SHULHQFHG� WKH� HIIHFWV� RI� FRQWDFW� HOHFWUL¿FDWLRQ��
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.

$OWKRXJK�VWDWLF�HOHFWULFLW\�LV�D�ZHOO�NQRZQ�SKHQRPHQRQ��PRVW�RI�WKH�UHVHDUFK�LQ�WKH�¿HOG�
of textiles has been aimed at minimising its effects.195�5HFHQWO\��KRZHYHU��VWDWLF�HOHFWULFLW\�
has gained interest in the areas of renewable energy and design. In the subsections below, 
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,�GHVFULEH�WKH�UHODWHG�ZRUN�LQ�WKH�¿HOG�RI�HQHUJ\�KDUYHVWLQJ�LQ�WKH�FRQWH[W�RI�H�WH[WLOHV�
and design projects that have used static electricity with textiles in their design process.

2.2.3 4UBUJD�FMFDUSJDJUZ�BT�B�UFYUJMF�TQFDJmD�TPVSDF�PG�FOFSHZ
+DYLQJ�D�VXVWDLQDEOH�VRXUFH�RI�HQHUJ\�IRU�H�WH[WLOHV��HVSHFLDOO\�LQ�WKH�FRQWH[W�RI�ZHDUD-
bles, where the artefacts need to be comfortable and light-weight, has been recognised 
DV�RQH�RI�WKH�NH\�FKDOOHQJHV�LQ�WKH�¿HOG�196 This need for renewable energy sources for 
WKH�¿HOG�RI�WDQJLEOH�DQG�XELTXLWRXV�FRPSXWLQJ�LV�QRW�QHZ��KRZHYHU�WKH�WH[WLOH�FRPSDWL-
ELOLW\�DQG�HI¿FLHQF\�RI�VXFK�WHFKQRORJLHV�KDYH�LPSURYHG�FRQVLGHUDEO\�LQ�UHFHQW�\HDUV�197 
3UHVHQWLQJ�D�KLVWRULFDO�UHYLHZ�RI�WKH�¿HOG�RI�H�WH[WLOHV��+XJKHV�5LOH\�HW�DO��KLJKOLJKW�WKDW�
WKH�GHYHORSPHQW�RI�HQHUJ\�VWRUDJH�DQG�VFDYHQJLQJ�ZLWKLQ�WKH�¿HOG�RI�H��WH[WLOHV�UHVHDUFK�
KDYH�H[WHQGHG�FRQVLGHUDEO\�VLQFH������198 This is characterised by the different energy 
KDUYHVWLQJ�DQG�VFDYHQJLQJ�VROXWLRQV�EHLQJ� LPSOHPHQWHG�DW� WKH� OHYHO�RI�QDQR¿EHUV�DQG�
yarns that enable the easy integration of such technologies into textiles without compro-
mising the feel of the textiles. 

7KH�¿UVW�ÀH[LEOH�WULERHOHFWULF�JHQHUDWRU�LQ�UHVHDUFK�ZDV�UHSRUWHG�LQ������LQ�WKH�ZRUN�RI�
Fan et al.199 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 
����� DQG� ������ VHYHUDO� SDSHUV� SUHVHQWHG� DSSOLFDWLRQV� IRU� WULERHOHFWULF� JHQHUDWRUV�� IRU�
example, woven structures for triboelectric nanogenerators for wearable applications by 
Zhou et al.����RU�/L�HW�DO����� water-proof triboelectric systems for harsh environments by 
*XR�HW�DO����� triboelectricity based acoustic energy harvesting and self-powered sound 
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UHFRUGLQJ�E\�)DQ�HW�DO����� and self-powered sensors such as motion sensor alarms��� or a 
wireless sensor node��� using triboelectric nanogenerators. Using these different energy 
KDUYHVWLQJ� V\VWHPV� LQ� FRPELQDWLRQ�� VXFK� DV�SLH]RHOHFWULF� DQG� WULERHOHFWULF���� has also 
been explored to maximise the potential for generating electrical energy. 

&RPSDUHG�WR�WKH�RWKHU�VRXUFHV�RI�HQHUJ\�VXFK�DV�SLH]RHOHFWULF��SKRWRYROWDLF�RU�WKHUPR-
HOHFWULF��ZKLFK�UHTXLUH�WUDQVODWLQJ�VSHFL¿F�PDWHULDOV�VXFK�DV�39')���� silicon diodes, or 
bismuth telluride (Bi2Te3)-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 
FDQ�ZRUN�ZLWKRXW�XVLQJ�HQYLURQPHQWDOO\�KD]DUGRXV�PDWHULDOV���� It also forms a continu-
RXV�VRXUFH�RI�HOHFWUL¿FDWLRQ�ZKLFK��ZKHQ�PDQDJHG�VDIHO\��FDQ�FRQWULEXWH�VLJQL¿FDQWO\�WR�
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 
RU�WKH�WLQJO\�IHHOLQJ�RQ�VNLQ�ZKHQ�WKHUH�LV�DQ�HOHFWURVWDWLF�¿HOG�SUHVHQW��,Q�WKH�WHQVHG�XS�
scarf project,211�¿QH�KDLU�OLNH�VWUDQGV�RI�D� VFDUI�ZHUH�DQLPDWHG�GXH� WR� WKH�HOHFWURVWDWLF�
FKDUJHV� RI� WKH� ZHDUHUV� ERG\�� )XUWKHUPRUH�� WKH� PDVWHU¶V� WKHVLV� SURMHFW� RI� .DWVDURX212 
explored static electricity as a design material in textile design by creating a large 
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LQVWDOODWLRQ�ZLWK� WH[WLOHV� WXIWHG�ZLWK� SRO\WHWUDÀXRURHWKHQH� �37)(�213 tape. And in the 
(�6WDWLF�6KDGRZV�LQVWDOODWLRQ�E\�%HU]LQD�HW�DO��214 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-
ELOLWLHV� DW� WKH� OHYHO� RI� WKH� \DUQ� SUHVHQWV� D� VLJQL¿FDQW� SRWHQWLDO� LQ� WH[WLOH�GULYHQ� SURG-
XFWV�DQG�DSSOLFDWLRQV�WKDW�FDQ�UHWDLQ�WKH�TXDOLWLHV�RI�WH[WLOH�PDWHULDOV��+RZHYHU��D�ORW�RI�
WKHVH�QHZ�PDWHULDOV�DUH�LQ�WKH�HDUO\�VWDJHV�RI�UHVHDUFK��DQG�WKH\�DUH�GLI¿FXOW�WR�DFFHVV�RU�
H[SORUH�RXWVLGH�WKH�¿HOG�RI�PDWHULDOV�VFLHQFH��

The e-textile design community, on the other hand, is working with easily available ver-
VLRQV��VXFK�DV�SLH]RHOHFWULF�HOHPHQWV215 or solar cells216 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 
FRPSRQHQWV��)RU�H[DPSOH��WKH�ZRUN�RI�3RVW�HW�DO�217 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 
HOHFWURVWDWLF�HQHUJ\�IURP�D�GHVLJQ�DQG�LQWHUDFWLRQ�SRLQW�RI�YLHZ��+RZHYHU��WKLV�DUHD�LV�OHVV�
H[SORUHG�LQ�WKH�¿HOG�RI�H�WH[WLOH�GHVLJQ��,W�FDQ�EH�VSHFXODWHG�WKDW�WKLV�PLJKW�EH�GXH�WR�WKH�
ORZ�HI¿FLHQF\�RI�VXFK�GR�LW�\RXUVHOI��',<��V\VWHPV�DV�FRPSDUHG�WR�WKH�QDQR�OHYHO�WULERH-
OHFWULF�JHQHUDWRUV��+RZHYHU��DV�WKH�WHFKQRORJ\�UDSLGO\�GHYHORSV��DV�GHVFULEHG�LQ�VHFWLRQ�
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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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 
H[SORUH�VWDWLF�HOHFWULFLW\�DV�D�WH[WLOH�VSHFL¿F�VRXUFH�RI�HQHUJ\��

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 6WDWLF�HOHFWULFLW\�DQG�+&,
This section delves deeper into the approaches to harvesting static electricity and argues 
IRU�XQGHUWDNLQJ�D�PDWHULDOLW\�RULHQWHG�+&,�LQTXLU\�LQWR�HOHFWURVWDWLF�HQHUJ\�KDUYHVWLQJ�
with textiles.

2.3.1 -PPLJOH�CFZPOE�FGmDJFODZ�PG�FOFSHZ�IBSWFTUJOH
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 

Figure   7. (Top-left) Energy harvesting sources and nodes on the human body. Illustration from Ernesto 
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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.218 illustrate different 
ERG\�HQHUJ\�VRXUFHV�DQG�QRGHV��VHH�)LJXUH௘�����WRS�OHIW���*RLQJ�IXUWKHU��H[DPSOHV�LQ�SDSHUV�
by Choi et al.219 or Starner��� provide estimates of energy produced trough different move-
ments and activities performed by a human (see Figure 7, top-right and bottom).

(QHUJ\�KDUYHVWLQJ�PRGXOHV��VXFK�DV�SLH]RHOHFWULF�DQG�WULERHOHFWULF�PRGXOHV��KDYH�GHYHO-
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 laptop221 or walking on 
the sidewalk.222

As described earlier in the chapter, the area of micro-power energy harvesting is in the 
HDUO\�VWDJHV�RI�GHYHORSPHQW�ZLWK�D�JURZLQJ�ERG\�RI�ZRUN��$�VLJQL¿FDQW�SRUWLRQ�RI�WKH�
research in body-driven energy harvesting aims toward optimising the technology for 
HI¿FLHQW�FRQYHUVLRQ�RI�HQHUJ\�DQG�HDVH�RI�LQFRUSRUDWLRQ�LQWR�ZHDUDEOHV��)RU�H[DPSOH��LQ�
the paper about harvesting energy from living subjects, the authors describe how future 
UHVHDUFK�QHHGV�WR�IRFXV�RQ�LPSURYLQJ�WKH�RXWSXW�SRZHU�DQG�HI¿FLHQF\�RI�WKH�KDUYHVWHUV�
and increasing the biocompatibility.223 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.224 
This goal of improving the technology of body-driven energy harvesting solutions is 
XQGRXEWHGO\�LPSRUWDQW�IRU�WKH�¿HOG�WR�SURJUHVV�DQG�VXSSRUW�DGRSWLRQ�RI�VXFK�WHFKQRORJLHV��

+RZHYHU��DORQJ�ZLWK�WHFKQRORJ\�GHYHORSPHQW��WKHUH�LV�D�QHHG�WR�DGGUHVV�WKH�GHVLJQ�RI�
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. 

����� � � �&SOFTUP�*CBSSB�FU�BM�
�i)&)�#."$��)ZCSJE�1PMMJOH�."$�1SPUPDPM�GPS�8#"/T�0QFSBUFE�CZ�)VNBO�
&OFSHZ�)BSWFTUJOH
w�5FMFDPNNVOJDBUJPO�4ZTUFNT���
�OP����	'FCSVBSZ��
�����
�����o��
�IUUQT���EPJ�
PSH���������T���������������[�

����� � � �$IPJ�FU�BM�
�i8FBSBCMF�#JPNFDIBOJDBM�&OFSHZ�)BSWFTUJOH�5FDIOPMPHJFT�w

����� � � �4UBSOFS
�i)VNBO�1PXFSFE�8FBSBCMF�$PNQVUJOH�w

221.    Ibid.

����� � � �'PS�FYBNQMF
�i1BWFHFO���5IF�/FYU�4UFQ�w

����� � � �%BHEFWJSFO
�-J
�BOE�8BOH
�i&OFSHZ�)BSWFTUJOH�GSPN�UIF�"OJNBM�)VNBO�#PEZ�GPS�4FMG�1PXFSFE�
&MFDUSPOJDT�w

����� � � �8BOH
�$IFO
�BOE�-JO
�i1SPHSFTT�JO�5SJCPFMFDUSJD�/BOPHFOFSBUPST�BT�B�/FX�&OFSHZ�5FDIOPMPHZ�
BOE�4FMG�1PXFSFE�4FOTPST�w



63

³+XPDQ�FRPSXWHU�LQWHUDFWLRQ�LV�D�GLVFLSOLQH�FRQFHUQHG�ZLWK�WKH�GHVLJQ��HYDOXDWLRQ��DQG�
implementation of interactive computing systems for human use and with the study of 
major phenomena surrounding them.225´�,Q�UHVSRQVH�WR�WHFKQRORJLFDO�FKDQJHV��WKH�¿HOG�
RI�+&,�IRFXVHV�RQ�LVVXHV�RI�XVDELOLW\�RI�WHFKQRORJ\�DORQJ�ZLWK�DVNLQJ�TXHVWLRQV�UHJDUG-
ing aesthetic, emotional, psychological, sociological and cultural aspects of technology 
adoption by people.226 Body-driven energy harvesting is an emerging technology that 
closely engages the human body. Approaching energy harvesting from the perspective of 
KXPDQ�FRPSXWHU�LQWHUDFWLRQ�GHVLJQ�LV�WKXV�FUXFLDO�IRU�FULWLFDOO\�UHÀHFWLQJ�RQ�DQG�SURSRV-
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!227 illustrated different 
ways of informing the user of their energy consumption behaviours through design ele-
ments incorporated in everyday technologies. The doctoral thesis by Acharya228 employed 
D�VWUDWHJ\�RI�YLVXDOLVLQJ�HQHUJ\�XVH�XVLQJ�WKH�ORFDO�GHFRUDWLYH�SUDFWLFH�RI�5DQJROL�PDNLQJ�
to generate a dialogue among different homes within a community around their energy 
SUDFWLFHV��'LIIHUHQW�SURMHFWV�LQ�WKH�¿HOGV�RI�QHZ�PHGLD�DUW�DQG�GHVLJQ229 have visualised 
HQHUJ\�UHODWHG�GDWD�WR�FUHDWH�DZDUHQHVV�DQG�KHOS�SHRSOH�WR�UHÀHFW�RQ�DQG�SRVVLEO\�FKDQJH�
their everyday behaviours to become more energy-conscious in their everyday lives. 
+RZHYHU��D�VLPLODU�GHVLJQ�LQLWLDWLYH�WR�H[SORUH�DQG�LOOXVWUDWH�ZD\V�RI�EHWWHU�XQGHUVWDQGLQJ�
energy-harvesting practices in the everyday is still lacking.

A research project that previously explored energy harvesting from the perspective of 
KXPDQ�FRPSXWHU�LQWHUDFWLRQ�ZDV�WKH�ZRUN�RI�3LHUFH�HW�DO����,231,232 They propose ways of 
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Figure   8. Triboelectric series: materials listed according to their tendency to gain or lose electrons. Figure of 
the table redrawn from IUUQ���FFTFNJ�DPN�USJCP@TFSJFT�IUN



65

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-
WLJDWHG�DV�D�VXE�¿HOG�RI�+&,��7KH\�GHVFULEH�HOHFWULF�LQWHUDFWLRQV�DV�VWD\LQJ�RQ��GLUHFWLQJ�
about and switching on. Designing interactions in the context of collecting, keeping, 
sharing and activating energies guide their product and interaction design methods.

7KLV� WKHVLV� LQTXLU\� LV� GHHSO\� DOLJQHG�ZLWK� WKH�ZRUN�RI�3LHUFH� HW� DO�� DQG�EXLOGV�RQ� WKH�
approach of exploring and questioning the role of electricity that can be transferred from 
RXU�RZQ�ERGLHV�WR�EH�FROOHFWHG��VWRUHG�DQG�VKDUHG��+RZHYHU��WKLV�GLVVHUWDWLRQ�IRFXVHV�RQ�
the research area of e-textiles where developments in energy harvesting technologies are 
FORVHO\�OLQNHG�WR�QHZ�NLQGV�RI�VRIW�PDWHULDOV��WKLV�RSHQV�D�GHVLJQ�VSDFH�IRU�LQYHVWLJDWLQJ�
ERG\�GULYHQ� HQHUJ\�KDUYHVWLQJ� IURP� WKH�SHUVSHFWLYH�RI�PDWHULDOLW\� RULHQWHG�+&,�ZLWK�
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 series233��VHH�)LJXUH௘�����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), 
ZKHUHDV�V\QWKHWLF�PDWHULDOV�VXFK�DV�37)(��7HÀRQ���SRO\HVWHU�DQG�SODVWLFV�IHDWXUH�DW�WKH�
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 
ORZHU�WKDQ�WKHP��WKHUH�LV�D�ÀRZ�RI�HOHFWURQV�IURP�WKH�IRUPHU�WR�WKH�ODWWHU��7KLV�H[SODLQV�
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 
ZLWK�V\QWKHWLF�PDWHULDOV�VXFK�DV�SRO\HVWHU�RU�37)(�ZRXOG�SURGXFH�JUHDWHU�HOHFWURVWDWLF�
charges than, for example, human skin and cat fur.
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Figure   9. The triboelectric generator setup made from a PTFE sheet and two conductive sheets. 
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While the examples of nanogenerators described in the previous section present electro-
VWDWLF�KDUYHVWLQJ�WHFKQRORJLHV�IDEULFDWHG�DW�WKH�QDQR�VFDOH��.DUDJR]OHU�HW�DO�234 illustrate 
the concept of “paper generators” which are energy harvesters based on contact electri-
¿FDWLRQ�WKDW�XVH�FRPPRQ�PDWHULDOV�DQG�GR�QRW�UHTXLUH�PLFURIDEULFDWLRQ��³7KH�RSHUDWLRQ�
of the paper generators relies on the movement of the two conductive sheets relative to 
HDFK�RWKHU�DQG�WKH�HOHFWULF�¿HOG�VRXUFH��L�H���37)(��$V�WKH�UHODWLYH�SRVLWLRQV�RI�WKH�VKHHWV�
FKDQJH�� WKH�GLVWULEXWLRQ�RI�WKH�LQGXFHG�FKDUJHV�� WKH�HOHFWULF�¿HOG��DQG�WKH�WRWDO�FDSDFL-
tance between the sheets change, resulting in an electric potential difference between the 
FRQGXFWRUV��VHH�)LJXUH�����+HQFH��WKH�PHFKDQLFDO�PRYHPHQWV�RI�WKH�VKHHWV�DQG�WKH�¿HOG�
source are converted into electrical potential energy that can do work.”235

8VLQJ�WKLV�SULQFLSOH��WKH\�SUHVHQW�¿YH�NLQGV�RI�WULERHOHFWULF�JHQHUDWRUV�IURP�7HÀRQ�EDNLQJ�
VKHHW��37)(��DQG�DOXPLQLXP�IRLO that can harness static electricity to power small com-
SRQHQWV�VXFK�DV�/('V�RU�H�SDSHU�GLVSOD\V�LQ�D�FKLOGUHQ¶V�ERRN��7KHVH�¿YH�FLUFXLWV�FRXOG�
EH�IXUWKHU�JURXSHG�LQWR�WZR�PDLQ�ZRUNLQJ�SULQFLSOHV��VHH�)LJXUH������RQH�WKDW�OD\HUV�WKH�
electrodes and the electrostatic material so that the person interacts from the outside, 
LQVXODWHG� IURP� WKH� KDUYHVWHU�� DQG� WKH� RWKHU� NLQG��ZKLFK� UHTXLUHV� WKH� SHUVRQ� WR� WRXFK�
RQH�RI�WKH�HOHFWURGHV�DQG��LQ�WKLV�ZD\��EHFRPH�SDUW�RI�WKH�FLUFXLW�VXSSRUWLQJ�WKH�ÀRZ�RI�
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. 
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Figure   10. Two main working principles of triboelectric generator circuits. (Left) The person touches an 
FMFDUSPEF�XIJMF�NPWJOH�UIF�PUIFS�FMFDUSPTUBUJD�NBUFSJBM��	3JHIU
�-BZFSFE�NBUFSJBMT�XIFSF�QFSTPO�JOUFSBDUT�
from the outside.
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6HFRQGO\��WKH�WULERHOHFWULF�JHQHUDWRU�FLUFXLW�FRQ¿JXUDWLRQ�WKDW�LQYROYHV�WKH�SHUVRQ�WRXFK-
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
/HW� XV� WDNH� DQRWKHU� ORRN� DW� WKH� FLUFXLW� DGDSWHG� IURP�SDSHU� JHQHUDWRUV� �VHH�)LJXUH� ����
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 
FRQQHFWHG�WR�D�UHFWL¿HU�FLUFXLW�DQG�DQ�RXWSXW��IRU�H[DPSOH��D�OLJKW�HPLWWLQJ�GLRGH��/('���
When a person rubs against the electrostatic material while in contact with the open 
HOHFWURGH�� WKH�HOHFWURVWDWLF�FKDUJHV�JHQHUDWHG� WKURXJK� WKH� LQWHUDFWLRQ�ÀRZ� WKURXJK� WKH�
ERG\�WR�WKH�FLUFXLW�HQDEOLQJ�WKH�ÀRZ�RI�HOHFWULFLW\�DQG�OLJKWLQJ�XS�WKH�/('�LQ�VKRUW�EXUVWV�

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. 

Figure   11. %FUBJMT�PG�BO�FMFDUSPTUBUJD�IBSWFTUJOH�DJSDVJU�UIBU�VTFT�UIF�IVNBO�CPEZ�BT�QBSU�PG�UIF�IBSWFTUJOH�
circuit.

Electrode 1 Electrode 2

%JPEF�CSJEHF���-&%

Electrostatic material
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2.3.4 $PODMVTJPO��%FTJHOJOH�USJCPFMFDUSJD�HFOFSBUPST�JT�BO�JTTVF�PG�NBUFSJBMJUZ�
PSJFOUFE�)$*

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-
WURVWDWLF�PDWHULDOV�DQG�HOHFWURGHV�LQ�D�FRQ¿JXUDWLRQ�WKDW�VXSSRUWV�WKH�JHQHUDWLRQ�DQG�ÀRZ�
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 
WKH�VNLQ�H[HPSOL¿HV�D�QHZ�ZD\�RI�HQJDJLQJ�ZLWK�FRPSXWDWLRQDO�DUWHIDFWV��,W�SUHVHQWV�D�
potential for further research in the context of energy harvesting from the perspective of 
human-computer interaction. 

,Q�VHFWLRQ������,�GHVFULEHG�WKH�HPHUJLQJ�LQWHUHVW�ZLWKLQ�+&,�UHVHDUFK�WRZDUGV�FRQVLGHULQJ�
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 
H[WHQGV�WKH�PDWHULDOLW\�GLVFXVVLRQ�LQ�+&,�WR�LQYHVWLJDWH�KRZ�VWDWLF�HOHFWULFLW\�FRXOG�EH�
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, Skintimacy236, 
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 
E\�WKH�FRQQHFWHG�FRPSXWDWLRQDO�HOHPHQWV��+RZHYHU��LQ�WKH�WULERHOHFWULF�FLUFXLW��WKLV�UHOD-
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. 

)ROORZLQJ�WKH�PDWHULDOLW\�RULHQWHG�+&,�DSSURDFK�DQG�FRQVLGHULQJ�WKH�KXPDQ�ERG\�DV�D�
material in design opens the research potential for exploring new ways of engaging with 
WKH�ERG\�DQG�QHZ�UHODWLRQVKLSV�DQG�UROHV�IRU�WHFKQRORJ\�WKDW�PD\�DULVH�VSHFL¿F�WR�XVHUV�LQ�
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.
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2.4 )RUPXODWLQJ�WKH�SURJUDP��,QWHUDFWLRQ�GHVLJQ�IRU�HQHUJ\�KDUYHVWLQJ�ZLWK�
HOHFWURVWDWLF�WH[WLOHV

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 
FKDSWHU�PDGH�D�FDVH�IRU�XVLQJ�PDWHULDOLW\�RULHQWHG�+&,��H�WH[WLOHV�DQG�VWDWLF�HOHFWULFLW\�DV�
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 
HQHUJ\�� :KLOH� WHFKQRORJLFDO� VROXWLRQV� DLP� DW� LQFUHDVLQJ� HI¿FLHQF\� DQG� LQWHJUDWLRQ��
WKH� DSSURDFKHV� IURP�PDWHULDOLW\� RULHQWHG�+&,� FDQ�EULQJ� FRQFHUQV� RI� H[SHULHQFH�� QHZ�
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-
HQWHG�+&,��(�WH[WLOHV�DUH�D�PDWHULDO�IRUP�RI�FRPSXWDWLRQ�WKDW�OHDUQV�IURP�DQG�FRQWULEXWHV�
WR�WKH�¿HOG�RI�+&,��6WDWLF�HOHFWULFLW\�LV�D�IRUP�RI�HYHU\GD\�HOHFWULFLW\�WKDW�LV�PDQLIHVWHG�
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:

$W�WKH�VFDOH�RI�WKH�LQWHULRU��LQYHVWLJDWH�KRZ�VWDWLF�HOHFWULFLW\�FDQ�EULQJ�QHZ�SHUVSHF-
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 
RQ�PDWHULDOLW\�RULHQWHG�+&,�
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3 (QJDJLQJ�ZLWK�VWDWLF�
HOHFWULFLW\�WKURXJK�
WH[WLOHV

This chapter outlines the methods and research studies setup to implement and evaluate 
WKH�SURSRVHG�GHVLJQ�SURJUDP�E\�DSSO\LQJ�NQRZOHGJH�DQG�DSSURDFKHV�IURP�WKH�¿HOG�RI�
PDWHULDOLW\�RULHQWHG�+&,�GHVLJQ��)LUVW��,�JLYH�D�VXPPDU\�RI�WKH�WHFKQLFDO�GHVFULSWLRQ�RI�
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-
WLRQ�GHVLJQ�DSSURDFKHV�IRXQG�LQ�WKH�¿HOG�RI�H�WH[WLOHV�WR�FDWHJRULVH�WKHP�LQWR�DSSURDFKHV�
of making, acting and relating. The fourth section describes additional approaches from 
+&,�DGRSWHG�LQ�WKLV�UHVHDUFK�WR�VXSSRUW�PXOWLSOH�LQWHUSUHWDWLRQV�LQ�WKH�SURFHVV�RI�GHVLJQ-
ing. Furthermore, an overview of the different research studies and methods undertaken 
to investigate the design program are presented.

3.1 7HFKQLFDO�GHVFULSWLRQ�RI�VWDWLF�HOHFWULFLW\
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.237�7KLV�HIIHFW�LV�NQRZQ�DV�FRQWDFW�HOHFWUL¿FDWLRQ�
or contact charging.238

7KH�HQHUJ\�QHHGHG� WR� UHPRYH�DQ�HOHFWURQ�IURP�WKH�VXUIDFH�RI�D�PDWHULDO� WR� LQ¿QLW\� LV�
known as its work function.239 Materials with higher work function have a higher ten-
dency to gain electrons when in contact with materials with a lower work function. The 
WULERHOHFWULF�VHULHV��VHH�)LJXUH௘������DUUDQJHV�GLIIHUHQW�PDWHULDOV�LQ�RUGHU�RI�WKHLU�WHQGHQF\�
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 
ORZHU�RQ�WKH�WULERHOHFWULF�VHULHV�VXFK�DV�SRO\HVWHU��37)(��39&��HWF��

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 
PDWHULDO�WKDW�LV�SRVLWLYHO\�FKDUJHG�RU�QHXWUDO��JURXQG���7KHVH�FKDUJHV�ÀRZ�GXH�WR�WKH�HOHF-
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 materials241 and the 
ÀRZ�RI�FKDUJH�LV�ZKDW�FRQVWLWXWHV�VWDWLF�HOHFWULFLW\��DOVR�NQRZQ�DV�WULERHOHFWULFLW\��7KLV�LV�
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 
RU�WKH�DWPRVSKHUH��FDXVLQJ�KD]DUGV��7KH�HOHFWURVWDWLF�JHQHUDWRU�FLUFXLW�LV�WDNHQ�DV�D�VWDUW-
ing point for exploring and designing interactions in this thesis. The next section delves 
deeper into this aspect.

3.2 8VLQJ�WKH�HOHFWURVWDWLF�JHQHUDWRU�FLUFXLW�DV�ZRUNLQJ�NQRZOHGJH
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.’242 In his book, Baird argues that material products, such as instruments or devices 
XVHG� DQG�GHYHORSHG� LQ� VFLHQWL¿F� UHVHDUFK�� FRQVWLWXWH� NQRZOHGJH� WKDW� LV� GLIIHUHQW� IURP�
WKHRU\�� +H� GHVFULEHV� WKUHH� NLQGV� RI� LQVWUXPHQW� HSLVWHPRORJLHV±� PRGHOV�� ZRUNLQJ�
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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. 
+H� H[SODLQV� WKLV� IXUWKHU� XVLQJ� D� VHULHV� RI� H[DPSOHV� IURP� WKH� KLVWRU\� RI� WHFKQRORJLFDO�
advancements where skilled individuals have developed new versions and improvements 
of devices just from witnessing device demonstrations and without having any theoretical 
NQRZOHGJH�RI�WKH�VFLHQWL¿F�SKHQRPHQRQ�243 

+HUH��WKH�HOHFWURVWDWLF�FLUFXLW�LV�FRQVLGHUHG�D�IRUP�RI�ZRUNLQJ�NQRZOHGJH�WKDW�SUHVHQWV�
D�FHUWDLQ�FRQ¿JXUDWLRQ�RI�PDWHULDO�SURSHUWLHV�WKDW�HQDEOHV�RQH�WR�LQWHUDFW�DQG�YLVXDOLVH�
static electricity. This ability of the circuit to demonstrate electrostatic interactions can 
WKXV�EH�H[SORUHG�DQG�H[WHQGHG�ZLWKRXW�GHDOLQJ�ZLWK�WKHRUHWLFDO�RU�VFLHQWL¿F�H[SODQDWLRQV�
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 
WKH�GLIIHUHQW�LQWHUDFWLRQV�LW�VXSSRUWV��7KH�WKHVLV�GRHV�QRW�VHHN�WR�UH¿QH�RU�RSWLPLVH�WKH�
circuit itself but rather to use it as a template for substituting different materials, inter-
DFWLRQV�DQG�FRQ¿JXUDWLRQV� WR�H[SORUH�GLIIHUHQW�XVH�FDVHV�DQG�IRUPV�RI�DQ�HOHFWURVWDWLF�
circuit. 

7KH� HOHFWURVWDWLF� FLUFXLW��ZKLFK� KDV� D�ZHOO�GH¿QHG� IXQFWLRQ²WKDW� RI� KDUYHVWLQJ� VWDWLF�
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 
RI�WKH�LQQHU�ZRUNLQJV�RI�WKH�HOHFWURVWDWLF�FLUFXLW�ZDV�QRW�HQRXJK��LW�QHHGHG�WR�EH�EXLOW�DQG�
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

$V�DQ�H[DPSOH��)LJXUH௘����� LOOXVWUDWHV�DQ�HOHFWURVWDWLF�FLUFXLW� WKDW� LV�D� UHLQWHUSUHWHG�DQG�
scaled up version of the triboelectric generator circuit developed in the thesis. It utilises 
the human body directly in the energy harvesting circuit.244 This version was based on 
the same principle as the triboelectric generator circuit described in Chapter 2, however, 

����� � � �0OF�TVDI�FYBNQMF�JO�UIF�CPPL�JODMVEFT�UIF�EFWFMPQNFOU�PG�B�NPUPS�CBTFE�PO�FMFDUSPNBHOFUT�
CZ�B�CMBDLTNJUI�OBNFE�5IPNBT�%BWFOQPSU�XIJDI�IF�TVDDFFEFE�JO�CVJMEJOH�BGUFS�TFFJOH�B�
EFNPOTUSBUJPO�PG�UIF�FMFDUSPNBHOFU�NBEF�CZ�+PTFQI�)FOSZ�JO�UIF�����T��%BWFOQPSU�BDDPNQMJTIFE�
this just by observation and experimentation and without having any theoretical knowledge of the 
TDJFOUJmD�QIFOPNFOPO�

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 
FYQMPSBUJPOT�BSF�FYQMBJOFE�JO�EFUBJM�JO�$IBQUFST��
��BOE���
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WKH�PDWHULDOV�IRUPLQJ�WKH�RULJLQDO�FLUFXLW��37)(��DOXPLQLXP�IRLO��KDYH�EHHQ�UHSODFHG�E\�
other similar materials from the triboelectric series, namely, polyester fabric and a metal 
PHVK��$�SHUVRQ�FDQ�HQDEOH�WKH�ÀRZ�RI�HOHFWULFLW\�E\�EHLQJ�LQ�FRQWDFW�ZLWK�WKH�WZR�HOHF-
trodes via an electrostatic material. Within this interaction principle, there exist several 
ZD\V�RI�HQJDJLQJ�DQG�PRYLQJ�ZLWK�PDWHULDOV�WR�HQDEOH�WKH�ÀRZ�RI�HOHFWURVWDWLF�FKDUJH�
through the circuit. This way, it was possible to undertake an investigation of different 
FRPELQDWLRQV�RI�PDWHULDOV� DQG�FLUFXLW� FRQ¿JXUDWLRQV� WR� H[SORUH�GLIIHUHQW� FRQWH[WV� DQG�
ways of engaging with static electricity through e-textiles.

3.3 0DNLQJ��DFWLQJ�DQG�UHODWLQJ�ZLWK�H�VWDWLF�WH[WLOHV
6HFWLRQ�����PDGH�D�FDVH�IRU�FDWHJRULVLQJ�WKH�DSSURDFKHV�WR�PDWHULDOLW\�RULHQWHG�+&,�DV�
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.

Figure   12. Example of a scaled-up version of an electrostatic generator circuit developed during the thesis.
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3.3.1 �4VQQPSUJOH�NBUFSJBM�TQFDJmD�JOUFSBDUJPO�EFTJHO�NFUIPET�JO�F�UFYUJMFT
I have previously argued that e-textiles are computational materials, and the research 
LQWHUHVWV�DURXQG�H�WH[WLOHV�DUH�FORVHO\�DOLJQHG�ZLWK�WKH�DSSURDFKHV�LQ�WKH�ODUJHU�¿HOG�RI�
PDWHULDOLW\�RULHQWHG�+&,��,Q�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKH�LQWHUDFWLRQ�GHVLJQ�DSSURDFKHV�
ZLWKLQ�WKH�¿HOG�RI�H�WH[WLOHV��,�FROOHFWHG�GLIIHUHQW�H[DPSOHV�RI�H�WH[WLOH�SURMHFWV�245 prod-
ucts and research in e-textiles and reviewed them for approaches regarding PDNLQJ��
acting and relating. These categories are often overlapping within the same project, 
KHQFH�WKH�H[DPSOHV�FKRVHQ�WR�LOOXVWUDWH�WKH�GLIIHUHQW�FDWHJRULHV�SRLQW�WR�D�VSHFL¿F�DVSHFW�
of the e-textile rather than representing an approach for the entire project. Additionally, 
,�SUHVHQW�D�VKRUW�UHÀHFWLRQ�RQ�HDFK�RI�WKH�DSSURDFKHV�ZLWKLQ�H�WH[WLOHV�WR�VHOHFW�WKH�RQHV�
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.246 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 
HOHFWURQLFV��3UHYLRXV�UHVHDUFK�KDV�VXJJHVWHG�WKDW� WKH�WUDQVIHU�RI�DVSHFWV�FDQ�KDSSHQ�DW�
various levels and scales of the e-textile artefact.247 Considering the making of e-textiles, 
,�¿QG�WKUHH�EURDG�OHYHOV�DW�ZKLFK�WKH�WUDQVIHU�RI�DVSHFWV�WDNHV�SODFH�

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 
/('V�RQWR� D� WH[WLOH� VXEVWUDWH� WR�PDNH� D� GUHVV� WKDW� OLJKWV� XS�248�+HUH� WKH� JHQHUDO� LGHD�
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 player249or 
a curtain and a lighting device.��� 
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246.    Ibid.

247.    Ibid.
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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.251 In some cases, electronic components have been translated into 
IRUPV� WKDW�FDQ�EH�DWWDFKHG�HDVLO\� WR�IDEULFV�VXFK�DV� WKH�/LO\SDG�$UGXLQR�252 a sewable 
PLFURFRQWUROOHU��,Q�RWKHU�FDVHV��WH[WLOH�HOHPHQWV�KDYH�DOVR�EHHQ�PRGL¿HG�WR�VXSSRUW�HOHF-
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. 

$W�WKH�OHYHO�RI�WKH�¿EUH��PDWHULDO�EHKDYLRXU
E-textile artefacts are also shaped by the transfer of the material qualities of textiles into 
HOHFWURQLFV��)RU�H[DPSOH��FRPSXWDWLRQDO�HOHPHQWV�WU\�WR�EHWWHU�PDWFK�WKH�ÀH[LELOLW\�DQG�
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.253 In other cases, such as stretchable electronics254 or soft 
batteries,255 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-
WURQLF�FRPSRQHQWV�DQG�WH[WLOHV�DUH�FRPELQHG��7KH�¿UVW��OHYHO�RI�WKH�DUWHIDFW��FRQVLGHUV�
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.256

Integrating electronics or sensor capabilities during the construction of textile substrates 
results in materials that can be extremely textile-like but embed computational capacities. 
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These can further be used as raw materials for further shaping new forms of interactive 
objects and spaces.257 This approach opens up new kinds of textile objects based on their 
FRPSXWDWLRQDO�PDWHULDO�TXDOLWLHV�DQG�GLUHFWV�WKH�UHVHDUFK�LQWR�¿QGLQJ�QHZ�ZD\V�RI�FRQ-
structing electronics.258

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 
H�WH[WLOH�DUWHIDFWV��+RZHYHU��WKLV�DUHD�RI�GHYHORSPHQW�XVXDOO\�OLHV�ZLWKLQ�WKH�GRPDLQ�RI�
materials science and engineering.259 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.261 Although these types of interfaces take advantage of familiar 
operators and quickly communicate the device functions, they miss the opportunity to 
UHDOO\�XVH�WKH�PDWHULDO�VSHFL¿F�SURSHUWLHV�RI�WH[WLOHV�IRU�HQJDJLQJ�ZLWK�H�WH[WLOHV��,Q�RWKHU�
cases, interactions from our everyday handling of textiles, such as folding, stretching and 
WXUQLQJ�LQVLGH�RXW��ZKLFK�DUH�VSHFL¿F�WR�WH[WLOH�PDWHULDOV��DUH�WDNHQ�DV�WKH�VWDUWLQJ�SRLQW�
for envisioning ways of acting with e-textile objects.262 These e-textiles combine our 
NQRZOHGJH�RI�WH[WLOH�LQWHUDFWLRQV�IRU�SHUIRUPLQJ�IDPLOLDU�GLJLWDO�DFWLRQV��IRU�H[DPSOH��LQ�
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the turn-around controller,263 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.264 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, 
WKH�GLUHFWLRQ�RI�WUDQVIHU�LV�SUHGRPLQDQWO\�IURP�WH[WLOHV�WR�HOHFWURQLFV��:KLOH�WKH�¿UVW�FDVH�
SUHVHQWV�VLJQL¿FDQW�WHFKQRORJLFDO�GHYHORSPHQW��WKH�LQWHUIDFH�LV�QRW�DV�PDWHULDO�VSHFL¿F�
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,265�WKH�XVXDO�EHKDYLRXUV�DQG�DFWLRQV�DURXQG�VSHFL¿F�WH[WLOH�REMHFWV�DUH�OD\HUHG�ZLWK�
a digital meaning. For example, walking on a carpet is used as a sensor for lighting up 
the carpet.266

Levels of engagement
Another distinction that can be drawn in relation to acting with e-textile artefacts is 
DFFRUGLQJ� WR� WKH�GLIIHUHQW� OHYHOV�RI� LQYROYHPHQW� LW�QHHGV� IURP� WKH�SHUVRQ��/HW�XV�FRQ-
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 
)LJXUH௘�������,W�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW�WKH�QRWLRQ�RI�HQJDJHPHQW�KHUH�GRHV�QRW�UHIHU�WR�
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 
GLUHFWO\��IRU�H[DPSOH��WH[WLOH�GLVSOD\V��VXFK�DV�WKH�VORZ�PRYLQJ�GLVSOD\�E\�%HU]RZVND�267 
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Figure   13. Spectrum of levels of engagement with e-textiles.
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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 
WR�LQÀXHQFH�DQG�� LQ�D�ZD\��FRQWURO� WKH�H�WH[WLOHV��+RZHYHU��DOWKRXJK�WKH�DSSOLFDWLRQ�RI�
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-
XODWRU�IRU�WKH�XVH�FRQWH[W��,QVWHDG�RI�XVLQJ�SUH�H[LVWLQJ�LQWHUIDFH�PRGHOV��WKH\�WU\�WR�¿QG�
QHZ�RQHV�WKDW�DUH�PRUH�VSHFL¿F�WR�WH[WLOHV��)RU�H[DPSOH��WKH�³0XVLF�6OHHYH �́268 a knitted 
H�WH[WLOH�DUWHIDFW�IRU�FRQWUROOLQJ�PXVLF�RQ�WKH�VPDUWSKRQH��ORRNV�IRU�WH[WLOH�VSHFL¿F�LQWHU-
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
&RQVLGHULQJ� LQWHUDFWLRQ� WUDQVIHUV�SUHVHQWV�DQ� LQWHUHVWLQJ�RSSRUWXQLW\� WR�¿QG�QHZ�UHOD-
tionships between familiar textile actions and digital interpretations. For example, using 
WH[WLOH�VSHFL¿F�DFWLRQV�VXFK�DV�µWXUQLQJ�LQVLGH�RXW¶�RU�µIROGLQJ�XS¶�FDQ�SURYLGH�QHZ�LQVSL-
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
6LPLODU�WR�WKH�¿HOG�RI�PDWHULDOLW\�RULHQWHG�+&,��WKH�UHVHDUFK�LQWHUHVWV�DURXQG�H�WH[WLOHV�
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-
WLOH�DUWHIDFWV��%XLOGLQJ�RQ�WKH�SDUHQW�¿HOG�RI�ZHDUDEOH�FRPSXWLQJ��D�FRPPRQ�XVH�FRQ-
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 
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measurements from patients.269 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 Textiles271 explores waiting in common areas as a space for social 
exchange through a subtle, tangible interface of a table cloth printed with thermo-chro-
mic inks. In the project Bedtime Stories,272 a woven bedspread of a child’s bed is con-
YHUWHG�LQWR�DQ�LQWHUDFWLYH�VWRU\�ZKHQ�ORRNHG�WKURXJK�D�VSHFLDOLVHG�L3DG�DSSOLFDWLRQ��7KHVH�
projects build on activities or behaviours that already exist around textile artefacts and 
introduce computational features to support or enhance these relationships. 

Looking at material behaviours to establish new relations
While the previous approach looked at textile objects as a whole, this one looks at the 
VSHFL¿F�PDWHULDO� EHKDYLRXUV�RI� WH[WLOHV� DV� DQ� LQVSLUDWLRQ� IRU� UHODWLQJ� WR� FRPSXWDWLRQDO�
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.273 These aspects, 
when programmed into the computational thing, can complement or contrast our expec-
tations from traditional textiles. For example, the burnt tablecloth274 explores irreversible 
changes caused to material by computation in contrast to the usual digital reversibility.

$OWHUQDWLYHO\�� FRPPRQO\� H[SHFWHG� EHKDYLRXUV� IURP� FRPSXWHUV�� VXFK� DV� HI¿FLHQF\�
or sensing capabilities, have also been adopted as a way to make textiles seem more 
OLNH�FRPSXWHUV��IRU�LQVWDQFH��IXWXUH�RULHQWHG�IDVKLRQ�GHVLJQ�FRQFHSWV�WKDW�WHQG�WR�DGRSW�
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 sportswear275) and 
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DWWHPSW�WR�PDNH�H�WH[WLOH�REMHFWV�DFFXUDWH��HI¿FLHQW�DQG�LQIRUPDWLYH�OLNH�FRPSXWDWLRQDO�
devices.

Initial observations
7KH�¿UVW�DSSURDFK�WR�LPSOHPHQWLQJ�H[LVWLQJ�XVH�FRQWH[WV�LV�D�QDWXUDO�ZD\�RI�DGGLQJ�RQ�
or exploring new relationships with familiar objects or situations. These act as analogies 
IRU�LQWURGXFLQJ�QHZ�IHDWXUHV�RU�FDSDELOLWLHV�LQWR�HYHU\GD\�FRQWH[WV��/LNH�LQ�WKH�FDVH�RI�
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 
UROH�LQ�GHVLJQLQJ�ZLWK�H�WH[WLOHV�DQG�LW�ZRXOG�EH�EHQH¿FLDO�LI�DVSHFWV�RI�H[LVWLQJ�XVH�FRQ-
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

7KLV� VHFWLRQ� H[DPLQHG� WKH� GLIIHUHQW� LQWHUDFWLRQ� GHVLJQ� DSSURDFKHV� IURP� WKH� ¿HOG� RI�
e-textiles in line with the approaches of making, acting and relating with computational 
WKLQJV��)XUWKHUPRUH�� ,�KDYH� LGHQWL¿HG�DQG�VHOHFWHG�PHWKRGV�ZLWKLQ�HDFK�FDWHJRU\� WKDW�
closely follow and support the material qualities of textiles. Table 1 summarises the dif-
IHUHQW�PHWKRGV�LGHQWL¿HG�LQ�WKLV�VHFWLRQ�

0DWHULDOLW\�
oriented 
DSSURDFKHV�
WR�

.",*/(�&�5&95*-&4 "$5*/(�8*5)�&�5&95*-&4 3&-"5*/(�50�&�5&95*-&4

8VLQJ�WH[WLOH�FRQVWUXF�
WLRQ�WHFKQLTXHV�to 
reconstruct or integrate 
electronic components.

'PS�FYBNQMF
�TPGU�QSFT-
sure sensors made by 
knitting with a combina-
tion of conventional and 
conductive yarns.

8VLQJ�LQWHUDFWLRQ�
transfers from textiles to 
electronics. 

'PS�FYBNQMF
�VTJOH�FWFSZ-
day textile interactions 
such as turning inside-out 
or stretching for digital 
interfacing. 

%XLOGLQJ�RQ�H[LVWLQJ�
WH[WLOH�XVH�FRQWH[WV�

'PS�FYBNQMF
�VTJOH�
the context of sitting 
on a couch for digital 
interpretation.  

/D\HULQJ�LQWHUDFWLRQV.

'PS�FYBNQMF
�BO�FYJTUJOH�
interaction with a textile 
object such as hugging 
a pillow triggers a digital 
NFBOJOH
�TVDI�BT
�TFOEJOH�
an sms to a loved one. 

%XLOGLQJ�RQ�PDWHULDO�
EHKDYLRXUV�

'PS�FYBNQMF
�VTJOH�XFBS�
and tear textile materials 
with time as a design 
material to display tempo-
ral states. 

Table 1. Summary of materiality oriented interaction design methods adopted from e-textiles.
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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-
WLOHV�IURP�D�PDWHULDOLW\�RULHQWHG�+&,�SHUVSHFWLYH��WKH�VHOHFWHG�PHWKRGV�DUH�HPSOR\HG�IRU�
making, acting and relating with the electrostatic generator circuit.

3.4 6XSSRUWLQJ�PXOWLSOH�LQWHUSUHWDWLRQV
As discussed in section 1.2, a key aspect of undertaking a programmatic approach to 
GHVLJQ�UHVHDUFK�LV�WKDW�WKH�UHVHDUFK�SURFHVV�GRHV�QRW�DLP�WR�FRQ¿UP�RU�UHMHFW�D�K\SRWK-
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.276 

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 
HI¿FLHQF\�� $GRSWLQJ� DQ� DSSURDFK� RI� VXSSRUWLQJ� PXOWLSOH� LQWHUSUHWDWLRQV� LV� XVHIXO� LQ�
EULQJLQJ�DOWHUQDWLYH�SHUVSHFWLYHV��H[SHULHQFHV�DQG�GHEDWHV�WR�WKH�¿HOG�RI�H�WH[WLOHV�DQG�
body-powered technologies from an early stage of the development process. Thus, in 
DGGLWLRQ� WR�DGRSWLQJ�PDWHULDO�VSHFL¿F� LQWHUDFWLRQ�GHVLJQ�PHWKRGV� IURP� WKH�SUDFWLFH�RI�
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. 

,Q�GRLQJ�VR��WKH�UHVHDUFK�H[SHULPHQWV�OHDUQ�IURP�WZR�IXUWKHU�DSSURDFKHV�LQ�+&,�GHVLJQ�
UHVHDUFK�WKDW�VXSSRUW�PXOWLSOH�LQWHUSUHWDWLRQV�GXULQJ�WKH�GHVLJQ�SURFHVV��7KH�¿UVW�LQYROYHV�
adopting methods from embodied ideation which support an active dialogue between the 
ERG\�DQG�PDWHULDOV��DQG�WKH�VHFRQG�ZRUNV�ZLWK�VSHFXODWLYH�QDUUDWLYHV�DQG�GHVLJQ�¿FWLRQ��
SURYLGLQJ�ZD\V�RI�HQJDJLQJ�ZLWK�WRSLFV�WKDW�DUH�QRW�\HW�IXOO\�IRUPHG�RU�GH¿QHG��7KHVH�DUH�
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 
DQG� UHVHDUFK� RI� ZHDUDEOHV� DQG� PDWHULDOLW\� RULHQWHG� +&,�� ,Q� WKH� SUHYLRXV� VHFWLRQ�� ,�
described “acting with” interactive technology as one of the key foci of materiality ori-
HQWHG�+&,��7KLV�DVSHFW�RI�+&,�UHVHDUFK�EURXJKW�WKH�HPSKDVLV�EDFN�RQ�WKH�YHUVDWLOLW\�DQG�
skill of the human body in designing interactions which was previously overlooked in 
the cognition-centred interface design.277 The research methods employed to investigate 
movement and expression in interaction design have involved actively exploring through 
the body. For example, Jensen et al.278 studied videos of an industry conveyer belt worker 
to discuss how human actions can be skilled, involving a series of actions that follow one 
DQRWKHU�LQ�UK\WKPLF�ÀRZLQJ�PRYHPHQWV�DQG�XVH�WKH�ZKROH�ERG\�LQ�WKH�FKRUHRJUDSKLHV�
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designed around technical things. In making the rich user camera, Frens279 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 
LQWHOOLJHQW�ODPS��3KLOOLS�5RVV�ZRUNHG�ZLWK�SURIHVVLRQDO�GDQFHUV�ZKR�HPERGLHG�WKH�ODPS�
and the user to improvise and choreograph different relationships, attitudes and behav-
iours through action.281 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. 

6LPLODUO\��WKH�HPERGLHG�LGHDWLRQ�PHWKRGV�LQ�WKH�¿HOG�RI�H�WH[WLOHV�DQG�ZHDUDEOHV�ZRUN�
closely with the body as a way of discovering and revealing new interactions and oppor-
tunities. For example, Tomico and Wilde282 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.283 Segura et al.284 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 
GULYHU�IRU�WKH�GHVLJQ�SURFHVV��7KH�2:/�SURMHFW�E\�:LOGH�DQG�$QGHUVHQ285 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-
ZRUQ�SURSV�ZHUH�WKHQ�XVHG�LQ�¿WWLQJ�DQG�LQWHUYLHZ�VHVVLRQV�GHVLJQHG�WR�LQYLWH�GLIIHUHQW�
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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 
GXPP\�EXW�DOVR�FUHDWHG�D�UHÀHFWLYH�VSDFH�WR�WDON�DERXW�WKHLU�RZQ�GHVLUHV�DQG�QHHGV�DV�
WKH\�GHVFULEHG�WKH�GXPPLHV�DV�WHFKQRORJ\��)ROORZLQJ�WKLV�OLQH�RI�LQTXLU\�LQ�KHU�3K�'��
thesis, Wilde286 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.”287

This thesis adopts embodied ideation methods of prototyping electrostatic textiles by 
setting up and experiencing different electrostatic interventions in the space of the every-
GD\��(QDFWPHQWV� DQG�YLGHR�GRFXPHQWDWLRQV� DUH�XVHG� WR� FUHDWH�� REVHUYH� DQG� UHÀHFW� RQ�
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.288 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 &OWJTJPOJOH�UISPVHI�iJOUFSBDUJPO�mDUJPOTw
7KLV�WKHVLV�DGRSWV�QDUUDWLYH�RULHQWHG�DSSURDFKHV�RI�GHVLJQ�¿FWLRQ�DQG�VSHFXODWLYH�GHVLJQ�
WR�GHYHORS� WKH� LGHD�RI� ³LQWHUDFWLRQ�¿FWLRQV �́�'HVLJQ�¿FWLRQ� LV� D� WHUP�FRLQHG�E\�%UXFH�
Sterling in his book Shaping Things.289�&ODLPLQJ�WR�EH�ZULWLQJ�GHVLJQ�¿FWLRQ�IRU�\HDUV��
KH� GHVFULEHG� GHVLJQ� ¿FWLRQ� WR� EH�PRUH� SUDFWLFDO� DQG� KDQGV�RQ� WKDQ� VFLHQFH� ¿FWLRQ���� 
'HVLJQ�¿FWLRQV�KDYH�EHHQ�GHVFULEHG�DV�SURMHFWLRQV�RU� H[WUDSRODWLRQV�PHDQW� WR� H[SORUH�
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.291�'HVLJQ�¿FWLRQV�FDQ�WDNH�WKH�IRUP�
RI�QDUUDWLYHV��VKRUW�VWRULHV��¿OPV�RU�HYHQ�REMHFWV�DQG�VHPL�ZRUNLQJ�SURWRW\SHV�292 
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Using narratives to convey ideas in the form of scenarios, personas or story boards is 
FRPPRQ�LQ�GHVLJQ�SUDFWLFH��+RZHYHU��WKHVH�NLQGV�RI�QDUUDWLYHV�XVXDOO\�WDNH�RQ�WKH�UROH�
of illustrating product functionalities or user groups and remain largely uncritical.293,294 
'HVLJQ�¿FWLRQV��RQ�WKH�RWKHU�KDQG��DUH�FKDUDFWHULVHG�E\�FRQWUDGLFWLRQV�RU�FRQÀLFWV�WKDW�
DLP�DW�RSHQLQJ�XS�VFHQDULRV� IRU� WKH� LQFOXVLRQ�RI�VRFLDO�DQG�SROLWLFDO�FRQÀLFW� LQ�GHVLJQ�
thinking.295 Emphasising concerns and questions around technology adoption, they are 
conceived primarily as critiques and provocations, as in the case of the critical design296 
RI�'XQQH�DQG�5DE\297. 

Speculative design, similarly, also plays with contradictions to create a space to discuss 
DOWHUQDWH�ZD\V�RI�EHLQJ�DQG�WR�FROOHFWLYHO\�UHGH¿QH�RXU�UHODWLRQVKLS�WR�UHDOLW\�298 Auger 
H[SODLQV�WKDW�ZRUGV�VXFK�DV�µ¿FWLRQV¶��µVSHFXODWLYH¶��µSUREHV¶�RU�µFULWLFDO¶�ZKHQ�DGGHG�WR�
design have a common goal of dislocating an object or a narrative from everyday life, 
H[SRVLQJ�WKHLU�¿FWLRQDO�RU�DFDGHPLF�VWDWXV�299�+H�GHVFULEHV�VSHFXODWLYH�GHVLJQ�DV�GHDOLQJ�
with “alternate presents” that are design proposals which utilise emerging and contem-
SRUDU\�WHFKQRORJLHV�EXW�DSSO\�GLIIHUHQW�LGHRORJLHV�RU�FRQ¿JXUDWLRQV�WKDQ�WKRVH�FXUUHQWO\�
directing product development.��� 

'LIIHUHQW�PHWKRGRORJLHV� IRU�ZRUNLQJ�ZLWK�GHVLJQ�¿FWLRQV�DQG� VSHFXODWLYH�GHVLJQ�KDYH�
been discussed. Auger presents different methods for crafting the speculation by bridging 
WKH�¿FWLRQDO�FRQFHSWV�WR�WKH�IDPLOLDU�SUHVHQW��7KHVH�EULGJLQJ�WHFKQLTXHV�LQFOXGH�WDNLQJ�DQ�
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-
WLRQV�DQG�FKDOOHQJHV�HQJDJLQJ�GHVLJQ�¿FWLRQV�DQG�VSHFXODWLYH�GHVLJQ�DUH�RIWHQ�FRPSOH[��
Bleeker����DGYLVHV�GHVLJQHUV�ZKR�WLH�IDFW�DQG�¿FWLRQ�WRJHWKHU�WR�EHFRPH�GHOLEHUDWH�DQG�
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 
PDJLF�PDFKLQHV�ZRUNVKRSV�WR�FODLP�WKDW�OR�¿�SURWRW\SHV�DQG�FUXGH�UHSUHVHQWDWLRQV�DUH�
sometimes best to convey the complexity and provoke a discussion rather than aiming for 
VOLFN��RYHU�VLPSOL¿HG�IRUPV�RI�QDUUDWLRQ��

'HVLJQ�¿FWLRQV�FUHDWH�D�GLVFXUVLYH�VSDFH�ZLWKLQ�ZKLFK�QHZ�IRUPV�RI�FXOWXUDO�DUWHIDFWV�
�IXWXUHV��DOWHUQDWH�SUHVHQWV��PLJKW�HPHUJH��DQG�LW�KDV�EHFRPH�D�VLJQL¿FDQW�PHDQV�WKURXJK�
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-
YLGHV�PHWKRGV�IRU�GLUHFWO\�HQJDJLQJ�ZLWK�WKH�HOHFWURVWDWLF�WH[WLOH�V\VWHPV��GHVLJQ�¿FWLRQV�
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 
DV�D�SRLQW�RI�GHSDUWXUH�IRU�FRQVWUXFWLQJ�GHVLJQ�¿FWLRQV��

7KXV�³LQWHUDFWLRQ�¿FWLRQV´� LQ� WKLV� WKHVLV� DFW� DV�GHVLJQ�¿FWLRQV� WKDW� FUHDWH�D�GLVFXUVLYH�
space around the active and physical interactions between the people and electrostatic 
WH[WLOH�DUWHIDFWV�DQG�VSDFHV��7KH�LQWHUDFWLRQ�¿FWLRQV�DUH�FUDIWHG�IURP�WKH�TXHVWLRQV�DQG�
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 2YHUYLHZ�DQG�VWUXFWXUH�RI�WKH�UHVHDUFK�VWXGLHV
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-
WLJDWLQJ� VWDWLF� HOHFWULFLW\� IURP� WKH�SHUVSHFWLYH�RI� LQWHUDFWLRQ�GHVLJQ�� WKLV� UHVHDUFK�¿UVW�
developed a methodological frame consisting of making, acting and relating for interac-
WLRQ�GHVLJQ�ZLWK�H�WH[WLOHV��8VLQJ�WKLV�DV�WKH�IRXQGDWLRQ��IRXU�VWXGLHV�ZHUH�VHW�XS��7KH�¿UVW�
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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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 
��GHOYH�GHHSHU�LQWR�HDFK�RI�WKHVH�VWXGLHV�GHVFULELQJ�WKH�SURFHVV��UHVXOWV�DQG�UHÀHFWLRQV�
from each. These chapters present the research studies using a structure of describing 
LQWHUDFWLRQ�GHVLJQ�PHWKRGV�DGDSWHG�IURP�+DOOQlV�DQG�5HGVWU|P��� 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��5HÀHFWLRQV�DQG�REVHUYDWLRQV�IURP�WKH�UHVHDUFK�SURFHVV�UHJDUGLQJ�
the aims of the research study

• Discussion: Discussion and open questions regarding the examples of the 
research study in relation to the design program
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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 4UVEZ�����.BUFSJBM�&YQMPSBUJPO
�IPX�NBZ�TUBUJD�FMFDUSJDJUZ�TIBQF�UFYUJMFT 
6WXG\����IRFXVHG�RQ�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 
LQ�VHYHUDO�VDPSOHV�RI�HOHFWURVWDWLF�WH[WLOHV��IXUWKHUPRUH��LW�KHOSHG�WR�GHYHORS�DQ�XQGHU-
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 4UVEZ�����&NCPEJFE�4QFDVMBUJPO
�IPX�NBZ�FMFDUSPTUBUJD�UFYUJMFT�TIBQF�
F�UFYUJMF�JOUFSBDUJPOT 

6WXG\����DGGUHVVHG�acting with static electricity and explored the interactions enabled 
by electrostatic textiles and set-ups. Following from the discussion in materiality ori-
HQWHG�+&,�WKDW�SODFHV�HPSKDVLV�RQ�H[SUHVVLYLW\�DQG�ZKROH�ERG\�LQWHUDFWLRQV��WKLV�VWXG\�
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.����$GRSWLQJ�WKLV�DSSURDFK�RI�HPERGLHG�LGHDWLRQ�IURP�WKH�¿HOG�RI�+&,�DQG�FRPELQ-
LQJ�LW�ZLWK�WKH�FULWLFDO�H\H�RI�VSHFXODWLYH�GHVLJQ��6WXG\����ZDV�D�SURWRW\SLQJ�GULYHQ�LQYHV-
tigation that involved using easily available materials, building quick setups, trying them 
RXW�DQG�QRWLQJ�LQLWLDO�REVHUYDWLRQV�DQG�UHÀHFWLRQV��)RU�VFDOLQJ�XS�WKH�HOHFWURVWDWLF�FLUFXLW�
WR�H[SORUH�GLIIHUHQW�OHYHOV�RI�HQJDJHPHQW��WKH�VWXG\�HPSOR\HG�PDWHULDO�VSHFL¿F�H�WH[WLOH�
LQWHUDFWLRQ�PHWKRGV²LGHQWL¿HG�LQ�WKH�SUHYLRXV�VHFWLRQ²RI�HQDEOLQJ�DFWLYH�HQJDJHPHQW��
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.

3.5.3 4UVEZ�����*OUFSBDUJPO�'JDUJPO
�IPX�NBZ�FMFDUSPTUBUJD�UFYUJMF�JOUFSBDUJPOT�TIBQF�
FWFSZEBZ�CFIBWJPVST 

6WXG\����WRRN�D�VSHFXODWLYH�DSSURDFK�WR�GHYHORS�LQWHUDFWLRQ�VFHQDULRV�IRU�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 
DQG�GHVLJQ�¿FWLRQ�DQG�ZRUNHG�ZLWK�WKH�LGHD�RI�LQWHUDFWLRQ�¿FWLRQ�LQWURGXFHG�HDUOLHU��7KH�
HOHFWURVWDWLF�LQWHUDFWLRQV�DQG�VHWXSV�FUHDWHG�LQ�6WXG\����ZHUH�XVHG�DV�D�VWDUWLQJ�SRLQW�IRU�
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 
WKH�HYHU\GD\��7KLV�VWXG\�DOVR�HQDEOHG�D�WKHRUHWLFDO�UHÀHFWLRQ�RQ�VFDOLQJ�XS�LQWHUDFWLRQV�LQ�
physical space, as well as in time, in the context of everyday relationships to electricity 
generation.

3.5.4 4UVEZ����)PX�NBZ�F�TUBUJD�TUVEJFT�TIBQF�FOFSHZ�JOUFSQSFUBUJPOT 
:KLOH�6WXG\��������DQG����DGGUHVV�GLIIHUHQW�DVSHFWV�RI�DFWLYHO\�HQJDJLQJ�ZLWK�HOHFWURVWDWLF�
HQHUJ\�LQ�WKH�HYHU\GD\��6WXG\����ORRNHG�DW�HOHFWURVWDWLF�HQJDJHPHQW�IURP�WKH�SHUVSHFWLYH�
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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 
¿FWLRQV�ZLWK�VWDWLF�HOHFWULFLW\��'XULQJ�WKH�ZRUNVKRS��WKUHH�JURXSV�RI�IRXU�VWXGHQWV��WRWDO�
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. 
7KH� ¿QDO�ZRUNV� SUHVHQWHG� E\� WKH� VWXGHQWV�� LQ� DGGLWLRQ�ZLWK� RWKHU� H[DPSOHV� IURP� WKH�
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 6WXG\�����0DWHULDO�
([SORUDWLRQ��+RZ�
PD\�VWDWLF�HOHFWULFLW\�
VKDSH�H�WH[WLOHV"

4.1 ,QWURGXFWLRQ
6WXG\����VWDUWV�ZLWK�ORRNLQJ�DW�WKH�HOHFWURVWDWLF�FLUFXLW�DV�D�PDWHULDO�V\VWHP�WKDW�FDQ�EH�
UHFRQ¿JXUHG�ZLWKLQ� D� WH[WLOH� VXUIDFH��2XU� LQWHULRU� HQYLURQPHQWV� LQFRUSRUDWH� GLIIHUHQW�
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-
WUDWLQJ�WKH�PDLQ�¿QGLQJV�LV�SUHVHQWHG�LQ�VHFWLRQ������7KH�NH\�REVHUYDWLRQV�IURP�WKH�VWXG\�
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 2XWOLQH
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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PDWHULDOV��QDPHO\�SRO\HVWHU��37)(�DQG�WKLQ�SODVWLF�IRLO��� 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 
HIIHFWLYH�GXULQJ�WKH�LQLWLDO�H[SORUDWLRQ��WKLV�ZDV�EHFDXVH�WKH�ORRSV�IRUPLQJ�WKH�NQLWWHG�

307.    This material resembled cellophane-like thin yarn that was available at the weaving studio where 
UIF�TBNQMFT�XFSF�EFWFMPQFE��5IJT�XBT�B�GPVOE�NBUFSJBM
�BOE�UIF�FYBDU�DPNQPTJUJPO�PG�UIJT�ZBSO�DPVME�
not be traced.

Table 2. Yarn materials used to construct electrostatic textiles.

PTFE Plastics Polyester
$POEVDUJWF��NFUBM Wool Cotton

Figure   15. 	-FGU
�5IF�DMJQ�PO�UFTUFS��	3JHIU
�5IF�UFTUFS�JT�DMJQQFE�UP�UIF�TBNQMF�BOE�IFME�XJUI�POF�IBOE�
XIJMF�UBQQJOH�PS�SVCCJOH�UIF�GBCSJD�XJUI�UIF�PUIFS�IBOE��5IF�-&%�MJHIUT�VQ�XIFO�FOPVHI�WPMUBHF�JT�
generated.

Figure   16. 3FBEJOH�WPMUBHFT�HFOFSBUFE�CZ�UIF�FMFDUSPTUBUJD�UFYUJMF�TBNQMFT�XJUI�BO�PTDJMMPTDPQF��	-FGU
�
&YBNQMF�PG�TJOHMF�MBZFSFE�TBNQMFT�QMBDFE�PWFS�B�DPOEVDUJWF�GBCSJD�DPOOFDUFE�UP�UIF�PTDJMMPTDPQF��	3JHIU
�
Example of a sample with integrated conductive elements that was directly connected to the oscilloscope.
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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 
ZHUH�FKHFNHG�¿UVW�XVLQJ�D�VHOI�PDGH�WHVWHU�FOLS��VHH�)LJXUH௘������ This tester module was 
another form of the electrostatic circuit that enabled a quick connection to textile sub-
VWUDWHV�WR�REVHUYH�LI�WKH�DWWDFKHG�/('�OLW�XS�ZLWK�LQWHUDFWLRQV���� 

As a next step, the samples were tested with an oscilloscope to get a broad idea of the 
YROWDJHV� JHQHUDWHG� GXULQJ� D� WDSSLQJ� LQWHUDFWLRQ� �VHH� )LJXUH௘������� 7KH� VDPSOHV�ZLWKRXW�
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 ([DPSOHV��(OHFWURVWDWLF�WH[WLOHV
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 1a to 1c and 2a to 2d) were made using combinations of 
37)(��SRO\HVWHU�DQG�SODVWLF�¿OP�\DUQ�DV�ZHIW�WKUHDGV��ZRYHQ�RYHU�D�FRWWRQ�RU�SRO\HVWHU�
ZDUS��7ZR�VHWV�RI�ZRYHQ�VDPSOHV�ZHUH�GHYHORSHG��WKH�¿UVW�VHW���D�WR��F��ZDV�PDGH�ZLWK�
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.
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�IUUQT���EPJ�PSH�������������������������

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



94

6DPSOH���D�

7H[WLOH�7HFKQLTXH�

8&"7*/(

6L]H��FP��

40 x 28

&RQVWUXFWLRQ�WRRO�

"3.�DPNQVUFS�MPPN���TIBGUT

$YJ��6WG�GHY��9ROWDJH

����7�	����


0DWHULDOV

Warp: Cotton
Weft��1MBTUJD�mMN�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH

External electrode

6DPSOH���E�

7H[WLOH�7HFKQLTXH�

8&"7*/(

6L]H��FP��

37 X 20

&RQVWUXFWLRQ�WRRO�

"3.�DPNQVUFS�MPPN����TIBGUT

$YJ��6WG�GHY��9ROWDJH

����7�	����


0DWHULDOV

Warp: Polyester
Weft:���ZBSOT��5FnPO���1PMZFTUFS

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH

External electrode

SAMPLES OF ELECTROSTATIC TEXTILES

1. Single layered woven e-static textiles
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6DPSOH���F�

7H[WLOH�7HFKQLTXH�

8&"7*/(

6L]H��FP��

40 x 22

&RQVWUXFWLRQ�WRRO�

"3.�DPNQVUFS�MPPN���TIBGUT

$YJ��6WG�GHY��9ROWDJH

����7	����


0DWHULDOV

Warp: Cotton
Weft:�1PMZFTUFS�NVMUJ�mMBNFOU�TPGU�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH

External electrode

6DPSOH���G�

7H[WLOH�7HFKQLTXH�

8&"7*/(

6L]H��FP��
23 X 27 

&RQVWUXFWLRQ�WRRO�

)BOE�XPWFO

$YJ��6WG�GHY��9ROWDJH
not measured

0DWHULDOV

Warp: Polyester
Weft: Creative pipe cleaners (found-

object)

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH

The pipe cleaners have a conductive core made of twisted 
NFUBM�XJSFT�JOTJEF�XIJDI�UIF�QPMZFTUFS�mCSFT�BSF�IFME�UPHFUIFS�
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6DPSOH���D�

7H[WLOH�7HFKQLTXH�

8&"7*/(

6L]H��FP��

30 X 14

&RQVWUXFWLRQ�WRRO�

"3.�DPNQVUFS�MPPN����TIBGUT

$YJ��6WG�GHY��9ROWDJH

����7�	����


0DWHULDOV
Warp: Cotton
8FGU��5PQ��5FnPO�ZBSO
���������#PUUPN��1PMZFTUFS���DPOEVDUJWF�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
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.

6DPSOH���E�

7H[WLOH�7HFKQLTXH�

8&"7*/(

6L]H��FP��

30 x11.5

&RQVWUXFWLRQ�WRRO�

"3.�DPNQVUFS�MPPN����TIBGUT

$YJ��6WG�GHY��9ROWDJH

����7	���


0DWHULDOV
Warp: Cotton
Weft: Top- Polyester
���������#PUUPN��8PPM���DPOEVDUJWF�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
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.

2. Double layered woven e-static textiles
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6DPSOH���F�

7H[WLOH�7HFKQLTXH�

8&"7*/(

6L]H��FP��

30 x 38

&RQVWUXFWLRQ�WRRO�

"3.�DPNQVUFS�MPPN���TIBGUT

$YJ��6WG�GHY��9ROWDJH

����7�	����


0DWHULDOV
Warp: Cotton
8FGU��5PQ��1MBTUJD�mMN�ZBSO
         Bottom- Conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH

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.

6$03/(����G�

7H[WLOH�7HFKQLTXH�

8&"7*/(

6L]H��FP��
40 x 30

&RQVWUXFWLRQ�WRRO�

CC industrial sampling  loom 16 
shafts

$YJ��6WG�GHY��9ROWDJH

����7��	����


0DWHULDOV
Warp: Cotton
Weft: Top- Polyester
���������#PUUPN��1PMZFTUFS���DPOEVDUJWF�������
yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
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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6DPSOH���D�

7H[WLOH�7HFKQLTXH�

3:"�36(�,/055*/(

6L]H��FP��

16 (diameter)

&RQVWUXFWLRQ�WRRO�

)BOE�XPWFO

$YJ��6WG�GHY��9ROWDJH

����7�	����


0DWHULDOV
Warp: Conductive yarn
Weft: Scraps of polyester fabric and 

conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
$POEVDUJWF�ZBSO�BT�XBSQ�UISFBE
�JOTVMBUFE�CZ�UIF�QPMZFTUFS�
fabric. Inserts of conductive yarn are also added as weft 
between polyester rows to increase contact points.

6DPSOH���E�

7H[WLOH�7HFKQLTXH�

3:"�36(�,/055*/(

6L]H��FP��

18 X 35

&RQVWUXFWLRQ�WRRO�

)BOE�LOPUUFE

$YJ��6WG�GHY��9ROWDJH

����7�	����


0DWHULDOV
Base: Store-bought metal mesh
Weft: Scraps of polyester fabric and 

conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
The metal mesh underneath acts as the electrode. The thick 
layer of knotted polyester fabric keeps the metal insulated.
5IF�NFUBM�NFTI�FOBCMFT�B�nFYJCMF�BOE�NBMMFBCMF�TVSGBDF�

3. E-static textiles made using the rug knotting technique
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6DPSOH���D�

7H[WLOH�7HFKQLTXH�

56'5*/(

6L]H��FP��

76 X 71

&RQVWUXFWLRQ�WRRO�

)BOE�UVGUFE

$YJ��6WG�GHY��9ROWDJH

not measured

0DWHULDOV
Warp: Conductive yarn
Weft: Scraps of polyester fabric and 

conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
8JEFMZ�TQBDFE�SPXT�PG�DPOEVDUJWF�ZBSO�JT�UVGUFE�mSTU�BOE�DVU�
on the ends. The rows are connected together by sewing a 
horizontal row of conductive yarn. The plastic yarn is tufted 
in between with bigger loops insulating the underlying 
conductive loops.

6$03/(�����E�

7H[WLOH�7HFKQLTXH�

56'5*/(

6L]H��FP��

32 X 30

&RQVWUXFWLRQ�WRRO�

)BOE�UVGUFE

$YJ��6WG�GHY��9ROWDJH

�����7�	����


0DWHULDOV
Base: Polyester and conductive yarn
Tufting yarn:�1MBTUJD�mMN�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
The base fabric is pre-woven with conductive areas. The dense 
texture of tufted plastic yarn insulates the conductive yarn.

3. Tufted e-static textiles
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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-
HVWHU�¿EUHV�WZLVWHG�EHWZHHQ�D�FRXSOH�RI�PHWDO�ZLUHV��7KLV�IRXQG�REMHFW�KDG�D�SUH�DVVHP-
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
7DNLQJ�WKH�ZHDYLQJ�WHFKQLTXH�IXUWKHU��UXJ�NQRWWLQJ�WHFKQLTXHV�VXFK�DV�³5\D�NQRWWLQJ´�
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 
WKUHDGV�XVLQJ�NQRWWLQJ�DQG�ZUDSSLQJ�WHFKQLTXHV��VHH�)LJXUH௘�������7KLV�ZD\�WKH�FRQGXF-
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 
VPDOO�SLHFHV�RI�SRO\HVWHU�IDEULF�ZHUH�ZUDSSHG�DURXQG�WKH�ZDUS�WKUHDGV�XVLQJ�WKH�5\D�UXJ�
knotting technique. In Sample 3b, the underneath conductive warp was substituted with 
D�VWRUH�ERXJKW�PHWDO�PHVK��3LHFHV�RI�SODVWLF�VKHHWV�DQG�SRO\HVWHU�IDEULFV�ZHUH�WKHQ�XVHG�
WR�NQRW�RYHU� WKLV� FRQGXFWLYH�PHVK��7KH� UHVXOWLQJ� VWUXFWXUH� LV�ÀH[LEOH� DQG�DOVR� UHWDLQV�
its shape when bent. This technique of hand knotting was relatively time consuming, 
KRZHYHU��LW�SURGXFHG�D�GHQVH�WH[WXUHG�VXUIDFH�WKDW�ZRUNHG�ZHOO�IRU�FRQWDFW�HOHFWUL¿FDWLRQ��
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 
EDJV�RU�SDFNDJLQJ�ZKHQ�FUDIWLQJ�HOHFWURVWDWLF�VXUIDFHV��7KLV�FRQ¿JXUDWLRQ�RI�KDYLQJ�D�
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 
6DPSOH��D��WKH�FRQGXFWLYH�\DUQ�ZDV�¿UVW�WXIWHG�LQ�ZLGH�VSDFHG�FROXPQV�ZLWK�D�VKRUW�ORRS�
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 
XVLQJ�ORQJHU�ORRS�OHQJWKV��VHH�)LJXUH௘�������7KH�GHQVH�SODVWLF�ORRSV��LQ�WKLV�ZD\��VWD\HG�LQ�
contact with the underlying electrode while insulating the conductive surface at the same 
WLPH��,Q�VDPSOH��E�� WKH�EDVH�IDEULF�ZDV�¿UVW�ZRYHQ�XVLQJ�DQ�LQGXVWULDO�VDPSOLQJ�ORRP�
with conductive and polyester yarn. This base is then tufted over with plastic foil yarn. 

3ZB�LOPUUJOH Wrapping weft yarn

Figure   17. ,OPUUJOH�UFDIOJRVFT�VTFE�JO�IBOE�XPWFO�F�TUBUJD�UFYUJMFT�
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Tufting was found to be a relatively easy way to create large electrostatic surfaces in a 
WLPH�HI¿FLHQW�PDQQHU�ZKLOH�KDYLQJ�D�ORW�RI�IUHHGRP�IRU�SODFLQJ�DQG�FUHDWLQJ�FRQGXFWLYH�
areas within the textile substrate.

4.4 2EVHUYDWLRQV
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 
WR�VXSSRUW�WKH�DFFXPXODWLRQ�DQG�ÀRZ�RI�HOHFWURVWDWLF�FKDUJHV�GXULQJ�LQWHUDFWLRQ��%HORZ�
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, 
ZLWK�PLQRU�PRGL¿FDWLRQV��XVLQJ�LQGXVWULDO�PDFKLQHV��

7H[WLOH�VWUXFWXUHV�LQÀXHQFH�WKH�DPRXQW�RI�HOHFWURVWDWLF�FKDUJH
)URP�WKH�YROWDJH�UHDGLQJV��VHH�7DEOH�����LW�FDQ�EH�VHHQ�WKDW�WKH�7HÀRQ�DQG�SRO\HVWHU�\DUQV�
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 
GXULQJ�WDSSLQJ��,W�ZDV�REVHUYHG�WKDW�WKH�HOHFWUL¿FDWLRQ�ZDV�HDVLHU�WR�VSRW��OLW�/('�HYHQ�
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.

Figure   18. 4BNQMF��B�UVGUFE�XJUI�TNBMMFS�DPOEVDUJWF�MPPQT�BOE�mMMFE�JO�CFUXFFO�XJUI�SPXT�PG�QMBTUJD�ZBSO��
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The samples with the weft piles and tufted loops (for e.g., 3a, 4a) were also effective as 
WKH�FRQWDFW�HOHFWUL¿FDWLRQ�ZDV�LQFUHDVHG�GXH�WR�WKH�ODUJHU�VXUIDFH�DUHD�ZKLOH�DOVR�EHLQJ�
PRUH� LQWHUHVWLQJ� WR� WRXFK��7KH� ORQJ� OLJKW�ZHLJKW� VWUDQGV��ZKHQ�HOHFWUL¿HG��ZRXOG�DOVR�
move and respond to the hovering hand which made the interactions more engaging and 
WKH�HOHFWUL¿FDWLRQ�SURFHVV�PRUH�DSSDUHQW��

LED as an effective way of visualising electrostatic interactions
Although the voltage values were interesting to observe, the primary focus of this research 
ZDV�QRW�WR�LPSURYH�WKH�HI¿FLHQF\�RI�WKH�YROWDJH�JHQHUDWLRQ�LQ�WKH�WH[WLOHV�EXW�WR�H[SORUH�
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 
WKH�YROWDJH�JHQHUDWHG�LQ�LQWHUDFWLRQ��WKH�/('�ZDV�IRXQG�WR�EH�WKH�PRVW�FRPSHOOLQJ�ZD\�
of communicating the effectiveness of the interaction visually.

$Q�/('�FLUFXLW��VXFK�DV� WKH� WHVWHU�FOLS��VHH�)LJXUH������DOVR�PDGH�LW�SRVVLEOH� WR�HDVLO\�
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 
WR�OLJKW�WKH�/('��7KLV�WRRO�FRXOG�DOVR�EH�XVHG�WR�FRQQHFW�WR�H[LVWLQJ�WH[WLOH�VXUIDFHV�LQ�
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 
WDSSLQJ�DQG�UXEELQJ��2WKHU�LQWHUDFWLRQV��VXFK�DV�ÀDSSLQJ�WKH�WH[WLOHV�ZLWK�FRQVLGHUDEOH�
IRUFH��DOVR�VRPHWLPHV�ZRUNHG�LQ�OLJKWLQJ�WKH�FRQQHFWHG�/('��

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 

Table 3. 0WFSWJFX�PG�WPMUBHF�SFBEJOHT�GSPN�UIF�FMFDUSPTUBUJD�UFYUJMF�TBNQMFT�

Sample 
"WFSBHF�	4UBOEBSE�%FWJBUJPO
�

7PMUBHF
1 (a) ����7�	����

1 (b) ����7�	����

1 (c) ����7�	����

2 (a) ����7�	����

2 (b) ����7�	���

2 (c) ����7�	����

2 (d) ����7�	����

3 (a) ����7�	����

3 (b) ����7�	����

4 (b) �����7�	����
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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 
GHVLJQ�WH[WLOH�H[SUHVVLRQV�VSHFL¿FDOO\�IRU�HOHFWURVWDWLF�WH[WLOHV�

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-
ULDO�FRQ¿JXUDWLRQV�DQG�FRQVWUXFWLRQV� WR�PDNH�WKH�HOHFWURVWDWLF�FKDUJH�JHQHUDWLRQ�PRUH�
HI¿FLHQW�ZDV� QRW� WKH� JRDO� RI� WKLV� VWXG\��0RUHRYHU�� HQYLURQPHQWDO� FRQGLWLRQV�� VXFK� DV�
humidity and temperature, were not taken into account while measuring the voltages of 
the samples. 

4.5 'LVFXVVLRQ��3UR�VWDWLF�H�WH[WLOH�GHVLJQ
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 
DGGLQJ�FRQGXFWLYH�¿EUHV�LQWR�WKH�WH[WLOH�VXEVWUDWH�WKDW�GLVSHUVH�WKH�HOHFWURVWDWLF�FKDUJHV�
to the ground rather than letting them accumulate and lead to an electrical shock. For 
H[DPSOH��LQWHULRU�WH[WLOHV�RU�FORWKLQJ�FDQ�EH�LQGXFHG�ZLWK�PHWDO�¿EUHV�WKDW�DOORZ�WKH�HOHF-
WURVWDWLF�FKDUJHV�WR�ÀRZ�LQWR�WKH�JURXQG�DQG�DZD\�IURP�D�SHUVRQ¶V�ERG\��

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 
DQG�HQDEOH�D�ÀRZ�RI�FKDUJH�WKURXJK�WKH�ERG\�ZKLOH�PDLQWDLQLQJ�WKH�VDIHW\�RI�WKH�SHU-
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. 
)XUWKHU�UHVHDUFK�LQ�WKLV�VSHFL¿F�DUHD�PD\�UHVXOW�LQ�DHVWKHWLF�DQG�IXQFWLRQDO�LQQRYDWLRQV�
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.

+RZHYHU��WKH�LQWHUDFWLRQV�LQ�WKH�VPDOO�VL]HG�VDPSOHV�GHYHORSHG�LQ�WKH�VWXG\�ZHUH�OLPLWHG�
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 
WKH�VWUXFWXUH�RI�WKH�FRQVWUXFWLRQV��7KLV�LV�WKH�GLUHFWLRQ�WDNHQ�LQ�6WXG\����
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5 6WXG\�����(PERGLHG�
6SHFXODWLRQ��KRZ�PD\�
HOHFWURVWDWLF�WH[WLOHV�
VKDSH�H�WH[WLOH�
interactions?

5.1 ,QWURGXFWLRQ
The previous study aimed to translate the triboelectric circuit into textile substrates to 
H[SORUH�GLIIHUHQW�ZD\V�RI�PDNLQJ�HOHFWURVWDWLF� WH[WLOHV��+RZHYHU�� WKHVH� WH[WLOH�VDPSOHV�
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 
REMHFWLYHV�RI�6WXG\����ZHUH�WR�LQYHVWLJDWH�acting with electrostatic textiles and to develop 
examples of large-scale interactions that highlight textile qualities in interaction and 
VXSSRUW�WKH�ÀRZ�RI�HOHFWURVWDWLF�FKDUJHV�WKURXJK�WKH�FLUFXLW��

5.2 2XWOLQH�
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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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.

7KHUH�ZHUH�WZR�VHWV�RI�H[SORUDWLRQV��WKH�¿UVW�IRFXVHG�RQ�VFDOLQJ�XS�WKH�HOHFWURVWDWLF�FLUFXLW�
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 
GXULQJ�WKH�H[SORUDWLRQV�ZHUH�FRQQHFWHG�WR�DQ�/('�FLUFXLW�RU�D�PXOWLPHWHU�IRU�YLVXDOLVLQJ�
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 
WKH�VHWXSV�¿UVW�KDQG�ZDV�XVHIXO�LQ�JDLQLQJ�DQ�HPERGLHG�XQGHUVWDQGLQJ�RI�HQJDJLQJ�ZLWK�
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. 

5.2.1 Scaling up the triboelectric circuit for supporting textile interactions
)LJXUH௘�����LOOXVWUDWHV�D�VLPSOH�WULERHOHFWULF�JHQHUDWRU�FLUFXLW�IURP�WKUHH�VFDOHV�RI�LQWHUDF-
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 
FRQQHFWHG�WR�D�UHFWL¿HU�FLUFXLW�DQG�DQ�RXWSXW��H�J���DQ�/('��:KHQ�D�SHUVRQ�UXEV�DJDLQVW�WKH�
electrostatic material while in contact with the open electrode, the electrostatic charges, 

Figure   19. Scaling up the triboelectric circuit and trying out different textile materials and interactions. 
	-FGU
�4NBMM�QJFDF�PG�5FnPO�CBLJOH�TIFFU�PWFS�DPOEVDUJWF�GBCSJD�TXBUDI��	$FOUSF
�"MVNJOJVN�GPJM�JT�VTFE�
UP�NBLF�UXP�DPOEVDUJWF�UJMFT�DPOOFDUFE�UP�B�EJPEF�CSJEHF�BOE�NVMUJNFUFS��	3JHIU
�"�QJFDF�PG�GPJM�CMBOLFU�
PO�UIF�nPPS�QSPWJEFT�B�MBSHF�DPOEVDUJWF�nPPS�UP�FYQMPSF�UIF�FMFDUSJmDBUJPO�QSPDFTT�UISPVHI�QMBZGVM�
interactions.
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JHQHUDWHG�WKURXJK�WKH�LQWHUDFWLRQ��PRYH�WKURXJK�WKH�ERG\�WR�WKH�FLUFXLW�HQDEOLQJ�WKH�ÀRZ�
RI�HOHFWULFLW\�DQG�OLJKWLQJ�XS�WKH�/('�LQ�VKRUW�EXUVWV��

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 
LQFUHDVLQJ�WKH�VL]H�RI�WKH�HOHFWURGHV��WKXV�JLYLQJ�PRUH�URRP�IRU�GLIIHUHQW�NLQGV�RI�LQWHU-
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, 
WKH�HOHFWURGHV�DUH�VFDOHG�XS�HYHQ�IXUWKHU�DQG�RFFXS\�D�ODUJH�SDUW�RI�WKH�ÀRRU��+HUH��,�FRXOG�
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 
PRYHPHQWV�LQ�WKH�HOHFWURVWDWLF�PDWHULDOV��IRU�H[DPSOH��E\�ZDYLQJ�RU�ZLSLQJ�WKH�WH[WLOHV�
while standing on the electrodes. 

Figure   20. &YBNQMF�PG�FMFDUSPTUBUJD�NBUFSJBM�JOUFSWFOUJPO��XSBQQJOH�DIBJS�XJUI�DMJOH�mMN��

Figure   21. Example of electrostatic material intervention: home slippers that collect the electrostatic 
charges generated through walking.
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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 
HYHU\GD\� REMHFWV�� IRU� LQVWDQFH�� EDOORRQV� RU� ¿OOLQJ�PDWHULDOV��ZHUH� LQWURGXFHG� LQWR� WKH�
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 
ZLWK�UHVSHFW�WR�WKH�SUHVHQFH�RI�D�VLJQL¿FDQW�DPRXQW�RI�HOHFWURVWDWLF�FKDUJHV��L�H���DW�OHDVW�
HQRXJK�WR�PDNH�DQ�/('�OLJKW�XS��

5.2.2 Electrostatic material interventions
7KLV� LQYHVWLJDWLRQ� EXLOW� RQ� WKH�PHWKRG�RI� OD\HUHG� LQWHUDFWLRQV� IURP� WKH�¿HOG� RI� H�WH[-
WLOHV��+HUH��RXU�HYHU\GD\�LQWHUDFWLRQV�ZLWK�REMHFWV�ZHUH�VHHQ�DV�DQ�HQWU\�SRLQW�WR�DGG�DQ�
additional digital meaning. Thus, instead of constructing the electrostatic circuit from 
VFUDWFK��HYHU\GD\�REMHFWV�ZLWK�PDWHULDO�SURSHUWLHV�WKDW�¿W�WKH�WULERHOHFWULF�FLUFXLW�ZHUH�
WDNHQ�DV�D�VWDUWLQJ�SRLQW�IRU�DGGLQJ�OD\HUHG�LQWHUDFWLRQV��)RU�H[DPSOH��)LJXUH௘�����VKRZV�
DQ�H[SHULPHQW�ZKHUH�D�FKDLU�ZLWK�PHWDO��FRQGXFWLYH��OHJV�ZDV�ZUDSSHG�LQ�FOLQJ�¿OP�DV�
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 
FKDUJHV��,Q�DQRWKHU�H[SHULPHQW��VHH�)LJXUH௘�������D�SRO\HVWHU�KRPH�VOLSSHU�LV�DWWDFKHG�ZLWK�
extra electrostatic material and conductive fabric to increase its surface area and collect 
electrostatic charges generated through walking.

5.3 ([DPSOHV
The projects described below represent the explorations of scaling up and of material 
LQWHUYHQWLRQV��7KH�¿UVW�H[DPSOH��HOHFWURVWDWLF�FXEH�LQVWDOODWLRQ��SUHVHQWV�GLIIHUHQW�LQWHU-
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 
7KLV� LQVWDOODWLRQ� VFDOHG�XS�D�',<� WULERHOHFWULF�JHQHUDWRU� FLUFXLW� WR�PDNH� LW� D� VSDWLDOO\�
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 
DOVR�VXSSRUWHG�WKH�HOHFWUL¿FDWLRQ�SURFHVV�DQG�PDGH�LW�PRUH�HDVLO\�REVHUYDEOH�

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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Figure   22. 4LFUDI�PG�UIF�FMFDUSPTUBUJD�DVCF�TFUVQ��	-FGU
�"O�-&%�JT�DPOOFDUFE�WJB�B�SFDUJmFS�CSJEHF�UP�UIF�
FMFDUSPEFT�JO�UIF�DVCF��	3JHIU
�5IF�-&%�MJHIUT�VQ�VTJOH�UIF�TUBUJD�FMFDUSJDJUZ�HFOFSBUFE�CZ�UIF�QFSTPO�BOE�
material moving inside the space.

Figure   23. %JGGFSFOU�DPOmHVSBUJPOT�PG�DPOEVDUJWF�BOE�FMFDUSPTUBUJD�FMFNFOUT�JO�UIF�FMFDUSPTUBUJD�DVCF�
installation.

FLUFXLW��)LJXUH௘�����VKRZV�D�VNHWFK�RI�WKH�EDVLF�VHWXS��

$�WRWDO�RI����YDULDWLRQV�H[SORUHG�GLIIHUHQW�PDWHULDO�SODFHPHQWV�DQG�KXPDQ�PRYHPHQWV�
IRU�HQHUJLVLQJ�WKH�FLUFXLW��VHH�)LJXUH௘�������)RU�HDFK�VHWXS��,�SHUIRUPHG�D�VHW�RI�H[SORUDWRU\�
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Figure   24. Sequence frames from the video recordings of interactions. (Top) Conductive ceiling and 
nPPS��	.JEEMF
�IBOHJOH�FMFDUSPEFT�BOE�FMFDUSPTUBUJD�NBUFSJBMT��	#PUUPN
�$POEVDUJWF�nPPS�BOE�DFJMJOH�XJUI�
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).311�,Q�6WXG\�����WKH�HOHFWURVWDWLF�FLUFXLW�LQ�WKH�IRUP�RI�
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 
"QQFOEJY�%�
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RXWVLGH��,Q�FRQWUDVW��WKH�HOHFWURVWDWLF�FXEH�VHWXSV�LQ�6WXG\����DFWHG�DV�DQ�LQWHULRU�VWDJH�
which enabled me to step into an electrostatically-rich environment to actively engage 
ZLWK�P\�ZKROH�ERG\�DQG�HQHUJLVH�WKH�VSDFH�IURP�WKH�LQVLGH��)LJXUH௘�����LOOXVWUDWHV�H[DP-
SOHV�RI�WKUHH�LQWHULRU�VHWXSV�WKDW�ZHUH�DFWLYDWHG�WKURXJK�GLIIHUHQW�LQWHUDFWLRQV��7KH�¿UVW�
VHW�RI�LPDJHV��)LJXUH����WRS���LOOXVWUDWH�D�VHWXS�ZLWK�D�FRQGXFWLYH�ÀRRU�DQG�FHLOLQJ�WKDW�
act as two electrodes of the triboelectric circuit. By moving and waving around a large 
VKHHW�RI�SODVWLF�� ,�EHFDPH�D�PDWHULDO�ZLWKLQ� WKH�FLUFXLW�ZKR�FDUULHG� WKH�ÀRZ�RI�FKDUJH�
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 
ÀRZ�RI�FKDUJH�WKURXJK�WKH�VSDWLDO�FLUFXLW��6LPLODUO\�� LQ� WKH�WKLUG�VHW�RI� LPDJHV��)LJXUH�
24- bottom), the interactions for energising the space involved pushing a loosely hanging 
electrostatic material towards the conductive ceiling while standing on a conductive 
ÀRRU��7KH�SHUIRUPDQFHV�IRU�HDFK�VHWXS�ZHUH�UHFRUGHG�DV�WZR�PLQXWHV�ORQJ�YLGHRV� 312 An 
/('�FRQQHFWHG�WR�WKH�FLUFXLW�LQ�WKH�IRUHJURXQG�RI�WKH�YLGHR�LOOXVWUDWHG�WKH�HOHFWUL¿FDWLRQ�
SURFHVV��7KH�/('�OLW�XS�RU�ÀLFNHUHG�JHQWO\�DFFRUGLQJ�WR�P\�SHUIRUPDQFH�LQ�WKH�VSDWLDO�
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 

����� � � �7JEFPT�PG�BMM�UIF�FMFDUSPTUBUJD�DVCF�TFUVQT�BOE�JOUFSBDUJPOT�BSF�JODMVEFE�JO�"QQFOEJY�%�

Figure   25. Electrostatic sleeping setup.
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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 
WRWDO��7KH�SRO\HVWHU� IDEULF�RI� WKH� VOHHSLQJ�EDJ�EHFDPH�HOHFWUL¿HG�ZLWK� WKH�PRYHPHQWV�
of the body and contact with the skin. The sleeping bag was placed on a conductive foil 
RQ�WKH�EHG�ZKLFK�DFWHG�DV�DQ�HOHFWURGH�LQ�WKH�FLUFXLW��VHH�)LJXUH௘�������:KHQ�VOHHSLQJ�LQ�
WKH�VOHHSLQJ�EDJ��,�EHFDPH�SDUW�RI�WKH�FLUFXLW�EHFRPLQJ�LQWHJUDO�WR�WKH�ÀRZ�RI�HOHFWULF�
FKDUJH��7KHUH�ZHUH� WZR�DWWHPSWV�PDGH� WR�REVHUYH� WKH�HOHFWUL¿FDWLRQ�GXULQJ� WKH�QLJKW��
,Q�WKH�¿UVW�DWWHPSW��WKH�YROWDJHV�ZHUH�GLUHFWO\�PHDVXUHG�XVLQJ�DQ�$UGXLQR�DQG�VWRUHG�LQ�
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 
ZRUNHG�VXI¿FLHQWO\�WR�EURDGO\�GHWHFW�WKH�FKDQJHV�LQ�YROWDJH�FDXVHG�E\�WKH�HOHFWUL¿FDWLRQ�
process rather than record exact voltage values.

5.4 2EVHUYDWLRQV
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 
IRXQG�WR�EH�HIIHFWLYH�DUH�LOOXVWUDWHG�LQ�)LJXUH௘������

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 
ÀRZ�RI�HOHFWURVWDWLF�FKDUJH��7KH�H[WHQW�RI� WKH�VXUIDFH�DUHD�RI�PDWHULDOV� LQ�FRQWDFW�DQG�
the distance by which they were separated were directly proportional to the extent of the 
HOHFWUL¿FDWLRQ�SURFHVV�

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 



113

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

Encountering material properties
7KH�SODVWLF�VKHHW�DQG�HPHUJHQF\�EODQNHW�ZHUH�FKRVHQ�IRU�WKHLU�VL]H��HOHFWURVWDWLF�DQG�FRQ-
GXFWLYH�SURSHUWLHV��+RZHYHU��WKH�LQWHUDFWLRQV�ZLWK�WKH�PDWHULDOV�LQ�WKH�LPPHUVLYH�VHWXS�
UHYHDOHG�RWKHU�SURSHUWLHV�VXFK�DV�VRXQGV��WH[WXUHV��WUDQVOXFHQF\�RU�UHÀHFWLYLW\�WKDW�LQÀX-
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 
VORZO\�ÀRDW�EDFN�WR�WKH�JURXQG��3OD\LQJ�ZLWK�WKHVH�GLIIHUHQW�TXDOLWLHV�JDYH�D�ULFK�H[SHUL-
HQFH�RI�LQWHUDFWLQJ�ZLWK�WKH�HOHFWURVWDWLF�FXEH��VHH�)LJXUH௘������

Results hidden from interaction
7KH�/('��ZKLFK�LOOXVWUDWHG�WKH�HOHFWURVWDWLF�FKDUJHV�JHQHUDWHG�LQ�LQWHUDFWLRQ��ZDV�IDFLQJ�
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 
SD\�PRUH�DWWHQWLRQ�WR�WKH�PDWHULDOV�DW�KDQG�UDWKHU�WKDQ�EH�LQÀXHQFHG�E\�WKH�IHHGEDFN��

Figure   26. Examples of everyday electrostatic materials and objects.
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Figure   27. %FUBJMT�TIPXJOH�BFTUIFUJD�RVBMJUJFT�PG�JOUFSBDUJOH�XJUI�B�TPGU�FMFDUSPTUBUJD�NBUFSJBM�JO�UIF�JOUFSJPS�
setup.

Being materially similar to other components
The experience of inserting my body in a cocoon shaped sleeping bag connected to the 
FLUFXLW�IHOW�OLNH�EHLQJ�¿WWHG�LQ�DV�D�FRPSRQHQW��7KH�HOHFWULFDO�SURSHUW\�RI�WKH�KXPDQ�VNLQ�
was being utilised here to activate the circuit and, like in the case of the electrostatic cube, 
WKHUH�ZDV� QR� LPPHGLDWH� IHHGEDFN� IRU� WKH� HOHFWUL¿FDWLRQ� SURFHVV�� 7KLV� KLQWHG� WRZDUGV�
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
$OWKRXJK�6WXG\����OHDUQW�IURP�WKH�WH[WLOH�FRQVWUXFWLRQV�DQG�LQWHUDFWLRQV�REVHUYHG�LQ�WKH�
previous study, it mainly used readily available textiles and textile-like materials for the 
H[SHULPHQWV��7KLV�ZDV�GXH�WR�WKH�QHHG�IRU�ODUJHU�PDWHULDOV��DQG�QRW�KDYLQJ�ODUJH�VL]HG�
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. 
+RZHYHU�� WKHUH�PD\�EH�YDULHG�SHUFHSWLRQV� DQG� DWWLWXGHV� WRZDUGV� HQJDJLQJ�ZLWK� VWDWLF�
electricity close to the body in the context of energy harvesting. The purpose of this 
VWXG\�ZDV�WR�JDLQ�WKHRUHWLFDO�LQVLJKWV�RQ�VKDSLQJ�DQ�LQWHUDFWLRQ�GHVLJQ�VWXG\��+RZHYHU��
the desirability of engaging with electricity needs to be addressed in further detail with 
XVHUV��LI�RQH�LV�GHVLJQLQJ�VHUYLFHV�RU�DSSOLFDWLRQV�EDVHG�RQ�WKHVH�¿QGLQJV�

5.5 'LVFXVVLRQ��'HVLJQLQJ�H�VWDWLF�FKRUHRJUDSKLHV
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.313 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.314 For example, a knotting 
switch that when tied together connects two conductive parts to one another and enables 
WKH�ÀRZ�RI�HOHFWULFDO�FXUUHQW�WKURXJK�WKH�FLUFXLW��

,Q�WKH�VFDOHG�XS�HOHFWURVWDWLF�VHWXSV�LQYHVWLJDWHG�LQ�6WXG\�����WKH�GLVWULEXWLRQ�RI�FRQGXF-
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 

����� � � �"MTP�JMMVTUSBUFE�BOE�FYQMBJOFE�JO�QSFWJPVT�XPSL��(PXSJTIBOLBS
�#SFEJFT
�BOE�:MJSJTLV
�i"�4USBUFHZ�
GPS�.BUFSJBM�4QFDJmD�F�5FYUJMF�*OUFSBDUJPO�%FTJHO�w

����� � � �4FWFSBM�FYBNQMFT�GSPN�UIF�,PCBLBOU�SFQPTJUPSZ�PG�TPGU�TFOTPST�BOE�TXJUDIFT�DPVME�CF�
DBUFHPSJTFE�BT�VTJOH�UIJT�BQQSPBDIo�1FSOFS�8JMTPO�BOE�4BUPNJ
�i)PX�5P�(FU�8IBU�:PV�8BOU�w
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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 body315 
or a computational composite316 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 
/('�317 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 
GHVLJQ�VSDFH�IRU�FUHDWLYH�LQWHUSUHWDWLRQV�DQG�LPSURYLVDWLRQ�DV�WKH�SHUVRQ�¿QGV�WKHLU�RZQ�
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 

����� � � �#FS[PXTLB
�i&MFDUSPOJD�5FYUJMFT��8FBSBCMF�$PNQVUFST
�3FBDUJWF�'BTIJPO
�BOE�4PGU�$PNQVUBUJPO�w

����� � � �7BMMHÌSEB�BOE�3FETUSÚN
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����� � � �1MFBTF�TFF�"QQFOEJY�%�GPS�BO�PWFSWJFX�PG�EJGGFSFOU�JOUFSBDUJPO�TFUVQT�FYQMPSFE�JO�UIF�FMFDUSPTUBUJD�
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
%XLOGLQJ� RQ� WKH� WKHRUHWLFDO�� VFLHQWL¿F� H[SODQDWLRQ� RI� VWDWLF� HOHFWULFLW\� DORQJ� ZLWK� WKH�
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-
ULDOV��H�J���SODVWLF�VKHHWV�DQG�WLJKWO\�ZRYHQ�V\QWKHWLF�WH[WLOHV���ZHUH�LGHQWL¿HG�DV�LGHDO�IRU�
static electricity.

These hands-on insights from working with static electricity and textiles are presented 
EHORZ�DV�D�VHW�RI�LQWHUDFWLRQ�GHVLJQ�VWUDWHJLHV�IRU�DFWLQJ�ZLWK�H�VWDWLF�WH[WLOHV�WR��¿UVWO\��
increase and support the generation of electrostatic forces and secondly, to link body 
actions to everyday situations through interactions with materials. 

7KH�LQWHUDFWLRQ�GHVLJQ�JXLGHOLQHV� LGHQWL¿HG�IRU�ZRUNLQJ�ZLWK�VWDWLF�HOHFWULFLW\�ZHUH�DV�
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 
WKH�DPRXQW�RI�WKH�UHVXOWLQJ�HOHFWUL¿FDWLRQ��7KH�LQWHULRU�VSDFH�KDV�PDQ\�VXUIDFHV�
that we barely come in contact with or are limited by our own surface area. By 
extending the surface area 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��7KH�SUREDELOLW\�RI�HOHFWUL¿-
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.

• 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. 

• 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 
KDYH�PRUH�VXUIDFH�DUHD�DQG�WKXV�VXSSRUW�PD[LPXP�HOHFWUL¿FDWLRQ��,Q�WKH�GHVLJQ�
process, favour surfaces or introduce new surfaces made from synthetic soft and 
furry surfaces. 
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6 6WXG\�����,QWHUDFWLRQ�
ÀFWLRQ��+RZ�PD\�
H�VWDWLF�LQWHUDFWLRQV�
VKDSH�HYHU\GD\�
EHKDYLRXUV"

6.1 ,QWURGXFWLRQ
7KLV�VWXG\�DLPHG�DW�LQYHVWLJDWLQJ�KRZ�HQJDJLQJ�ZLWK�HOHFWURVWDWLF�WH[WLOHV�PD\�LQÀXHQFH�
how we relate to notions of energy in the everyday. It builds on the insights and exam-
SOHV�FUHDWHG�LQ�6WXG\����DQG�6WXG\����WR�GHYHORS�QDUUDWLYHV�WKDW�H[SORUH�LQWHUDFWLRQV�DQG�
attitudes towards static electricity that may emerge if e-static textiles were adopted into 
the everyday.

6.2 2XWOLQH
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 
GRQH�E\�IROORZLQJ�WZR�OLQHV�RI�LQTXLU\��7KH�¿UVW�GHYHORSHG�H[DPSOHV�RI�LQWHUDFWLRQV�DQG�
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. 
7KH�¿UVW�H[SORUHG�WKH�VWUDWHJLHV�IRU�H�VWDWLF�LQWHUDFWLRQ�GHVLJQ�LQWURGXFHG�LQ�WKH�SUHYLRXV�
FKDSWHU�WR�HQDFW�GLIIHUHQW�LQWHUDFWLRQV�ZLWK�YDULRXV�¿FWLRQDO�HOHFWURVWDWLF�VXUIDFHV�LQ�WKH�
interior. The second extended the exploration through sketching by working with the 
interaction design methods for relating to�H�WH[WLOHV��VHH�)LJXUH௘�����RQ�SDJH������ZKLFK�
included building on existing use cases and building on material behaviours. 
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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
7KH�H�WH[WLOH�VDPSOHV�PDGH�LQ�WKH�¿UVW�VWXG\�DQG�WKH�LQWHUDFWLRQ�GHVLJQ�VWUDWHJ\��LQFUHDV-
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., 

Figure   28. Screen shots from a video collage of electrostatic activities (anti-clockwise from top-right) 
3VCCJOH�GFFU�PO�DBSQFU�XIJMF�TJUUJOH
�SVCCJOH�GFFU�PO�BO�FMFDUSPTUBUJD�TFUVQ�XIJMF�XPSLJOH�PO�B�TUBOEJOH�
UBCMF
�XBMLJOH�UISPVHI�BO�FMFDUSPTUBUJD�DVSUBJO
�TMJEJOH�PO�UIF�DPOEVDUJWF�nPPS�PWFS�B�UFYUJMF
�XJQJOH�UIF�
walls.
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SRO\HVWHU�IDEULF��37)(�WDSH��HWF���DQG�REMHFWV��H�J���UXJ��HOHFWURVWDWLF�ZKLWH�ERDUG�VKHHWV��
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 
YLGHRV�DUH� LOOXVWUDWHG� LQ�)LJXUH௘�����318 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-
IHUHQW� NLQGV� RI� H�WH[WLOH� LQWHUDFWLRQV��37)(� WDSH� FXUWDLQV� LQVWDOOHG� LQ� GRRUZD\V� FRXOG�
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 
DUHDV�RQ�WKH�ÀRRU�RI�WKH�LQWHULRU�PD\�LQWURGXFH�SOD\IXO�ZD\V�RI�ZDONLQJ�WKURXJK�WKH�LQWH-
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 
SRLQWV�IRU�H[SORULQJ�GLIIHUHQW�HOHFWURVWDWLF�LQWHUDFWLRQV��7KH�¿UVW�LQWURGXFHG�HOHFWURVWDWLF�
textiles or objects as spatial elements that would support triboelectric circuit interac-
WLRQV��7KH�VHFRQG�XVHG�HYHU\GD\�REMHFWV�SURQH�WR�HOHFWUL¿FDWLRQ��VXFK�DV�FDUSHWV�RU�ZLQWHU�
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). 

6RPH�RI�WKH�VNHWFKHV�IRU�HDFK�RI�WKH�VWDUWLQJ�SRLQWV�DUH�LOOXVWUDWHG�LQ�)LJXUHV��������DQG�
31.319�)LJXUH௘�����LOOXVWUDWHV�H[DPSOHV�RI�WKUHH�VNHWFKHV�ZLWK�D�VWDUWLQJ�SRLQW�RI�LQWURGXF-
LQJ�VSDWLDO�LQWHUYHQWLRQV��7KH�¿UVW�VNHWFK��VHH�)LJXUH����OHIW��LOOXVWUDWHV�D�GRRUZD\�¿WWHG�
ZLWK�ODUJH�VRIW�H�VWDWLF�SLOORZV�WKDW�OHDYH�SHRSOH�QR�RWKHU�FKRLFH�WKDQ�WR�VTXHH]H�WKURXJK�

����� � � �5IF�WJEFP�PG�FMFDUSPTUBUJD�FOBDUNFOUT�JT�JODMVEFE�JO�"QQFOEJY�%�

����� � � �'VSUIFS�FYBNQMFT�PG�FMFDUSPTUBUJD�TLFUDIFT�BSF�JODMVEFE�JO�"QQFOEJY�%�
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Figure   29. Examples of sketches of e-static interactions. Starting point: electrostatic set-ups as spatial 
JOUFSWFOUJPOT��	-FGU
�&MFDUSPTUBUJD�EPPS�TRVFF[F��	$FOUSF
�$POEVDUJWF�nPPS�UJMFT��	3JHIU
�5BMM�nPPS�DBSQFU�

Figure   30. Examples of sketches of e-static interactions. Starting point: to use existing everyday objects 
QSPOF�UP�FMFDUSJmDBUJPO��	-FGU
�1FPQMF�SVCCJOH�UIFJS�GFFU�XIJMF�XBUDIJOH�57��	$FOUSF
�'VSSZ�EPPS�LOPCT��
	3JHIU
�&MFDUSPTUBUJD�ZPHB�

Figure   31. Examples of sketches of e-static interactions. Starting point: activities which involve moving 
XJUI�UFYUJMFT��	-FGU
�8JQJOH�UIF�LJUDIFO�nPPS�XJUI�GBCSJD��	$FOUSF
�'MBQQJOH�B�DVSUBJO��	3JHIU
�5BCMFDMPUI�PWFS�
conductive table.
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them. The second sketch (see Figure 29-centre) envisions conductive patterns or tiles on 
WKH�ÀRRU�RI�D�FRUULGRU�LQ�FRPELQDWLRQ�ZLWK�KDQJLQJ�HOHFWURVWDWLF�PDWHULDOV��7KH�SHRSOH�
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, 
VXFK�DV�D�WDOO�IXUU\�FDUSHW��3HRSOH�PD\�HQMR\�WKH�VRIW�WH[WXUHV�ZKLOH�DOVR�HQJDJLQJ�ZLWK�
static electricity as they walk through an interior space.

)LJXUH௘�����LOOXVWUDWHV�H[DPSOHV�RI�WKH�VHFRQG�DSSURDFK�RI�XVLQJ�H[LVWLQJ�REMHFWV�WKDW�DUH�
SURQH�WR�HOHFWUL¿FDWLRQ�DV�D�VWDUWLQJ�SRLQW�IRU�HQYLVLRQLQJ�HOHFWURVWDWLF�VHWXSV�LQ�WKH�HYHU\-
GD\��7KH�¿UVW�VNHWFK��VHH�)LJXUH����OHIW��HQYLVLRQV�D�VFHQDULR�ZKHUH�D�IDPLO\�SRZHUV�WKH�
television by constantly rubbing their feet on a polyester rug. The second sketch (see 
)LJXUH����FHQWUH��LQWURGXFHV�DQ�H�VWDWLF�PDWHULDO�RYHU�D�GRRU�NQRE��DQ�REMHFW�FRPPRQO\�
associated with getting electrical shocks, to safely collect electrostatic charges. The third 
VNHWFK��VHH�)LJXUH����ULJKW��LQWHUSUHWV�D�\RJD�PDW�DV�DQ�REMHFW�ZKLFK�FRXOG�FROOHFW�HOHFWUR-
static charges as the person on it moves and touches the mat during her exercise. 

)LJXUH௘����� LOOXVWUDWHV� VNHWFKHV� WKDW� ORRN� DW� H[LVWLQJ� WH[WLOH� LQWHUDFWLRQV� LQ� WKH� HYHU\GD\�
as a starting point for introducing triboelectric systems. Figure 31-left envisions wiping 
D�FRQGXFWLYH�ÀRRU�ZLWK�D�SLHFH�RI�FORWK�DV�DQ�HOHFWURVWDWLF�LQWHUDFWLRQ��)LJXUH����FHQWUH�
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 
WR�WKLQN�RI�GLIIHUHQW�H[DPSOHV�RI�GLIIHUHQW�VFDOHV�RI�LQWHUDFWLRQV�DQG�VL]HV��:RUNLQJ�ZLWK�
WH[WLOHV�ZDV� XVHIXO� LQ� RSHQLQJ� XS� WKH� H[SORUDWLRQV� WR� GLIIHUHQW� VLWXDWLRQV� DQG� VL]HV� RI�
REMHFWV��DQG�WKH�UHVHDUFK�VWXG\�VSHFL¿FDOO\�WRRN�DGYDQWDJH�RI�WKLV�DVSHFW��

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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The interaction qualities of effort and scale were found to be most interesting for envi-
VLRQLQJ�VFHQDULRV� WKDW� WKH�LOOXVWUDWLRQV�PD\�KDYH�EHHQ�D�SDUW�RI��VHH�)LJXUH௘�������:KLOH�
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 
KDQG��VTXHH]LQJ�WKURXJK�D�VRIW�HOHFWURVWDWLF�GRRUZD\�FRXOG�EH�FRQVLGHUHG�DV�UHTXLULQJ�
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 
LQWHUDFWLRQ�¿FWLRQV��)LJXUH௘�����LOOXVWUDWHV�DQ�H[DPSOH�RI�KRZ�WKH�GLIIHUHQW�VNHWFKHV�ZHUH�
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-
WHULVWLFV�EHWZHHQ�GLIIHUHQW�JURXSLQJV��,Q�WKH�¿JXUH��WKUHH�PDLQ�DWWLWXGHV�RU�DSSURDFKHV�
IRU� HQJDJLQJ� ZLWK� VWDWLF� HOHFWULFLW\� ZHUH� LGHQWL¿HG�� 7KH� ¿UVW� ORRNHG� DW� HOHFWURVWDWLF�

Figure   32. Mapping e-static sketches according to effort and scale
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Figure   33. Finding categories from sketches according to the level of engagement and motivation for 
interacting with static electricity.
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engagement as a by-product of existing activities, such as in the case of the electrostatic 
\RJD�VNHWFK��)LJXUH����ULJKW���+HUH��WKH�HOHFWURVWDWLF�FLUFXLW�LV�LQWURGXFHG�DV�DQ�DGGLWLRQDO�
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 
WKDW�PD\�EH�H[SHFWHG�IURP�WKH�IXWXUH�FLWL]HQV�RI� WHFKQRORJLFDO�VRFLHWLHV��+HUH��FHUWDLQ�
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 
WKH�GRRU�VTXHH]H�VNHWFK��)LJXUH����OHIW��WKDW�JDYH�OLWWOH�FKRLFH�WR�WKH�SHRSOH�ZKR�SDVVHG�
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 
¿FWLRQV�SUHVHQWHG�LQ�WKH�QH[W�VHFWLRQ�

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 
ZKHUH�PRUH�HIIRUW�LV�EDODQFHG�ZLWK�PRUH�HQMR\PHQW��VXFK�DV�OHDUQLQJ�VRPHWKLQJ�GLI¿FXOW�
to develop a skill or doing something for fun or enjoyment.

6.3 ([DPSOHV��(OHFWURVWDWLF�LQWHUDFWLRQ�ÀFWLRQV
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.

(QHUJ\�JDUGHQHUV��(PHUJHQFH�RI�WKH�HOHFWUL¿HG�XUEDQLWHV
:LWK� WKH� JURZLQJ� FRPPXQLW\� RI� PDNHUV� DQG� ',<� SUDFWLWLRQHUV�� HQHUJ\� KDUYHVWLQJ�
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. 
(YHQ�LI�WKLV�ZRXOG�QRW�EH�D�VXI¿FLHQW�PHWKRG�WR�PHHW�WKHLU�HQWLUH�HQHUJ\�QHHGV��WKH\�WDNH�
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.

7KHUH�ZLOO�EH�D�JURZLQJ�RQOLQH�FRPPXQLW\�RI�HQHUJ\�JDUGHQHUV�ZKR�ZRXOG�SXEOLVK�',<�
tutorials for building different kinds of textile installations for electrostatic engagements. 
7KH\�ZLOO�VKDUH�EHKDYLRXUV�RU�PRYHPHQWV�PRVW�HIIHFWLYH�IRU�HQHUJ\�KDUYHVWLQJ��GHPRQ-
strate examples and help each other with their everyday practices of electrostatic activi-
WLHV��DQG�SHUKDSV�HYHQ�RIIHU�DGYLFH�RQ�IRRG�VXSSOHPHQWV��H[HUFLVHV�RU�VNLQ�FDUH�SURGXFWV�
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-
WULF�DFWLRQV´�RI�FLWL]HQV�LQ�WKH�HYHU\GD\�ZRXOG�EH�FRQVLGHUHG�QRUPDO�VRFLDO�EHKDYLRXU��
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 
WKH� VXUIDFHV� WR�PDNH� DQ� HOHFWULFLW\� FRQWULEXWLRQ�� 3HRSOH�ZRXOG� EH� VHHQ�ZDONLQJ� FORVH�
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, 
WKH� GRRUV� ZRXOG� EH� ¿WWHG� ZLWK� HOHFWURVWDWLF� FXUWDLQV� WKDW� ZRXOG� FROOHFW� HOHFWURVWDWLF�
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, 
ZRXOG�EH�¿WWHG�ZLWK�HOHFWURVWDWLF�PDWHULDOV�WKDW�ZRXOG�GHPDQG�HOHFWURVWDWLF�FKDUJHV�IURP�
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 'LVFXVVLRQ��7KLQNLQJ�WKURXJK�LQWHUDFWLRQ�ÀFWLRQV
This study looked at the different interactions enabled by the triboelectric circuit to 
develop different attitudes and relationships with electrostatic energy using different 
LQWHUDFWLRQ�¿FWLRQV�

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 
WKH�YHU\�GH¿QLWLRQ�RI�D�PDFKLQH�DV�VRPHWKLQJ�WKDW�PDNHV�ZRUN�PRUH�HI¿FLHQW��+RZHYHU��
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, 

����� � � �4FF�GPS�FYBNQMF
�/JDPMBT�/PWB�FU�BM�
�i$VSJPVT�3JUVBMT��(FTUVSBM�*OUFSBDUJPO�JO�UIF�%JHJUBM�
&WFSZEBZ
w�����
�IUUQT���DVSJPVTSJUVBMT�XPSEQSFTT�DPN������������DVSJPVT�SJUVBMT�CPPL��
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especially the ones that keep us static in front of a screen.321 The approach of developing 
LQWHUDFWLRQ�¿FWLRQV��DV�XQGHUWDNHQ�LQ�WKLV�VWXG\��SURYLGHV�D�ZD\�RI�H[SORULQJ�WKH�ERGLO\�
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 
LQWHUDFWLRQ�¿FWLRQV�GLVFXVV�XQXVXDO�EHKDYLRXUV��SURYRNH�YDULHG�LQWHUSUHWDWLRQV�RI�XVH�DQG�
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
$Q� DVSHFW� RI� ZRUNLQJ� ZLWK� LQWHUDFWLRQ� ¿FWLRQV� DERXW� HOHFWURVWDWLF� WH[WLOHV� ZDV� WKDW�
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 
EDWWHU\��,QWHUDFWLRQ�¿FWLRQV�FDOOHG�IRU�D�WHPSRUDO�VFDOLQJ�RI�DFWLRQV�WR�DGGUHVV�FKRUHRJUD-
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. 
,QWHUDFWLRQ�¿FWLRQV�RSHQHG�XS�D�SRVVLELOLW\�WR�VSHFXODWH�RQ�WKH�EHKDYLRXUV�WKDW�PD\�DULVH�
DURXQG�D�JLYHQ� WHFKQRORJ\�EDVHG�RQ� WKH�NLQGV�RI� LQWHUDFWLRQV� WKH\� VXSSRUW��+HUH� LW� LV�
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. 
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7 6WXG\�����+RZ�PD\�
H�VWDWLF�VWXGLHV�
VKDSH�HQHUJ\�
LQWHUSUHWDWLRQV"

7.1 ,QWURGXFWLRQ
While electrical energy forms a direct output of the interaction with static electricity, 
LW�FDQ�DOVR�EH�LQWHUSUHWHG�DV�D�PHDVXUH�RI�VRPHWKLQJ�HOVH��6WXGLHV��������DQG����LQYHVWL-
gate the making, acting with and relating to electrostatic textiles from the perspective of 
HQJDJLQJ�ZLWK�PDWHULDOV�LQ�WKH�HYHU\GD\��+RZHYHU��WKHVH�VWXGLHV�NHSW�WKH�RXWSXW�RU�WKH�
interpretations for the electricity generated open and broadly described as electrostatic 
FKDUJHV��6WXG\����DGGUHVVHG�HOHFWURVWDWLF�HQJDJHPHQW�IURP�WKH�SHUVSHFWLYH�RI�WKH�UHVXOWV�
RI� WKH� LQWHUDFWLRQV�� LW� LQYHVWLJDWHG�KRZ� WKH�VPDOO�DPRXQWV�RI�HOHFWURVWDWLF�FKDUJHV�FRO-
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 2XWOLQH
This study built on the insights and methods employed in the previous studies and took 
WKH�IRUP�RI�D�ZHHN�ORQJ�FRXUVH�DLPHG�DW�GHYHORSLQJ�LQWHUDFWLRQ�¿FWLRQV�ZLWK�VWDWLF�HOHF-
WULFLW\��7KH�FRXUVH�ZDV�KHOG�DW�WKH�%HUOLQ�8QLYHUVLW\�RI�WKH�$UWV��8G.���7KHUH�ZHUH�WZHOYH�
VWXGHQWV� LQ� WRWDO� IURP�SURGXFW� DQG� IDVKLRQ� GHVLJQ� EDFKHORU¶V� VWXGLHV� DW� WKH�8G.��7KH�
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 
JLYHQ�GLIIHUHQW�JURXS�H[HUFLVHV�RI�VKRUW��������PLQXWHV��DQG�ORQJHU������GD\V��OHQJWKV�WR�
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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
7KH�VWXGHQWV�ZHUH�¿UVW�LQWURGXFHG�WR�P\�WKHVLV�WRSLF�RQ�VWDWLF�HOHFWULFLW\�DQG�WH[WLOHV�DQG�
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-
PHQW�H[HUFLVHV�RYHU� WKH�FRIIHH�EUHDN��6RPH�ZHUH�JLYHQ�D�VSHFL¿F�ZD\�WR�PRYH�RU�DFW��
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 
VWDWLF�HOHFWULFLW\��$�ODUJH�WULERHOHFWULF�FLUFXLW�ZDV�VHW�XS�XVLQJ�DOXPLQLXP�IRLO�RQ�WKH�ÀRRU��
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. 
7KH\�ZHUH�JLYHQ�������PLQXWHV�WR�FRPH�XS�ZLWK�DV�PDQ\�VHWXSV�DV�SRVVLEOH��7KH�DLP�RI�
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.322 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. 
)RU�HDFK�LGHQWL¿HG�HOHPHQW��WKH�VWXGHQWV�PDGH�D�³YLGHR�FDUG´�ZKLFK�LQFOXGHG�D�VNHWFK�RI�
WKH�LQWHUDFWLRQ�GLVSOD\HG�LQ�WKH�YLGHR��WKH�¿OH�QDPH�RI�WKH�YLGHR�IRU�ODWHU�UHIHUHQFH�DQG�
D�GHVFULSWLRQ�RI�WKHLU�REVHUYDWLRQV��$IWHU�WKH\�KDG�¿QLVKHG�DQDO\VLQJ�WKHLU�VHW�RI�YLGHRV��
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
'XULQJ�WKH�QH[W�WZR�GD\V��WKH�JURXSV�ZRUNHG�RQ�UH¿QLQJ�DQG�SUHSDULQJ�WKHLU�¿QDO�LGHDV��
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 
DOVR�LQIRUPHG�WKDW�WKHLU�¿QDO�LGHDV�PLJKW�EH�XVHG�DV�SDUW�RI�P\�WKHVLV��DQG�D�ZULWWHQ�SHU-
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.

����� � � �5IJT�TFTTJPO�XBT�GBDJMJUBUFE�CZ�UXP�DPMMFBHVFT�GSPN�UIF�%FTJHO�3FTFBSDI�-BCo�.BSJF�#FVUIFM�BOE�
Anne Wohlauf.
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7.3 2EVHUYDWLRQV
The students were quick to understand and work with the triboelectric circuit princi-
SOHV�E\� WU\LQJ�RXW�DQG�DVNLQJ�TXHVWLRQV��6RPH�RI� WKH� VFUHHQVKRWV� IURP� WKH�¿UVW� VHW�RI�
TXLFN�YLGHRV�DUH� LOOXVWUDWHG� LQ�)LJXUH௘�����323 Each group explored different movements 
DQG�VSDFHV�LQ�WKH�EXLOGLQJ��6RPH�ORRNHG�IRU�FRQGXFWLYH�REMHFWV�VXFK�DV�D�EURQ]H�VWDWXH�
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. 
,Q�WKH�UHÀHFWLRQ�VHVVLRQ�WKDW�IROORZHG��WKH�VWXGHQWV�VWDWHG�WKDW�WKH\�HQMR\HG�WKH�IRUPDW�RI�
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. 

����� � � �"MM�WJEFPT�TVCNJUUFE�CZ�UIF�TUVEFOUT�EVSJOH�UIF�DPVSTF�BSF�JODMVEFE�JO�"QQFOEJY�%�

Figure   34. 4UJMMT�GSPN�TPNF�PG�UIF�WJEFPT�NBEF�CZ�TUVEFOUT�GPS�UIF�mSTU�FYFSDJTF�PG�RVJDL�NBUFSJBM�
FYQMPSBUJPOT�PG�UIF�USJCPFMFDUSJD�DJSDVJU�QSJODJQMF��$MPDLXJTF�GSPN�UPQ�MFGU��%BODJOH�XJUI�B�CSPO[F�TUBUVF�
BOE�QMBTUJD�TIFFU
�MBZJOH�TZOUIFUJD�NBUFSJBM�PWFS�SBJMJOH�XIJMF�DMJNCJOH�EPXO�UIF�TUBJST
�JOUFSBDUJOH�XJUI�B�
DPOEVDUJWF�UBCMF�BOE�QMBTUJD�UBCMF�DMPUI
�IFBE�HFBS�GPS�SVCCJOH
�FMFDUSPTUBUJD�NBUFSJBMT�DBUDIJOH�UIF�XJOE�
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Figure   35. Examples of electrostatic interactions explored by students at the university building. (Left to 
SJHIU
�3VCCJOH�XJUI�B�QMBTUJD�TIFFU�PWFS�B�DPOEVDUJWF�QJMMBS
�B�QJDOJD�CMBOLFU�UIBU�DPMMFDUT�F�TUBUJD�DIBSHFT�
GSPN�QFPQMF
�TMJEJOH�PWFS�UIF�TUBJSDBTF�SBJMJOH
�XBMLJOH�UISPVHI�BO�FMFDUSPTUBUJD�DVSUBJO��

Figure   36. Examples of electrostatic interactions explored by students at the subway station. (Left to right) 
$IBSHJOH�B�QIPOF�CZ�ESBHHJOH�JU�PWFS�B�DPOEVDUJWF�SBJMJOH
�EFMJCFSBUFMZ�CVNQJOH�JOUP�QFPQMF�JO�UIF�USBJO�UP�
DPMMFDU�FMFDUSPTUBUJD�DIBSHFT�GSPN�UIFN
�BO�FMFDUSPTUBUJD�QMBTUJD�DVSUBJO�GPS�QFPQMF�UP�XBML�UISPVHI
�XFBSJOH�
a balloon hat that rubs against different surfaces.

Figure   37. Examples of electrostatic interactions explored by students at a shopping mall. (Left to right) 
TVSGBDFT�UIBU�ZPV�SVC�ZPVS�QIPOF�PO�UP�DIBSHF�JU
�SVCCJOH�UIF�SBJMJOH�XIJMF�TUBOEJOH�PO�BO�FTDBMBUPS
�
XBMLJOH�UISPVHI�B�CBMMPPO�TUSVDUVSF�UIBU�SVCT�ZPVS�IBJS�XIFO�ZPV�XBML�UISPVHI
�TMJEJOH�PO�NFUBM�SBJMJOH�PG�B�
staircase.
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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. 

6RPH�RI�WKH�LQWHUDFWLRQV�WKH�VWXGHQWV�H[SORUHG�LQ�WKH�XQLYHUVLW\�EXLOGLQJ��VHH�)LJXUH௘������
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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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.
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�VHH�)LJXUH௘������LQFOXGHG�ZLSLQJ�D�PRELOH�SKRQH�RQ�WKH�VWDLUFDVH�UDLOLQJ�WR�FKDUJH�LW�DQG�
wearing conductive clothing in the subway station in order to collect or ‘steal’ electro-
VWDWLF�FKDUJHV�IURP�RWKHU�SDVVHQJHUV�DQG�VXUIDFHV�WKDW�PLJKW�KDYH�JRWWHQ�HOHFWUL¿HG�ZKLOH�
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 
VWXGHQWV�H[SORUHG�LQ�WKH�VKRSSLQJ�PDOO��VHH�)LJXUH௘������ZHUH�VXUIDFHV�WKDW�\RX�FRXOG�UXE�
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 
LQWHUDFWLRQ��VHH�)LJXUHV��������DQG������5HLQWHUSUHWLQJ�IDPLOLDU�REMHFWV��VXFK�DV�D�FXUWDLQ�
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 
DQG�LQWHULRU�VSDFHV�DUH�VKRZQ�LQ�)LJXUH௘������3ODFLQJ�LQWHUDFWLRQV�RQ�GLIIHUHQW�VSHFWUXPV�
helped to highlight the range of interpretations and provided students with different 
PHDQV�RI� FRPSDULVRQ�DQG�RSSRUWXQLWLHV� WR�¿QG� LQVSLUDWLRQ� IURP�HDFK�RWKHU¶V� H[SORUD-
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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7.4 ([DPSOHV

7.4.1 Static electricity as social currency
7KH�¿UVW�JURXS�H[SORUHG�HQHUJ\�IURP�D�VRFLDO�SHUVSHFWLYH��7KH\�DVNHG�WKH�TXHVWLRQ�RI�
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 
FDIp��ZRXOG�GHPDQG�D�FHUWDLQ�VFRUH�LQ�DQ�HQHUJ\�DSSOLFDWLRQ�RQ�\RXU�VPDUW�SKRQH�FDOOHG�
³6RFLDO�5XE´324. 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-
EXWLRQ�RI�PDWHULDO�DQG�PRYHPHQWV�LV�QRWHG�DQG�WKDQNHG�E\�WKH�FLW\��+RZHYHU��WKH\�PD\�
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 

����� � � �7JEFP�JODMVEFE�JO�"QQFOEJY�%�

Figure   39. i4PDJBM�SVCw��&YBNQMFT�PG�NBUFSJBMT�FYQMPSBUJPOT
�TLFUDIFT�BOE�TUPSZCPBSET�NBEF�CZ�UIF�HSPVQ�
JO�QSFQBSBUJPO�GPS�UIF�mOBM�XPSL�

Figure   40. 4UBUJD�FMFDUSJDJUZ�BT�TPDJBM�DVSSFODZ��i4PDJBM�SVCw��TPNF�TDSFFO�TIPUT�
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of the initial sketches and models for social rub sculptures explored by the students are 
LOOXVWUDWHG�LQ�)LJXUH௘������7KH�VFUHHQVKRWV�IURP�WKHLU�YLGHR�³VRFLDO�UXE´�DUH�SUHVHQWHG�LQ�
)LJXUH௘�����

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 
SHRSOH�KDYH�WRXFKHG�DQG�FROOHFWLQJ�WKH�FKDUJH�IRU�WKHLU�RZQ�EHQH¿W��7KH\�VWDUWHG�ZLWK�
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 
)LJXUH௘�������,Q�WKLV�SURFHVV��JHWWLQJ�LQVSLUHG�E\�WKH�PXVKURRP�OLNH�IRUPV�WKH\�IRXQG�LQ�
their explorations, they deviated into an idea of surface interactions as a new trend or 

Figure   41. i4ZOUIPGVOHVTw��&YBNQMFT�PG�NBUFSJBMT�FYQMPSBUJPOT�EPOF�UP�WJTVBMJTF�UIF�DIBSHF�DPMMFDUJPO�
over the surface.

Figure   42. 4UBUJD�FMFDUSJDJUZ�BT�B�ESVHo�i4ZOUIPGVOHVTw��TPNF�TDSFFO�TIPUT�
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HQHUJ\�GUXJ��VHH�)LJXUH௘�������7KH�¿QDO�YLGHR�325 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 
ZRXOG�FROOHFW�HOHFWURVWDWLF�FKDUJHV��VHH�)LJXUH௘������DQG�SODQQHG�WR�PDNH�D�FROODJH�VW\OH�
animation. In the end, they settled on a series of images that describes their world (see 
)LJXUH௘�������7KHLU�LPDJH�VHULHV326 illustrated all passengers as having an energy rating that 
indicated their ability to contribute towards powering the transport system. When people 

����� � � �7JEFP�JODMVEFE�JO�"QQFOEJY�%�
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Figure   43. (SPVQ����i$PMMFDUJWF�FOFSHZw��&YBNQMFT�PG�NBUFSJBMT�FYQMPSBUJPOT
�TLFUDIFT�BOE�TUPSZCPBSET�
NBEF�CZ�UIF�HSPVQ�JO�QSFQBSBUJPO�GPS�UIF�mOBM�XPSL�

Figure   44. Static electricity as a collective responsibility: some examples of narrative frames.
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DUH�ORZ�RQ�HQHUJ\��WKH\�PXVW�HDW�RU�¿QG�QRXULVKPHQW�LQ�RUGHU�WR�JHW�EDFN�WR�SURGXFLQJ�
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 'LVFXVVLRQ��(OHFWURVWDWLF�HQHUJ\�LQWHUSUHWDWLRQ�PDWUL[
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 
WR�PDNH� RWKHU�PDFKLQHV� IXQFWLRQ�� 7KH� ¿UVW� JURXS� LQWHUSUHWHG� HQHUJ\� DV� D� VRFLDO� FXU-
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, 
WUDQVOXFHQF\�� WKH� VRXQGV� DQG� WKH� VWLFNLQHVV� WR� WKH� ERG\��+RZHYHU�� WKH� FRQQHFWLRQV� WR�
WKH� LQWHUDFWLRQ� DQG�PDWHULDOV� LQ� WKH�¿QDO�ZRUNV� JUHZ�ZHDNHU��6RPH� FKDUDFWHULVWLFV� RI�
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 
GLUHFWO\� IURP�ZKDW�ZDV� GRQH� EHIRUH��*HQHUDOLVLQJ� IURP� VSHFL¿F� LQWHUDFWLRQV� WR� ODUJHU�
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 
RI�WKH�¿QDO�WDVN��7KLV�PLJKW�KDYH�HQFRXUDJHG�WKH�FRQFHSWXDO�GHYHORSPHQWV�DURXQG�PRUH�
VSHFL¿F�DFWLYLWLHV�RU�REMHFWV�

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 
RXWSXWV�FRXOG�EH�FRQVLGHUHG��7KH�¿UVW�LV�DQ�LPPHGLDWH�GLUHFW�FRQYHUVLRQ�LQWR�HOHFWULFDO�
output, such as when tapping on the electrostatic textiles in a triboelectric circuit lights an 
DWWDFKHG�/('��7KH�RWKHU�NLQG�RI�LQWHUDFWLRQ��DV�LOOXVWUDWHG�E\�WKH�ZRUN�RI�JURXS����LQWHU-
prets energy as something collected through a series of interactions over time by several 
SHRSOH��+HUH�� HDFK� LQWHUDFWLRQ�PD\�QRW�SURGXFH�D� UHFRJQLVDEOH�RXWSXW��EXW� LW� EHFRPHV�
VLJQL¿FDQW�ZKHQ�DFFXPXODWHG�RYHU�WLPH��
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Feedback

Immediate Immediate energy conversion "T�B�TFOTPS��TXJUDI

Examples &�H�
�8BMLJOH�UISPVHI�BO�FMFDUSPTUBUJD�
DVSUBJO�NBLFT�-&%T�MJHIU�VQ�

&�H�
�4USPLJOH�UIF�GVSSZ�XBMM�USJHHFST�QVSSJOH�
sounds.

Feedback

$PMMFDU�PWFS�UJNF�

4MPX
�EFMBZFE�
feedback

'03�5)&�0#+&$5�
ITSELF

'03�5)&�41"$& '03�5)&�1&340/�
*/70-7&%

Interaction 
characteristic

7KH�LQWHUDFWLRQ�LV�´FRO�
lected” for the object 
EHLQJ�LQWHUDFWHG�ZLWK���

The electrostatic system 
collects the charges and 
interprets them within 
JUTFMG
�XIJDI�NJHIU�CF�
considered as a feature 
or a behaviour of the 
system.

7KH�FXPXODWLYH�RI�WKH�
LQWHUDFWLRQV�LV�YLVXDO�
LVHG�RU�H[SHULHQFHG�
FROOHFWLYHO\�ZLWKLQ�WKH�
VSDWLDO�FRQWH[W�RI�WKH�
interaction.

This implies the loca-
UJPO�TQFDJmDJUZ�PG�UIF�
result of the interactions. 
The space where the 
interaction takes place 
is changed over time 
through the interactions. 
This could be relevant 
in semi-public or public 
spaces where multi-
ple contributors could 
JOnVFODF�BO�PVUDPNF�
collectively.

7KH�UHVXOW�RI�WKH�LQWHUDF�
WLRQ�LV�GHWDFKDEOH��7KH�
SHUVRQ�LQWHUDFWLQJ�FDQ�
take away the collected 
YDOXH�RI�LQWHUDFWLRQV�

The output of the electro-
static interactions is relevant 
to the individual interacting 
with the system. This points 
to more personal objects 
or interactions that can be 
related to a single person 
or group.

([DPSOHV�RI�
electrostatic 
interactions 

- Electricity for 
energy

-------------------

- Electricity for 
experience

&�H�


Waving a tablecloth over 
a table everyday over 
time to collect energy for 
lighting it up for a special 
occasion dinner.

----------------------------

Beating (cleaning) a rug 
over a period of time 
slowly changes its colour 
due to the electrostatic 
charges produced during 
the cleaning.

&�H�


By sleeping on an elec-
trostatic bed at home one 
can energise not only 
IFSTFMG�CVU�BMTP�IFS�57�

----------------------------

The inhabitants of an 
apartment building 
change the painting on the 
wall by walking through a 
tall carpet. A new painting 
is started every two 
years and the old one is 
EJTQMBZFE�JO�UIF�CVJMEJOH�T�
common area.

&�H�


By sitting and bouncing 
on an electrostatic chair 
PWFS�UJNF
�B�QFSTPO�DBO�
collect points that can be 
FYDIBOHFE�GPS�HPPET
�TFS-
vices or just for advertising 
their energy-engagement.

--------------------------------

A knitter can display her 
experience through the 
electrostatic memory 
embedded in her knitting 
needles.

Table 4. Matrix of the kinds of outputs that could be designed for electrostatic textile setups.
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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 
WKH�LQWHUDFWLRQV�LQWR�HOHFWULFLW\��RU�LQ�WKH�FDVH�RI�WKH�LQWHUDFWLRQ�¿FWLRQ�RI�WKH�DUFKLWHFWXUDO�
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 
QRW�FRQVLGHUHG�WR�EH�WKH�¿QDO�RXWFRPH��5DWKHU��WKH�HOHFWULFDO�LPSXOVHV�DUH�XVHG�WR�LQIRUP�
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 
IRU�SRZHULQJ�GHYLFHV�EXW�LV�HTXDWHG�WR�D�VRFLDO�VWDWXV�WKDW�TXDOL¿HV�D�SHUVRQ�IRU�FXOWXUDO�
H[SHULHQFHV�RIIHUHG�LQ�D�FLW\��+HUH�WKH�HOHFWULFLW\�DFWV�DV�D�NLQG�RI�VHQVRU�WKDW�PHDVXUHV�RU�
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 
UHÀHFWHG�LQ�WKH�FRPPRQ�SODFH��WKDW�LV�WKH�WUDLQ�VWDWLRQ��7KLV�RI�FRXUVH�LQGLUHFWO\�EHQH¿WV�
WKH�LQGLYLGXDOV�EXW�WKH�GLUHFW�RXWSXW�RI�WKH�HOHFWURVWDWLF�LQWHUDFWLRQV�LV�¿UVW�UHÀHFWHG�LQ�
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 
GLUHFWO\�FRQYHUWV�WKH�HOHFWULFDO�HQHUJ\�LQWR�HOHFWULFDO�RXWSXW��H�J���DQ�/('��DQG�WKH�VHFRQG�
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 
SULPDU\� WDUJHW� JURXSV� ZKR� PD\� GLUHFWO\� EHQH¿W� IURP� WKH� YROWDJHV� JHQHUDWHG� E\� WKH�
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 
ZRUN�DQG�UHVHDUFK�LQ�WKH�¿HOG�
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8 5HVXOWV�DQG�
UHÁHFWLRQ��
Electrostatic 
FRQWULEXWLRQV�WR�
H�WH[WLOH�LQWHUDFWLRQ�
GHVLJQ

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 
WKH� LQWHUVHFWLRQ� RI� H�WH[WLOH� SUDFWLFH��PDWHULDOO\� RULHQWHG�+&,� DQG� VWDWLF� HOHFWULFLW\� WR�
provoke, ask questions and explore the design program aiming–

WR�LQYHVWLJDWH��DW�WKH�VFDOH�RI�WKH�LQWHULRU��KRZ�VWDWLF�HOHFWULFLW\�FDQ�EULQJ�QHZ�SHU-
spectives and possibilities for:
•  ZD\V�RI�HQJDJLQJ�ZLWK�H�WH[WLOHV��DQG
• designing interactions for energy harvesting with textiles

In this chapter, I examine the research process undertaken and the examples developed to 
UHÀHFW�RQ�KRZ�WKH\�UHODWH�WR�WKH�GHVLJQ�SURJUDP�

7KH�FKDSWHU�LV�GLYLGHG�LQWR�WKUHH�VHFWLRQV��7KH�¿UVW�VHFWLRQ�GLVFXVVHV�WKH�UHVXOWV�RI�WKH�
UHVHDUFK�ZRUN�LQ�UHODWLRQ�WR�WKH�¿UVW�REMHFWLYH�RI�WKH�GHVLJQ�SURJUDP��+HUH��,�¿UVW�UHÀHFW�
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 
ODWWHU�SDUW�RI�WKH�SURJUDP��,W�UH�H[DPLQHV�WKH�UHVHDUFK�VWXGLHV�DQG�UHVXOWV�WR�UHÀHFW�RQ�DQG�
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 7RZDUGV�D�PDWHULDOLW\�RULHQWHG�H�WH[WLOH�LQWHUDFWLRQ�GHVLJQ�DSSURDFK
In this section, I examine outcomes from of the research studies in relation to applying a 
PDWHULDO�VSHFL¿F�LQWHUDFWLRQ�GHVLJQ�LQTXLU\�LQ�WKH�¿HOG�RI�H�WH[WLOHV�IRU�DGRSWLQJ�HOHFWUR-
static materials in the interior. I make a proposition for a materiality-focused interaction 
GHVLJQ�VWUDWHJ\�IRU�WKH�¿HOG�RI�H�WH[WLOHV�EDVHG�RQ�WKLV�UHVHDUFK�SURFHVV��

In Chapter 2 of the thesis, I described e-textiles as a computational material that learns 
IURP�DV�ZHOO�DV�FRQWULEXWHV�WR�WKH�¿HOG�RI�PDWHULDOLW\�RULHQWHG�+&,�UHVHDUFK��$OWKRXJK�
there have been approaches to interaction design discussed in some e-textile projects,327 
DQ�LQ�GHSWK�XQGHUVWDQGLQJ�RI�LQWHUDFWLRQ�GHVLJQ�DSSURDFKHV�VSHFL¿F�WR�WKH�FRPSXWDWLRQDO�
material of e-textiles is less developed. In previous work,328 I have argued that developing 
D�PDWHULDO�VSHFL¿F� LQWHUDFWLRQ�DQG� IRUP� ODQJXDJH� IRU� H�WH[WLOHV� LV� FUXFLDO� IRU� HQDEOLQJ�
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 
HQJDJHPHQW�ZLWK�VWDWLF�HOHFWULFLW\�LV�XVHIXO�IRU�GHYHORSLQJ�D�WH[WLOH�VSHFL¿F�LQWHUDFWLRQ�
design methodology. 

In this section, I re-examine this proposition in view of the research studies. Building on 
WKH�GLVFXVVLRQ�UDLVHG�LQ�6WXG\�����,�SUHVHQW�D�IUDPHZRUN�IRU�WH[WLOH�VSHFL¿F�LQWHUDFWLRQ�
GHVLJQ�WKDW�EXLOGV�RQ�GH¿QLQJ�H�WH[WLOHV�DV�D�PDWHULDO�V\VWHP�LQWHJUDWHG�WKURXJK�KXPDQ�
interactions.

8.1.1 %FmOJOH�F�UFYUJMFT�BT�B�NBUFSJBM�TZTUFN�
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 
µDFWLYDWHG¶�WKURXJK�LQWHUDFWLRQV��6WXG\����FRQVWUXFWHG�GLIIHUHQW�YHUVLRQV�RI�WKLV�PDWHULDO�
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 
����WKH�HOHFWURVWDWLF�FLUFXLW�ZDV�VFDOHG�XS�WR�UHSUHVHQW�DQ�LQWHULRU�VSDFH�ZKHUH�D�SHUVRQ�
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. 

)ROORZLQJ�WKLV� LGHD��H�WH[WLOHV�FRXOG�EH�GH¿QHG�DV�D�PDWHULDO�V\VWHP�FRQVLVWLQJ�RI�WH[-
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. 

����� � � �'PS�FYBNQMF
�-BST�)BMMOÊT�BOE�+PIBO�3FETUSÚN
�i5FYUJMF�*OUFSBDUJPO�%FTJHO
w�/PSEJD�5FYUJMF�
+PVSOBM���	����
�����o��
�IUUQT���XXX�TFNBOUJDTDIPMBS�PSH�QBQFS�UFYUJMF�JOUFSBDUJPO�EFTJHO�)BMMOÊT�
3FETUSÚN��DF�F����B�G�CE����CBBBD��CE�����GEB�BE��

����� � � �(PXSJTIBOLBS
�#SFEJFT
�BOE�:MJSJTLV
�i"�4USBUFHZ�GPS�.BUFSJBM�4QFDJmD�F�5FYUJMF�*OUFSBDUJPO�%FTJHO�w
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7KLV�GH¿QLWLRQ�RI�H�WH[WLOHV�IRUHJURXQGV�WKH�PDWHULDO�SURSHUWLHV�DQG�LQWHUDFWLRQV�EHWZHHQ�
the different parts of the system that are activated by a participant, for example, a person 
LQ�D�VSHFL¿F�FRQWH[W��7KH�GHVLJQ�SURFHVV�ZRXOG�IRFXV�RQ�VXSSRUWLQJ�PDWHULDO�TXDOLWLHV�
DQG�LQWHUSUHWDWLRQV�VSHFL¿F�WR�WH[WLOHV�IRU�DFWLYDWLQJ�WKH�H�WH[WLOHV��7KH�LQWHUDFWLRQ�GHVLJQ�
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 
HDUO\�VWDJH�RI�WKH�GHVLJQ�SURFHVV��7KH�WH[WLOH�VSHFL¿F�LQWHUDFWLRQ�GHVLJQ�PHWKRGV�LGHQWL-
¿HG�LQ�WKH�WKHVLV�SUHVHQW�H[DPSOHV�RI�KRZ�WR�NHHS�D�PDWHULDO�IRFXV�WKURXJKRXW�WKH�H�WH[-
tile design and development process. In the following subsection I unpack this further.

Making, acting and relating as a methodological frame
,Q�&KDSWHU����,�DUJXHG�WKDW�ZLWK�WKH�JURZLQJ�HPSKDVLV�RQ�PDWHULDOLW\�WKLQNLQJ�LQ�+&,��
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 use329 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 
WR�LGHQWLI\�WKH�PRVW�PDWHULDO�VSHFL¿F�RQHV��VHH�7DEOH�����7KHVH�PHWKRGV�ZHUH�XVHG�LQ�WKH�
UHVHDUFK�VWXGLHV��������DQG����WR�V\VWHPDWLFDOO\�H[SORUH�GLIIHUHQW�LQWHUDFWLRQV�DQG�IRUPV�
of the electrostatic circuit.

6WXG\����HPSOR\HG�PHWKRGV�RI�PDNLQJ�HOHFWURVWDWLF� WH[WLOHV�XVLQJ� WH[WLOH�FRQVWUXFWLRQ�
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.    )BMMOÊT
�i0O�UIF�'PVOEBUJPOT�PG�*OUFSBDUJPO�%FTJHO�"FTUIFUJDT��3FWJTJUJOH�UIF�/PUJPOT�PG�'PSN�BOE�
&YQSFTTJPO�w

,QWHUDFWLRQ�GHVLJQ�
DSSURDFKHV�WR�PDNLQJ�
H�WH[WLOHV

,QWHUDFWLRQ�GHVLJQ�
DSSURDFKHV�WR�DFWLQJ�ZLWK�
H�WH[WLOHV

,QWHUDFWLRQ�GHVLJQ�
DSSURDFKHV�WR�UHODWLQJ�ZLWK�
H�WH[WLOHV

3F�JOUFSQSFUJOH�UFYUJMF�DPO-
struction techniques to form 
electronic components

Layering existing interac-
tions with textiles with digital 
meanings.

Building on existing use-con-
texts of textiles to explore 
extended meanings.

Interaction transfers- working 
with textile interactions as a 
resource for designing digital 
interactions.

Building on how textile material 
behaves in one context to trans-
fer it to another context.

Table 5. .BUFSJBM�TQFDJmD�JOUFSBDUJPO�EFTJHO�TUSBUFHJFT�GPS�NBLJOH
�BDUJOH�XJUI�BOE�SFMBUJOH�UP�F�UFYUJMFT�
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Physical scale of interactions

Temporal scale of interactions

E-textiles as a material system
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&4 Building 
on existing 
use-contexts

Building 
on material 
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3FMBUJOH

)PX�EPFT�
the material 

TZTUFN�FYUFOE
�
SFEFmOF�PS�

reinterpret what 
we know about 
UFYUJMFT�BOE�PS�
computational 
things in the 
FWFSZEBZ 

Envisioning the 
e-textile system and 
choreographies as 
a part of everyday 

rhythms

Making

Establishing a form-
relation for materials 
forming the e-textile 

system

)PX�DBO�UFYUJMF�
properties be 
supported in 
the way the 

material system is 
DPOTUSVDUFE 

Materials 
constituting the 
e-textile system

What are the 
key properties 
of the materials 
constituting the 
F�UFYUJMF�TZTUFN 

Acting

Choreographies 
for expressing the 
material-relations 
within the e-textile 

system

)PX�DBO�UIF�
tactile and 

transformable 
qualities of textiles 

be utilised in 
directing different 
interactions for 
activating the 

NBUFSJBM�TZTUFN 

Figure   45. A framework for materiality-oriented e-textile interaction design based on the research results.
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WR�ZRUN��6WXG\���� VFDOHG�XS� WKH� WULERHOHFWULF� FLUFXLW� WR� IRFXV�RQ� LQWHUDFWLRQV�EHWZHHQ�
PDWHULDO�SURSHUWLHV�UDWKHU�WKDQ�WKH�FRQVWUXFWLRQ�RI�DQ�LQWHJUDWHG�PDWHULDO��+HUH��WKH�LGHD-
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 
WH[WLOH�VHWXSV�DQG�GHYHORSHG�H[DPSOHV�RI�LQWHUDFWLRQ�¿FWLRQV�E\�EXLOGLQJ�RQ�H[LVWLQJ�XVH�
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 
LQWHU�GHSHQGHQW�DQG�H[LVW�LQ�YDULRXV�GHJUHHV�LQ�H�WH[WLOH�SURMHFWV��+RZHYHU��WDNLQJ�WKHP�
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-
WLRQV�WKDW�LOOXVWUDWH�WKHLU�RZQ�LQWHUDFWLRQ�ODQJXDJH�VSHFL¿F�WR�WKH�PHGLXP�RI�HOHFWURVWDWLF�
textiles.

%XLOGLQJ�RQ�WKH�DERYH�UHÀHFWLRQV��)LJXUH௘�����LOOXVWUDWHV�DQ�LQLWLDO�PRGHO�IRU�D�PDWHULDOLW\�
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 
WUDQVODWHG�LQWR�D�XQL¿HG�H�WH[WLOH�V\VWHP��)ROORZLQJ�WKH�DSSURDFKHV�RI�PDNLQJ��DFWLQJ�DQG�
UHODWLQJ��WKH�PDWHULDO�V\VWHP�FRXOG�EH�FRQ¿JXUHG�LQ�GLIIHUHQW�ZD\V�WR�JHQHUDWH�PXOWLSOH�
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 
LQFOXGHG�DV�LVVXHV�WR�DGGUHVV�RU�LQFRUSRUDWH�ZKLOH�GHVLJQLQJ��7KH�H[DPSOHV�RI�VSHFL¿F�
PHWKRGV� LGHQWL¿HG� LQ� WKLV� WKHVLV�DFW�DV�D�VWDUWLQJ�SRLQW� WR�VXSSRUW�HDFK�DSSURDFK��7KH�
e-textile community is invited to add additional methods and examples to develop this 
materiality oriented e-textile interaction design approach further.

8.2 2SSRUWXQLWLHV� IRU� LQFRUSRUDWLQJ� VWDWLF� HOHFWULFLW\� LQ� GHVLJQ� DQG�GHYHORS�
PHQW�RI�LQWHULRU�VFDOHG�H�WH[WLOHV�
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
6WXG\����LOOXVWUDWHG�H[DPSOHV�RI� WH[WLOH�VXEVWUDWHV� WKDW�VXSSRUW� WKH�FROOHFWLRQ�DQG�ÀRZ�
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 
WKH�WHUP�LQWURGXFHG�LQ�6WXG\�����SUR�VWDWLF�WH[WLOHV��)XUWKHUPRUH��LW�ZDV�DOVR�VKRZQ�WKDW�
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 
��9�IRU�SLHFHV�EHWZHHQ����WR����FP�ZLGH��7KLV�YDOXH�LQFUHDVHV�ZKHQ�WKH�VDPH�IDEULF�LV�
SURGXFHG�ZLWK�DQ�LQGXVWULDO�PDFKLQH�XVLQJ�¿QHU�\DUQV�DQG�D�KLJKHU�\DUQ�FRXQW��7KLV�LV�
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 
DSSOLFDWLRQV��WKH�UHVXOWV�IURP�6WXG\����FDOO�IRU�IXUWKHU�LQYHVWLJDWLRQ�RI�WULERHOHFWULF�KDU-
vesting through textile interactions in the context of interior environments. 

Static electricity presents new ways of interacting with e-textiles
7KH� H[DPSOHV� IURP� VWXGLHV� ��� DQG� ��� LOOXVWUDWH� GLIIHUHQW� VKDSHV�� WH[WXUHV� DQG� VFDOHV�
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 
WH[WLOH�VDPSOHV�LQ�6WXG\�����UXEELQJ�DQG�WDSSLQJ�KDUG�RQ�WKH�WH[WLOH�VXUIDFH�ZDV�DQ�HIIHF-
WLYH�ZD\�WR�JHQHUDWH�VRPH�FXUUHQW��+RZHYHU��ZKHQ�WKH�VDPH�VHWXS�ZDV�VFDOHG�XS�DV�DQ�
HQWLUH�ÀRRU�RI�HOHFWURVWDWLF�PDWHULDO�RYHU�DQ�HOHFWURGH��MXPSLQJ�RU�ZDONLQJ�RQ�WKH�VXUIDFH�
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 
VHWXS�LQ�GHWDLO��,Q�6WXG\�����WKH�WULERHOHFWULF�FLUFXLW�ZDV�VFDOHG�WR�WKH�OHYHO�RI�D�WH[WLOH�VXE-
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.

,Q�6WXG\�����WKH�VFDOHG�XS�YHUVLRQ�RI�WKH�WULERHOHFWULF�FLUFXLW�LQ�WKH�IRUP�RI�DQ�HOHFWUR-
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–
(PXSJTIBOLBS
�i$POTUSVDUJOH�5SJCPFMFDUSJD�5FYUJMFT�XJUI�8FBWJOH�w
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the circuit. The circuit in this study was interpreted as an immersive object which was 
RSHUDWHG�IURP�ZLWKLQ�UDWKHU�WKDQ�IURP�WKH�RXWVLGH�DV�LQ�WKH�¿UVW�VWXG\��%HLQJ�LQVLGH�WKLV�
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-
DFWLRQV�LQ�WKLV�ZD\�ZHUH�PXFK�PRUH�PDWHULDO�VSHFL¿F�DQG�UHOLHG�RQ�P\�NQRZOHGJH�DQG�
experience of handling textile-like materials.

6WXG\����EXLOW�RQ�WKH�LGHD�WKDW�VHYHUDO�VXUIDFHV�LQ�RXU�HYHU\GD\�HQYLURQPHQW�DFW�DV�HOHF-
WURGHV��H�J���WKH�ÀRRU��ZDOO�RU�FHLOLQJ��DQG�FRQWDLQ�GLIIHUHQW�NLQGV�RI�HOHFWURVWDWLF�WH[WLOH�
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-
WLRQ�RI�HOHFWURVWDWLF�LQWHUDFWLRQ�ZLWK�WH[WLOHV�LV�LOOXVWUDWHG�XVLQJ�DQ�/('�LQ�WKLV�UHVHDUFK��
+RZHYHU��WKH�OLPLWDWLRQ�RI�WKH�HOHFWURQLFV�WKDW�ZHUH�DFFHVVLEOH�IRU�WKLV�UHVHDUFK�ZDV�WDNHQ�
as an opportune starting point to explore, extend and interpret different ways of analysing 
WKH�HOHFWULFDO�RXWSXW�IURP�VXFK�V\VWHPV��7KH�H[DPSOHV�GHYHORSHG�LQ�VWXGLHV����DQG����
give an outline of how the qualities of interactions could lead to a larger design discussion 
concerning scenarios and attitudes towards energy harvesting. 

,Q�6WXG\�����WKH�TXDOLWLHV�RI�LQWHUDFWLRQV��VXFK�DV�VFDOH�DQG�OHYHOV�RI�DFWLYH�HQJDJHPHQW��
led to three narrative scenarios which discuss different relationships between energy 

,QWHUDFWLRQV�ZLWK�WH[WLOH�PDWHULDOV�HQDEOHG�E\�H�VWDWLF�VHWXSV

6WXG\�� 3VCCJOH�BOE�UBQQJOH�XJUI�UIF�IBOE�PO�UIF�TVSGBDF�PG�UIF�UFYUJMF

6WXG\�� *O�UIF�FMFDUSPTUBUJD�DVCF�FYBNQMF��-BSHFS�CPEZ�NPWFNFOUT�XJUI�UIF�UFYUJMF��F�H��XBWJOH
�
UISPXJOH
�XJQJOH
�nBQQJOH�FUD�� *O� UIF�TMFFQJOH�CBH�FYBNQMF��TMFFQJOH� JOTJEF
� UVSOJOH�
BSPVOE
�DIBOHJOH�TMFFQJOH�QPTJUJPOT

Table 6. 0WFSWJFX�PG�JOUFSBDUJPOT�JO�4UVEZ������4UVEZ����
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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 
SXEOLF� DQG� VHPL�SXEOLF� DUHDV��7KHVH� LQWHUDFWLRQ�¿FWLRQV� WKXV� SURYLGHG� D�ZD\� WR� WKLQN�
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. 

,QWHUDFWLRQ�¿FWLRQV�FDQ�DOVR�EH�XVHG�WR�H[SORUH�GLIIHUHQW�LQWHUSUHWDWLRQV�DQG�UHODWLRQVKLSV�
WR�WKH�HQHUJ\�SURGXFHG�ZLWK�WKH�ERG\��7KLV�LV�LOOXVWUDWHG�LQ�6WXG\�����ZKLFK�GHYHORSHG�
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 
LQWHUDFWLRQ��7KH�HQHUJ\�LQWHUSUHWDWLRQ�PDWUL[�GHYHORSHG�DV�D�UHVXOW�RI�6WXG\�����VHH�7DEOH�
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. 
+RZHYHU��WKH�FRQWUDGLFWLRQV�GHVFULEHG�EHORZ�FDQ�EH�VHHQ�DV�RSSRUWXQLWLHV�WR�SURYRNH�DQG�
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 
JXLGLQJ�PDWHULDO�GHYHORSPHQW�LQ�WKLV�¿HOG��

Effort and gain
(QHUJ\�FDQQRW�EH�FUHDWHG��LW�FDQ�RQO\�EH�WUDQVIHUUHG�IURP�RQH�IRUP�LQWR�DQRWKHU��7KXV��
every form of kinetic body-generated energy harvesting system requires human effort to 
EH�FRQYHUWHG�LQWR�HOHFWULFDO�HQHUJ\��7KH�FHQWUDO�GHVLJQ�FKDOOHQJH�KHUH�LV�WR�¿QG�D�EDODQFH�
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between motivation for electrical engagement and the perception of the electrical output 
WR� FUHDWH� GHVLUDEOH� HQHUJ\� KDUYHVWLQJ� H[SHULHQFHV�� ,Q� 6WXG\� ���� WKH� LQWHUDFWLRQ� QDUUD-
tives explored examples of different relationships between effort and electrical gain. It is 
LPSRUWDQW�WR�HPSKDVLVH�WKDW�WKH�OHDVW�HIIRUW�RU�PRVW�HI¿FLHQW�V\VWHP�PD\�QRW�EH�WKH�PRVW�
desirable one regarding the experience of the person involved. While a certain amount of 
HI¿FLHQF\�LV�FHUWDLQO\�XVHIXO��LW�GRHV�QRW�QHHG�WR�EH�WKH�RQO\�JRDO�IRU�WHFKQRORJ\�GHYHO-
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
7KH�HOHFWURVWDWLF�VOHHSLQJ�H[DPSOH�LQ�6WXG\����UH�LQWHUSUHWV�D�GDLO\�DFWLYLW\�RI�VOHHSLQJ�DV�
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 
LQ�HOHFWURVWDWLF�FKDUJHV��+RZHYHU�� WR� VRPH�� LW�SUHVHQWHG�DQ�H[WUHPH�H[DPSOH�RI�EULQJ-
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 5HVRXUFHV�DQG�WRROV�GHYHORSHG�IRU�VXSSRUWLQJ�IXWXUH�ZRUN

8.3.1 0OMJOF�IBOECPPL�GPS�XPSLJOH�XJUI�F�TUBUJD�UFYUJMFT
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.331

7KH�ZHEVLWH�LV�GLYLGHG�LQWR�WKUHH�PDLQ�SDJHV��7KH�¿UVW�JLYHV�DQ�LQWURGXFWLRQ�WR�ZKDW�VWDWLF�
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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GLIIHUHQW�WRROV�DQG�PHWKRGV�IRU�SURWRW\SLQJ��+HUH��H[DPSOHV�RI�GLIIHUHQW�ZD\V�RI�LQWHU-
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 
)LJXUH௘������ZDV� GHYHORSHG� LQ� FROODERUDWLRQ�ZLWK� D�%HUOLQ�EDVHG� HOHFWURQLF� SURWRW\SLQJ�
¿UP�FDOOHG�.RQVWUXNWLY�%HUOLQ�332 During the thesis project, although there were several 
H[DPSOHV�WKDW�XVH�DQ�/('�WR�YLVXDOLVH�WKH�HOHFWURVWDWLF�HQJDJHPHQW��LW�ZDV�FKDOOHQJLQJ�
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), 
WKH�KLJK�YROWDJH�LQSXW�ZDV�GLI¿FXOW�WR�UHDG�DQG�SURFHVV�XVLQJ�VLPSOH�WRROV�DOUHDG\�IDPLO-
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 

����� � � �IUUQT���LPOTUSVLUJW�CFSMJO�EF�MBOHVBHF�FO�

*/����*/���)JHI�WPMUBHF�JOQVU�GSPN�
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Figure   46. E-static textiles prototyping board developed as a result of the research. See Appendix A.2 
for further details and information.
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FP�E\�����FP�DQG�KDV�¿YH�VHZDEOH�FRQQHFWRUV�ZKLFK�PDNH�LW�HDV\�WR�LQFRUSRUDWH�LQWR�
H�WH[WLOH�SURMHFWV��VHH�)LJXUH௘V����DQG�������7KH�,1��DQG�,1��SLQV�DUH�XVHG�IRU�FRQQHFWLQJ�
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 
DW�WKH�SURWRW\SLQJ�¿UP��VHH�)LJXUH௘�������7KH�¿UVW�VWDJH�LQFOXGHG�DQ�LQLWLDO�SURWRW\SH�ZLWK�
URXJKO\�VROGHUHG�FRPSRQHQWV�PDGH�DIWHU�WKH�¿UVW�PHHWLQJ�DQG�GLVFXVVLRQ�RI�ZKDW�,�ZDQWHG�
WKH�3&%�WR�GR��$IWHU�WHVWLQJ�WKH�LQLWLDO�SURWRW\SH��DQ�RXWOLQH�IRU�WKH�VKDSH�RI�WKH�ERDUG�
was designed by me, while the engineer designed the circuit layout and made further 
DGMXVWPHQWV�WR�WKH�RXWOLQH�DFFRUGLQJ�WR�WKH�WHFKQLFDO�UHTXLUHPHQWV��7KH�¿UVW�EDWFK�RI�D�
IHZ�3&%V�ZHUH�PDQXIDFWXUHG�DQG�WHVWHG�ZLWK�WKH�HOHFWURVWDWLF�WH[WLOH�VDPSOHV�GHYHORSHG�
during the thesis. After adjusting some of the component values and minor calibrations, 
D�¿QDO�VHW�RI�WKH�SURWRW\SLQJ�ERDUGV�ZDV�PDQXIDFWXUHG�

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.

�����PP

���P
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Figure   47. %FUBJMT�PG�UIF�&�TUBUJD�UFYUJMFT�QSPUPUZQJOH�CPBSE�
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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-
VKRS�NLW�LQFOXGLQJ�WKH�3&%�DORQJ�ZLWK�DGGLWLRQDO�FRPSRQHQWV�DQG�PDWHULDOV�IRU�ZRUNLQJ�
ZLWK� VWDWLF� HOHFWULFLW\� DQG� WH[WLOHV� KDV� EHHQ� GHYHORSHG� �VHH� )LJXUH௘������� 7KH�ZRUNVKRS�
NLW� LQFOXGHV� DQ� H�VWDWLF� WH[WLOHV� SURWRW\SLQJ� ERDUG�� D� VLPSOH� /('� FLUFXLW�PHDQW� WR� EH�
GLUHFWO\� FRQQHFWHG� WR� H�VWDWLF� VHWXSV�� DQ�/('�� D� UHVLVWRU� DQG� VRPH� FRQGXFWLYH� WKUHDG��
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 
VWDWLF�HOHFWULFLW\�DQG�VRIW�HOHFWURVWDWLF�PDWHULDOV��3OHDVH�UHIHU�WR�$SSHQGL[�$���IRU�IXUWKHU�
details about the workshop kit and the supporting materials. 

The prototyping boards were developed during the end of the thesis process. So far, 
WKHVH�3&%V�KDYH�EHHQ�XVHG�LQ�PDNLQJ�GHPRQVWUDWRUV�RI�HOHFWURVWDWLF�HQJDJHPHQW�VXS-
SRUWLQJ�WKH�WKHVLV�ZRUN��VHH�)LJXUH௘�������7KH�¿UVW�GHPRQVWUDWRU��QDPHG�WKH�H�VWDWLF�ZDOO�
�VHH�)LJXUH����OHIW�� SUHVHQWV� DQ� HOHFWURVWDWLF�ZDOO� WKDW� FDQ�EH� VWURNHG�RU� UXEEHG�ZKLOH�
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 
VHDW��VHH�)LJXUH����ULJKW���H[SORUHV�VWDWLF�HOHFWULFLW\�DV�D�VHQVRU�IRU�H�WH[WLOH�VHWXSV��7KH�
e-static prototyping board in this case is used to count and display the electrostatic 

Initial prototype

First batch for testing

PCB design and circuit layout

Final manufactured PCBs

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

E-static textiles 
prototyping board Conductive yarn

-&%�BOE�SFTJTUPS

-&%�NPEVMF

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) 
F�TUBUJD�XBMM��	3JHIU
�F�4UBUJD�TFBU��'VSUIFS�JOGPSNBUJPO�BCPVU�UIFTF�TFUVQT�DBO�CF�GPVOE�JO�"QQFOEJY�#�
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FKDUJHV�JHQHUDWHG�ZKHQ�D�SHUVRQ�VLWV�DQG�PRYHV�RQ�WKH�VHDW��3OHDVH�UHIHU�WR�$SSHQGL[�
%�RQ�SDJH�����IRU�IXUWKHU�GHWDLOV�DERXW�WKH�WZR�GHPRQVWUDWRUV��$GGLWLRQDOO\��VKRUW�YLGHR�
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 
,.($��6ZHGHQ��LQ�-XQH������ZLWK�HLJKW�SDUWLFLSDQWV�IURP�GLIIHUHQW�WHDPV�DW�WKH�,.($�
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 'LVFXVVLRQ��7RZDUGV�
DQ�LQWHUDFWLRQ�GHVLJQ�
SHUVSHFWLYH�IRU�
ERG\�GULYHQ�HQHUJ\�
KDUYHVWLQJ

,Q� WKH� SUHYLRXV� FKDSWHU�� ,� GHVFULEHG� WKH� UHVHDUFK� UHVXOWV� DQG� UHÀHFWLRQV� LQ� UHODWLRQ� WR�
WKH� GHVLJQ� SURJUDP� DQG� FRQWULEXWLRQV� WR� WKH� ¿HOG� RI� H�WH[WLOH� LQWHUDFWLRQ� GHVLJQ�� ,Q�
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 
DURXQG�WZR�NH\�DVSHFWV�WKDW�PD\�EHFRPH�LPSRUWDQW�IRU�WKH�¿HOG�RI�ERG\�GULYHQ�HQHUJ\�
KDUYHVWLQJ�V\VWHPV�DV�DQ�DUHD�ZLWKLQ�PDWHULDOLW\�RULHQWHG�+&,��7KH�¿UVW�LQYROYHV�FRQVLG-
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. 

7KH�ODVW�VHFWLRQ�RI�WKH�FKDSWHU�EXLOGV�RQ�WKH�GLVFXVVLRQ�SUHVHQWHG�KHUH�WR�UH¿QH�WKH�RULJL-
nal design program and proposes directions for future work.

9.1 $FFXPXODWHG�LQWHUDFWLRQV�DV�DQ�LQTXLU\�LQWR�VXVWDLQDELOLW\�RI�LQWHUDFWLRQV
,Q�WKLV�VHFWLRQ�,�ZLOO�H[DPLQH�VWXGLHV����DQG����ZLWK�UHJDUG�WR�WKH�WHPSRUDO�VFDOLQJ�XS�RI�
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.333

Building on the insights from the previous studies involving interacting and activating 
H�WH[WLOH�VHWXSV��6WXG\����LQWHUSUHWHG�WKH�WULERHOHFWULF�FLUFXLW�DV�D�IHDWXUH�RI�WKH�HYHU\-
GD\�HQYLURQPHQW��$SSO\LQJ�WKH�LQWHUDFWLRQ�VWUDWHJLHV�LGHQWL¿HG�LQ�6WXG\�����VHYHUDO�VLW-
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 
FRQYHUVLRQ�HI¿FLHQF\�RI�WKH�HOHFWURVWDWLF�VHWXSV��7KH�GLVFXVVLRQ�DW�WKH�HQG�RI�&KDSWHU���
UHÀHFWHG�RQ�WKLV�LQHI¿FLHQF\�DV�D�QXGJH�WRZDUGV�FRQVLGHULQJ�WKH�ORQJ�WHUP�LPSOLFDWLRQV�
RI�WKH�SK\VLFDO�FKRUHRJUDSKLHV�LQWURGXFHG�E\�HPHUJLQJ�WHFKQRORJLHV��+HUH��,�ZRXOG�OLNH�
to develop this idea further to propose the notion of accumulated interactions as a key 
characteristic of designing interactions for body-driven energy harvesting.

7KH�GLVFXVVLRQ�LQ�6WXG\����LQWURGXFHG�WKH�LGHD�RI�DFFXPXODWHG�LQWHUDFWLRQV�LQ�UHODWLRQ�WR�
immediate and delayed feedback from the electrostatic harvesting systems. Immediate 
feedback refers to systems where the electrostatic charges generated in each interaction 
DUH�GLUHFWO\�WUDQVODWHG�LQWR�HOHFWULFLW\��IRU�H[DPSOH��IRU�EOLQNLQJ�DQ�/('��7KH�DSSURDFK�
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.

'HVLJQLQJ�IRU�GHOD\HG�IHHGEDFN�RU�GHVLJQLQJ�IRU�FROOHFWLQJ�LQWHUDFWLRQV�LV�VLJQL¿FDQWO\�
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 
+&,�¿HOG±�RQH�RI�HQJDJLQJ�LQ�D�VXVWDLQDEOH�SUDFWLFH�RI�HQHUJ\�KDUYHVWLQJ��DQG�WKH�VHFRQG�
of considering the sustainability of the interaction itself over time. 

7KH�LGHD�RI�VXVWDLQDELOLW\�LQ�+&,�LV�QRW�QHZ��6XVWDLQDEOH�+&,�DLPV�DW�GHYHORSLQJ�LQWHU-
active systems that are human and environmentally friendly.334 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.
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Blevis335�SXEOLVKHG�LQ�������DUJXHG�IRU�UHGXFLQJ�WKH�PDWHULDO�HIIHFWV�EURXJKW�RQ�E\�+&,�LQ�
forms of use, reuse and disposal in support of sustainability.  Different works within the 
¿HOG�RI�+&,�KDYH�DGGUHVVHG�LVVXHV�UHODWHG�WR�WKH�HQYLURQPHQWDO�VXVWDLQDELOLW\�RI�FRPSX-
tational technology. For example, Ali et al.336 highlight sustainability in human computer 
interaction design around issues of power consumption, reducing e-waste and promoting 
VRIWZDUH�UHXVDELOLW\��(QHUJ\�XVH�DQG�DZDUHQHVV�LV�DOVR�DQ�LPSRUWDQW�WRSLF�ZLWKLQ�+&,��
5HVHDUFK�SURMHFWV�VXFK�DV�6WDWLF�337 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 
VXVWDLQDELOLW\�EHKDYLRXUV�ZDV�QRWHG�WR�FRPSULVH�DERXW�����RI�VXVWDLQDELOLW\�UHODWHG�+&,�
publications according to a review by DiSalvo et al.338�LQ�������6RPH�RI�WKH�RWKHU�JHQUHV�
RI� VXVWDLQDELOLW\� DSSURDFKHV� LQ�+&,� KDYH� EHHQ� LGHQWL¿HG� DV� UH�H[DPLQLQJ�ZKDW� XVHUV�
understand by sustainability, developing sensors to monitor and report on environmental 
GDWD�DQG�UHWKLQNLQJ�PHWKRGV�IRU�VXSSRUWLQJ�UHXVH�DQG�UHGXFLQJ�ZDVWH� WKURXJK�+&,�339 
7KLV�ERG\�RI�UHVHDUFK�RQ�VXVWDLQDEOH�+&,�KDV�FRQWULEXWHG�WR�UDLVLQJ�FRQFHUQV�DV�ZHOO�DV�
presented approaches and examples of addressing issues regarding environmental sus-
WDLQDELOLW\�LQ�+&,�GHVLJQ�DQG�UHVHDUFK��

6RPH�NH\�FULWLTXHV�RI�WKH�FXUUHQW�ERG\�RI�VXVWDLQDEOH�+&,�ZRUN�KDYH�EHHQ�WKDW�LW�QHHGV�
to address larger time scales to be conclusive about its impacts on sustainable behaviour, 
DV�ZHOO�DV�WKH�QHHG�WR�DGGUHVV�VXVWDLQDELOLW\�LQ�+&,�DW�D�UHJLRQDO�OHYHO�RI�SROLWLFDO�SROL-
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-
ODERUDWH�ZLWK�RWKHU�GLVFLSOLQHV�WR�EURDGHQ�WKH�XQGHUVWDQGLQJ�RI�VXVWDLQDELOLW\�IRU�+&,�341 
In addressing some of these issues, researchers such as Wakkary et al.342 have proposed 
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DGRSWLQJ�D�FRPELQDWLRQ�RI�PHWKRGV�IURP�SUDFWLFH�WKHRU\�DQG�GHVLJQ�¿FWLRQ�WR�UHIUDPH�
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.”343

7KH�LQWHUDFWLRQ�¿FWLRQV�LQWURGXFHG�LQ�WKLV�UHVHDUFK�RQ�H�VWDWLF�WH[WLOHV�VXSSRUW�WKLV�YLHZ�RI�
VXVWDLQDELOLW\�LQ�+&,�E\�IUDPLQJ�LW�DV�D�SDUW�RI�D�ODUJHU�QHWZRUN�RI�EHKDYLRXUV�DQG�HYHU\-
GD\�UK\WKPV��,QWHUDFWLRQ�¿FWLRQV�HQDEOHG�HQYLVLRQLQJ�VLQJOH�LQWHUDFWLRQV�ZLWK�HPHUJLQJ�
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 
+&,±�WKDW�RI�FRQVLGHULQJ�WKH�VXVWDLQDELOLW\�RI�WKH�DFWLRQV�WKHPVHOYHV��7KH�QRWLRQ�RI�DFFX-
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 
SHULRG�RI�WLPH��7KLV�LV�DQ�LPSRUWDQW�DVSHFW�RI�VXVWDLQDEOH�+&,��$GGLWLRQDOO\��DFFXPXODWHG�
interactions go beyond considering the interactions not only as repetitive but also cumu-
ODWLYH��)RU�H[DPSOH��LQ�UHVHDUFK�VWXGLHV����DQG�����LQWHUDFWLRQ�¿FWLRQV�DUH�XVHG�WR�H[SORUH�
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.344 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 2SHQ�TXHVWLRQ��+XPDQ�FRPSXWHU�FROODERUDWLRQ
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. 

,Q�+HUW]LDQ�WDOHV�345�'XQQH�DQG�5DE\�H[SORUH�WKH�LQYLVLEOH�ODQGVFDSHV�RI�HOHFWURPDJQHWLF�
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.
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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 
HOHFWURVWDWLF�FXEH��6WXG\����� WKDW� LQWHUSUHW�DQ� LQWHULRU�VSDFH�DV�D�FRPSXWDWLRQDO�REMHFW�
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’,346 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 
PDWHULDO�SURSHUWLHV�RI�HQHUJ\��3LHUFH�DQG�3DXORV347 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 
ZLWK�HOHFWULFDO�HQHUJ\�H[WHQGV�WKH�GHVLJQ�VSDFH�RI�WKH�+&,�E\�H[SDQGLQJ�WKH�HOHFWUL¿DEOH�
space, by presenting new ways of interacting and by exploring new relationships to elec-
trical technology.348 

7KH� QRWLRQ� RI� FROODERUDWLRQ� DOVR� UHODWHV� WR� WKH� UHFHQW� GLVFXVVLRQ� LQ� WKH� ¿HOG� RI� +&,�
that extends the idea of interaction to the wider context of ‘integration.’349 Farooq and 
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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 
HYHU\GD\�WHFKQRORJLHV�DQG�H[WHQGV�WKH�QRWLRQ�RI�XVH�WR�WKDW�RI�FROODERUDWLRQ��+RZ�PXFK�
are we willing to do for electricity and what do we expect from our everyday technologies 
in return?

9.3 'LUHFWLRQV�IRU�IXWXUH�ZRUN
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 
LGHD�RI�KXPDQ�FRPSXWHU�FROODERUDWLRQ��,Q�FKDSWHU����WKH�UHVXOWV�DQG�UHÀHFWLRQV�SRVLWLYHO\�
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.

0RUHRYHU��EDVHG�RQ� WKH� UHÀHFWLRQV�DQG�GLVFXVVLRQ�SUHVHQWHG� LQ� WKLV�FKDSWHU�� ,�SURSRVH�
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 
EH�UH¿QHG�DQG�UHIRUPXODWHG�DV�

Explore and develop examples of accumulated interactions using e-static textile 
VHWXSV�LQ�WKH�HYHU\GD\��ZLWK�D�NHHQ�IRFXV�RQ�WKH�IROORZLQJ�WKUHH�LQWHUSUHWDWLRQV�
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 
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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 3FTPVSDFT�BOE�UPPMT
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. 
7KH�UHVHDUFK�VWXGLHV��ZLWK�WKH�H[FHSWLRQ�RI�6WXG\�����ZHUH�XQGHUWDNHQ�E\�PH�DQG�XVHG�
P\�REVHUYDWLRQV�DQG�UHÀHFWLRQV�WR�GULYH�WKH�UHVHDUFK�GLVFXVVLRQ�IRUZDUG��7KHVH�UHVHDUFK�
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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��� &RQFOXGLQJ�UHPDUNV

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 
WKH�KXPDQ�ERG\�DFWLYHO\�LQ�SRZHULQJ�HOHFWURQLF�GHYLFHV�DQG�H[SORUHG�LWV�LQÀXHQFHV�RQ�
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:

• H[WHQGLQJ�WKH�GH¿QLWLRQ�RI�H�WH[WLOHV�DV�D�PDWHULDO�V\VWHP�WKDW�LV�JXLGHG�E\�WH[-
WLOH�VSHFL¿F�LQWHUDFWLRQV�LQ�GLIIHUHQW�FRQWH[WV�

• 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 
HQHUJ\� WKURXJK� LQWHUDFWLRQ� ¿FWLRQV� WKDW� DUH� EDVHG� RQ� UHDO� WHFKQRORJLFDO� FRQ-
straints and understanding.
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)XUWKHUPRUH��WKH�UHVHDUFK�RSHQHG�D�GLVFXVVLRQ�LQ�WKH�¿HOG�RI�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�
UHVHDUFK�E\�SUHVHQWLQJ�HQHUJ\�KDUYHVWLQJ�DV�D�WRSLF�RI�LQWHUDFWLRQ�GHVLJQ��,W�LGHQWL¿HG�WKH�
following two areas that become relevant for designing interactions with body-driven 
HQHUJ\�KDUYHVWLQJ�WHFKQRORJ\�ZLWKLQ�PDWHULDOLW\�RULHQWHG�+&,�

• 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. 

• (�VWDWLF� WH[WLOHV� SURWRW\SLQJ�ERDUG±�$�3&%�GHYHORSHG� IRU� HDV\� LQWHJUDWLRQ�RI�
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 
DW�HQJDJLQJ�WKH�GHVLJQ�FRPPXQLW\�LQ�WKH�¿HOG�RI�+&,�DQG�H�WH[WLOHV�WR�FRQVLGHU�ERG\�
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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(SLORJXH

7KLV�GRFWRUDO�WKHVLV�ZDV�SDUW�RI�WKH�$UF,Q7H[�(71�SURMHFW��7KH�3K�'��SURJUDP�ZLWKLQ�
the project included several summer schools, courses, workshops and research exchanges 
amongst the universities in the consortium. These organised teaching events along with 
WKH�ULFK�H[FKDQJH�DPRQJVW�SURMHFW�VXSHUYLVRUV�DQG�RWKHU�3K�'��VWXGHQWV�LQ�WKH�SURJUDP�
FRQWULEXWHG�LPPHQVHO\�WR�WKH�GHYHORSPHQW�RI�WKLV�UHVHDUFK��3OHDVH�UHIHU�WR�$SSHQGL[�(�
for a detailed overview of my participation in courses, workshops and research activities 
within the ArcInTex ETN project.
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A.3  E-static textiles prototyping board

A.4  E-static textiles workshop kit
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A.1 Online handbook:   
�����������HVWDWLFWH[WLOHV�FF�

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
+20(

*HWWLQJ�VWDUWHG
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Everyday electrostatic 
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behavior
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- Introduction
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$��� &OLS�RQ�WHVWHU

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 
EHWZHHQ�WKH�WLSV�VR�WKDW�LW�PDNHV�D�¿UP�FRQWDFW�ZLWK�WKH�HOHFWURVWDWLF�VXUIDFH�EHLQJ�WHVWHG��
7KH�WZR�HOHFWURGHV�DUH�DWWDFKHG�WR�D�VHOI�PDGH�/('�PRGXOH�ZLWK�D�GLRGH�EULGJH�UHFWL¿HU��
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 
ÀLFNHUV�EULJKW�

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. 

E-static 
textiles 
input

-&%

%JPEF�SFDUJGJFS�CSJEHF
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Electrode 1: Touch 
when clipping on the 
fabric

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

-&%�BOE�EJPEF�CSJEHF
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$��� (�VWDWLF�WH[WLOHV�������������
� � SURWRW\SLQJ�ERDUG

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-
LQJ�¿OHV�LQFOXGHG�LQ�$SSHQGL[�'�
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Static electricity inputs 
from the textile setup

7PMUBHF�JO�����o�7

(SPVOE

Pulse out– connect directly 
to an output or to Arduino 
interrupt pin
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Stages of development of the e-static prototyping board

Initial prototype

First batch for testing

PCB design and circuit layout

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 
WKH�¿UVW�LQLWLDO�ZRUNLQJ�SURWRW\SH��WR�FROODERUDWLYHO\�GHVLJQLQJ�WKH�VKDSH�DQG�FLUFXLW�IRU�WKH�
printed circuit board (PCB), to a small test batch, followed by the manufacturing of the 
¿QDO�VHW�RI�SURWRW\SLQJ�ERDUG��7KH�IROORZLQJ�SDJHV�JLYH�DQ�RYHUYLHZ�RI�WKH�FLUFXLW�OD\RXW��
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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0TDJMMPTDPQF�SFBEJOHT�PG�UIF�065�QJO�PO�UIF�F�TUBUJD�UFYUJMFT�CPBSE

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.

Single trigger from a low-intensity electrostatic interaction

Single trigger from a high-intensity electrostatic interaction

Several electrostatic interactions over a short period of time



195

����,

���,

(/%

065

�7

IN

IN

BC548C

100 uF

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.



196

$��� (�VWDWLF�WH[WLOH�� �����������
� � ZRUNVKRS�NLW

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, 
6ZHGHQ�LQ�-XQH�������7KH�JRDO�RI�WKH�ZRUNVKRS�ZDV�WR�VKDUH�P\�UHVHDUFK�¿QGLQJV��DQG�
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.



197

The Workshop kit

Sleeve for e-static textiles 
prototyping board

E-static textiles 
prototyping board Conductive yarn

-&%�BOE�SFTJTUPS

-&%�NPEVMF

Multimeter

Arduino

Crocodile 
clips

Workshop kit

+VNQFS�
cables
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1STEP 1: 
C
onnect the LED

 m
odule to the tw

o electrodes by 
attaching crocodile clips betw

een pads on the m
odule 

m
arked w

ith a black dot, and the tw
o conductive 

m
aterials.

M
ake sure the tw

o electrodes are not touching.

STEP 2: 
Place the electrostatic m

aterial on one electrode such 
that it com

pletely covers it.
N
ow

 touch the other electrode w
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body, w
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oving the electrostatic m
aterial over the 

mSTU�FMFDUSPEF�
5IF�FMFDUSPTUBUJD�DIBSHFT�X

JMM�nPX
�UISPVHI�UIF�DJSDVJU�

lighting the blue LED
 in short bursts.

STEP 3: 
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explore different interactions for activating the circuit.

Explore different w
ays of m

oving the electrostatic m
aterial w

hile still touching one electrode.
Try w

iping, w
aving, tapping – w

hichever interactions your electrostatic m
aterial enables.

O
bserve w

hich interactions w
ork best for lighting the LED

, w
hich interactions are fun, w

hich are m
ore 

com
fortable. H

ow
 big or sm

all are the m
ovem

ents you explore? W
hat parts of the body are you using?

C
an m

any people interact at the sam
e tim

e to activate the circuit?

Electrode 1
Electrode 2

LED
 m

odule

Electrostatic m
aterial

C
overing both elec-

trodes w
ith the elec-

trostatic m
aterial.

Layering the elec-
trostatic m

aterial 
betw

een the tw
o 

electrodes.

Workshop handout
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e-static textiles.cc
ArcInTex ETN

OUT

IN 1 IN 2

VC
C

GN
D

GND

Li
Po

At
ta
ch

 to
 e
xt
er
na

l p
ow

er
 

so
ur
ce

O
nb

oa
rd

 g
re

en
 L

ED
 b

lin
ks

 
w
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 c
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ar

e 
ge
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d
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ch

 to
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p

Workshop handout
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e-S
tatic textiles w

orkshop | 13.06.2019 | R
am

yah G
ow

rishankar | ram
yah@

narrativize.net

A
ttaching the 

e-static textiles 
prototyping board 
to the A

rduino 

3

e-statictextiles.cc
ArcInTex ETN

OUT

IN 1IN 2

VCC

GND

GN
D

Attach to +5V V
out  

pin on the Arduino

Attach to D
igital PIN

 2 
on the Arduino

Attach to G
N

D
 pin 

on the Arduino

LED
 O

utput to 
visualise accum

u-
lated interactions

U
PLO

AD
 

ARD
U
IN

O
 

EXAM
PLE C

O
D
E 

for electrostatic 
interactions

Attach to 
electrostatic 
setup

Arduino illutsration source: https://w
w
w
.oreilly.

com
/library/view

/beginning-arduino-program
-

m
ing/9781430237778/arduino_i_slash_o_dem

ysti-
mFE�IUN

M�mH@�@�

+ –

Attach to 
electrostatic setup 
to the e-static 
prototyping board

STEP 1
H
ook up the 

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

.

STEP 2
U
pload the given Arduino 

program
 exam

ples for 
collecting or counting 
electrostatic interactions.

STEP 3

Workshop handout
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4PNF�JNQSFTTJPOT�GSPN�UIF�XPSLTIPQ�BU�*,&"
�+VOF������
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APPENDIX B:                 
'HPRQVWUDWRUV²�H�VWDWLF�WH[WLOH�
interactions 

B.1  Energy harvesting with e-static wall

B.2  Counting interactions with e-static seat
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%��� (QHUJ\�KDUYHVWLQJ�� ��
� � ZLWK�H�VWDWLF�ZDOO

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-
WURGH�LV�SODFHG�RQ�WKH�ÀRRU�LQ�WKH�IRUP�RI�D�FRQGXFWLYH�UXJ��7KXV��D�SHUVRQ�VWDQGLQJ�RQ�
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.

(OHFWURVWDWLF�REMHFW�VXUIDFH�XVHG��7XIWHG�WH[WLOH�ZLWK�SODVWLF�¿OP�\DUQ���VHH�VDPSOH��D�RQ�
page 99)
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Conductive rug

E-static wall

Lamp
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%��� &RXQWLQJ�LQWHUDFWLRQV��
� � ZLWK�DQ�H�VWDWLF�VHDW

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. 
7KH�FRQGXFWLYH�UXJ�RQ�WKH�ÀRRU�DFWV�DV�WKH�VHFRQG�HOHFWURGH��:KHQ�D�SHUVRQ�VLWV�RQ�WKH�VHDW�
ZKLOH�VWHSSLQJ�RQ�WKH�FRQGXFWLYH�UXJ��HOHFWURVWDWLF�FKDUJHV�ÀRZ�WKURXJK�WKH�FLUFXLW��$Q�
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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Conductive rug

The counter increases 
as electrostatic 

charges are generated 
with people sitting and 
moving on the seat. 

E-static seat

Counter
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APPENDIX C:                        
:RYHQ�H�VWDWLF�WH[WLOHV��������
VDPSOH�ERRN��



210



211

&RQVWUXFWLQJ�7ULERHOHFWULF�7H[WLOHV�ZLWK�:HDYLQJ
3BNZBI�(PXSJTIBOLBS

Berlin University of the Arts

All samples presented here were made at the textile studios at the 
Swedish school of textiles in Borås.
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/RRPV�DQG�ZDUS�VHWWLQJV
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Rakt genomgående solvning 24 skaft/ Straight threading 24 

shafts       ARM 3 

Varplängd/warplength: 11,6 meter 
Skedbredd/width in reed: 40 cm 
Trådantal/Number of ends: 840 tr 

�  

Vit polyester, Trevira CS 
Nm 40/2

Täthet/density 21 tr/
cm 
Sked/reed 70/10 1-3

Rakt genomgående solvning på 24 skaft  
Straight threading 24 shafts
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Filtbindning/Weft faced double-faced   

 ARM 4 

Varplängd/warplength: 20 meter 
Skedbredd/width in reed: 40 cm 
Trådantal/Number of ends:  
Kanten: 28 tr 
Parti 1:  28 tr   
Parti 2:  40 tr   Parti 1 och 2 4 gånger=272 tr 
Parti 1: 28 tr 
Kanten: 32 tr 
Totalt trådantal: 360 

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

Partimönster/blocks 

�  

Detaljmönster/ weave pattern 

�  

Beige  bomull Ne 20/2 (Nm 
34/2) 
Beige cotton  
Väf/weft: Ull/wool Nm 6/2 

Varptäthet/density 9 tr/
cm 
Sked/reed 45/10 1-2

Rakt genomgående solvning på två 
partier om 4 skaft vardera 
Straight threading, two blocks with 
4 shafts each 
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TEXTILHÖGSKOLAN    
SCHOOL OF TEXTILES      
Weaving 
Ulla Ranglin  

Dubbelväv, rips/Double weave, rep weave   ARM 5 

Skedbredd/width in reed: 30 cm 
Trådantal/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 trådantal/Total number of threads: 960 tr 
�
Partimönster/blocks 

�  

Solvning/threading  

�  

Stadkant/selvage 
�

�  

Första inslaget går från höger till vänster/ First weft goes from right to left. 

Grå/grey  Bomull/cotton Ne 
20/2 (Nm 34/2) 
Blekt/bleached Bomull/cotton  
Ne 20/2 
Relationstal/ratio 1:1

Täthet/density 32 tr/cm 
Sked/reed 80/10 1-4

Rakt genomgående solvning på två 
partier om 8 skaft vardera 
Straight threading, two blocks 
with 8 shafts each

�  7
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Spetssolvning/Pointed threading    ARM 7  

Skedbredd/width in reed: 39,6 cm 
Trådantal/Number of ends: Kanten/edge 4 + 4 trådar, 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 kanttrådar 

Solvning/threading  

�  

Stadkant/selvage 
�

�  

Första inslaget går från höger till vänster/ First weft goes from right to left. 

Svart/black 
Polyester Nm 40/2  

Täthet/density 19 tr/
cm 
Sked/reed 95/10 1-2

Spetssolvning 16 skaft 
Pointed threading 16 shafts
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A

6LQJOH�/D\HU�:HDYHV
8FBWJOH�XJUI�EJGGFSFOU�FMFDUSPTUBUJD�ZBSOT��NBUFSJBMT�

A1: Samples on the hand looms
A2: Samples woven by hand using weaving frames
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SAMPLE A1.1

Sample dimension: 40X28 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
����7�	����


0DWHULDOV�
Warp: Cotton
Weft��1MBTUJD�mMN�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode
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SAMPLE A1.2

Sample dimension: 40X19 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
Not measured

0DWHULDOV�
Warp: Cotton
Weft��3VCCFS�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode
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SAMPLE A1.3

Sample dimension: 40X22 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
����7�	����


0DWHULDOV�
Warp: Cotton
Weft: 1PMZFTUFS�mMMJOH�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode
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SAMPLE A1.4

Sample dimension: 37X20 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
����7�	����


0DWHULDOV�
Warp: Polyester
Weft����ZBSOT��5FnPO���1PMZFTUFS

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode
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SAMPLE A1.5

Sample dimension: 29X22 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
Not measured

0DWHULDOV�
Warp: Cotton
Weft: Furry Polyester yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode
1RWH�IRU�FRQVWUXFWLRQ:
8FBWJOH�XJUI�UIF�GVSSZ�ZBSO
�BOE�UIFO�QVMMJOH�PVU���
brushing up the pile on top. (The top half of the sample 
JT�CSVTIFE
�CPUUPN�JT�IPX�JU�MPPLFE�GSPN�UIF�MPPN
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Sample dimension: 29X21 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
Not measured

0DWHULDOV�
Warp: Cotton
Weft��1MBTUJD�mMN�ZBSO

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode

SAMPLE A1.6
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SAMPLE A1.7

Sample dimension: 29X15 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
Not measured

0DWHULDOV�
Warp: Cotton
Weft: Wool

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode
1RWH�IRU�FRQVWUXFWLRQ:
#SPLFO�UXJMM�JO���JOUFSDPOOFDUFE�MBZFST�XJUI�nPBUT�JOTJEF�
"GUFS�XFBWJOH
�UIF�nPBUT�JOTJEF�UIF�MBZFST�DBO�CF�QVMMFE�
to form folds in the overall fabric.
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SAMPLE A1.8

Sample dimension: 28X25 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
Not measured

0DWHULDOV�
Warp: Cotton
Weft: Polyester chanelle yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode
1RWH�IRU�FRQVWUXFWLRQ:
4PNF�CMPDLT�BSF�mMMFE�XJUI�QPMZFTUFS�mMMJOH�JO�BUUFNQU�UP�
amplify the electrostatic effect.
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SAMPLE A2.1

Sample dimension: 23X27 cm

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
)BOE�XPWFO

$YJ��6WG�GHY��9ROWDJH
Not measured

0DWHULDOV�
Warp: Cotton
Weft: creative pipe cleaners 
(metal core and polyester 
mCSFT


0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
External electrode
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SAMPLE A2.2

Sample dimension: 16 cm diameter

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
)BOE�XPWFO�PO�DJSDVMBS�
loom

$YJ��6WG�GHY��9ROWDJH
����7�	����


0DWHULDOV�
Warp: Conductive yarn
Weft: Scraps of polyester 
GBCSJD�GPS�QJMJOH

�����8PPM�ZBSO�BOE
knitted tube of conductive 
yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
Conductive warp insulated by the polyester pieces knot-
ted in the weft direction.

Front Back
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B

'RXEOH�:HDYH
Weaving 2-layer material combinations: 

&MFDUSPTUBUJD�ZBSOT��NBUFSJBMT�BOE�DPOEVDUJWF�ZBSO�
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

Sample dimension: 30X14 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
����7�	����


0DWHULDOV�
Warp: Cotton
Weft��5PQ��5FnPO
���������#PUUPN��1PMZFTUFS�������������������
conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
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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SAMPLE B1.2

Sample dimension: 30X11.5 cm
Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
����7�	���


0DWHULDOV�
Warp: Cotton
Weft: Top: Polyester
���������#PUUPN��8PPM��������������
conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
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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SAMPLE B1.3

Sample dimension: 30X13 cm
Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
Not measured

0DWHULDOV�
Warp: Cotton
Weft: Top: wool and 
���������DPOEVDUJWF�ZBSO
�
         Bottom: Wool 

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
Weaving with three weft yarns simultaneously to make 
UISFF�EJTUJODU�BSFBT
�UXP�PG�UIFN�DPOEVDUJWF�JO�UIF�GSPOU�
layer with gaps.
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

Sample dimension: 30X38 cm
Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
����7�	����


0DWHULDOV�
Warp: Cotton
Weft��5PQ��1MBTUJD�GPJM�ZBSO
�
         Bottom: Conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
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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SAMPLE B1.5

Sample dimension: 25x28 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
"3.��

$YJ��6WG�GHY��9ROWDJH
����7�	����


0DWHULDOV�
Warp: Cotton
Weft��5PQ��1MBTUJD�GPJM�ZBSO
�
         Bottom: Conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
3PXT�PG�DPOEVDUJWF�ZBSO�XPWFO�PO�UPQ�BOE�CPUUPN�
of the piece. The space between the woven layers 
JT�TUVGGFE�XJUI�QPMZFTUFS�mMMJOH�NBUFSJBM�EVSJOH�UIF�
weaving process.
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SAMPLE B2.1

Sample dimension: 21 cm diameter
Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
)BOE�XPWFO�PO�DJSDVMBS�
loom

$YJ��6WG�GHY��9ROWDJH
�����7�	����


0DWHULDOV�
Warp: Conductive yarn
Weft��5PQ��1PMZFTUFS�ZBSO
�
���������#PUUPN��1PMZFTUFS���
Conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
Conductive warp insulated by the wool and polyester 
wrapped in the weft direction.
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SAMPLE B3.1

Sample dimension: 40X30 cm

Front Back

7H[WLOH�WHFKQLTXH�
8&"7*/(

&RQVWUXFWLRQ�WRRO�
CCI Sampling Loom

$YJ��6WG�GHY��9ROWDJH
����7��	����


0DWHULDOV�
Warp: Cotton
Weft��5PQ��1PMZFTUFS�ZBSO
�
���������#PUUPN��1PMZFTUFS���
Conductive yarn

0HWKRG�IRU�LQFRUSRUDWLQJ�HOHFWURGH
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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/RRP��&&,�6$03/,1*�
16 Shafts (1-16) 40 cm width

12 Colours weft
8BSQ��8IJUF�1PMZFTUFS�/N�����
����UIS�DN

2 Warp threads at the edges changed to conductive 
yarn so that the rown of conductive yarn would be 

connected to each other.

Loom settings for the broken twill area Loom settings for the plain weave area

-00.�4&561�'03�4".1-&�#���
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APPENDIX D:                        
6XSSRUWLQJ�ÀOHV��'9'���
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-*45�0'�4611035*/(�'*-&4

����(OHFWURVWDWLF�JHQHUDWRU�FLUFXLW
� ��7JEFPT�EFNPOTUSBUJOH�UIF�F�TUBUJD�HFOFSBUPS�DJSDVJU�VTFE�JO�UIJT�UIFTJT�

����5HVHDUFK�6WXGLHV
 - Study 01 
  - Measuring e-static textile samples with an oscilloscope
� � ��%FNPOTUSBUJPO�WJEFPT�PG�UIF�$MJQ�PO�UFTUFS
 - 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
� � ��4UVEFOU�WJEFPT�BOE�mOBM�XPSLT
� � ��%PDVNFOUBUJPO�NBUFSJBMT�GSPN�UIF�XPSLTIPQ
 - Experiment cards– An overview and analysis of different experiments undertaken.

����(�VWDWLF�WH[WLOHV�SURWRW\SLQJ�ERDUG�
� ��7JEFPT�JMMVTUSBUJOH�FYBNQMFT�GPS�DPOOFDUJOH�BO�PVUQVU�EJSFDUMZ�UP�UIF�F�TUBUJD�CPBSE��

� ��$POOFDUJOH�BO�-&%
  - Connecting a counter
  - Connecting a piezo speaker
� ��7JEFPT�JMMVTUSBUJOH�FYBNQMFT�PG�QSPHSBNNJOH�JOUFSBDUJPOT�CZ�VTJOH�BO�"SEVJOP�XJUI�UIF�

e-static board.
� � ��3FBEJOH�BOE�EJTQMBZJOH�WBMVFT�GSPN�UIF�F�TUBUJD�CPBSE�UISPVHI�B�TFSJBM�QPSU
  - A program that simulates slow-charging and harvesting interaction.  
 - Examples of Arduino programs for getting started (also available on the website)

����(�VWDWLF�HQJDJHPHQW�GHPRQVWUDWRUV��YLGHRV�RI�H�WH[WLOH�VHWXSV�
 - Energy harvesting with e-static wall
 - Counting interactions with e-static seat
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APPENDIX E:                    
2YHUYLHZ�RI�FRXUVHV�DQG�
UHVHDUFK�DFWLYLWLHV�LQ�WKH��
$UF,Q7H[�(71�SURMHFW
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6XPPDU\�RI�SDUWLFLSDWLRQ�LQ�DFWLYLWLHV�DQG�FRXUVHV�ZLWKLQ�WKH�$UF,Q7H[�(71�
SURMHFW

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. 

0\�¿UVW�VHFRQGPHQW�WRRN�SODFH�DW�WKH�6ZHGLVK�VFKRRO�RI�WH[WLOHV�LQ�%RUnV�IURP�6HSWHPEHU�
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 
DQ�LPSRUWDQW�UHVRXUFH�IRU�GLVFXVVLRQV��FROODERUDWLYH�EUDLQ�VWRUPLQJ�DQG�UHÀHFWLQJ�RQ�WKH�
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 
KHOSHG�PH� WR� GHHSHQ�P\� WKHRUHWLFDO� IUDPH�� UHÀHFW� DQG� GRFXPHQW�P\� H[SHULPHQWV� DQG�
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, 
³$� 6WUDWHJ\� IRU� 0DWHULDO�6SHFL¿F� H�7H[WLOH� ,QWHUDFWLRQ� 'HVLJQ�́ � LQ� 6PDUW� 7H[WLOHV�
Fundamentals, Design, and Interaction, S. Schneegass and O. Amft, Eds. Springer 
International Publishing, 2017, pp. 233–257.
and 
5��*RZULVKDQNDU��³&RQVWUXFWLQJ� WULERHOHFWULF� WH[WLOHV�ZLWK�ZHDYLQJ�́ � LQ�3URFHHGLQJV�RI�
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�� &RPPRQ�&RXUVH�� ³$FWLYDWLQJ� WKH� VXUIDFH´� DW� WKH�8QLYHUVLW\� RI�
Arts Berlin.
11/04/2016–15/04/2016��$UF,Q7H[�1HWZRUN�PHHWLQJ�LQ�%RUnV�6ZHGLVK�6FKRRO�RI�7H[WLOHV��
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 
QRQ���DFDGHPLF�DUHD �́�5R\DO�&ROOHJH�RI�$UW�/RQGRQ�
01/9/2016 – 30/12/2016��6HFRQGPHQW�DW�WKH�6ZHGLVK�VFKRRO�RI�WH[WLOHV�LQ�%RUnV�
18/10/2016��3UHVHQWDWLRQ�RI�UHVHDUFK�DW�WKH�,QWHUQDWLRQDO�ZHHN�DW�7KH�8QLYHUVLW\�RI�%RUnV���
along with Work package 3 team.
18/10/2016. Attended a webinar on Triboelectricity by IDTechex.
09/11/2016. Research Seminar at the Swedish School of Textiles to present ArcIntex ETN 
research.
5/2/2017–10/2/2017. Common Course 2 Embodied textile interactions in Vilnius Art 
Academy (VAA).
27/04/2016. Attended the IdTechEx Energy Harvesting and Storage summit, Berlin.
04/05/2017. Presented the ArcInTex ETN project and ongoing research at the UdK inter-de-
partmental Doctoral colloquium
09/06/2017. Presented research and  hosted a roundtable discussion as part of the sustaina-
bility track at the WearIT festival in Berlin
Summer 2017��%RRN�&KDSWHU�³$�6WUDWHJ\�IRU�0DWHULDO�6SHFL¿F�H�7H[WLOH�,QWHUDFWLRQ´�SXE-
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 
VWXGLHV�� FRQVROLGDWLQJ� UHÀHFWLRQV�� GRFXPHQWLQJ�P\� UHVHDUFK� LQ� DQ�RQOLQH� IRUPDW� WKDW� LV�
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

Gowrishankar

First name

Ramyah

E-mail address

r.gowrishankar@udk-berlin.de

2. GENERAL INFORMATION ABOUT DOCTORAL STUDIES
%PDUPSBM�TUVEJFT�TVCKFDU 6OJWFSTJUZ�%FQBSUNFOU
Work package 3. Designing for adaptive 
DQG�QHDU�¿HOG� LQWHUDFWLRQV�DW� WKH�VFDOH�RI�
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. Ian 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) 3FQPSUFE	EBUF


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) 3FQPSUFE	EBUF


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) 3FQPSUFE	EBUF


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. 

��$UF,Q7H[�QHWZRUN�VHPLQDU�DQG�ZRUNVKRS�LQ�%RUnV���$SULO������WK�������,�SDUWLFLSDWHG�
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 
JHW�DQ�LQWHUHVWLQJ�LQVLJKW�LQWR�WKH�FXUUHQW�GHYHORSPHQWV�LQ�WKH�¿HOG�HQHUJ\�KDUYHVWLQJ�DV�
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) 3FQPSUFE	EBUF


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) 3FQPSUFE	EBUF


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 
WKH�¿HOG�RI�(QJLQHHULQJ�

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) 3FQPSUFE	EBUF


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
:&"3�� 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 
WH[WLOH�LQWHUDFWLRQV�DV�D�VWDUWLQJ�SRLQW" �́�LV�SRVLWLRQHG�EHWZHHQ�WKH�¿HOGV�RI�
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´�DW�WKH�8G.�%HUOLQ�
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

��&RQGXFWHG�LQ�GHSWK�OLWHUDWXUH�UHYLHZ�LQ�WKH�¿HOGV�RI�7DQJLEOH�,QWHUDFWLRQ�
Design and e-Textiles. Through this, I further developed the theoretical 
framework for using textile interactions as a resource for e-Textile inter-
DFWLRQ�'HVLJQ��5HÀHFWLQJ�RQ�WKH�RQJRLQJ�HPSLULFDO�ZRUN�DQG�WKH�UHVHDUFK�
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 
FROOHFW�DQ� LQ�GHSWK� OLWHUDWXUH�UHYLHZ�RI� WKH�UHODWHG�¿HOGV�� ,� IXUWKHU�DUWLF-
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 
SRROV�RI�LPDJHV��WH[WV�DQG�UHÀHFWLRQV�ZHUH�DOVR�VHW�XS�WR�VXSSRUW�FROODER-
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 
DQG�FRPSDQLHV�LQ�WKH�¿HOG��,�DOVR�FRQWDFWHG�VHYHUDO�UHVHDUFKHUV�DQG�FRP-
panies to try to get material samples to experiment with or look for collab-
RUDWLRQ�RSSRUWXQLWLHV��$ORQJVLGH��,�KDYH�EHHQ�GRLQJ�VRPH�ORZ�¿�SLH]RHOHF-
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 
SODQQHG�IRU�VXSSRUWLQJ�WKH�UHÀHFWLRQ�SURFHVV��

- 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 
RQH�LV�SODQQHG�IRU�0D\�������7KH�¿UVW�RQH�ZDV�D�ZULWLQJ�ZRUNVKRS�� WKH�
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. 

��6LQFH�WKH�HQHUJ\�SURGXFHG�ZLWK�WH[WLOHV�LV�ORZ�LQ�HI¿FLHQF\��,�DP�H[SORU-
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-
HQWDWLRQ�VNLOOV��3HUVLVWHQFH�DQG�ÀH[LELOLW\�LQ�UHSUHVHQWDWLRQ�RI�WKH�FRUH�LGHD�
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.



252

- 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 
IRU�VSHFL¿FLW\��LW�DOVR�JDYH�IUHHGRP�WR�RSHQ�RXW�WKH�WRSLF�

- 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 I 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 
UHVHDUFK�GHYHORSPHQW�LQ�WKH�¿UVW�\HDU�RI�WKH�SURMHFW��7KLV�LQFOXGHG�UHYLVHG�
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. 
,GHQWL¿HG�GLUHFWLRQV�IRU�IXUWKHU�GHYHORSLQJ�ODUJH�VFDOH�HOHFWURVWDWLF�H[SOR-
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 
DQG�UHÀHFWLRQ�RI�WKH�ZRUN�GRQH�GXULQJ�WKH�VHFRQGPHQW��7KH�ZRYHQ�VDPSOHV�
were documented in a sample book. Continued investigation with electro-
VWDWLF�PDWHULDOV�DQG�FROOHFWLRQ�VHW�XSV��6WDUWHG�WR�GH¿QH�PHWKRGRORJ\�E\�
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 
¿QLVK�EHIRUH�WKH�GHDGOLQH��7KH�PDWHULDO�DQG�ZRUN�GRQH�LQ�ZULWLQJ�WKH�SDSHU�
ZLOO�EH�XVHG�LQ�WKH�¿QDO�GLVVHUWDWLRQ�
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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 
WR�¿QDOLVH�WKHVH�KDUYHVWLQJ�DQG�REVHUYDWLRQ�VHW�XS�WR�EH�XVHG�IRU�DQDO\VLV�

- 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 
IRUPDW�IRU�ZRUNLQJ�ZLWK�UHVHDUFKHUV�IURP�RWKHU�¿HOGV�DQG�HQJDJLQJ�LQ�D�
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.

��7KH���PRQWK�VHFRQGPHQW�DW�78�(LQGKRYHQ�ZDV�XVHG�WR�UHÀHFW�RQ�WKH�GLI-
ferent research experiments done during the past year, starting writing and 
structuring thesis work, to extend the literature review and start shaping 
WKH� ¿QDO� UHVHDUFK� IUDPH�� 7KLV� DOVR� KHOSHG� LQ� LGHQWLI\LQJ� WKH� QH[W� VWHSV�
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, 
,�VWDUWHG�GUDIWLQJ�WKH�¿QDO�GLVVHUWDWLRQ�WKDW�QHHGHG�VHYHUDO�YHUVLRQV�EHIRUH�
¿QGLQJ�WKH�EHVW�VXLWHG�VWUXFWXUH�

YEAR 4 Overview of research activities

August 2018–Feb 2019

��&RQWLQXHG�ZULWLQJ�GLVVHUWDWLRQ�� ,Q�SDUDOOHO��¿QDOLVHG� WKH�UHVHDUFK�GHP-
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 
%HUOLQ� WR� GHVLJQ� DQG� GHYHORS� D� ³H�6WDWLF� SURWRW\SLQJ� ERDUG´� WKDW�ZRXOG�
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

��:ULWLQJ�DQG�¿QDOLVLQJ�WKHVLV

5. LIST OF PUBLICATIONS

Name of publication %BUF

Book chapter: $�6WUDWHJ\�IRU�0DWHULDO�6SHFL¿F�H�7H[WLOH�
Interaction Design

Gowrishankar, Ramyah, Katharina Bredies, and Salu Ylirisku. 
³$�6WUDWHJ\�IRU�0DWHULDO�6SHFL¿F�H�7H[WLOH�,QWHUDFWLRQ�
'HVLJQ�́ �,Q�6PDUW�7H[WLOHV�)XQGDPHQWDOV��'HVLJQ��DQG�
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.

Spring 2017

Paper/Brief: Constructing triboelectric textiles with weaving

Gowrishankar, Ramyah. “Constructing Triboelectric 
7H[WLOHV�ZLWK�:HDYLQJ�́ �,Q�3URFHHGLQJV�RI�WKH������$&0�
International Symposium on Wearable Computers - ISWC 
’17, 170–71. New York, USA: ACM Press, 2017. https://doi.
org/10.1145/3123021.3123037.

Autumn 2017
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���&203/(7('�0$5,(�6.â2'2:6.$�&85,(�$0%$66$'256�$&7,216��H�J�WHDFK�
LQJ�DFWLYLWLHV��ZRUNVKRSV��OHFWXUHV��VHPLQDUV�

4FNFTUFS�	BVUVNO�
spring and year.)

Nature of action %BUF

Spring 2016 

Autumn 2016 

Research Colloquium at Design Research Lab, 
UdK Berlin

Presentation of research at the International 
ZHHN�DW�7KH�8QLYHUVLW\�RI�%RUnV���DORQJ�ZLWK�
Workpackage 3 team.

Research Seminar at the Swedish School of 
Textiles to present ArcIntex ETN research

Design seminar at the Swedish School of 
Textiles to present ArcIntex ETN research- 
along with Workpackage 3 team.

23.06.2016

18 & 20.10.2016

9.11.2016

13.11.2016

Spring 2017 Presented the ArcInTex ETN project and 
ongoing research at the UdK inter-departmen-
tal Doctoral colloquium

4th May 2017

Spring 2017 Presented research and  hosted a roundtable 
discussion as part of the sustainability track at 
the WearIT festival in Berlin

9th June 2017

Summer 2017 Work in progress exhibition at UdK Rundgang 21.07.2017–
23.07.2017

Summer 2017 Compact course for the students at UdK 
about speculative design methods using my 
ongoing research on Electrostatic textile energy 
harvesting.

31.07.2017–
4.08.2017

Autumn 2017 Paper publication and poster presentation at 
ISWC 2017 conference in Hawaii, USA.

11–15.09.2017

Jan 2018 Research Colloquium at Design Research Lab, 
UdK Berlin

11.01.2018
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