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Materials change: “…the formal language of design has 
notably shifted to a space dominated by the smooth and 
opaque surface. Such impenetrable surfaces make it easy 
to forget that the materials from which it was made are 
kinetic, that it is their ‘will’ to decay or change state” (Carr 
& Gibson, 2015, p. 9).

The process of material selection is usually focused on the 
pristine, mass-produced object that entices the purchaser, 
but from the moment of purchase the surface of an 
object changes in response to use and interaction with 
its environment (Figure 1). Abrasion, polishing, ablation, 
impact, accumulated dirt, mould and oxidation combine 
to create a surface ‘patina’ that discloses the life of the 
object (Candy et al., 2004; Giaccardi et al., 2014; Nobels 
et al., 2015): “Industrial design usually produces objects 
to be used in the future, but rarely investigates how these 
objects will change in time” (Nobels et al., 2015). Delight 
at the untouched, often shiny, appearance of new products 
which “invites sensual engagement” (Maffei & Fisher, 
2013, p. 231) can rapidly change to dis-satisfaction with 
‘worn’ or ‘aged’ materials  which, coupled with persuasive 
advertising, drives the cycle of replacement of products 
which are still fully functional (Nobels et al., 2015; 
Woolley, 2003). Material change is commonly perceived 
as damage or degradation, and for many types of product 
‘cosmetic obsolescence’ contributes to premature disposal 
and unsustainably short product lifetimes (Cooper, 2005; 
Lilley et al., 2016; Manley, Lilley, & Hurn, 2015b; Packard, 

1963): “Many objects lose value in time because they lose 
newness, which is the attractive factor in the purchase 
phase. Newness is a complex mixture of different sensorial 
properties like odour, shiny colour and the integrity of 
surfaces.” (Nobels et al., 2015).

Whilst ‘graceful ageing’ of material surfaces is a potential 
strategy for creating enduring products, emotional 
attachment is difficult to predict and often elusive 
(Connor-Crabb, Miller, & Chapman, 2016; Cooper, 
2005; Tasaki, 1992). “Objects capable of sustaining long-
lasting relationships with consumers are rare” (Chapman, 
2005, p. 66) due to unreasonably high expectations, rapid 
‘acclimatization’ and loss of novelty.

In this paper, we ask: “with a better understanding of 
material change and how it is perceived, could product 
lifetimes be extended by designing for positive experiences 
of material change through the life of a product?”

This paper explores how aesthetic changes to the surface 
of a material are perceived, and how material change 
could be more widely utilised as a design tool. Combining 
a literature review with user studies, a complex web of 
factors is identified which are presented in a ‘framework 
for understanding material change’. The considerable 
challenges which must be overcome to enable designers 
to understand material change throughout the product 
lifespan are identified.
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Abstract
From the moment of purchase, pristine objects are subjected to an array of stimuli including 
wear, impact, heat, light, water and air which alter their tactile and aesthetic properties. Material 
change is often regarded as ‘damage’ or ‘degradation’, but has potential to be used as a tool 
to engender emotional engagement to an object and extend product lifetimes. The potential 
benefits, and complications, associated with material change in the context of designing for 
the circular economy and other sustainable product service systems is discussed. We present 
a framework for designers to better understand how materials change with use, and in turn 
how people respond to materials as they change. Key challenges are identified which must be 
overcome to use this framework in design practice: people’s physical interaction with objects is 
poorly understood, it is difficult to simulate material change, materials resources for designers 
do not provide information about material change, and people’s responses to aged materials 
depend on a complex web of interacting factors.
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hardness, can be used to give an indication of sensory 
attributes, i.e. how the object will look and feel, and even 
how it will smell, sound (when struck) and taste (Ashby 
& Johnson, 2013; C.J. Barnes, 2004; Skedung et al., 2011; 
Wongsriruksa et al., 2012).

But there is a further step to move from sensory attributes 
to people’s perception of the material – how does it 
make them feel? What is their emotional response to the 
material, and to the object of which it is part? (Chapman, 
2005; Karana, Hekkert, & Kandachar, 2010; Manley et al., 
2016; Mugge, Schoormans, & Schifferstein, 2005). For a 
new product, there is a complex set of interacting factors 
that mediate the owner’s emotional response, including 
cultural influences, fashion, expectation, product 
context, past experience and preconceptions, provenance 
and duration of ownership, and uniqueness and 
personalisation. For older products that have undergone 
material change, these factors are still valid, but are joined 
by a further set of considerations:

• Has the owner spent time caring for the object, 
repairing, cleaning and maintaining it (Gregson, 
Metcalfe, & Crewe, 2009; Salvia, 2015)?

• How did the changes to the object’s surface occur – 
rapidly or gradually; accidentally, deliberately, or 
during a memorable event (for example during a 
particular sporting event) (Manley, Lilley, & Hurn, 
2015a; Odom & Pierce, 2009)?
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An understanding of material ‘durability’, i.e. how a 
material changes in response to a wide range of physical, 
chemical and biological stimuli, is a vital first step in 
understanding how material change will influence 
the lifespan of a product. But this is not enough. A 
combination of material changes, interwoven over time, 
combine to create a surface ‘patina’ that discloses the life 
of an object. There is a dichotomy in how this patina is 
interpreted; it can result in dissatisfaction or allow an 
emotional bond to be forged with the object (Baxter, 
Aurisicchio, & Childs, 2016; DeSilvey, 2006; Giaccardi et 
al., 2014). “It is important to note here that patina is not 
an issue to do with material resilience or durability, but 
rather, a societal preoccupation with what an appropriate 
condition is for certain typologies of material and objects to 
be in” (Chapman, 2013, p. 141). 

We propose that a complex web of factors must be 
considered which require a multi-disciplinary approach 
to understand an individual’s response to a particular 
product in a particular condition. The interaction of these 
factors is summarised in Figure 2.

Materials engineering is required to understand how the 
choice of materials (intrinsic properties), and the specific 
application of these materials in a product (extrinsic 
properties) combine with an array of stimuli to produce 
changes to the material surface. Material properties, 
such as surface roughness, thermal conductivity and 

Figure 1. Materials change (clockwise from top left): a plastic spade is severely faded by sunlight (despite it being designed for outdoor use); sandstone develops a rich 
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often involve a move from private ownership of products 
to provision of services, leasing, or shared ownership 
(Bardhi & Eckhardt, 2012; Rogers et al., 2015; Wilson et 
al., 2015).

The circular economy is normally described in terms 
of circular flows of materials, being: “a simple, but 
convincing, strategy, which aims at reducing both input 
of virgin materials and output of wastes…” (Haas et al., 
2015, p. 765). However, it can equally be seen as a way 
of maintaining the value of products, components and 
materials. One approach advocated by proponents of the 
circular economy is ‘design for longevity’ (Park, 2009; 
The Great Recovery, 2013), with carefully orchestrated 
material change being one strategy to potentially increase 
product lifetimes through emotional attachment to an 
object.

In the context of material and product reuse through the 
circular- or sharing- economy, is it beneficial to engender 
attachment through material change? The answer is, of 
course, complex and answering it requires speculative 
life-cycle analysis of multiple possible product life 
scenarios, which will be different for every product. Any 
form of re-use, re-manufacturing or recycling will entail 
negative environmental impacts due to transportation and 
processing. Product longevity avoids these impacts and 
therefore has the potential to minimise environmental 
impacts. However, for products which require energy in 
the use phase (e.g. cars and electronic devices) (Suckling 
& Lee, 2015; Van Nes & Cramer, 2006) or substantial 
maintenance (Kara et al., 2008), it may actually be 
beneficial to replace (or upgrade) older inefficient 
products with newer models. Whether increasing product 
longevity minimises environmental impacts depends on 
the balance between impacts at the various stages of the 
product lifetime, and the end-of-life strategy (Cooper, 

• Are the changes reversible or permanent?

• How do the changed sensory attributes compare to the 
original condition of the object (Pedgley, 2014)?

These myriad factors combine to demarcate the elusive 
difference between wear, damage, degradation and 
‘graceful ageing’. Understanding these factors is vital 
to enable designers to create enduring (as opposed to 
durable) objects: “Some materials ‘degrade’ while others 
‘mature’ by maintaining or improving certain qualities. 
The positive term of maturity is usually used for natural 
materials such as stone, paper, wood, and leather, which 
over the years can acquire scents, colours, and textures: 
characteristics that far from diminishing their quality, 
instead acquire an aura of antiquity and preciousness” 
(Rognoli & Karana, 2014).
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In response to the negative impacts of the linear ‘take-
make-waste’ economy, and its increasing fragility in 
the light of material scarcity and price volatility, there 
is a growing focus on ‘closing the loop’ on resource use 
through a transition to the ‘circular economy’ (Braungart, 
McDonough, & Bollinger, 2007; British Standards 
Institution, 2017; Ellen MacArthur Foundation, 2015; 
European Commission, 2015; The Great Recovery, 
2013). In addition, there is an increasing awareness of the 
importance of engaging citizens in the circular economy, 
in terms of consumer acceptance of new ‘models of 
consumption’ (Gullstrand Edbring, Lehner, & Mont, 
2016; Hobson et al., 2017) and wider questions about the 
social and cultural consequences of the proposed circular 
production and consumption systems (Hobson & Lynch, 
2016). As an alternative to the circular economy, or as part 
of an enabling strategy, new ‘Product Service Systems’ 
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Online resources provide detailed technical engineering 
properties including some measure of functional 
durability, for example numerical durability ratings for 
different types of environmental exposure (e.g. acid/alkali, 
fatigue, ultraviolet). These resources are just beginning to 
include sensorial properties (Ashby & Johnson, 2013) 
(Figure 3), but provide no information about aesthetic and 
tactile change with use. Material libraries are also typically 
devoid of context and extrinsic material properties, such 
as the influence of material form, thickness, processing, 
and combination with other materials in a product.

It could be argued that tacit knowledge built up from 
personal experience observing material change in a wide 
range of products equips designers to specify materials 
which will ‘age’ well in a particular application. This may 
be true for certain commonly used materials (e.g. ABS 
plastic, copper, oak, and so on), but tacit understanding 
is hampered by the complex web of factors that influence 
how a material will change in use, including the vast 
number of material variants and new materials, different 
surface finishes, different manufacturing processes and so 
on.

Simulating physical interaction
To study people’s response to materials that are worn 
or changed, to create resources to improve designers’ 
understanding of material change, and to facilitate the 
development of material surfaces which age in particular 
ways, it is necessary to simulate material change. 
Accelerated ageing is standard practice in many industries 
from wear testing of prosthetic joints to artificial 

2016; Kwak & Kim, 2012), and currently the tools are not 
available for designers to carry out this type of analysis 
quickly and cheaply (Bridgens et al., 2017; Lee et al., 2015).

A key consideration is that whilst material change may 
be viewed positively for a product that is owned by 
an individual, it is likely to be seen as ‘contamination’ 
when the object is shared, changes owner or is in public 
ownership (e.g. public spaces and public transport 
vehicles) (Gullstrand Edbring et al., 2016). There are two 
distinct forms of contamination: technical contamination 
in which the purity of the materials is compromised 
making them more difficult to recycle (as opposed to 
downcycle) (McDonough & Braungart, 2002), and 
interaction contamination in which material change leaves 
traces of use on an object (Baxter, Aurisicchio, & Childs, 
2017).

Challenges
Materials resources for designers
A range of material selection resources are used both to 
educate design students, and to inform material selection 
in design practice (Akin & Pedgley, 2016; Sörensen, 
Jagtap, & Warell, 2016; van Kesteren, 2008). Physical 
collections of materials provide the benefit of being able to 
handle samples and experience their tactile and aesthetic 
properties. Physical materials libraries present material 
samples in pristine condition, or in an unquantified state 
of degradation following handling and exposure to light 
(Figure 3). Akin and Pedgley (2016)’s review of materials 
library provision makes no reference to material change 
or durability.

Figure 3. Pristine material samples presented at Central Saint Martins College of Art and Design Materials Collection, London (left); Granta CES Edupack materials 
database provides detailed engineering material properties (top right), and the new prototype Granta CES ‘Products, Materials and Processes’ database which includes 
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emotional durability of products: “patina is a necessary 
design consideration to assist the extension of product life 
spans in graceful and socially acceptable ways” (Chapman, 
2013, p. 141).

For many types of product, lifetime extension and 
the avoidance of premature disposal due to ‘cosmetic 
obsolescence’, is the most effective strategy to reduce 
environmental impacts from the manufacturing and 
disposal of the object. However, as industries transition 
towards the circular economy or other modes of 
consumption, care must be taken to not jeopardise future 
re-use and recycling for the sake of modest increases in 
longevity. Simple, accessible lifecycle assessment tools are 
urgently required to enable designers to make informed 
decisions based on multiple product lifetime scenarios.
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