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1. Executive summary
Task 1.2 “Explore material properties to elicit new meaningful experiences” is one of three
tasks in WP1 of Project LTM. Task leader is partner 01A: DUT-IDE, with Elvin Karana being
the lead researcher. According to the DoW, contributing partners are partners 12: MCI
(Christian Tubito), 15A: Brunel-HCDI (Marco Ajovalasit), 16: UCL (Sarah Wilkes) and 18: PdM
(Claudio Dell’Era). The objective of task 1.2 was to explore how the properties of the LTM
materials can evoke certain desired new meaningful product experiences. In terms of scope, it
can best be seen as a “bottom-up” activity (with the counterpart task 1.1 on scenario
exploration being more “top-down”) that feeds both into the product design stream (WP3)
and in the materials/integration stream (WP2/4). Like all tasks in WP1, task 1.2 moved
through three iterations. One formal deliverable (D1.2) was produced after iteration #1, so in
Sept. 2013 (M8); the underlying deliverable D1.4 is produced after iteration #3 and can be
seen as completion of the work done. Some follow-up studies are anticipated (e.g. with Bahar
Barati, PhD student at the lead partner, presenting her thesis later), but for the time, sufficient
input has been generated for the project to continue as planned.
During the course of the project, especially following iteration #2, it was established that the
team composition needed changing. At WS07 (Helsinki, Jan. 2015) the necessary changes
were made. Partners 03: Diffus (Hanne-Louise Johannesen) and 10: GZE (Giada Dammacco)
were added to gain direct input from the design practitioners/SMEs in the project, while
partner 18: PdM was invited to step back from the task to focus on its core responsibility,
WP8. Furthermore, it was agreed that partner 15A: Brunel-HCDI would, as WP1 leader, have a
reviewing role only. In terms of scope and content, it was agreed at that time that task 1.2
would focus on producing generalizable knowledge, with the “translation” of this towards
other tasks in the project being done by task 1.3. To ensure that this task 1.3 could meet its
own deadline (effectively WS09, Sept. 2015: here, the task 1.2 results will be shared with the
consortium), the work in task 1.2 was pulled forward and largely finalized at WS08, one
month earlier than planned.
Looking back at this point, we can conclude that task 1.2 has indeed delivered a sizable body
of knowledge, bringing together the academic viewpoints from its two main university
contributors, DUT-IDE and UCL. The practical input of two of the eight design SMEs in
iteration #3 is an important extra result. In terms of concrete findings, the main point is that
LTM materials can indeed evoke all manner of desirable (e.g. enchanting, surprising,
comforting) experiences, and in WP3, this is being explored at the level of concrete designs
and prototypes. Task 1.2 shows that LTM materials, classifiable as “computational composites”
or as “smart interface materials”, gain most of their properties through how they are
integrated – especially with respect to temporal/dynamic behaviour. Consequently, WP4
(specifically, tasks 4.3 and 4.4) gets much more input from this task than WP2.
The coordinator, Erik Tempelman – Delft, September 2015
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3. Exploring Material Properties: task 1.2 report
Overview of main academic results
In task 1.2, our main aim is “materials exploration”. In the first iteration in the LTM project, we have
revealed a number of key experiences as potential experiences to create through the LTM materials. At
the start of this research the emphasis was on the technical/sensorial material properties, e.g.
roughness/smoothness, transparency, strength, texture, etc. and their interrelationships with certain
experiences, e.g. relaxation. For example, for workshop WS09 (Barcelona, Sept. 2014), partner 12:
Material ConneXion Italy (MCI) was asked to select materials that would elicit the experience of
“enchantment”. As the work proceeded, it became clear that a distinction should be made between the
technical/sensorial properties of materials and the interactive qualities of materials, in relation to
sensing and responding (e.g. emitting light when touched, vibrating when squeezed, etc.). Interactive
qualities of the LTM materials have the potential to unfold rich interactions. In the second and
particularly third iteration, in order to facilitate the design SMEs to define meaningful experiences
through the use of the novel LTM materials, by thinking in terms of a “dynamic” interaction, we
focused on the interactive qualities of the LTM materials alongside the technical/sensorial properties.
We have conducted a number of material exploration studies with the purpose of understanding “how
these interactive qualities should be manipulated in order to elicit the targeted user experiences”.
The elaborated versions of the described theories and the conducted studies under task 1.2 can be
found in our publications through 2015:
Karana, E., Barati, B., Rognoli, V., Zeeuw van der Laan, A. (2015). Material Driven Design: A Method to
Design for Material Experiences. International Journal of Design.
Karana E., Pedgley O., Rognoli V., Korsunsky, A. (2015). Emerging Material Experience. Special Issue
Editorial in Journal of Materials and Design.
Wilkes, S., Wongsriruksa, S., Howes, P., Gamester, R., Witchel, H., Conreen, M., Laughlin, Z. & Miodownik,
M. 2015. Design tools for interdisciplinary translation of material experiences. Journal of Materials &
Design.
Giaccardi, E., Karana, E. (2015). Foundations of Materials Experience: An Approach for HCI. In
Proceedings of CHI 2015. Seoul, South Korea. ACM Press: 2447-2456.
Barati, B., Karana, E., Hekkert, P. (2015). A Case of Designing with an Underdeveloped Computational
Composite for Materials Experience. International Conference on Tangible Means.
Barati, B., Karana, E., Hekkert, P. (2015). From Way Finding in the Dark to Interactive CPR Trainer:
Designing with Computational Composites. 9th International Conference on Design and Semantics of
Form and Movement (DesForM).
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3.1. Motivation: Why material explorations /tinkering with materials?
(Sections 3.1 is based on: Karana, E., Barati, B., Rognoli, V., Zeeuw van der Laan, A. (2015). Material Driven Design: A Method
for Design for Material Experiences. International Journal of Design)

Physical encounters with materials (or the aesthetic experiences that derive from hands-on
manipulation of materials) can positively influence the creative process. Niedderer (2012) shows how
such practical enquiries, or learning by doing, is mobilized in understanding the relationship between
material, process and form with regard to the creation of elastic movement. Material engagement in
craft is a means to logically think, learn and understand through sensing and immediate experience of
materials (Nimkulrat, 2012; Adamson 2007; Ingold, 2013). In his Inaugural Address at Goldsmiths'
College, University of London, Professor Martin Woolley (1998) eloquently pointed out that clay on the
hands of a potter alternates between being part of the potter, part of the process of crafting a ceramic
artefact, and part of the end artefact itself 1. In other words, materials are ‘collaborators’ (Rosner,
2012) in the craft process, enabling artisans to construct, enact, and reaffirm their identities (Tung,
2012).
Today we encounter several material-consulting companies (e.g. Material Connexion, Materia NL),
whose services include access to physical material libraries for the purpose of material browsing and
tinkering. Within University College London, the ‘Institute of Making’, provides design students and
professionals with a creative environment to explore the technical and sensorial qualities of materials
and their inter-relationships to ‘making’. See Karana, et al. (in press) for an extensive discussion on the
role of material explorations and tinkering in the creative process as well as in understanding the
matter at hand. Accordingly, in the second iteration of Task 1.2 we focused on hands on manipulation
with the material, from the first encounter through to exploring and understanding the material in
detail with its unique qualities and limitations. The studies we conducted also aimed at facilitating
creative material thinking which will serve to advance the conversation between researchers and
design practitioners, with the goal to better understand and explore when the LTM materials elicit
‘what experiences’. We group the conducted material explorations under two main categories based
on their starting point and the aimed result:

[1]
MATERIAL

EXPERIENCE

[2]
[1] Material explorations from [material to experience]: Herein our main approach is to tinker with the
different material properties, create a number of ‘interactive prototypes’ with various sensing and
responding qualities, in order to explore what kind of interactions they facilitate.
[2] Materials explorations from [experience to material]: Herein our main approach is to start with a
particular experience in mind (e.g. enchanting, perceived healthiness) and explore material properties,
and the quality of the interaction accordingly.
In most of the presented projects, the interactive prototypes were created and used to provoke
discussions among designers, user groups, etc., and used in think-aloud protocols to understand how
people interact with them. In contrast to the previous iteration where we presented more empirical
studies, in the second iteration of Task 1.2, we aimed at illustrating different ways to explore material-

experience interrelationships. Below before addressing each conducted study in detail, we first
present the theoretical approach developed by DUT-IDE PhD candidate Bahar Barati describing what
are the challenges for designers to design for material experiences when the material has
interactive/programmable properties; i.e. computational composites.

3.2. LTM materials as Computational Composites
(Sections 3.2-3.4 are based on: Barati, B., Karana, E., Hekkert, P. (2015). From Way Finding in the Dark to Interactive CPR
Trainer: Designing with Computational Composites. 9th International Conference on Design and Semantics of Form and
Movement (DesForM).)

Recent advances in material engineering and manufacturing techniques, and miniaturization of
electrical components have given rise to a large number of technologically viable as well as producible
material compositions in large-scale. So-called ‘computational composites’ (in short CCs) (Vallgårda &
Redström, 2007) are possible assemblages of smart materials with embedded electronics that are able
to convert particular forms of energy reversibly (e.g., to/from electrical energy). They can be
programmed to dynamically change their physical features, such as color and texture, in response to
external stimuli (e.g., touch, temperature, etc.).
A large number of future CCs are still in the early stages of their development (i.e., underdeveloped),
meaning that their components are rather experimental and not yet integrated in applications.
Recently, there have been systematic efforts to enable close cooperation between designers and
material scientists to further develop and tailor (Lindberg, Hartzén, Wodke, & Lindström, 2013) CCs
for applications (e.g., Light-Touch-Matters (http://www.light-touch-matters-project.eu/), Project
Solar-Design (http://www.solar-design.eu/project)). The underlying goal in such collaborations and
consultations is to guide the development of materials having both experiential and functional
advantages (Miodownik, 2007; Wilkes, Wongsriruksa, Howes, Gamester, Witchel, Conreen, Laughlin, &
Miodownik, in press; Karana, Barati, Rognoli, & Zweeuw van der Laan, in press). Nathan et al. (2012)
point out variety of ways that designers may support co-development of new technological materials,
including ‘communicating the potential of new technology’ and ‘exploring and demonstrating
applications for new technology.’ Regardless of how CCs are labeled, as physical/digital materials or
technologies, designing with them is phenomonologically similar to other technology-driven situations,
with a difference that early in their development process CCs are barely available to designer to
directly experience. So the question is how designers can design with a new technology- in this case a
LTM material, if they cannot see it or feel it. What strategies they can rely on? And what design
activities can support a broader understanding of an underdeveloped LTM materials and its potential?
Barati, Karana, & Hekkert (2015) suggested the logical equation of ‘what’ + ’how’ leads to ‘why’ as a
basis to analyze the design situations starting from an underdeveloped LTM material. Their three
cases showed that designers relied on ‘framing’ and ‘analogical reasoning’ to bridge between the
LTM’s properties (e.g., giving light when pressed) and an aspired value (i.e., a situational whole where
the properties contribute to utility as well as meaningful experiences). Analyzing the LTM materials in
terms of its functional and experiential qualities supported designers in building such bridges. (see
Appendix for the full paper presenting three cases on designing with the LTM materials to bridge the
LTM properties to materials experiences).
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3.3. Challenges of Designing with the LTM materials as Computational Composites
Designing with CCs in collaborative projects imposes multidisciplinary challenges as well
methodological challenges (Redstörm, 2005). Coming from very different backgrounds, designers and
scientist have different perspectives on materials, properties and technical limitations, and use
different language to communicate. Particularly in the early stages of development, designer’s
understanding of what the technology is capable of is mainly through the material science channel.
Methodological challenges of designing with a CC are mainly concerned with the digital-physical
nature of CCs and dual citizenship of CCs in embodiment and function of the application (Wiberg &
Robles, 2010; Redstörm, 2005). In addition and in relation to the static physicality, CCs also
characterize certain temporal behaviors that need to be defined. Designing with CCs is, therefore, not
only a matter of giving them physical form, but also envisioning their temporal characteristics as
situated in the social, cultural and behavioral context of use (Rosner, Ikemiya, Kim, & Koch, 2013)—
within a ‘situational whole’ (Karana, 2009). To fulfill that, designers need technical and practical
competences, namely programming, working with electronic component such as sensors and
actuators, and making physical samples (Bergström et al., 2010; Vallgårda & Sokoler, 2010).
Over the past decade, many design researchers have invested a great deal of effort in exploring
affordances and expression possibilities of programmable materials (for a review see Wiberg, 2013).
However, horizontal material explorations, reported in many of material-related studies in the field of
interaction design lack what Wiberg (2013) calls as ‘the matter of purpose’, i.e., value and meaning
creation as the ultimate aim of design. Recently, Wiberg (2013) proposed a methodology for materialcentered interaction design research that emphasizes a back and forth thinking between ‘materials’
(i.e., material properties and character) and ‘wholeness’ (i.e., way in which the material is approached
from the perspective of the user, and appraised within a composition). He introduced the two
intermediate steps of ‘textures’ and ‘details’ to bridge between materials and wholeness. Through
designing material surface, particularly texture and by elaborating on aesthetic details, designers
organize the material properties into applications, and communicate certain qualities and values
(Wiberg, 2013). This theoretical foundation provides a useful overview of how possibly material
properties could be linked to value (or in Wiberg’s terms ‘wholeness’). However, when designing with
an underdeveloped LTM material, uncertainty casts on such back and forth transition, as the
properties are communicated through technical/numerical data sheets (rather than samples to be
experienced directly) and the ultimate design goal is not predetermined.

3.4. Bridging Between Material Properties and Material Experiences
In our earlier studies we showed that (Barati, Karana, & Hekkert (2015)- see appendix) design
students adopted frames of reference, for example an activity like CPR, to explore CC value-suitabilities
and to complete the logical equation. Established activities such Yoga, encompass the ‘how’ and the
‘why’, and make designer’s life much easier in coping with uncertainties regarding CC valuesuitabilities. Our observations also indicated that a frame of reference could be a context-less theme
such as “wayfinding in the dark” (for detail see Barati et al 2015), or a metaphor such as “parasitic”.
The important feature is that it evidently or referentially helps a designer bring properties and
purpose into a hypothetical setup: IF this combination of properties are seen from this particular lens
THEN they may elicit such aspired value and applicability.
To complete the logical equation in designing with materials, designers are encouraged to involve
experimental and hands-on approaches to qualify the material, not only in terms of what it is, but also
in terms of what it does, what it expresses to us, what it elicits from us, and what it makes us do (Karana
et al, in press). By reflecting on experiential qualities at sensorial, affective, interpretive and
performative levels (Giaccardi & Karana, 2015), the designer identifies materials experience patterns

that can come together in a situational whole (Giaccardi & Karana, 2015; Karana et al., in press).
Accordingly, the material explorations we will present in this report were organized towards such
understanding of underdeveloped LTM materials.

3.4.1. Study 1: Interactive Cape Jacket (DUT-IDE)
The LTM materials feature some (known) unique characteristics due to their thin and flexible
structure and their pressure and position sensitivity and surface lighting. Since the composite is still in
the early stages of the development, it can be merely communicated through its components and main
characteristics. In a 6-month graduation project, a M.Sc. design student, Iris Jonsthovel, was asked to
(1) explore and communicate the unique characteristics of the LTM material and (2) create tangible
manifestations, namely a working prototype and a movie of the LTM material in a product concept. It
was specifically emphasized that the proposed application should stand out from its categorical
benchmark due to a creative use of the identified unique characteristics.
Mapping the properties
The designer started the journey by mapping the properties of the two main components of the LTM
material and its overall characteristics according to the information inquired from a material expert
(Prof. Dr. Pim Groen). She developed pictograms of the properties and a video showing the main
components emphasizing their particular properties (e.g. water resistant) (Fig 1) to map and
communicate the material information.
Simulating the LTM material and exploring form and interactions
Designer’s next activity towards understanding what can be done with the LTM material was to
simulate it according to the given specifications, namely the thickness and the radius of flexibility. She
made a small tangible library (Fig 2) exploring various textures, forms and printed light patterns (in
connection to printability of OLED) and tried to connect the physical aspects of the LTM material to the
possible forms and actions they afford (both the actions and how they are performed, i.e. performative
qualities; Giaccardi & Karana; 2015). As indicated with an arrow in Fig 2, her hands-on approach
enabled a move from material descriptive properties to navigating form and action possibilities of the
LTM materials. It was also a takeaway for the designer toward further exploring the experiential
qualities that those actions might elicit. The collection of samples formed in different ways not only
gave a tangible manifestation to myriads of properties, but also facilitated a more factual and detailed
communication between the designer and the material expert. As a result, a more elaborated
understanding of the LTM interaction possibilities in connection to the properties and its functional
principle was developed.
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Fig 1. Examples of the pictograms (top), screenshots of the video (bottom).

Fig 2. Exploring textures, forms and printed light patterns in tangible samples

Investigating the experiential qualities
Although her understanding of what can be ‘physically’ done with the LTM material had improved
considerably, as a result of her hands-on explorations and discussions with the expert, to be able to
design she needed to understand how the LTM material and its sensorial properties would be
experienced. Karana et al (in press) emphasize the importance of such understanding and
investigating the interrelationships between experiential qualities and the formal properties of the
material. Formal properties of a CC include the physical form as well as the temporal form (i.e., the
pattern of the state changes that the controller will produce). Designer’s next activity was concerned
with an understanding of the negotiation between the two form elements (i.e. physical and temporal)
in relation to the possible/ promising experiential qualities.
She created a matrix of actions (e.g. stroking, squeezing) and temporal behaviors of light output (e.g.,
dimming, flashing, pulsating) corresponding to the functional principle of the LTM material (Fig 3). In
an online questionnaire, she asked 20 participants (male and female between 24 and 65 years old) to
choose the two ‘intuitive’ combinations and describe aesthetic qualities, meanings and emotions the
combinations elicit (e.g., ‘creating powerful rhythm’, ‘feeling alive’ were associated to
squeezing/pulsating). Result of the study showed that input/output couplings could readily signal to a
broad range of functional values (e.g., light as illumination vs. light as carriage of information) and
emotional experiences (e.g., relaxing and reassuring in stressful situations) (Fig. 4). Investigating the
associated experiential qualities offered understanding of how the LTM physical and functional
affordances may support or hinder certain experiences (and values). Such understandings when
combined with the values identified in connection to the domains, worked as a compass towards
certain applications.
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Fig 3. Matrix of actions as input and temporal behaviors of light output

Fig 4. Overview of the interaction qualities and possible materials experiences
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Fig 4 (continue). Overview of the interaction qualities and possible materials experiences

Iterative concept development
In an iterative making/testing process, and grounding on the preliminary finding obtained through
material explorations, the designer came up with a concept: a cape jacket for outdoor activities (Fig. 5).

Fig 5. The final concept and prototype

She elaborated on the physical and interactive aspects of the jacket by focusing on the texture and light
expression (Fig 6). In an experimental study, she showed multiple material samples and 8 texture
probes (a ribbed, a woven, a flowing, a facetted, an irregular, a smudged, a wrinkled and a studded
texture) to 5 participants and tested which ones could evoke the intended qualities of ‘intuitive’, ‘alive’
and ‘dynamic’ (Fig 6, left). By playing with the frequency, power and rhythm of light feedback, through
programing, she finalized the LTM temporal expression corresponding to the intended interaction
qualities.

Fig 6. Experimental texture test (left), programing the light feedback on the shoulder piece and sleeve (right)

Conclusion: Study 1
Incorporating the LTM material in a wearable jacket made a good use of LTM unique characteristics
including waterproofness, flexibility, portability and thinness. Similar to other multifunctional jackets,
the concept features an additional functionality to provide visibility (due to OLED bright surface light).
What makes the concept different from other existing jackets is the possibility to personalize the light
patterns in relation to users’ pressure inputs. Particular attention to texture and appearance of the
jacket intends to encourage certain performances and actions to activate the sensing Piezo electric
layer. But it does not stop there. The concept benefits from the LTM’s programmability to allow users
personalize the light output beyond a basic function of keeping them safe and making them visible. It
unlocks unpredicted practices (e.g., new ways of communicating street/privacy intrusions) leveraging
on the sensorial, affective, interpretive, and performative qualities of LTM material.

15

3.4.2. Study 2: Perceived Healthiness of Materials (Institute of Making, UCL)
The purpose of this study was to examine how the often-dynamic cultural associations of materials can
be influenced by, for example:
-

Technical, senso-aesthetic and temporal qualities
Associations with specific personal or cultural histories
Associations with particular forms and functions and their current use in specific applications
and products.

The main research questions explored were:
- Why are some materials considered to be ‘healthy’, ‘clean’ and ‘therapeutic’ whilst others are
vilified, banned, substituted or tightly controlled?
- What kinds of factors affect the perceived healthiness of a material? To what extent do its
constituent ingredients, processing, context of use, behaviour over time and disposal influence
how politicians, legislators, manufacturers, architects, designers and consumers view a
material?
- What is the relationship between a healthy material and a healthy product? To what extent
does the perceived ‘healthiness’ of a product relate to its constituent material properties, and
vice versa?
How do normally invisible, humble materials become the focus of anxiety, or capture the human
imagination and inspire wonder? Why are some materials considered to be ‘healthy’, ‘clean’ and
‘therapeutic’ whilst others are vilified, banned, substituted or tightly controlled? Why do we worry so
much about the phthalates in solid PVC products but unreservedly spray them around ourselves in a
dispersed and more penetrating form in perfumes and other personal care products? Why do some
materials cause more anxiety than others? And conversely, how are materials thought to contribute to
healthy and therapeutic products and environments?
A study that starts to answer some of these questions seems timely; with the exception of a few studies
in architecture that focus on the therapeutic effects of colour, lighting and ‘aesthetics’ in hospital
environments [1][2] there has been very little literature in the social sciences that explores the
complex relationship between materials and human health and wellbeing. Despite this lack of
academic focus, popular stories about the health effects of the material constituents that make up our
products abound, largely focusing on their toxicological properties and the role they play in causing
environmental destruction. Even a cursory glance at the ways in which new materials and
technologies are talked about in the media suggests that their perceived health, safety and
sustainability can strongly influence their popularity and success in the marketplace.
In the field of architecture companies like Google, with their Healthy Materials Program, and Cradle to
Cradle with their popular manifesto, are deeply concerned with materials and products surrounding
us that are hazardous to human health, and have taken it upon themselves to “design out harmful manmade chemicals” and “eliminate toxics” from buildings (Google Green website). William McDonough
and Michael Braungardt’s guide to ‘remaking the way we make things’ contains an abundance of
images of toxic dyes and catalysts leaching into skin from clothing, kitchen mixers emitting “chemical
gases” into butter that is then ingested, and running machines that disperse carcinogenic products into
the air as you exercise [3]. Their approach to healthy materials focuses on removing certain chemicals
and banning products entirely, and they advocate that their clients use the right materials and
eliminate the “wrong” ones [3]. They call these materials “known culprits”, “X substances” or
“unmarketables” [3] and targeted characteristics include toxicity, carcinogenicity, bioaccumulation
and sensitization. Targeted materials are named as “PVC, cadmium, lead and mercury” [3]. They

suggest that these “unmarketable” and “hazardous” materials should be replaced by their “P list” or
“positive materials”, which are “nutritious” and “actively defined as healthy and safe for use” [3].
McDonough and Braungardt’s approach to the toxicology of materials has its limitations, but this idea
of risks and dangers that may lie hidden in the seemingly innocuous material world certainly struck a
chord with many architects and designers in the UK. For example, following the advice of
environmental activists Greenpeace and sustainability consultants like Cradle to Cradle, numerous
design and manufacturing companies, including Ikea, Body Shop and Nike, deselected PVC on the basis
that it uses chlorine, phthalates and heavy metal stabilizers in its production and releases dioxins
when burnt uncontrollably.
Whilst there is no denying that substances like dioxins and cadmium have a negative impact on the
human body when we are exposed to them, anxieties about the risks of materials are not always
proportional to their known toxicological effects. Equally, materials that are commonly though to be
harmless are sometimes found to have harmful effects when used in new and unfamiliar ways.
Ceramics are generally thought of as innocuous, and yet public perception of them shifted as a result of
fears about the health effects of inhaling dust created when millions of tiny porcelain sunflower seeds
rubbed together when walked on as part of Ai Weiwei’s Sunflower Seed installation in the Turbine Hall
of Tate Modern, London [4]. A once ‘safe’ material became ‘unsafe’ through physical interaction or
chemical deterioration [5]. This last example demonstrates that materials can have a dynamic cultural
trajectory, with particular events influencing their status in the popular imagination.
In the sorting out of healthy and unhealthy materials, perceived risks do not always correspond with
actual dangers, and the social perception of a material can strongly influence its uptake. As such,
understanding how materials come to be classified as healthy or unhealthy becomes increasingly
important. This study looks at the properties and affordances of materials that influence their
classification as hazardous, innocuous or benign.
In order the explore the relationship between materials and health, we also need to begin to delve into
what health and wellbeing might mean in relation to materials and the products that they make up.
Anthropologists like Caroline Izquierdo [6] and Melania Calestani [7] show that health and wellbeing
are very broad concepts whose definitions are extraordinarily various, and might revolve around
“money, material possessions and occupational status in certain cultures or classes, or on harmony,
peace and positive family relations in others, regardless of status or material well-being” [7]. Given
that ideas and experiences of healthiness, illness and wellbeing differ cross-culturally and from
individual to individual, this research starts from the proposition that materials and environments
that are thought of as healthy and therapeutic will therefore vary as well. Health geographers like
Wilbert Gesler et al. [8] and Christine Milligan et al. [9] argue that an environment or thing that is
therapeutic and beneficial to one person may be excluding and exclusive to others [8]. A second aspect
of this study therefore attempts to delve into the many different ways in which materials and objects
come to be seen as healthy or unhealthy by different individuals and demographics, in the specific
context of London.
Materials normally come to the fore in academic discussions of health and wellbeing when they fail
and become unhealthy. This research tries to explore how we can move beyond a narrow critique of
‘sick’ materials and products and also looks at the ways in which materials can impact on health and
wellbeing in positive ways. In particular, it draws on the work of health geographers who have become
increasingly interested in the relationship between health and place through the study of ‘therapeutic
landscapes’ or ‘environments’. Wilbert Gesler, a key proponent of health geography, points to the long
history of association between ‘natural’ environments with physical and mental health and renewal,
particularly in Western societies [10]. He also cites more recent studies showing a link between nature
and the healing process. For example, Ulrich’s [11] experimental study demonstrates that patients
recovering from gall bladder surgery with a view of trees recovered more quickly than those with a
view of a brick wall. A quick review of literature on the therapeutic power of natural environments
shows it is still a topic of interest for contemporary health geographers [9][12][13][14]. This field of
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study is not simply an investigation of the restorative effects of ‘nature’ however, and health
geographers have begun to explore how the man-made or built environment also plays a very
important role in therapy. Gesler points to the long history of the idea that architectural spaces can
affect healing, citing the work of Florence Nightingale in her reformation of hospital spaces, Maxwell
Jones’ [15] in his treatment of soldiers during World War II and the construction of hospitals by the
incipient British NHS as early examples of this [16]. In a survey of approaches to modern and urban
therapeutic environments Gesler et al. draw attention to the contributions the quantitative approaches
of environmental psychologists and architects that tend to focus on measurable factors like noise
levels, the time nurses take to make their rounds and the “ambient effects of cleanliness, spaciousness,
lighting, colour, noise and ventilation on patient recovery times” [8]. However, when it comes the
materials used in healthcare environments and products, these health geographers have been
relatively quiet.
An understanding of how and why particular materials come to be seen as healthy, innocuous or
hazardous is as important for materials researchers developing new substances and material systems
to be released onto the marketplace as it is for designers who want to understand the impact that the
materials they select have on the success of their product.
Methods
As discussed by Karana in the introduction to this report, the requirements of the project led us to
focus on developing new ways of exploring material experience in this stage of WP1.2. We elucidated a
development in our methodological approach in a recently published paper [17], which discusses the
need for a tripartite, interdisciplinary approach to understanding material experiences, characterised
by experiment, encounter and ethnography. The paper can be read in full online, but it is worth
summarising the main theoretical points here as they have strongly influenced the methods we are
employing for this study.
Some sensory experiences of materials, like roughness, warmth and bitterness, can be translated
readily into analogous, measurable physical properties. Other qualities, like healthiness, naturalness or
sustainability, are no less constitutive of our experiences of materials but are much harder to correlate
with a set of physical properties. This lack of correlation between material properties and material
meanings or experiences has been discussed by Karana et al. [18] and Overvliet and Soto-Faraco [19].
In the context of the LTM project, design partners might explore the enchanting, relaxing, tactile or
sustainable qualities of a material. These material qualities do not directly correspond with a single,
measurable physical property like surface roughness, lumen output, or thermal effusivity, so
communicating qualitative experiences in terms familiar to materials researchers becomes much less
straightforward. Studies of perceived naturalness by Bialek et al. [20] and Overvliet and Soto-Faraco
[19] provide sophisticated analyses of the relationship between multiple physical material properties
and perceived material properties. However, their work still does not explain the reasons why people
distinguish between different woods, textiles and stones in this way.
The psychophysical ‘sensoaesthetics’ experiments that we conducted from 2008 to 2014 used
isomorphic material sets1 as a way of systematically exploring the relationship between perceived
experiences of materials and those measured material properties explored by materials science [21].
These experiments established the principle that it is possible to identify correlations between
subjective perceived experiences and measurable physical properties, but also demonstrated that
there were some instances when the experience of the sound, taste or touch of a material differed from
Isomorphic sets employ the principle of keeping the form and dimensions of each sample constant whilst
changing the material, allowing for an exploration of materiality independently of form [21]
1

the predictions of MDS maps and the properties as measured using traditional materials science
techniques. These experiments concluded that anomalies in texture perception were the result of prior
knowledge about the material [22]. The psychophysical approach to understanding material
experience therefore also has its limitations, as it does not allow for an understanding of how the
cultural associations of materials or participants’ preconceptions about them contribute to this
dissonance between measured and perceived properties.
As discussed in further detail in the paper, in the face of the requirements of the LTM project there is a
need for new methods to explore material experiences. In order to fully understand how materials
move from laboratory to society we need a holistic, interdisciplinary approach that combines
systematic, scientific studies of sensoaesthetics properties, quantitative design research approaches to
sensorial and intangible characteristics and ethnographic approaches that explore how particular
preconceptions or anxieties about materials arise in specific contexts of use.

Fig. 7. Diagram illustrating how materials science, psychophysics, design research and anthropology all inform
materials experiences

This study therefore ultimately aims to combine in-depth qualitative data gathered from materialsfocussed interviews and participant observation with quantitative data gathered using a combination
of design-research techniques and psychophysical methods. This report presents the completed
findings of stage one of the research (qualitative) and summarises the methods employed in stage two
of the research (quantitative), which is still underway.
Stage One: Qualitative Research
The first part of this study took the form of a series of fifteen in-depth, semi-structured, object-focused
interviews that involved 5 stages of discussion, classification exercises and participant observation in
the Materials Library. The aim of the interviews and exercises was to elucidate how a range of people
of different ages, backgrounds and occupations see the relationship between materials and health. The
series of questions and activities gradually allowed us to build up a picture of their conceptions of
health and wellbeing, their familiarity with the materials that make up their sartorial, domestic, and
workplace environments, their sensory and aesthetic reactions to a standardised set of materials, and
finally their ideas of how materials impact on positively and negatively on health and wellbeing.
Interview Journey
Interviews began with questions designed to elucidate participants’ conceptions of health and
wellbeing, and then employed samples from the collection to prompt open-ended conversations that

19

focused specifically on the ways in which a material’s properties and qualities affect the perceived
healthiness of products. We discussed a range of technical and sensoaesthetic characteristics including
colour, smell, optical properties, density, roughness, hardness and surface texture, for example, as well
as more emotive properties or associations like a material being ‘natural’, ‘horrible’ or ‘sluggish’. These
conversations and exercises were recorded through notes, photographs, audio and video recordings.
The video footage and transcribed audio recordings were analysed for patterns in participants’
discourse as well as patterns of non-verbal behaviour, reaction and reflection.
Participants Conceptions of Health and Wellbeing
Interviews began with a broad, open-ended conversation that examined each participant’s ideas of
health and wellbeing. Participants were encouraged to discuss what being healthy and well meant to
them, what kinds of activities they engaged in to maintain their feeling of being healthy, and the
materials, objects, people or places they used to support this. Responses were varied, for example:
“Not feeling tired or sluggish or bloated, I think for me it has something to do with lightness and
vitality and suppleness, like not getting stuck on things and moving forwards…Mental health is also
important to me in both the pathological sense and then in the, sort of, just in how your
relationships are at that moment in time”
(Paul, 23)
“I think it’s a question of wellbeing and balance. It’s not necessarily an idealized state. Your body is
at its healthiest when you can ignore it. So we all have sounds and little niggles and complaints and
so on, but when you can function without this being an issue that’s at the forefront of your mind,
that’s when you’re healthy”
(Rasha, 39)
“The things I connect to health are mainly exercise and food: I cycle to work every day and back
and I've just started Pilates to get my back a bit better, and I try to eat healthily”
(Megan, 31)
“I think for me being healthy is quite a broad concept really – it has to involve absolutely all of your
life really…it’s about my body, about my mind, about the work that I’m doing, the things I’m
creating outside of that, about my relationships with people. So I think I see health as a very allencompassing thing, not just one element”
(Francesca, 31)

Familiarity with Materials
Participants were then asked a series of questions that delved into their definition of materials and
their familiarity with and ability to identify materials that made up their clothes and items they had on
them. We explored the kind of conscious engagement they have with materials on an everyday basis,
and participants described the predominant materials in their sartorial, domestic and work
environments. Participants were asked about preferences for particular materials, and personal and
formative experiences that led to material likes and dislikes were discussed. Participants
demonstrated very different levels of sensitivity to and interest in materials. Some participants put
little emphasis on their material environment and were more interested in the colour, form or
provenance of an object:
“I’ve got this wonderful cotton tracksuit from Sports Direct, which is not great quality and its
started to get bobbles on it after only a few weeks. My laces are made of…some sort of
polymer….This all sort of plastic and I expect there’s some cotton in there somewhere. Clothes for
me are either made of cotton or some sort of synthetic thing which I don’t know what to call

it…What I think about more when I like decorating my room or buying things for my house is the
colour…rather than the materials. I mean definitely I think about the colours in my room but I
don’t think, ‘oh I really need a linen sheet but I don’t want a plastic one’”
(Paul, 23)

Whereas others paid close attention to the qualities of the materials in front of them, about their
person and in their remembered home and workplace environments:
“I’ve got 360L stainless steel in my watch, sapphire glass one the top, brass for the movement,
lithium for the battery, carbon fibre for the dial, ballistic nylon for the strap,. Then my clothes are
all cotton. Then I’ve got parachute cord, which is nylon….I picked gloves recently because they have
Kevlar in it, and Kevlar is cool. My shoelaces are also Kevlar. I hate polyester clothes - you can
instantly tell if something is a polyester shirt or a cotton shirt.”
(Stuart, 23)

Speed-Dating Cubes

Fig. 8. The set of 21 cubes used in the speed dating exercise

Participants were asked to complete a classificatory exercise designed to gather their intuitive
responses to a standardised set of materials samples. They were confronted with a selection of 21
isomorphic 4cm x 4cm cubes made from a range of different materials: balsa (wood), cork, pink ivory
(wood), tropical hardwood, oak, wool (sheep), concrete, marble, polystyrene, styrofoam, rubber
(vulcanized), polymorph, object resin (3D printed), epoxy foam, resin and hair composite, fiberglass,
acrylic, mild steel, aluminium, tungsten and brass. They were asked to select the three cubes that most
intrigued them and give their intuitive, immediate responses to them. They were then prompted by
the interviewer to discuss, for example, what they thought the sample was, what it could be used for
and what they liked and disliked about it.
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Fig. 9. Some of the sets of 3 cubes selected by participants

Some of the responses to the samples chosen are shown below, demonstrating the huge variety of
descriptors and associations used by participants during a semi-structured interview.
Material
Brass

Descriptors
cold, gold, patina, weight, weird
smell, tarnishes

Sensations
expected heavier

Mild steel
Aluminium

dusty, dirty
shiny, clean lines, weight, useful,
light, no patina, strong
heavy, cold, steady, expensive, shiny,
reassuring
smooth, texture, not uniform,
random, odd, ridged, mushed,
moulded, resistant, tactile, stiff

smells iron-y
heavier than looks

Tungsten
Polymorph

Fibreglass
Resin hair
Object resin

Acrylic

fascinating, varying textures, weird,
disgusting, black, interesting
striated, regular, smooth, sharp,
attractive colour, shiny, resistant,
glassy, solid, lightweight
clear, calm, translucent, symmetry,
see-through, shiny, rainbow, thick

Styrofoam

disappointing, dented, marked

Polystyrene
Epoxy

plasticy, durable, disposable
calm, powdery, matte, worn, dirty,
light
cheap, lighter, beige, horrible colour,
awful, unthinking
durable
cheap, imitation

Concrete
Marble
Balsa

Associations
iron or maybe pyrite, sets of weights,
conductive wire, bullet cases, brazing,
soldering, bridges, watches
cutlery, aeroplanes, foil
balance, lightbulbs

fingers get stuck, gives sense of coming
ot of mould, expected softer, try to dig
fingernails in

candle wax, boats, toothbrushes, wax, milk
bottles, orthoses
amber, fossils
racoon, pork rind, flooring, stubble

looks like rock, feels like plastic

glassy ashtray, mobile phone electronics cover,
3d printer

cool optical effects, wouldn't want next
to skin, doesn't feel nice, shapes,
structure
sight gave the Impression it was
malleable, expected more fleshy
puts my teeth on edge, goes everywhere

packaging, recycling, imitates glass, light, on
wall (not pendant, bracelet, pen)

don't feel strongly, easier to clean than
stone

rock, imitate granite or marble, to put behind
stuff, recipe, physics lessons
buildings
replaces wood

polystyrene
warhammer, packaging, insulation
wood and chalk

Wool

fluffy, furry, disgusting, delicate,
springy, natural, horrible, texturefull, snuggly, bounce, soft, grainy,
light

Hardwood
Oak
Cork

smooth, black
clean, real, natural
soft feel, ridiculous lightness, texture,
mushed

Pink ivory

elemental, brown but almost no
colour at all
dark, shiny

Rubber

think of fur in mouth, having to resist
pulling it apart, anxiousness, sensitivity,
movement, warmth, irritation, breaking
it as I touch it, smell, looked heavy,
expected dense cotton, makes skin itchy

protection of hands from heat

carpets, hoovering, vacuum bag, circulation,
fibreglass

floor
bottles, corkboards, oboe joints, coffee cups,
bunch of cells, childhood floor, drunkenness
wood floor, wood furniture

smells toxic

shoes, car tyres

Fig. 10. Table showing participant responses to the speed-dating exercise

Classifying Cubes
A further round of questions explored the relationship between participants’ ideas of healthiness or
wellness and their responses to specific substances, materials and objects. We explored whether
materials played a role in their efforts to stay healthy: whether they actively sought out or avoided
particular substances, for example. Again, as demonstrated by the responses below, some participants
were concerned about the impact of materials on their health and wellbeing, and took steps to try and
change their behaviour as a result:
“I do [think about materials in my efforts to stay healthy]. And I guess that I’m more aware of that now
[that I’m pregnant] than I was before….I’m a bit torn about the dark room chemicals: I used to love
spending hours in the darkroom. A bit like running, that was one of things that made me forget that
time was running on. And I’d forget to eat and come out hours later and realize what had happened. But
realizing how bad it is for the environment and how less than ideal it is for me breathing it unless there’s
very well-ventilated conditions it’s put me off it a bit. And that’s led me to investigate alternatives … I
used to never be that bothered about bleach and now I think that maybe its not such a good thing to be
breathing it. It’s good excuse not to be scrubbing the bathroom … I make a point to open the windows at
the moment. Not to spend time in the room that just been ‘spick and spanned’, if you will.”
(Rasha, 39)

Whereas were generally less concerned about the impact of materials health, and when they were
their primary motivating concern was environmental rather than personal health:

“Fears with foods, pesticides, things like that - I think I’m more concerned about their impact on the
larger environment rather than on myself. But I think things like that are reasonably well regulated - as
well as they can be. We don’t always know what the effect of something’s going to have until decades
later. I think air quality and things like that probably worry me more. I cycle in London so that’s
probably terrible for my lungs and I know London is fined every year for the quality of their air and they
never really do anything about it because they can afford not to. So that sort of thing slightly concerns
me but there’s not really anything can do about it so I try and its not something I ever really worry
about that much”
(Francesca, 31)

Participants were then asked to perform a second exercise, classifying the 21 isomorphic cubes into 3
categories: those that contributed positively to health or wellbeing, those that had a negative impact
on health or wellbeing and those that were ambiguous or they were unsure about. They were also
asked to explain their reasoning during the exercise. The bar chart below shows their responses to the
21 cubes.
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Unsure
Unhealthy

oak

tungsten

marble

hardwood

cork

brass

mild steel

aluminium

pink ivory

acrylic

concrete

object resin

wool

balsa

polymorph

rubber

resin hair

fibreglass

epoxy

styrofoam

polystyrene

Healthy

Fig. 11. Bar chart showing participant responses to the ‘classifying cubes’ exercise

Whilst these responses to a broad selection of materials is interesting and merits further attention, the
number of participants for this preliminary study was too small for the quantitative results to be
statistically significant. This work is intended to develop and establish a working method rather than
to enable us to make definitive claims about the perceived health of these 21 samples at this stage.
Perhaps the most interesting data came from participants’ explanations of their reasoning whilst
classifying the cubes: a variety of factors influence the perceived health of materials including their
sensory properties, constituent ingredients and biographies of specific materials, specific formative
experiences of materials and associations with particular contexts of use. For example, in these three
responses to the same material, one participant defined it as unhealthy because they disliked it for
aesthetic and sensory reasons:
“I don't like polystyrene because it puts my teeth on edge when anyone cuts it. And it goes everywhere
and it sticks to you. It’s static when you cut it and I hate that. And it’s generally plasticy and I'm not a
big fan...
(Megan, 31)

For another it was an association with a particular positive or negative experience, which they
narrated:
“Garrgh – polystyrene! I can pinpoint [a formative experience]. It was when I was a teenager some of
my friends were into those games with the models...Warhammer. And they used to build the
landscapes for them using polystyrene as the material for building hills and stuff and it just used to be
in the air and it would get everywhere. And that's it probably. Warhammer. Because I was just also not
into what they were doing so I found it all a bit boring”.
(Grace, 33)

And a third was concerned with the impact of the material on the environment, as much as its impact
on their physical and mental health:

“Polystyrene - its not going to deteriorate for a very long time but it’s made in a way that you
automatically throw it away. It normally has no real purpose other than packaging or something
that’s completely disposable. So that is unhealthy - not particularly for myself, but for the environment
in general its not ideal.”
(Francesca, 31)

The Healthy Object Continuum
Although the responses of several of the participants suggested that they felt strongly that materials
like polystyrene and rubber could be classified as unhealthy, the majority of participants noted that
they could only conceive of the health of a material when discussed in relation to specific objects and
contexts of use. As one participant stated:
“It is difficult to separate out the materials in cube form without some sense of what they are used for”
(Sara, 30)

As a result, two of the fifteen participants chose to classify all the materials as ambiguous:
“Nearly everything is ambiguous. Anything natural I think you are damaging the environment to get it,
but you can probably replace it quite easily because it can grow again. Everything has positives and
negatives. Anything that’s fibrous is probably slightly dangerous for your lungs when you are working
with it, of any kind – probably even human hair…anything tiny that can get in your lungs. Any metal has
been mined from somewhere which is what it is – completely destroys the environment but provides us
with things that are there already, almost for the taking.”
(Francesca, 31)

This final exercise was therefore designed to extend discussion with participants beyond the
isomorphic cubes into the realm of objects that could be used to construct a narrative to represent
broader ideas of health and wellbeing. This exercise drew out complex responses that would not have
become evident in a questionnaire. For example, during the ‘classifying cubes’ exercise one of the
participants stated strongly and repeatedly that she did not consider any material to be unhealthy.
However, she later exhibited a more complex response to materials health when engaging in the
healthy continuum task, elaborating on her relationship with materials like decomposing plastic
drinking vessels and radioactive granite quarried in her home town:
“Water is vital for my health. And I want the water to be in glass because I read that the plastics are not
as good and they decompose slowly, so I do not want even one molecule of the decomposed polymer
because it is not good for me. So I prefer the glass container.”
(Maria, 52)
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Fig. 12. Some participant responses to the healthy object continuum exercise

Conclusions: Health and Material Culture
This study is not yet complete so it is difficult to say anything definitive about participants’ responses
to the health of materials until more data has been gathered and analysed, but it is possible at this
stage to reflect on the benefits of the methods employed. Whilst the number of interviews was
relatively small, the kind of understanding of each individual’s conception of health that this first stage
of the study affords allows us to dig into the complexity of their responses to the classificatory exercise.
For example. Paul associates wool with carpets, dust, lack of movement and lethargy and this leads
him to classify it as unhealthy.
“I like to be in big airy open spaces and particularly wooden floors and big windows and high ceilings
and things like that. Because carpets for me collect dust and things get stuck in them. So I feel like if you
have a big open room with lots of clear open space maybe like a wood floor then for me that feels a bit
healthier because - what I was saying earlier about I imagine health has got be this sense of …you don’t
get tired or lethargic, things don’t stick to you, but actually constantly flow over you. So for me a carpet
isn’t a particularly healthy environment to be in because time gets stuck to it” (Paul, 23)

Teresa, on the other hand, associates it with sweaters, winter warmth and a love-hate relationship
with natural materials that irritate but protect the skin, eventually leading her to categorize it as
healthy:
“Here in the UK it is very cold so if I am not wearing the right clothes for me it is very important
and I starting to feel cold, and I may get a headache because I am upset. So clothes are very
important for that…but I really hate the textiles that make my skin feel itchy: for example the
cashmere - I hate it. I have two [wool] sweaters that are quite fluffy – the reason I keep them is that
they were a present, and every time I use them the way they keep the heat is fantastic. But I hate, I
hate - if there is a piece of the skin that is in touch with them it irritates me.”
(Teresa, 32)

The semi-structured nature of this combination of interview and classificatory exercise also affords a
better understanding of how participants use the same material descriptors differently. For example
Sara explains the different ways in which the epoxy foam is ‘light’:
“It sounds like wood, it feels like wood, but it’s lighter. And I mean that in a couple of different ways. It is
less weighty but also I don’t feel the tree responsibility like I do when I pick up a piece of wood: like a
tree has been cut down to make me this thing.”
(Sara, 30)

Our contribution to WP1.2 focuses on refining a method for conducting materials-focused research
that pays attention to the specific physical properties of materials in relation and peoples’
contextualized experiences of those materials in everyday contexts of use. This preliminary work is
the first stage in a tripartite method that tries to combine ethnographic approaches that explore how
particular preconceptions or anxieties about materials arise in specific contexts of use, systematic,
scientific studies of sensoaesthetics properties, and quantitative design research approaches to the
sensorial and intangible characteristics of materials.
The qualitative stage of this study was designed so that participants’ freeform responses to the
different aspects of the study could be cross-referenced, allowing us to look for links between their
intuitive responses to materials, their classifications of them as healthy or unhealthy and their
personal narratives. This would benefit from continued analysis in the coming months. We are also
currently discussing how to extend this first stage of the study – time permitting with ethnographic
research in domestic, workplace and retail environments - and how best to combine the narrative,
qualitative data gathered with a second stage of research that draws on on techniques from
psychophysics and design research. The same participants, along with a new set of volunteers, have
been recruited for a second, quantitative stage, described below. The results already gathered feed
into the and inform the design of this second stage. For example, the final list of attributes and
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descriptors that participants are asked to rate materials against will be based on the qualitative
interview responses, and we will attempt to map participants’ qualitative and quantitative responses
against each other to gain more understanding of factors that affect experiences of ‘healthy materials’ 2.
Further Work: Stage Two (Quantitative Research)
The second stage of the project systematically investigates the perceived healthiness of a range of
different materials in one context of use through a set of wearable material stimuli. These stimuli take
the form of 7 ‘material (s)watches’ made from birch wood, balsa wood, stainless steel, copper,
polystyrene plastic, silicone rubber and glass. Drawing on previous work by Howes et al. [23], this part
of the study explores the subjective attribute ratings of participants in response to these (s)watches,
and how those relate to their measurable physical properties.
a. Static (S)watches
Materials have been chosen that are suitable for contact with human skin. Participants are asked to
wear each of the 7 custom-made wristbands for a period of 24 hours, whilst going about their normal
lives. They are asked to keep a diary of their experiences during this time – at the end of one day of
wearing each watch, they will record any reflections on the different watch faces. At the end of the 7
days, participants are asked back to the Institute where they rate each of the (s)watches against a
variety of perceptual attributes (e.g. hardness, roughness and warmth), a series of material descriptors
(e.g. ‘natural’ and ‘safe’) and an overall subjective ‘healthiness rating’. The reasoning behind these
responses is explored through in-depth conversation with each participant. The results will be
normalized and statistically analysed. Subjective experiential data gathered through participants’
subjective ratings of materials will be correlated for principal component analyses, where graphs
reveal the relationships between the types of words rated as being a good description of each
particular material. We can therefore start to map what kinds of qualities contribute to the
comparative perceived healthiness of the materials in these wearable objects.
b. Dynamic (S)watches
As Barati et al. (2015) discuss above, designing with and understanding “computational composites”
can present methodological challenges to the designer as well as to the design researcher. When the
material cannot be directly experienced, analogous prototypes have to be made, which require skills in
coding and electronics. We have recruited a student intern, with a background in engineering and
computer science and an interest in wearable electronics, who is currently helping to make a set of
dynamic prototypes using the same form of the static (s)watches. Once these are complete the third
part of this study will look at the ways in which ‘digitising’ a material or artefact can change
participants’ responses to it. Using qualitative data collected through semi-structured interviews and
classificatory exercises in the Materials Library we will focus on the ways in which participants
respond to a variety of potentially unfamiliar ‘smart’ materials. Following the same method as the
second stage of the study, we will also explore how the integration of a simple sensing mechanism
and/or light output into a familiar material affects participants’ responses to the perceived healthiness
of a wearable artefact. The swatches will be programmed to sense several different inputs and produce
several different kinds of light output. Participants will be asked perform the same materials diary
exercise and subjective attribute rating questionnaire as with the static swatches. Results can then be
compared to see if there are any qualitative or statistically significant differences in participants’
responses to the digital and static artefacts.
2 With a much larger study it might be possible to also map differences in the ways that different demographics respond to

the same materials, but because this was a small-scale pilot study the number of participants was not sufficient for this to be
statistically significant.

3.4.3. Study 3: Materials, Memory and the Imagination of Touch (Diffus)
This study follows a design process that was conducted in order to support the issue of how to design
with a non-existing material and to understand how this material can be formed. The task connected
with this design process was to come up with design ideas and meaningful scenarios for a technologic
and composite material that work in theory, but have not been proven so in practice. This study will
focus on how tangibility and material properties can be understood, categorized and articulated in
order to give a deeper understanding of the properties that will be beneficial for the material that is in
the making.
Background: Creative Practice-based Research as Method
The methodology in this study lends its inspiration in what Linda Candy describes as “practice-basedresearch”, that is “an original investigation undertaken in order to gain new knowledge partly by means of
practice and the outcomes of that practice” (Candy) Candy states that the production of knowledge coming
from this kind of research can be materialized in many kinds of creative forms like sketching, finished
designs, music experiments, digital media, performances etc. What we did in order to generate knowledge
through practice was to develop a number of material kits that had an aesthetic and appealing appearance
conducted in different ways still containing the same kind of material. Our group of test people were exposed
to a number of materials where some were in their direct form without any other framework than a box and
small bags containing the material where other groups got the same material mediated through an other
material - more of that later. The test people were invited to reflect on materials, how they were presented,
their relationship with bodily memory and their tactility, feel, sound of touch and material quality. In this
paper my task is to reflect on the test people’s reflections and put it in a frame of haptic theory, practicebased research, theoretical and aesthetical reflections, and theories of materials and memories. Candy points
out that an experimental and practice-based approach to design research, will contribute to achieving new
knowledge about the nature of practice and processes. The outcome of practice will often point to
improvements and/or the need of further experiments. It is inevitable that when a creative process is started,
the final outcome is unknown - and yet the new understanding that will be created, can only be understood in
relation to the concept, experience or artifact. (Candy p3)
Barbara Bolt another theorist and practitioner that writes about practice-based research has presented
interesting notions about art and aesthetics as research in her book “Practice as Research: Context, Method,
Knowledge” She presents imaginative insight as an important but volatile goal of research and states that “if
a measure of the value of research is seen to be the capacity to create new knowledge and understanding
that is individually and culturally transformative, then criteria need to move beyond probability and
plausibility to possibility” (Bolt). Bolt looks to theories that are based on experience that can help us
understand complex things, and she presents instances where our intuition and intellect will serve as an
experiential base that shapes our understanding and allow us to see and do things differently. My goal with
the test was exactly to make the test people think differently and to activate vocabulary, reflections and
memories that can not be activated without the sense of touch. This capacity to create understanding and
critical knowledge through practice is central to our research processes and following the thoughts of Estelle
Barrett this is also where our practice based skills and knowledge truly can contribute to innovative ideas:
“The innovative and critical potential of practice-based research lies in its capacity to generate personally
situated knowledge and new ways of modelling and externalising such knowledge while at the same time,
revealing philosophical, social and cultural contexts for the critical intervention and application of
knowledge outcomes.” (Barrett p2)
On top of that following the ideas of Roy Ascott this knowledge production through creative and artistic
practice needs to be applied to humanities in order for them to survive in the new order of things where
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technology infiltrates everywhere. We have to look at natural sciences that always have gained knowledge
through practice and Ascott states that:
“The importance of practice-based research in advancing the field of interactive art is not widely understood.
This in part is due to the shadow cast over art research by its big brother, the humanities, which has long
appeared to many of us involved in this new field to be sandbagged against creativity, in defence of its
methodological orthodoxies. In this respect we find so often the academic rigor has become institutionalised
rigor mortis.” (Ascott)
Ascott points directly towards interactive art but I believe it covers interactivity introduced in any creative,
aesthetic and philosophical relation.
Testing Tangibility
”The haptic sense (which includes movement and proprioception) is the oldest, most
comprehensive and complex of senses, with receptors embedded throughout the body from the
skin down into the joints and muscles. Aesthetic touch draws from this deep well of sensory
input to inform us about what we are touching as well as about the self who does the touching.
Touch is reciprocal, a two‐ way exchange. Every time I touch, I am also touched. I affect the
world and the world affects me, unlike sight and hearing, which seem to leave relatively
independent of what I perceive. Touching generates a feeling for the reality of things as well as
my own reality. It conveys the qualities of things such as wood, sand, and steel at the same time
that it reminds me I am softer than wood, firmer than sand, and warmer than steel.” (Driscoll
p108).
Touch is basic for our understanding of the world as Driscoll points out. Is is always with us - it is the
practical, sensual and poetic membrane between us and the world. But touch is also under-prioritized in
theory and philosophy as Paterson states and the vocabulary of the detailed sensibility of touch, touching and
being touched is limited. When designing with a material that do not exist yet and that nobody knows how it
feels like to touch we might as well involve in designing the touch as well as the look and functionality. In
doing so it was interesting to experience first hand how a group of test people engage and describe different
materials. The following will go in depth with exactly this kind of tangibility testing. For me it was
important to stay as a reflexive observant but also practitioner (as it is my practice that the test people engage
in); as one who questions content and contexts and reveal problems and possibilities in the statements made
by the test groups. This issue-driven approach not only identifies problems of articulation and graspability
but also opens up areas where the test people might be responsive to further contribution.
The students were divided into four groups with approximate 8 in each group. Every group had the
task to discuss in detail the properties of each material and focus on haptic, structural, visual and
auditive qualities rather that functional qualities and affordances. Each group had an empty formula
where they were asked to write down the properties they felt could describe the different materials
(Figure 13).

Fig. 13: (Top left + right) Kit 1: Crayon, Asphalt fibre, Crystals (green), Salt, Optical fibre, Garlic peel, Furry yarn,
Dried leaves (Lunaria/ Japanese-lantern), Glue, Cake sprinkles, Transparent plastic pearl.
(Bottom left + right) Kit 2: Crayon, Asphalt fibre, Crystals (clear), Salt, Feather, Dried leaves, Silk, Dries seed pods,
Tailors chalk, Violet cake sprinkles, Silver paillets

Fig. 14: An impression from the group sessions.

The aspect of mediation was brought to the attention of the students when they were put together
with their partner group (Group 1a with group 1b and 2 a with 2b). Here they were asked to discuss
what properties each material was given by the groups, and it became very clear how important the
media (in this case silicone) is to any material appearance, but also how much of our knowledge is
based on previous memory - more about that later. One group who had ‘raw’ material gave dried
leaves the following characteristics: Porous, fragile, structured, symmetric, organic, dead, skeleton the same leaves combined with silicone was characterized by another group: Nice, transparent,
detailed, weaving patterned. Here the characteristics were in the first case very much connected to the
experience of touching and handling the material where the latter was connected to seeing the
material. In other cases like for instance salt the highlighted properties were very similar in all four
groups with words like crunchy, edgy, raw and breakable. Only one group with ‘raw’ materials
referred to the iron-like taste. See the tables on the following pages for a detailed view on how
different the material properties were captured.
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The discussions the students had when they were brought together with their partner group were
really enlightening and interesting. There were many childhood memories and bodily experiences that
were told. Cake sprinkles and how they crush between your teeth and how you preserved flowers and
plants in old books in your childhood were among the comments. Grandmothers were mentioned
several times. In fact the groups with mediated materials referred more often to the memory of the
materials than the materials themselves. It seemed like the silicone casks were preserving memories.
José van Dijck points out in her book Mediated Memories in the Digital Age that “Memory and media
have both been referred to metaphorically as reservoirs, holding our past experiences and knowledge
for future use” (van Dijck, 2007, p. 2). She further mentions that “Media and memories... are not
separate entities - the first enhancing, corrupting, extending, replacing the second – but media
invariably and inherently shape our personal memories, warranting the term “mediation””. (van Dijck,
2007, p.16). In this case the test with the students showed that the direct description of the properties
were stronger in the case of ‘raw’ materials where the spoken of connection to memory were strongest
in the case of ‘mediated’ materials. “Mediated memories are the activities and objects we produce and
appropriate by means of media technologies, for creating and re-creating a sense of past, present, and
future of ourselves in relation to others” (van Dijck, 2007, p.21). This raises interesting issues about
the relationship between media and memories, and documenting and forgetting. When the materials
are combined with the silicone it becomes a preservation of eternal life as one of the groups said, but it
also represent the forgotten properties that are lost in the preserving, mediating act. The results of the
study is summarised in the tables below.

33

How can these findings be used in relation to Light.Touch.Matters
The difference between ‘raw’ materials and mediated material is an important discussion in relation to the
LTM materials. We are creating products that are the interface, meaning that the material becomes its action,
but at the same time we are mediating this action through the technology at hand. The LTM-material does
not have material property in itself but has to lend properties from other materials, experiences and memories.
Awareness on how we experience material properties in different modes seems important.
More specifically, how can we use these findings in relation to Interactive Tableware by Diffus?
With the project interactive tableware one of the goals is to use familiar materials - of course processed into
functional objects - and use them together with the light touch material. We aim at making the interactive
foreign and still not existing material appear as natural and smooth as possible and therefore the knowledge
on how materials are interpreted, and how they are interpreted differently if they are raw, processed or
mediated is valuable. The findings related to the fact that materials that are mediated have an ability to talk
more directly to our memories is interesting and useful as a contrast to the natural material that talk more
directly to our here and now bodily experience. The two ways of being touched by material seems to
compliment each other and underline our idea of combining natural non-interactive material with artificial
interactive light touch material. The presence of natural materials will balance this still not existing material.
Dynamic properties
With the language of properties fresh in mind, the students were asked to work with dynamic
properties. They were given small samples with different material changing possibilities. Again there
were four groups that each got one out of the four following changing possibilities: Color change,
shape change, light pattern and movement.

Fig. 15. Color change: Thermocromic ink (together with UV-beads and phosphorescent plastic ribbon), Shape
change: textile samples of textile with stretch function due to cutted pattern (together with shape memory
alloys). Light pattern: Structured textile with light embedded (together with LED-ribbon and optical fibre surface.
Movement: Textile woolen ‘landscape’ with small motors shat give haptic feedback when touched (together with
small robot that was able to move bricks).

In the following pages the characteristics the students gave the different dynamic properties are listed.
We gave them a pre-printed circular scale with two sets of property suggestions (Smooth versus
staccato and slow versus fast). Rest of the properties and the placement in the scale is the students’
work. With the exercise we tried to develop a vocabulary for describing changes in the material. We
chose some changes that we think could happen in the LTM-projects.
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The test with the dynamic properties were difficult to conduct. Firstly because the students had some
trouble with distinguishing between static aesthetic properties and dynamic aesthetic properties.
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Secondly because even though we tried to work with dynamic properties that are useful and make
sense in relation to LTM-projects there were very specific circumstances with the chosen samples that
might not be able to transform into a more general level. The students had a lot of fun and were exited
about the dynamic and active samples, but focused much more on how the appearance of the samples
were rather than how they changed. The exercise will probably gain from being repeated, and with
dynamic properties closer to the ones we will use for LTM-projects it will help a great deal.

Conclusion
We have done the first test before and therefore the outcome of this test was very useful. We
need to conduct two other tests in order to know if we can gain from them. Dynamic and
interactive properties are crucial to LTM and the closer we come to final products the easier it
will be to test actual properties. Still the insights from the tests are useful in order to keep
focusing on how to take care of and emphasize dynamic and interactive properties.

3.4.4. Study 4: Exploring sensory glove interactive material properties (GZE, MCI)
The purpose of this study is to qualitatively assess the glove concept developed by GZE for the LTM
project, in its interactive qualities. As part of the study it has been explored the relationships between
material properties and the experience related to the final application. By dividing in two macro
categories:
-

Medical (training and rehabilitation)
Leisure (gaming, sport)

In particular it has been asked to the participant to perform specific tasks using the sensory glove, by
following the gestures/exercises the current glove is programmed for (touch and tap, press and
squeeze, bend and flex) and which reactions the user expect to get in terms of sensorial feedbacks
coming from the light (soft light, blink light), colours, haptic effect. Then it has been showed a number
of different materials to be selected by the user for a particular sensorial property connected to each
part of the glove (palm, fingers, lighting area, decoration or functional parts, wristband). (Appendix B)
The participants were between 18 and 50 years old, work in healthcare sector, assistants and trainers,
sportive, musicians and all of them should have experience with hand/finger traumas and
rehabilitation issues. The focus group has been organized together with UBRUN-HCDI, the Perception
Echancements Research (PER) lab, in London the 26th and 27th of May 2015.

Fig 16. Interactive qualities of LTM glove

Fig 17. Static properties of the materials

Sensory Glove – senso-aesthetical experiences and materials
After evaluate the interactive/dynamic qualities of glove components, the participants were asked to
select the materials they like more for each specific functional area of the glove, and explain why.
Having in mind the most suitable application for them (Medical or Leisure). The selection criteria
included aesthetic and physical properties and sensorial experiences derived from hands-on
manipulation of materials. This has resulted in the following frame:
CONTEXT OF
USE/
APPLICATION

GLOVE
COMPONENTS

POSSIBLE
FEELING/
EXPERIENCE

SENSOAESTHETICAL
REQUIREMENTS

Medical

External skin

Cold and
professional

Smooth and
controlled bending

SAMPLE
REFERENCE

POSSIBLE
RELATED
FUNCTIONA
LITIES
[DETECTAB
LE]
Focus
movement

Type A1
Matte Coated
textile material,
clean and
smooth
Elements
[decorative or
functional] on
the external skin

Functional
decoration

3D Texture with
specific design
[Matte inserts]

Support
movement

Type A2
Printed textiles
with gripping
patterns
Inner skin
[into contact with
user skin]

Hygenic/clean

Cold

Antibacterial

Type A3
41

NOTES

The controlled
bending is strictly
related to the
“elasticity” of the
piezo plastics part
not covered by
Oled.

Super
Lightweight
mesh and
knitting textile
Top layer of the
LTM material
[possible parts
not covered by
external skin

Strong

Satinized/frosted

Visibility

Type A4
Translucent gel
and optical filmsheets
Inner
thikcness/cushio
ning

Reliability

No too much soft
[elastic rather than
flexible]

Increase
comfort

Type A5
3D stretchable
spacer
Leisure/Gamin
g

External skin
[fabric or similar]

Soft/gummy
and playful

smooth

Increase
breathability

Type B1
Knitting
technical textile
from sport
sector. Comfort
fit
Elements
[decorative or
functional] on
the external skin

tactful

irregular, gripping

Communicat
e
functionality

Type B2
Seamless and
laser cutted
materials.
Inner skin
[into contact with
user skin]

comfortable

lightweight

Type B3
Lightweight and
laminated soft
touch materials

It is possible to
consider that not all
the Ltmaterial is
covered by a
“textile-skin”. Some
sample are
provided to
foreseen possible
senso-aesthetical
effects

Top layer of the
LTM material
[possible parts
not covered by
external skin

Clean, poised

Gloss and
traslucent

Type B4
Plastic sheets
with glossy or
colour enhanced
properties
Inner
thikcness/cushio
ning

structural

Thinner spacer

Structural
support
electronic
materials

Type B5
thinner foams
and double
knitted fabric

Conclusions
In this study, we explored the interactive qualities of materials specifically for the use in a hand
wearable tool, such as the sensory glove concept. We particularly tried to understand the input
expected and desirable dynamic feedback (pulsing light, continuous light, colour coding) coming from
specific gestures and motions (press, bend, tap, perform an articulated and programmed task).
All participants were attracted and excited about the lighting interaction in combination with soft
touch materials and they see a big potential in their specific field of interest. The medical rehabilitation
sector seams to be the main common understanding platform. Great interest has been resulted in the
occupational therapy and specific suggestions have been reported in terms of meaningful experiences.
For instance, timing of the pulsing light is really important and an encouraging visual experience is
helpful. Musician and professional sportive participants agree in the fact that they can really take
advantage from a smart and playful touch sensitive device.
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3.4.5. Study 5: Tools for Interdisciplinary Dialogue (UCL)
For WS06 in Barcelona we developed a set of conversational prompts in the form of tool rolls
containing a series of specially made materials samples. These tool rolls, and the workshop sessions
that focuses around them, aimed to understand material properties and improve communication
between materials researchers and designers. This work, undertaken as part of WP1.2, is discussed
in further detail in a recent paper (Wilkes et al. 2015). The paper discusses the material-objects
made for L.T.M. in relation to previous design and sensoaesthetics research (Karana at al. 2010;
Rognoli 2010; Laughlin et al. 2011; Howes et al. 2014; Wongsriruksa et al. 2012) aimed at
exploring the relationship between the physical properties of materials and peoples’ subjective
experiences of them. What follows here is therefore a brief summary that sets out what we aimed to
achieve with these material-object sets and the outcomes of the workshop session that was planned
around them.
The impetus for this work came from conversations and observations at previous workshops. At
WS05 in Delft, for example, the need for a ‘dictionary’ to translate materials researchers physical
properties into designers’ material experiences and vice versa was discussed. The consortium also
discussed the need for physical samples of materials to do some ‘quick and dirty’ benchmarking of
material properties like flexibility. As a result we began to develop a set of objects to help with the
following communication problems:
1. Materials research and design partners were using different terms to describe the same
material property. When designers specified that they wanted a flexible material, materials
researchers were unsure if they wanted something with low stiffness or high elastic modulus.
Although materials researchers and designers were talking about the same kind of behavior
in L.T.M. materials, they were talking about that behavior using different terms.
2. Materials research partners wanted designers’ materials requirements to be couched in
quantitative terms, so that they could begin to incorporate them into the materials
specifications that guide their research. For example, when designers talked qualitatively
about an L.T.M. stack being very flexible, materials research partners wanted a numerical
value for the desired Young’s Modulus.
3. Because of their different disciplinary lenses designers and materials researchers sometimes
focus on different kinds of materials qualities that cannot be directly translated into the
others’ terminology. For example, unlike flexibility, which broadly correlates with elastic
modulus and stiffness, designers may be concerned with the enchanting, relaxing or tactile
qualities of a material. These kinds of human experiences of materials do not directly
correspond with a single, measurable physical property like surface roughness, lumen output
or thermal effusivity.
As a result some work needed to be done to develop tools that could be used to help accurately
translate what designers and materials researchers meant when talking about analogous material
properties like flexibility and stiffness. These tools needed to allow for materials researchers and
designers to communicate, without designers having to specify numerical values for stiffness, but in
a way that would allow materials researchers to extract quantitative measures to inform research. It
also became apparent that we needed to begin developing a common language for talking about
those materials qualities, like tactility, which are not easily measured using traditional materials
science techniques, and do not easily translate into materials specification data.

The Tool Rolls

Fig. 18. An impression from the toll rolls created for material property communication

We developed a set of portable miniature materials libraries in the form of tool rolls filled with a
variety of rectangular, bar-shaped samples made from different materials. Materials were selected to
allow workshop participants explore the properties of luminosity, flexibility and tactility in
materials: from our observations at the workshops thus far these seemed to be the terms that L.T.M.
partners were struggling most to communicate. The six tool rolls were divided into three groups of
two, each of which was labeled with a term used by materials researchers and a term used by
designers, including stiffness / flexibility; tactility / feel and opacity / luminosity and light play.
One of the pair of tool rolls was made in silicone rubber and the other was made using a selection of
materials commonly found in domestic products, including various different types of polymer,
wood, glass and metal. At the time silicone rubber seemed the most likely material to be used for
the top or ‘encapsulation’ layer of the L.T.M. stack. The silicone rubber sets were therefore
intended to allow participants to explore what kinds of opacities, luminous effects and textures
might be possible with that material. The other sets were intended for comparison (to give a sense
of what might be possible in materials other than silicone); for combination (for layering up with
the silicone samples to get a sense of how they combine with other materials); and to be the basis
for analogy (so that partners could say, for example “I would like my stack to be as stiff and dense
as this piece of balsa wood: is that possible?”).
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Stiffness / Flexibility
The 7 silicone rubber samples were made using the same material but in varying thicknesses in
2mm increments. Although all the samples had the same Young’s Modulus, stiffness varied as a
result of the form of the object.

Fig. 19. Created silicone rubber samples varied in stiffness/ flexibility

The 7 multi-material samples were made from a selection of materials with different stiffnesses:
two different grades of silicone rubber, balsa wood, polystyrene, acrylic, glass and stainless steel.

Fig. 20. 7 multi-material samples varied in stiffness/ flexibility

Fig. 21. 7 multi-material samples explored the ways in which materials play with light.

Opacity / Luminosity & Light Play
The 7 multi-material samples explored the ways in which materials play with light. Samples were a
variety of polymers and metals that fluoresce, iridesce, reflect, diffuse and internally refract light.

Fig. 22. The 7 silicone rubber samples were the same pre-cure viscocity, shape and thickness but had different amounts
of white dye added in a measured gradation. They therefore became more opaque in a linear progression from 1 - 7.

Tactility / Feel
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The 7 silicone rubber samples explored the weight perception (one lightweight silicone covered in
gold leaf to look heavy, one white and glossy silicone filled with lead shot); surface texture and
roughness (smooth polished, grit-filled, sticky, hairy and a grid-like texture).

Fig. 23. The 7 multi-material texture samples mirrored the properties of the silicone samples, with one heavy,
lightweight, rough, smooth, sticky, hairy and grid-like material-object, to show the limitations and affordances of the
silicone rubber.

During the workshop session four stations were set up: one table for the stiffness/flexibility tool
roll; one for opacity/luminosity & light play; one for tactility/feel and one that allowed groups to
explore Materfad, the materials library of our hosts in Barcelona. L.T.M consortium members were

split into four groups comprising of a mix of materials researchers and designers. Each group had a
leader from UCL and B&W who directed and encouraged the conversation. Prompts included:
-

What are your instant reactions to these samples? Share these with your colleagues
What kinds of material properties do these samples speak about?
How does your reaction differ from what your colleague might be able to say about them?
In discussing these properties, where do we come across translation issues and sticking
points?
Are any of these material properties quantifiable? Are any of them hard to measure?
What kinds of material properties can we manipulate in the L.T.M. stack?
What kinds of tactile and sensory qualities can we manipulate with L.T.M. materials?
What kinds of light qualities & intensities can we manipulate with L.T.M. materials?
What can be done with materials research, and what with integration or design?
What kinds of translation issues can be solved using physical samples?
What can physical samples not convey?

The groups moved round the stations, spending 15 minutes exploring each tool roll in turn. Group
leaders recorded their responses to the samples in a freehand way, akin to ethnographic field notes.

Discussion
The aim of this session was not to gather data about perceived material experiences, but rather to
kick-start the conversation about how to communicate, translate and ask for material properties. In
general the session encouraged useful and grounded discussion between materials researchers and
designers. The small group format felt relaxed by comparison to a later Q&A plenary session that
we had: designers felt free to ask questions to the researchers in their groups in an informal and
personal fashion. This session deliberately did not focus directly on what the L.T.M. stack could or
could not do or what they wanted them to look/feel/be like, but encouraged participants to talk
around some of the key communication issues that needed clarifying. Leading discussion and
recording the richness of the conversations that took place during these sessions proved to be
difficult for group leaders, and there was therefore some variability in what was recorded. Some
kept a close record of the conversation and others focussed more on taking part and directing
conversation. In future we could provide a standardised format for recording workshop participants’
responses, or perhaps audio or video record the session so that facilitators are free to focus on the
content of the conversation.
The session resulted in a diversity of interesting conversations and some important realisations for
both designers and materials researchers. For example, it became apparent that not all designers
wanted the maximum light output possible from OLEDs and that the quality of the light is
sometimes more important than the quantity. Not all designers wanted transparency in their silicone
rubber top layer, or silicone rubber at all. Discussions about texture began to focus on the kinds of
internal texture that might be possible, not just the surface feel of the L.T.M. stack. Useful
discussions about how we perceive colour and the relationship between opacity, thickness and
diffusion of light were encouraged by the physical samples. These tool rolls therefore enabled a
different kind of conversation than would have been possible simply through verbal description or
by browsing a materials library. For example, one group discussed the “difference between
flexibility in a surface and flexibility in a material; the texture or geometry of a printed structure can
make it fluid” (personal communication, LTM Workshop 06). Another explored how “twisting is
influenced by the thinness of the sample”, and third discussed the ways in which “spring-back could
be deadened to make the silicone feel more flesh-like” (personal communication, LTM Workshop
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06). They did not need a refined technical materials science vocabulary to talk about the differences
between stiffness, elastic modulus, shear modulus and the topology of the material with the
materials researcher as they could demonstrate accurately and be understood using the materials to
hand. Various material culture scholars have commented on the limitations of describing a material
whose expressive potential is largely tacit since “materiality always exceeds language” (LloydThomas 2007). Anthropologist Tilley, for example, asserts that “similarity and difference can often
be much more subtly conveyed through the colours, textures, shapes and smells of things than
through words”, as the material “does the talking in a much more profound, succinct and vivid
manner” (Tilley, 1999).
As discussed at WS06, these materials sets have the potential to act as small, curated and
standardised mobile materials libraries that can circulate between L.T.M. partners and help with
translation and communication across geographic as well as borders. Historians of science Latour
(1990), Roberts (1995) and Daston (1999) have all commented on the key role played in the
development of modern science by immutable, standardised, readable and mobile objects or
technologies like maps, the printed book and the weight and measure system, for example, which
could be transported across qualitative and spatial boundaries and still maintain their consistency.
These tools and the workshop session surrounding them enabled L.T.M. consortium members to
begin refining their materials vocabulary in a new way, supporting the idea that discursive materialobjects can be central to interdisciplinary dialogues. We offered to refine and produce multiples of
these sets to be used as a kind of materials dictionary after the workshop. Each partner could have a
tool roll to refer to on email or over the phone, so that, for example, a design partner could ask for
their L.T.M. stack to have a stiffness or flexibility of 7, and the materials researcher could use their
matching tool roll for reference and to take physical measures. If all partners had the same set of
samples they could function as ‘‘immutable mobiles’’ (Latour 1990) that allow for long-distance
communication about material properties.
However, it became apparent at WS06 that there was the prototype materials sets needed
improvement. For example these tool roll sets were made using ‘static’ materials and did not allow
us to discuss the dynamic, temporal qualities of the L.T.M. stack and the different ways in which
“computational composites” (Barati et. al 2015) respond to eternal stimuli. As discussed further in
the published paper, some sensory experiences of materials, like roughness, warmth and bitterness,
can be translated readily into analogous, measurable physical properties. Other qualities, like
healthiness, naturalness or sustainability, are no less constitutive of our experiences of materials but
are much harder to correlate with a set of physical properties. We have therefore focussed our
efforts on exploring whether any relationship can be found between the physical properties of
dynamic, computational composites and their sensory, aesthetic, emotional and cultural associations
(Wilkes et al. 2015).

4. General Conclusion
In task 1.2, our main aim was ‘materials exploration’. In order to facilitate the design SMEs to define
meaningful experiences through the use of the novel LTM materials, by thinking in terms of a “dynamic”
interaction, we focused on the interactive qualities of the LTM materials alongside the
technical/sensorial properties. We have presented five main studies which tackled the subject matter
from different angles, and created useful insights for research and design practice.
In Study 1, we focused on the interrelationships between certain actions for interacting with LTM
materials (e.g. stroking, squeezing) and temporal behaviours of light output (e.g., dimming, flashing,
pulsating) to understand when an intuitive interaction occurred. In addition, we looked at the
interrelationships of such actions and aesthetic qualities of materials and certain meanings and
emotions (e.g., ‘ ‘feeling alive’ were associated to squeezing/pulsating). Result of the study showed that
input/output couplings could readily signal to a broad range of functional values (e.g., light as
illumination vs. light as carriage of information) and emotional experiences (e.g., relaxing and
reassuring in stressful situations). We presented the findings of the study in visual charts, matching
certain actions, for example stroking, with possible experiences to be elicited, for example love, caring,
etc. We concluded this study by introducing a product concept, a jacket, which benefits from the LTM’s
programmability to allow users personalize the light output beyond a basic function of keeping them
safe and making them visible. It unlocks unpredicted practices (e.g., new ways of communicating
street/privacy intrusions) leveraging on the sensorial, affective, interpretive, and performative
qualities of LTM material.
In Study 2, we focused on refining a method for conducting materials-focused research that pays
attention to the specific physical properties of materials in relation and peoples’ contextualized
experiences of those materials in everyday contexts of use. This preliminary work illustrates the first
stage in a tripartite method that tries to combine ethnographic approaches that explore how particular
preconceptions or anxieties about materials arise in specific contexts of use, systematic, scientific
studies of sensoaesthetics properties, and quantitative design research approaches to the sensorial
and intangible characteristics of materials. The qualitative stage of this study was designed so that
participants’ freeform responses to the different aspects of the study could be cross-referenced,
allowing us to look for links between their intuitive responses to materials, their classifications of
them as healthy or unhealthy and their personal narratives.
In Study 3, through set of studies conducted with students, we showed that understanding dynamic
qualities of materials is very challenging. Even though we tried to work with dynamic properties that
are useful and make sense in relation to LTM-projects, there were very specific circumstances with the
chosen samples that might not be able to transform into a more general level. The students had a lot of
fun and were exited about the dynamic and active samples, but focused much more on how the
appearance of the samples were rather than how they changed. The exercise will probably gain from
being repeated, and with dynamic properties closer to the ones we will use for LTM-projects it will
help a great deal. We aim to further work on ‘how to reflect and understand dynamic qualities of the
LTM materials’ in the next studies.
In Study 4, we conducted a study to explore the interactive qualities of the sensory glove concept
developed by GZE. We wanted to understand the interrelationships between material properties and
the emotional experience related to the final application. We made our exploration on two application
domains: Medical (training and rehabilitation), Leisure (gaming, sport). We asked to the participants
to perform specific tasks using the sensory glove, by following the gestures/exercises the current
glove is programmed for (touch and tap, press and squeeze, bend and flex). We wanted to understand
what visual feedback they would expect to get from the glove (soft light, blink light); what they would
expect the colour coding be, as well as to explore temporal qualities of the material (e.g. response
time) and its general haptic feedback. In the second study we explored which particular sensoaesthetical properties were preferred for which part of the glove (palm, fingers, lighting area,
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decoration or functional parts, wristband) in relation to the performance of the glove. We found for
instance, for the medical domain, in the external skin of the glove, people prefer/expect a professional
look, and the material should support a smooth and controlled bending. And we relate to the elasticity
of the material. We present all finding in a table presented in the previous section.
In Study 5, the aim of this session was not to gather data about perceived material experiences, but
rather to kick-start the conversation about how to communicate, translate and ask for material
properties. In general the session encouraged useful and grounded discussion between materials
researchers and designers. The small group format felt relaxed by comparison to a later Q&A plenary
session that we had: designers felt free to ask questions to the researchers in their groups in an
informal and personal fashion. This session deliberately did not focus directly on what the L.T.M. stack
could or could not do or what they wanted them to look/feel/be like, but encouraged participants to
talk around some of the key communication issues that needed clarifying. For the same endeavour, we
aim to create some provocative dynamic prototypes in the near future to discuss and communicate the
dynamic qualities of materials.
The “translation” of these results towards specific input for the design stream (WP3, iteration #3) and
the materials/integration stream (WP2/4) will be done in task 1.3 in its final iteration. Furthermore,
the upcoming PhD thesis of Bahar Barati (DUT-IDE) will also extend on the findings presented here, as
will several papers currently being drafted.
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Abstract. This paper probes into the ongoing situation of designing with under-developed
materials, in particular a computational composite. In response to the urge for more
integral material-product development, we see that designers are increasingly asked to
valorize new technology-push materials in the early stages of their development. In this
paper, we argue that this situation imposes new methodological design challenges due to
its paradoxical nature, being simultaneously open-ended and highly constrained by the
composite’s specific characteristics. We study the consequences of the new design
situation on the design process across three cases. Our assessment of the processes shows
that designers adapt to the situation through incorporating a variety of strategies, in
particular ‘framing’. The paper ends with a discussion of the fluency and efficiency of the
three approaches and suggestions for future research.
Keywords: Design Process, Materials and Design, Computational Composites, Assessment
Tools, Design-driven Innovation, Smart Materials
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1

Introduction

Designers are increasingly involved in collaborative projects with material scientists to open up
innovation opportunities [1], [2] with developing technologies ranging from non-computational
composite materials (e.g. natural fiber composites; recycled waste) to more technology-infused
‘computational composites’ [3], e.g., DiaBSmart [4], ShapeShift [5]. So-called ‘computational
composites’ (in short CCs) are possible assemblages of smart materials (e.g. Surflex [6]) or other more
conventional materials with embedded electronics (e.g., Soft(n) [7]). Being able to convert particular
forms of energy reversibly, in particular to/from electrical energy, CCs can be programmed to
dynamically change their physical features, such as color, texture, form etc. in response to external
stimuli (e.g. touch, temperature, etc.). Although the starting point of proposing a CC as a physicaldigital material solution is typically technology-push, the hope is that through the collaboration with
designers, the development path can be directed towards societally ‘meaning-changing’ applications
(see [8], [9]). In this paper, we investigate the methodological challenges of designing with CCs, as this
relatively new design situation is envisioned to be prevalent in the near future [10], [11].
Designing with CCs, collectively, imposes multidisciplinary challenges (e.g., attuning diverse
perceptions [12]), as well as technical and methodological challenges [13] One eminent challenge
reported in the literature is the digital-physical nature of CCs [13-15]. In addition and in relation to the
static physicality, CCs also characterize certain temporal behaviors that need to be defined. Designing
with CCs is, therefore, not only a matter of giving them physical form, but also envisioning their
temporal characteristics (i.e. interaction design challenges) as situated in the social, cultural and
behavioral context of use [16]—within a ‘situational whole’ [17]. Aimed to cope with digital-physical
nature of such technologies, many useful methods and strategies have been proposed (e.g. [15], [1820]).
The dual citizenship of computational composites in embodiment and function of the application also
divulges an opportunity to design in-between the vanishing (both conceptual and physical)
boundaries of materials and interfaces. Over the past decade, many design researchers have invested a
great deal of effort in exploring expression possibilities and affordances of programmable materials
(i.e. horizontal material exploration, for a review see [21]). Nevertheless, as highlighted by [21], not
many material-related studies in the field of interaction design research are concerned with ‘the
matter of purpose’. The main motivation of current work is to understand how designers design with
underdeveloped CCs, departing from material properties and arriving at applications.
Grounding on the fundamental reasoning patterns behind design [22], a description of the situation of
designing with CCs is presented in Section 2. Looking through this lens, we identify a key strategy that
designers are expected to rely on: framing. Correspondingly, we propose the main ingredients of a
frame and develop a mapping tool to analyze and reflect on design activities and decisions in relation
to frames. In Section 3, we present three design cases with a developing composite of piezo polymer
and OLED, namely the Light.Touch.Matter (LTM) [23]. Using the mapping tool, in Section 4, we analyze
and reflect on designer’s frames and their role in transforming the given properties of the LTM
materials to applications. In Section 5, we discuss the opportunities for more effective and efficient and
sketch future research directions.
2
2.1

Designing with Computational Composites
A Logical Framework

Drawing on [22] and [24], we see design activities as organized to close the logical equation of ‘what’
plus ‘how’ leads to ‘value’. According to [22], majority of design challenges fall into two main patterns
of ‘close’ problem solving or ‘Abduction-1’, and ‘open’ problem solving or ‘Abduction-2’. In the first

situation, the value (the ‘why’) and the ‘how’ (i.e., working principle; the abstract logic of how
components need to be arranged) that will help achieve the value are known. The designer’s task is to
create the physical embodiment and interaction within a set scenario of value creation (e.g., to make
the process of brewing coffee more efficient).
Acknowledging the fact that products can have societal impact [9], designers and design researchers
have been increasingly involved in open problem solving projects (e.g., to influence the behavior of
people [25], or to improve subjective well-being [26]). In Abduction-2, the ultimate value is known and
designer’s challenge is to figure out ‘what’ to create, while there is no known ‘how’ that he or she can
trust to lead to the desirable impact. There are many ways to respond to the challenge presented by
Abduction-2, ranging from ‘almost randomly generate proposals for the “how” and the “what”’ to a
‘more deliberate (and efficient) strategies to find a “thing” and its “working principle” that are linked
to the attainment of a specific value [22, p. 525].
Applying the same logical framework, we can say that in the situation of designing with a CC, the only
known is a fraction of ‘what’ (Fig. 1). In terms of openness, this situation is comparable to Abduction-2;
however, the starting point which is also the only design constraint is more concrete. In such open
design brief, designers have freedom to designate any aspired value as long as the proposed design
exploits the unique characteristics of a CC. We expect, similar to Abduction-2, the most logical way to
approach this situation is to adopt or develop up a frame from the only ‘known’ in the equation [22],
the CC. This initial framing activity can be a result of reasoning back and forward between CC
properties and multiple aspired values. ‘Once a promising or at least possibly interesting frame is
proposed, the designer can move to Abduction-1’ [22, p. 525], designing an application that will allow
the equation to be completed.

Fig. 1. The logical equation of design situations with a CC
2.2

A Mapping Tool

Although myriad possible combinations of properties and use contexts imply a limitless design space,
a designing trajectory with a CC is rather influenced by designer’s framing of what it can afford (to
offer) [28]. In order to scan design possibilities with a CC and track designer’s activities in terms of
closing the equation, we adopted Fokkinga et al’s model of product impact [30]. The three levels in the
model capture descriptive properties at Property level, non-affective events (e.g., seeing, touching and
physically interacting) and product experience (e.g., product aesthetic) at Product interaction level,
and impacts beyond the product (e.g., changing behavior, unfolding unforeseen practice) at Overall
effect level. The model is suitable for our aim due to: (1) its comprehensive coverage from properties
to products as experienced and the effects beyond them; (2) the differentiation between the nonaffective events and product experience at Product interaction Level, which allows for subtle
differences between CC affordances (e.g., portability) and experiential qualities (e.g., user’s
interpretation of portability in a situational whole as active and playful).
As shown in Fig. 2, our adopted tool inheres the four gradient level of the Fokkinga et al’s model [30],
to sufficiently map designer’s conduct in bridging between the CC properties and design possibilities.
In order to design with a CC, designer’s understanding of its ‘affordances’ [31] is perquisite. Designers
may perceive a CC directly in terms of its potentials for action, ‘without significant intermediate stages
involving memory or inferences’ [32]. For instance, they may perceive a CC in terms of it ‘role-ability,’
a measurable property of the relationship between people and a CC in application. Exploring and
combining CC sensorial and physical properties (e.g., texture, input/output), in connection to what
people can do with them, will extend designers’ understanding of CC affordances.
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Designers may see properties and affordances in the light of experiential qualities that a CC (or its
certain properties or affordances) could elicit in interaction [33], such as personality characteristics
and emotions. Exploring properties in relation to affordances as well as experiential qualities sets out
a playground to forge design possibilities at Product-interaction level. Such explorations may as well
reveal (product) purpose possibilities in relation to specific domains (e.g., improving health) reaching
the Overall effect level. However, designers do not always go to Overall effect level through CC
affordances and experiential qualities. To close the equation, they may approach top-down from
preferences of specific place, time, and domain and generates proposals for both the ‘what’ and the
‘how’ and find a matching pair that does lead to the aspired value [22]. Either ways, at some stage in
the design process, designers need to perform at Overall effect level to decide on the context and
purpose of use (i.e., where, when, and why). Making references to context-related factors (e.g., cultural
and social norms and dynamics; [34]) and purposes beyond experiencing the CC in application is
registered at Overall effect level.
Corresponding to the emerged possibilities, designers may adopt certain concepts (frames) to seize on
a situational whole, where a certain composition of CC properties, affordances, and experiential
qualities can contribute to the attainment of a specific value. As discussed in subsection 1.1, an aspired
value in an open design brief with a CC can be anything from improving utility of an existing product to
unfolding unforeseen practices, or changing the purpose for which a product is used (i.e., meaningchanging; [9]). To depict possible instances of a frame (Fig. 2), we include a summit, where the
intended aspired value (i.e., utility, experience, and impact) is designated, and two anchors (shown
with dashed lines in Fig. 2) reaching to CC properties.

Fig. 2. The adopted mapping tool developed to analyze the design process
In the following sections, we look into three design processes with a case CC, the LTM materials, and
inquire into the design activities and decisions in terms of opening up design possibilities and closing
the equation.
3

Design Case: Light.Touch.Matters

The Light.Touch.Matters [23] (LTM materials) are underdeveloped CCs comprised of two main
components of flexible OLED and Piezo polymer. The LTM materials feature some (known) unique
characteristics due to their thin and flexible structure (properties) and their pressure and position
sensitivity and surface lighting (functional principle). By giving an open design task: “to envision a
meaningful application for the LTM material”, we bring about a design situation, where given
properties of a CC is the only ‘known’ in the equation, and both the value and the ‘how’ should be
determined.

3.1

Method

In a semester course, three groups of M.Sc. design students, each comprised of 6 members, were given
the brief. The course focuses on iterative prototyping and provides means and support with making
and programming. In this way, we intended to reduce possible effects of the technical challenges
students may face when designing with a CC. The LTM materials were introduced to the students
through a presentation, which included a schematic picture of the composition and pictures/videos of
its components. The known physical properties of the components (e.g. thin, flexible, surface
illumination, pressure and position sensitivity), and hard limitations (e.g. flexibility range and light
color) were specified. Along the process students were assisted in technical aspects (e.g. programing)
of making. They were also appointed to consult an informed material expert, who was also involved in
evaluating the proposed concepts in terms of exploiting the LTM unique characteristics. Two
intermediate prototype presentations and one final presentation at the end of the course were
scheduled.
During the process, we closely monitored their design activities and decisions using multiple sources,
namely students’ self reports of their activities on a daily basis uploaded on a weblog, weekly update
meetings with the first author, and the three presentations. In the result section, we briefly introduce
the final designs. Then, the activities and design decisions of each group are analyzed using the
mapping tool.
3.2

Results

Students’ efforts in finding meaningful application for the LTM materials resulted in three final
prototypes (Fig. 3). The first one is Yi, an interactive flexible surface that aims to guide users in doing
Yoga. The second application is Meddi, a cardiopulmonary resuscitation (CPR) trainer to make
learning CPR easier for first aid trainees. The third application is Joe, an interactive punching box to
make boxing fun for beginner players. As to exploiting the uniqueness of the LTM material and
complying with the hard limitations, the two concepts of Meddi and Yi were evaluated more
appropriate than Joe by our material expert. Nevertheless, in our analysis of the design processes, we
included the Joe as an unsuccessful case and reflected on what possibly went wrong in their process.
To prevent confusion, we refer to the groups according to their final designs (e.g. Yi group).

Fig. 3. The final applications, from left to right: Yi, Meddi, and Joe
3.3

Analysis of Three Design Processes

Although all the three processes ended up with applications, designers experienced the uncertainty of
designing with the LTM materials differently. In this section, using the mapping tool explained in 2.2,
we illustrate their journeys in opening up design possibilities and closing the equation (through
moving back and forth between the levels), identifying the content and evolution of their frames as
shown in Fig. 4.
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Fig. 4. Mapping the activities and frames in terms of closing the logical equation, from top to bottom
(a) Yi (b) Meddi, and (c) Joe group
3.3.1 Yi
With a brainstorm session, the Yi group explored application domains and activities in relation to the
input/output aspects of the LTM material. Among all the other ideas, they decided that ‘way-finding in
the dark’ could be a relevant theme in relation to both touch/pressure and light. This initial frame
allowed them to see the properties in relation to an activity where both light and touch aspects (i.e.,
input/output) of the LTM intersect. The theme signaled them towards making the first tinker
prototypes (a network of water bottles that lit up in succession when squeezed and showed the way
out). Experimenting with interactive water bottles helped unlocking further possibilities with
input/output relation and worked as a vehicle to deeper associations. Having the objective of
exploiting the guiding effect of light and the function possibility of giving precise feedback on bodily
balance, they developed an interaction vision of ‘guiding people towards balance’. Their search for a
meaningful application at the intersection of LTM physical properties and the vision brought them to
Yoga (mat). The Yoga (mat) frame allows them to bring the experiential qualities (e.g., relaxing and
guiding quality of light) and affordances (e.g., role-ability combining bendability and thin-ness and
balance-sensing combining pressure and position sensitivity) in a situational whole. After this point,
the group moved to Abduction-1: designing an interactive Yoga mat that guides users towards
reaching balance (the value), which is enabled through measuring body weight distribution and give
subtle light feedback (the ‘How’). Having the established practice of Yoga and a distinct experience (to
feel guided), they elaborated on the temporal characteristics and simulated the LTM material in use.

Fig. 4a highlights the role of activity in relation to functional principle of the LTM materials and
guiding effect of light in formation of the initial frame. It also shows that inspired by the initial frame
and enabled by a tinker object, new affordances were emerged. This opened up function and form
possibilities and purpose possibility that later were retained by the Yoga (mat) frame. Students’
activities from then on were focused on iterative making of a simulated prototype and recreating the
desired qualities.
3.3.2 Meddi
The Meddi group stepped into the design process with a brainstorm session using various design
magazines and books to inspire possible application areas. Very soon, they picked an interest in
improving health care, with respect to the communication function of light. The group came to a
consensus about CPR practice, which was mentioned by one of the students due to his personal
experience. They all agreed that CPR practice could exploit pressure sensitivity of the LTM materials to
the fullest as it needs accurate amount and speed of pressure. Gripping to this frame, students further
moved to Abduction-1 where both the aspired value: an easier and more independent CPR experience,
and the ‘How’: addressing the usability issues in performing a successful CPR were known. Their
concept of CPR training tool closed the logical equation early in the process. Two third of the
remaining time is, therefore, allocated to understanding the practice and making the interactions easily
understandable through iterative refinements of the input/output relation and user tests. The final
prototype despite slightly different embodiment relied on the same working principle to achieve the
same aspired value.
Fig. 4b maps that students moved from the overall effect of improving health to an activity that was
closely linked to functional principle of the LTM materials. The CPR practice frame gathered the
communication function of light and the unique characteristics, such as thinness, flexibility and
pressure sensitivity in one situational whole. After this point, the Meddi group mainly focused on
technical and usability issues of a CPR trainer and addressed those issues in an iterative making and
testing process.
3.3.3

Joe

Starting with a brainstorming, the Joe group decided that the material could be used as a landmark in
places like libraries or museums, where light feedback is more appropriate than sound. Accordingly,
they developed a vision of ‘Giving visitors of a museum a moment to feel at ease…’. They immediately
translated their vision into an interaction quality of ‘feeling like a shelter’ and started sketching and
making physical manifestations of a lounge concept. Presenting their concept and desired interactions
to the material expert, the group was convinced that using the LTM materials for the aim of merely
illumination does not exploit its uniqueness in registering precise position/pressure-input. In the
second iteration, they embarked on an idea inspired from the LTM physical properties flexibility and
pressure sensitivity: an information sheet to explore and discover in a museum. They abandoned this
concept after interviewing some visitors in a museum. In the third iteration, they explored application
opportunities where the LTM input/output could add extra functionality to an existing product.
Eventually, they chose for a punching bag, and, inspired by Stefan Gross and Stella Boess’s ‘Love hate
punch’, they elaborated on the temporal characteristics to attain the aspired value of a fun and
entertaining boxing experience.
Fig. 4c illustrates that the Joe group approached the challenge less rational and more experimental
relative to the other groups. Their choice of museum context early in the process substantially
narrowed down the application potential without enough related-ness to the LTM unique
characteristics and hindered further searches for better-fit frames. Getting rid of the context constraint
and focusing on the LTM functional principle, they adopted an existing concept within an established
activity (boxing).
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4

Discussion

Analyzing the design processes in terms of the completion of the logical equation and designer’s frame
provides a useful lens to evaluate students’ approaches in the situation of designing with the LTM
materials. According to the analysis, the most effective approach is recognized as framing the LTM
physical and functional properties (e.g. touch and pressure sensitivity) in connection to an action or
activity (e.g. way finding, boxing). However, we cannot say for sure that the origin of such frames is the
activity itself or similarity between the form of an object within an activity (e.g. plain surface of a Yoga
Mat) and the sheet-processed material. Either way, we speculate that the students were mainly
involved in analogical reasoning [35] and reusing episodic data [36] (e.g. personal CPR experience) to
interpret design potential of the LTM material in connection to external sources (e.g., things,
activities). The most efficient frames were built upon purposeful activities (i.e., Yoga and CPR), in
which the physical and functional affordances of the LTM material could make sense. Such frames
mobilize the process towards directions where people can benefit from the material/technology
properties. However, such frames run a risk that the final applications are merely a ‘digital
augmentation of socially and culturally established practices’ [33; pp. 7].
According to our analysis, we are convinced that process-wise the Yi group took a more gradual and
fluent course in terms of closing the equation. They succeeded to postpone fixation of open variables
till later in the process and keep the situation broad in the beginning. This provided the opportunity to
explore combined physical and functional affordances (e.g. balance sensing) and better understanding
of the LTM’s experiential qualities within a situational whole. Tapping on deep interpretation of
meaning and value of the LTM materials in the light of its experiential qualities, they envisaged a
promising approach to foster a meaning-changing design [8].
Our analysis of the similarity between the two frames of Yoga and CPR suggests that a good frame
offers threefold benefits: 1) to combine materials’ individual properties under manageable design
directions; 2) to understand their interplay and value within a situational whole, and 3) to supply
enough grip so material- and value-conscious design decisions can be made. The latter implies that
students’ decisions to maintain and design within an established activity (the activity they used to
framed the LTM) can be consciously decoupled from the frame. In our three cases, this was not the
case and both frame and the activity (designed for) were the same. Two possible explanations can be
given: first, students readily realized the aspired value in digital augmentation (interpreted as the
purpose of the LTM). And second, that physicality of the LTM highly constrained their ability of
thinking beyond existing objects within an activity (e.g. Yoga mat), which compromises a more
profound search for something utterly novel. We believe that reflection on ‘why’ people do the activity
the way they do, for example, through more conscious framing (e.g. [34]) can propel the design
process towards unforeseen practices and meaning-changing applications. Additionally, to go beyond
the obvious aspired value of digital augmentation, form [19] and material properties (e.g. texture [21])
and the values and effects elicited in experiencing them should be closely investigated.
Lastly, it is evident that student’s approaches were influenced by the makeup of the course, which
encourages a hands-on approach through tinkering and prototyping. Programming and making
physical samples are inevitable part of designing with CCs, as highlighted in [37], [18]. Our study did
not focus on how the process may suffer or benefit from elimination of the rigorous prototyping.
Nevertheless, to improve the CC’s understanding (both technical and experiential), the role and
potential of early prototyping need to be further studied.
5

Conclusion and future work

This paper looked into the methodological aspects of designing with CCs as digital-physical materials
with under-defined physical and temporal properties. We proposed that the situation, similar to other

design situations, could be viewed from the angle of solving a logical equation. Starting from a concrete
technology, or in our case an underdeveloped CC, designers need to bridge between the properties and
an aspired value. We used a mapping tool to explain the design possibilities and the role and content of
frame in outlining a collection of possibilities in a situational whole so an aspired value can be
attained. Our analysis of three cases in terms of closing the logical equation and frame creation helped
us explain students’ performances in the situation of designing with a case CC. It also gave us insights
on how the design processed might be improved. We discussed that in order for meaning-changing
applications and unfolding unforeseen practice with CCs, a more conscious framing is necessary.
Future work will be oriented to support designers approaching the situation of designing with CCs
systematically, leveraging on a better understanding of the unique characteristics and conscious frame
creation.
6

Acknowledgments

This research has received funding from the European Union's Seventh Framework Programme
(FP7/2007-2013) under grant agreement n° 310311.
7
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.

12.
13.
14.
15.
16.
17.
18.

References
Hargadon, A. B.: How Breakthroughs Happen: The Surprising Truth About How Companies Innovate.
Boston, MA: Harvard University Press (2003)
Page, S. E.: The differences: How the power of diversity creates better groups, firms, schools, and
societies. Princton, NJ: Princton University Press (2007)
Vallgårda, A., & Redström, J.: Computational composites. In Proceedings of the SIGCHI conference on
Human factors in computing systems CHI ’07. New York: ACM Press (2007)
European Project DiaBSmart, http://www.diabsmart.eu
ShapeShift, http://www.caad-eap.blogspot.com
Coelho, M., Ishii, H., & Maes, P.: Surflex. In Proceeding of CHI conference on Human factors in
computing systems CHI ’08. New York, USA: ACM Press (2008)
Schiphorst, T.: soft(n): Toward a Somaesthetics of Touch Abstract. In Proceedings of the 27th
international conference extended abstracts on Human factors in computing systems - CHI EA ’09 (p.
2427). New York, New York, USA: ACM Press (2009)
Norman, D. A., & Verganti, R.: Incremental and radical innovation: Design research versus
technology and meaning change. Design Issues, 30(1), 78-96 (2014)
Verganti, R.: Design, Meanings, and Radical Innovation: A Metamodel and a Research Agenda.
Journal of Product Innovation Management, 25(5), 436–456 (2008)
Miodownik, M.A.: Toward designing new sensoaesthetic materials, Pure Appl. Chem., 79(10), 16351641(2007)
Miodownik, M., & Tempelman, E.: Light Touch Matters. The Product is the interface. Retrieved
January,
1,
2015
from
www.light-touch-mattersproject.eu/press/b079f8dc0dce2500df08ef2e657821e4.pdf
Edmondson, A. C., & Nembhard, I. M.: Product Development and Learning in Project Teams: The
Challenges Are the Benefits. Journal of Product Innovation Management, 26(2), 123–138 (2009)
Redström, J.: On Technology as Material in Design. Design Philosophy Paper (2005)
Löwgren, J., & Stolterman, E.: Thoughtful interaction design: A design perspective on information
technology. MIT Press (2004)
Wiberg, M., & Robles, E.: Computational Compositions : Aesthetics, Materials, and Interaction Design.
International Journal of Design, 4(2), 65–76 (2010)
Rosner, D. K., Ikemiya, M., Kim, D., & Koch, K.: Designing with traces. Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems - CHI ’13, 1649 (2013)
Karana, E.: Meanings of Materials. Doctoral dissertation. Technical University of Delft, Delft (2009)
Vallgårda, A., & Sokoler, T.: A Material Strategy: Exploring Material Properties of Computers.
International Journal of Design, 4(3), 1–14 (2010)

63

19.
20.

21.
22.
23.
24.
25.
26.
27.

28.

29.
30.
31.
32.
33.

34.
35.
36.
37.

Jung, H., & Stolterman, E.: Digital Form and Materiality : Propositions for A New Approach to
Interaction Design Research, 645–654 (2012)
Döring, T., Sylvester, A., & Schmidt, A.: Exploring material-centered design concepts for tangible
interaction. In Proceedings of CHI conference on Human Factors in Computing Systems CHI EA ’12.
New York, USA: ACM Press (2012)
Wiberg, M.: Methodology for materiality: interaction design research through a material lens.
Personal and Ubiquitous Computing, 18(3), 625–636 (2013)
Dorst, K.: The core of “design thinking” and its application. Design Studies, 32(6), 521–532 (2011)
Light Touch Matters Project, http:// www.light-touch-matters-project.eu/
Cross, N.: Design Thinking: Understanding How Designers Think and Work. London: Bloomsbury
Academic (2011)
Lockton, D., Harrison, D., & Stanton, N. A.: The Design with Intent Method: a design tool for
influencing user behaviour. Applied Ergonomics, 41(3), 382–92 (2010)
Brey, P., Briggle, A., & Spence, E. (Eds.): The good life in a technological age. New York, NY: Routledge
(2012)
Lindström, M., Gamstedt, K., Barthold, F., Varna, J., & Wickholm, K.: Hierarchical design as a tool in
development of wood-based composite applications. Proceedings of 13th European conference on
Composite Materials, Stockholm, Sweden (2008)
Bærentsen, K. B., & Trettvik, J.: An activity theory approach to affordance. In Proceedings of the
second Nordic conference on Human-computer interaction - NordiCHI ’02 (p. 51). New York, USA:
ACM Press (2002)
Kaplan, S., & Tripsas, M.: Thinking About Technology: Applying a Cognitive Lens to Technical Change.
Research Policy, 37(5), 790–805 (2008)
Fokkinga, S., Hekkert, P., Desmet, P., & Özcan, E.: From Product to Effect Towards a human - centered
model of product impact, 1–13 (2014)
Gaver, W. W.: Technology affordances. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (CHI '91). New York, USA: ACM press (1991)
Gibson, J. J.: The ecological approach to visual perception. New York: Houghton Mifflin (1979)
Giaccardi, E., & Karana, E.: Foundations of Materials Experience: An Approach for HCI. In
Proceedings of the SIGCHI conference on Human factors in computing systems - CHI ’15. New York,
USA: ACM Press (2015)
Hekkert, P., & Van Dijk, M.: Vision in Design: A Guidebook for Innovators. Amsterdam: Bis Publishers
(2011)
Ball, L. J., & Christensen, B. T.: Analogical reasoning and mental simulation in design: two strategies
linked to uncertainty resolution. Design Studies, 30(2), 169–186 (2009)
Visser, W.: Use of episodic knowledge and information in design problem solving. Design Studies,
16(2), 171–187 (1995)
Bergström, J., Clark, B., Frigo, A., Mazé, R., Redström, J., & Vallgårda, A.: Becoming Materials: Material
Forms and Forms of Practice. Digital Creativity, 1–17 (2010)

Appendix B

65

Sensory(Glove((
Assessment'of'a'new'interactive'hand'rehabilitation'tool''
'
Please!read!carefully!the!information!below!which!summarises!the!activity!you!are!being!requested!to!
perform.!Please!tick!appropriate!box!and!indicate!your!agreement!to!participate!by!providing!your!
signature!and!the!date!at!the!bottom.!

!
Thank!you!so!much!for!coming!in!today.!!I!wanted!to!give!you!a!little!information!about!what!
you!will!be!looking!at!and!give!you!time!to!ask!any!questions!you!might!have!before!we!get!
started.!
The!purpose!of!this!study!is!to!qualitatively!assess!a!hand>rehabilitation!tool!in!its!interactive!
performance.!You!will!interact!with!a!“sensory'glove”!where!multiple!hand!actions!are!linked!
with!lighting!signals.!!
!
The!aim!of!this!device!is!to:!
!!!
1. Provide' an' interactive' and' adaptive' wearable' hand:training' device' that' enhances' hands’'
stamina;'''
'
2. Support'chronic'diseases'management'or'physical'training'by'providing'clear'and'intuitive'
information'through'a'pleasant'portable'device.'
'
3. Long:term'engagement'of'the'user'with'a'positive'effect'on'his'quality'of'life.''
!
With!your!contribution,!Ia!musician,!would!be!helpful!to!have!your!contribution!and!be!part!of!
our!tests.!Each!session!will!last!approximately!15!minutes,!the!trial!is!not!hazardous!at!all!and!
tea!and!biscuits!will!be!offereda!musician,!would!be!helpful!to!have!your!contribution!and!be!
part!of!our!tests.!Each!session!will!last!approximately!15!minutes,!the!trial!is!not!hazardous!at!
all!and!tea!and!biscuits!will!be!offered!would!like!to!understand!how!to!improve!the!efficiency!
of!this!device!focusing!on!the!appropriateness!of!the!input/output!signals,!the!effectiveness!of!
the!interaction!and!the!pleasantness!of!the!overall!experience.!!
!
The!test!will!last!approximately!30!minutes.!During!this!session,!I!would!like!you!to!think!
aloud!to!complete!the!tasks.!I!will!not!be!able!to!offer!any!suggestions!or!hints,!but!from!time!
to!time,!I!may!ask!you!to!clarify!what!you!have!said!or!ask!you!for!information!on!what!you!
were!looking!for!or!what!you!expect!to!have!happen.!!
All!information!will!be!used!for!statistical!analyses!only!and!will!remain!strictly!confidential.!
!
Participant(Details:!
!
Name:!_____________________________________!!!!!Age!(years):!____________!!!!______!
!
Profession:!_________________________________________________!
!
Height!(m):!______________!
Weight!(kg):!_________!
!
Sex:! Male! !
Female!!
!
!
If!you!would!be!prepared!to!participate!in!future!research,!your!contact!details!would!be!greatly!appreciated:!

!
!
!
!

!
Email:!_____________________________________________________________!

!
!

1.1 Task(activity(–(hand(gestures(
!

Touch&fingertips&0000000000000000000000000000000000000000000000000000000000000000&
TASK&

!

Put' in' contact' and' press' each' fingertip' with' the'
thumb' tip' in' sequence' starting' from' the' index'
finger.''
Repeat' for' 3' times.' The' pulse' light' gives' you' the'
correct'timing'for'the'single'movement.'Green'light'
means' correct' execution,' red' light' means' not'
correct'execution.'Try'again'from'this'point.''

!
Usability&assessment&
Based!on!what!you!have!experienced!during!the!task,!how!could!you!rate!the!following?!
(please!circle!your!answers)!
!
1) The!device!is!easy!to!use.!
!
!
Agree!(Very!easy)!
!
1!

Disagree!(Very!hard)!
2!

2) Usefulness!of!content.!
!
Very!useful!
!
1!

3!

4!

5!
!

!
Not!at!all!useful!

2!

3!

4!

5!
!

3) The!information!displayed!are!clear!and!easy!to!understand.!
!
Agree!
!

Disagree!
1!

2!

3!

4!

5!
!

4) How!often!the!actions!performed!lead!you!to!something!unexpected?!
!
Never!
!!

Very!often!
1!

2!

3!

4!

5) How!pleasant!was!the!use!of!the!device?!
!
Very!pleasant!
(
1!

5!
!

Frustrating!
2!

3!

4!

6) How!often!do!you!see!yourself!using!this!device?!
!
!
!
!
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5!
!

!
Very!often!
!
1!

Never!
2!

3!

4!

5!
!

Full&grip&pressure&000000000000000000000000000000000000000000000000000000000000000&
TASK!!

!

!

Squeeze' a' soft' ball' with' the' fingers' against' the'
palm' of' the' hand' in' a' kneading' motion' while'
exerting' as' much' pressure' as' possible' again' the'
resistance'of'the'ball.''
Repeat' for' 3' times.' The' pulse' light' gives' you' the'
correct'timing'for'the'single'movement.'Green'light'
means' correct' execution,' red' light' means' not'
correct'execution.'Try'again'from'this'point.''

!

Usability&assessment&
Based!on!what!you!have!experienced!during!the!task,!how!could!you!rate!the!following?!
(please!circle!your!answers)!
1) The!device!is!easy!to!use.!
!
!
Agree!(Very!easy)!
!
1!

Disagree!(Very!hard)!

2!

2) Usefulness!of!content.!
!
Very!useful!
!
1!

3!

4!

5!
!

!
Not!at!all!useful!

2!

3!

4!

5!
!

3) The!information!displayed!are!clear!and!easy!to!understand.!
!

Agree!
!

1!

2!

3!

4!

Disagree!
5!
!

4) How!often!the!actions!performed!lead!you!to!something!unexpected?!
!
Never!
!!

Very!often!
1!

2!

3!

4!

5) How!pleasant!was!the!use!of!the!device?!
!
Very!pleasant!
(
1!

5!
!

Frustrating!
2!

3!

4!

5!
!

6) How!often!do!you!see!yourself!using!this!device?!
!
Very!often!
!

!
!
!
!

Never!

1!

2!

3!

4!

5!
!

!
!

Bend&fingers&000000000000000000000000000000000000000000000000000000000000000000000&
TASK&

(

Make'a'gentle'fist,'then'straightens'the'MCP'joints'
“back'knuckles”.'Then'the'fingers'are'straightened'
with'the'wrist'in'neutral.''
Repeat' for' 3' times.' The' pulse' light' gives' you' the'
correct'timing'for'the'single'movement.'Green'light'
means' correct' execution,' red' light' means' not'
correct'execution.'Try'again'from'this'point.!!

!

(

Usability&assessment&
Based!on!what!you!have!experienced!during!the!task,!how!could!you!rate!the!following?!
(please!circle!your!answers)!
1) The!device!is!easy!to!use.!
!
!
Agree!(Very!easy)!
!
1!

Disagree!(Very!hard)!
2!

2) Usefulness!of!content.!
!
Very!useful!
!
1!

3!

4!

5!
!

!
Not!at!all!useful!

2!

3!

4!

5!
!

3) The!information!displayed!are!clear!and!easy!to!understand.!
!
Agree!
!

Disagree!
1!

2!

3!

4!

5!
!

4) How!often!the!actions!performed!lead!you!to!something!unexpected?!
!
Never!
!!

Very!often!
1!

2!

3!

4!

5!
!

5) How!pleasant!was!the!use!of!the!device?!
!
Very!pleasant!
(
1!

Frustrating!
2!

3!

4!

5!
!

6) How!often!do!you!see!yourself!using!this!device?!
!
Very!often!
!
1!

Never!
2!

3!

!
!
!
!
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4!

5!

!

(
!

1.2 Questionnaire(for(User(test(participants:(
!
1. Which!kind!of!emotional!and!sensorial!feeling!you!have!by!using!the!glove?!
_________________________________________________________________________________________________________________
_________________________________________________________________________________________________________________
________________________________________________________________________________________________________________!
!!
!
2. From!1!to!5,!which!kind!of!user!experience!do!you!expect!the!device!must!provide?!
!
low'
'
'
'
high'
satisfying
1!
2!
3!
4!
5!
!
enjoyable
1!
2!
3!
4!
5!
!
fun
1!
2!
3!
4!
5!
!
entertaining
1!
2!
3!
4!
5!
!
helpful (e.g. support
1!
2!
3!
4!
5!
concentration)

!
motivating/empowering!

1!

2!

3!

4!

5!

aesthetically pleasing

1!

2!

3!

4!

5!

supportive of creativity

1!

2!

3!

4!

5!

rewarding

1!

2!

3!

4!

5!

emotionally fulfilling

1!

2!

3!

4!

5!

!
!
!

Other:
________________________________________________________________________________________
________________________________________________________________________________________ !

!!
!

3. Do!you!consider!the!overall!interface!(such!as!exercise!selection!and!colour!coding)!easy!to!
understand!and!learn?!
________________________________________________________________________________________
________________________________________________________________________________________ !

!

4. If!no,!how!would!you!like!it!to!be!more!understandable?!
!
_____________________ ___________________________________________________________________
________________________________________________________________________________________

!
!
5. Do!you!consider!the!lighting!feedback!appropriate!in!terms!of!timing?!
!!
yes!
no!
!

!
!
!
!

6. If!no,!please!explain!why.!
!
!

________________________________________________________________________________________
________________________________________________________________________________________

7. Would!you!like!to!have!a!faster!or!slower!visual!response?!
!
________________________________________________________________________________________
________________________________________________________________________________________

!
!
8. Would!you!prefer!to!have!all!the!lighting!feedbacks!on!the!back!of!the!hand!rather!than!on!the!
fingers,!like!in!the!current!prototype?!
________________________________________________________________________________________
________________________________________________________________________________________

!
!
9. How! do! you! envision! to! use! the! device! (e.g.! by! yourself,! with! colleagues,! with! professional!
assistant)?!!
________________________________________________________________________________________
___________________________________________________________________________ _____________

!
!
10. Do!you!want!the!device!to!show!you!the!progress!you!are!making?!
!
yes!
no!
!
!
11. If!yes,!In!which!way?!Would!you!prefer!a!feedback!on!the!glove!itself!or!on!a!stand>alone!device!
(e.g.!through!an!app!on!the!smartphone)?!
________________________________________________________________________________________
______________________________ __________________________________________________________

!!
!
12. What! is! the! minimum! duration! of! the! battery! (before! recharging)! you! would! be! willing! to!
accept?!
________________________________________________________________________________________
________________________________________________________________________________________

!
!
13. Would!you!like!to!have!the!object!always!on!with!a!stand>by!mode?!In!this!case!which!gesture!
would!you!like!to!do!to!activate!the!device?!
________________________________________________________________________________________
________________________________________________________________________________________

!!
!
14. Select!some!material!samples!you!would!like!to!see!for!each!part!of!the!glove!and!write!the!
reference!and!indicate!for!each!reference!the!reason!why!you!prefer!it!(tactile!property,!colour,!
physical!properties...):!!
!

·
·

!

·

!
!
!
!

External!skin:!!!
!
Inner!skin:!
!
Top!layer!of!the!lighting!material:!
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·
!
!

·

Elements!(decorative!or!functional)!on!the!external!skin!
!
Inner!thickness!

15. The!device!could!be!useful!in!the!following!sectors.!Put!a!number!in!order!of!priority!and!why:!
!
low'
'
'
'
high'
Medical rehabilitation
1!
2!
3!
4!
5!
!
Physical!training!!
1!
2!
3!
4!
5!
Sport!and!leisure!
1!
2!
3!
4!
5!
Music!sector!
1!
2!
3!
4!
5!
Games!
1!
2!
3!
4!
5!
Occupational!therapy!
1!
2!
3!
4!
5!
Other:!_________________________________________________________________________________________________________!
!!
!

!
!
!
!

