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ABSTRACT  

When used within textile printing, smart colours have expanded the design possibilities for textile 

patterns as relates to both motifs and, more importantly, uses. Smart colours suggest new 

functionalities and provide specific perceptions, reactions, and activities in terms of usage. At the 

same time, the need for peripheral information sources that are less intrusive than many of the 

everyday devices of the present has continuously been addressed to improve wellbeing, e.g. by 

making life more manageable and meaningful through the use of technology in everyday life. We 

aim to increase knowledge of the design qualities of smart colours, which is of use in relation to 

creating non- or less intrusive ways of displaying peripheral information. This paper focuses on the 

character of colour transition and discusses different colour-changing possibilities with regard to 

surface patterns; that is, from the perspectives of different levels of change and complexity and in 

relation to levels of intrusiveness and information comprehensibility.  

 

Keywords: Smart colours, textile structures, textile design, non-intrusive, interactive displays, 

wellbeing. 

 

 

INTRODUCTION AND BACKGROUND 

Ever since the notion of calm technology was introduced in the 1990s (Weiser & Brown, 1995), 

how we live and can live with interactive devices and systems has been explored and discussed 

(e.g. Janlert & Stolterman, 2017; Shelton & Nesbitt, 2016).  If our interactions with devices can 

move back and forth between the periphery and centre of focus in a non-intrusive way, life may 

become more manageable and less stressful, increasing wellbeing. For instance, in our daily lives 

we are bombarded with external noise, generated by all manner of technologies. ‘Noise Pollution: 

Non-Auditory Effects on Health’ (2003) is a research project in which Stansfeld discusses the 

various effects of noise on physical and mental health, as well as behaviour and social interactions. 

Stansfeld highlights the fact that environmental noise has physiological effects such as high blood 
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pressure, increased heart rate, and hormonal disturbances, as well as longer-term responses 

including anxiety and psychological disturbance. The question is whether we can help people to 

be more in control of their situation in order to increase wellbeing through colour and pattern 

design.  

Patterned textiles and wallpaper have always been part of our environments, functioning as 

aesthetic assets that improve wellbeing by acting as graphically complex information displays, for 

example. However, the development of smart colours has re-positioned textiles as aesthetic and 

communicative media – new methods of creating expressive ambient displays through colour and 

pattern change. Through experimental research, the area of smart colours – in this case, leuco dye-

based thermochromic inks in particular – has been explored as a possible replacement for more 

intrusive ways of receiving and expressing information as peripheral interactive displays (Bakker 

et al, 2015), for example.  

Research into the area of using colour to express visual information as a way of influencing 

human wellbeing has thus far shown that colours can be used to create certain ambient effects, 

which can lead to visual stimulation or relaxation (Lengen, 2017). Similarly, the project described 

in this article examined the role of textiles that can change colours. A change in colour is the 

subtlest in the hierarchy of phenomena that attract our attention, wherein sound and movement 

are the most intrusive and difficult to ignore. Together with the fact that a colour change opens up 

for a large, expressive, and non-binary palette, this means that changes in colour are suitable for 

communicating in a more ambiguous and subtle way.  

Thermochromic inks, which generally change colour in response to temperature fluctuations, 

change from one colour to a lighter hue when heated. Mixing thermochromic inks and static 

pigments enables the resulting pigment to change from one colour to another (Kooroshnia, 2017). 

Moreover, applying thermochromic inks to textiles, e.g. knits or woven structures, can further 

enhance the textural character of surfaces. The palette that can be obtained using thermochromic 

inks has therefore been explored by several researchers in the field of textile interaction design 

(Orth, 2004, Hallnäs et al., 2006, Kooroshnia, 2017), however, little research has been performed 

on the potential of changes in colour in relation to designing for wellbeing.  

 

THERMOCHROMIC INKS 

The silent aspect of colour transformation was explored through a practice-based research 

methodology. The structure of the experimental work aimed to explore the transitional aspect of 

colours on textiles as a method of analysing and describing the changes that can be achieved using 

the thermochromic inks combination with static pigments. Four series of prints were produced 

using thermochromic inks with an activation temperature of 31°C.  

The first of these consisted of three fabric samples produced using thermochromic inks in 

primary colours; the second consisted of six fabric samples made using one thermochromic ink 

and one static textile pigment paste; the third consisted of six fabric samples produced using 

multiple thermochromic inks and one static textile pigment paste; the fourth consisted of two 

fabric samples, one of which was produced using three thermochromic inks with different 

activation temperatures and the other using three thermochromic inks with different activation 

temperatures and a static textile pigment paste. This transition can be subdivided into three 

categories: 

1: Fading: A graduated scale, ranging from Colour A to a lighter version of Colour A, and back 

again to Colour A (Fig 1).  
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2: Bridging: A graduated scale, ranging from Colour A to Colour B, and back again to Colour A. 

Several bridging colour mixtures can be used with the same Colour A, resulting in some areas 

changing from Colour A to Colour B during activation and others changing from Colour A to Colour 

C, and so on (Fig 2 and 3).  

3: Continuous bridging: Thermochromic inks with different activation temperatures can also 

be used to achieve a more continuous bridging effect. Thus, Colour A can change to Colour B and 

then to Colours C then D, and back again (Fig 4). 

 

RESULTS AND DISCUSSION 

In the paragraphs that follow, the design qualities of thermochromic inks are discussed based on 

three aspects and related notions focused on in the literature.  
 

Level of colour change  

The level of colour change refers to the contrast between the initial and end expressions of the 

textile. This contrast can be expressed as a dramatic change in hue or colour from the initial state. 

Accordingly, the level of colour change refers to the extent to which the colour is experienced to 

differ between the activated and non-activated states. This aspect can be related to the desired 

level of intrusiveness as a design dimension, as discussed by Ames and Day (2002). 
 

 

Figure 1: A transition from one colour to a lighter version creates a smooth, soft colour transition, beginning 
with a visible colour and moving to a near-invisible one. In this series, colour changing of blue to the lighter 
version of same hue is the most intrusive one in comparison to yellow one. For the darker colour, the 
transition is more intrusive. It is noted that the level of intrusiveness in all the figures was rated from high 
(top) to low (bottom). 

  

 

 

Figure 2: For the first three bridges, a thermochromic ink and a static textile pigment paste adjacent to each 
other on the colour wheel (referred to Iten colour wheel) were used to create a smooth but strongly 
contrasting colour transition. For the second three bridges, a thermochromic ink and a static textile pigment 
paste adjacent to each other on the colour wheel were used to create a smooth, subtle, and sophisticated 
colour transition and a serene and comfortable colour palette. 
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Figure 3: For the first three bridges, thermochromic inks and static textile pigment pastes in complementary 
colours were used to create vibrant and strongly contrasting colour transitions. The bridging colour 
transitions in which the static pigments were green and orange had the same strong visual contrast as when 
the static textile pigment paste used was yellow, but there was less tension. Similar to the previous example, 
thermochromic inks and static textile pigment pastes adjacent to each other on the colour wheel were used 
for the second three bridges, creating smooth, subtle, and sophisticated colour transitions. 

 

 

Figure 4: The colour transitions involved continuous bridging to create vibrant and contrasting colour 
transitions.  

 

Figure 5: The sample on top consisted of four layers of ink and pigment paste mixtures which are printed on 
top of one another; that results in a complex dynamic surface pattern with the potential to convey more 
information in comparison with the simple three colour surface pattern. 
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Level of colour complexity in the surface pattern 

The level of colour complexity refers to how the inks and pigment pastes are mixed (fading, 

bridging, and/or continuous bridging) and printed next to one another as a surface pattern (for a 

bellowmore in depth discussion of mixing colours see Kooroshnia, 2017). A higher complexity 

results in a pattern with multiple changeable elements embedding more information capacity, as 

is discussed by Pousman and Stasko (2006), and a greater level of comprehensibility, e.g., by 

providing access to the user for additional peripheral information without interruption, as is 

discussed by McCrickard and Chewar (2003).  

 

The rhythm of colour  

The aspects of time and colour rhythm affect the classifications discussed above. The time required 

for sufficient heating to take place and distribution of heat in the pattern depend on the type of 

heat source used. The time required for cooling depends on the ambient temperature and/or the 

type of cooling source used. Together, these parameters affect how quickly the colour change and 

thus the level of intrusiveness. Variation in time spans between the colour hues and tones can 

create disruptions in the central activities, but might also introduce moments of reflection and 

rest, e. g, allowing users to successfully complete central tasks.  

 

Figure 6: The sample was produced using inks with activation temperatures 27, 37 and 47°C and green static 

pigment. Fast or slow heating effects the visual expression. Slow heating allows observing the complete 

range of colour transitions over a longer period of time and in greater detail, e.g. colour changing becomes 

less intrusive. Here, fast heating becomes more intrusive.   

 

CONCLUSION 

The research presented in this article proposes a new method for designing non-intrusive textile 

displays to be used as aesthetic peripheral communication systems. This research thus positions 

itself at the intersection of various design disciplines, and so uses the methodologies of interaction 

design to discuss the design of non-intrusive peripheral communication and proposes textiles as a 

medium for expressing graphical information in the form of colour transitions. Thermochromic 

colours were combined with textile materiality to propose suggestions relating to the forms that 

environmental wellbeing could take. As regards the body or spatial design, colour-changing textiles 

offer an alternative perspective on how information technology can be used to display complex 

patterns and colour transitions. The aim is to contribute to the development of multidisciplinary 

design methods wherein colour transitions are factors that can be used to increase wellbeing and 

are defined by complex textile expressions. 
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