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ABSTRACT1
Increasing HCI work on affective technologies is using different materials to represent biosensory
data. We explored several thermochromic, heating, and insulation materials to represents skin
conductance data through abstract and ambiguous representations. We report on the development
of three prototypes to represent emotional arousal using different colors, patterns, and shapes. By
critically reflecting on our experience, we highlight problems in these prototypes and propose
design guidelines to inform future research for representing arousal using thermochromic
materials.
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Figure 1: Multilayer fabrication.

BACKGROUND
Over the last decade, we have seen a growing HCI interest in emotional wellbeing and affective
health [17] particularly focused on emotional memories [14,15,21,22,23], particularly in old age [18]
and end of life care [19], affective representations through smart materials [24], and support for
mindfulness [2,20]. With the growing interest in biosensing a growing number of technologies
focus on capturing biosensory data such as skin conductance, heart rate variability, breathing rate,
movement data, brain activity information [29,30,31,32]. Often such information is displayed
through biosensory representations in numerical and graph-based form. However, there are other
systems which aim to empower users by employing ambiguous biosensing representations
[5,7,11,12,16,24,28] to provoke multiple interpretations of biosensory data. These systems often
employ mobile and desktop screens which are not always on sight. However, a growing number of
research is trying to use alternative kind of displays using thermochromic materials to represent
biosensory information [3,7,24]. Such displays are often integrated into wearables and clothing.
A growing interest in materials research within HCI and interaction design has helped us
understand how the qualities of materials unfold when designing and using interactive systems
[8,10,27]. They highlight the importance of understanding the aesthetic and experiential qualities
of materials. According to Giaccardi and Karana, different individuals experience materials in
different ways as: “properties of a material, the artifact in which a material is embodied, one’s
previous experience and expectations, and social and cultural values inevitably affect how we
experience” [6]. The framework proposes that materials are experienced at four different levels i.e.
sensorial, interpretive, affective and performative level.
We engaged in a material exploration of thermochromic, heating and insulation materials to
design and develop such ambiguous representations that can be used in daily life settings. Through
our exploration, we analyzed the interplay of these materials, their properties, constraints, and
inner working and developed prototypes to represent changes in skin conductance, also a measure
of physiological arousal [24]. In previous work we have shown similar such prototypes [24],
however among those we have developed, some have been less successful. Such work however is
seldom presented in academic writing [4]. Thus, in this paper, we present three discarded
prototypes and critically reflect on our approach to highlights problems and unpack the qualities
of thermochromic displays representing skin conductance.
FABRICATING THERMOCHROMIC DISPLAYS THROUGH MATERIAL EXPLORATION
FOR REPRESENTING SKIN CONDUCTACE DATA
We explored different materials for fabricating thermochromic displays. The approach involved
tinkering with materials and trying out different combinations to learn their affordances and
constraints [10,13]. We examined materials’ resistance, power requirements, actuation
temperatures settings, color expressiveness, how they can be cut, bend and shaped together and
what combination of materials can be weaved together. We used multi-layered approach [9] Fig. 1

Figure 2: The appearing and expanding
dots

Figure 3: Single and Multi-palette
rings changing colors

Figure 4: Rainbow colored display with three
colors (light blue, yellow and red)
disappearing

for fabricating thermochromic based displays including a thermochromic layer, a heating layer in
the middle, and an insulation layer as a substrate. Human skin becomes a better conductor in
response to strong stimuli. Skin conductance is often linked to sympathetic arousal which is
representative of having strong emotions and cognitive processing [1]. The changes in skin
conductance are measured by calculating potential difference between two points of contact on the
skin using electrodes. We wanted to represent skin conductance through ambiguous and abstract
representations that are wearable and part of clothing or accessories. We used Grove GSR sensor
to capture skin conductance data, and Arduino Nano and LilyPad microcontrollers to process the
sensor data and actuate the three prototypes shown in Fig 2, 3 and 4.
Thermochromic layer: We explored thermochromic liquid crystal sheets and paints of different
actuation temperatures in their ability to visualize color changing effects. We also discarded the
ones actuating above 40°C making it safe to use for near body applications. Thermochromic liquid
crystal sheets change color to red, green and blue, whereas thermochromic paints transform from
one color to another or to clear (no color) when exposed to heat. An additional design layer can be
added underneath the thermochromic layer to enhance the aesthetics or reveal hidden information
when using color to clear thermochromic paint (Figure 1).
Heating Layer: Heating elements are high resistance materials which produce heat when current is
applied through them. We explored a range of materials such as nichrome wire, conductive
threads, conductive fabrics, conductive paints, copper and aluminum sheets in terms of the
produced heat, speed of heating up and cooling down, power requirements, and ability to bend into
different shapes.
Insulation: The heat generated during actuation can be insulated by adding an insulation layer
underneath. In some cases, insulation is also required at the top as well. We explored
polypropylene sheets, silicon, and polyimide insulation tapes, and epoxy resins as insulation
materials.
The Dots: The Dots employ a flexible, plus-shaped conductive fabric flexible, 0.8mm thick which
provides a tunable surface resistivity of 8 Ohm/square to 105 Ohm/square. To provide current, we
sewed five conductive thread connections (GND in the middle and +Vcc around four corners) into
the plus shaped fabric as shown in Figure 2. The insulation layer consists of a clear adhesive tape
whereas the top layer is a circular shaped liquid crystal sheet. Increase in arousal is represented by
providing current across four terminals one by one with each dot representing the level of
heightened arousal. This results in slow appearance and disappearance of dots one by one. As the
arousal remain high, the four dots expand forming a plus shape (Figure 2).
The Rings: The Rings uses 10x19mm conductive fabric strips as a heating mechanism powered
through conductive threads. We applied 31°C thermochromic paint layer directly on the fabric
strips that change color from purple to pink, green to yellow and blue to green upon increase in the

arousal. Once the paints became dry, we attached the strips onto a 3D printed ring which acts as
an insulation. Increase in arousal is represented by changes in colors. The three color strips can be
actuated in any pattern to represent changes in arousal.
The Rainbow: The Rainbow uses a conductive thread as a heat resistive element. As the current
passes through the thread, it heats up. The top layer is a rainbow-colored pattern that only
changes three colors: 31°C thermochromic light blue, yellow, and red paints to clear in case of low,
medium and high arousal respectively (Figure 4).
DISCUSSION
We now take the critical lens to identify the problems and challenges we faced in prototyping and
representing skin conductance in the three thermochromic based displays. By reflecting on the
experience, we critique on the design features which the material properties did not support.
Not too expressive: The appearance and disappearance of dots in the Dots display is expressive and
open for interpretation. Existing research calls for expressiveness to represent mood [25]. However,
increased expressiveness paired with the ambiguity of thermochromic materials can become
problematic. Although we designed the display ambiguous to support interactive openness on
purpose, its expressive nature adds to the ambiguity, making it hard to interpret the increase and
decay of arousal.
Subtle but Perceivable: The Rings use different color thermochromic paints which are directly
applied on black fabric strips. Existing work highlights that people value privacy using color coding
moreover they also expressed the desire to personalize the colors for representing skin conductance
based data [24]. The rings support these important findings however with slow heating of the
fabric, the change from one color to another becomes less perceivable. Through experiments, we
found that this can be improved by either using large fabric strips or by using thermochromic
paints with a contrasting color change.
The Choice of Heating Material is Crucial: The choice of heating material is an important step as it
determines the shape, resolution, and speed of actuation of thermochromic display. The choice of
conductive thread to actuate a bigger circle in the Rainbow display became problematic. As we
used the thread to cover the whole surface area, it became longer in length which in turn reduced
the heat and speed of actuation. This resulted in being color unable to disappear as shown in the
Figure 4. Prior work only used thermochromic thread to represent color change animations of
boundaries and patterns [26]. Therefore, it is important to consider the appropriate choice of the
heating element when designing any thermochromic based display.
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