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Abstract 
Product material choices affect how a product will be manufactured, how it will function, and how it will be 
experienced. Thus, understanding materials is essential for designers in many regards. However, materials 
used in designs are subject to ongoing changes in availability, processing methods, price and attributed 
meanings. Furthermore, new materials are constantly being developed. Thus, designers continuously need to 
acquire new materials knowledge (i.e., internalisation of facts, information, and skills) to be able to produce 
designs that utilise available material possibilities and achieve the desired user experiences. However, 
although this topic has been dealt with to some extent, a detailed classification of approaches for how 
designers can acquire materials knowledge is absent in the literature. To provide designers and design 
educators with a structured basis for understanding/teaching materials knowledge acquisition, this paper 
develops a framework that defines twelve distinct ways for designers to acquire materials knowledge. 

Keywords: Design materials; Materials knowledge; Industrial design; Fashion design; Materials knowledge 
acquisition; Consumer goods 

 

Introduction 
The material choices that designers make during design processes affect how a product will be manufactured, 
how it will function, and how users will experience it. In relation to user experience, the visual and tactile 
properties of the materials used, as well as how they are processed and combined, play a central role. More 
specifically, such choices strongly affect how users will use a product, as well as the personality and aesthetics 
that they attribute to it. Thus, designers need a solid understanding of the consequences of selecting certain 
materials for their designs.  

Materials are not static in the sense that their attributed meanings, availability, processing methods and prices 
vary over time. Furthermore, new materials are continuously being developed. Therefore, designers 
continuously need to acquire updated materials knowledge in order to make designs that utilise available 
material possibilities and produce the desired user experience. In this context, Schön (1995), as well as Schön 
and Bennet (1996), described how designing can be viewed as a conversation with materials, through which 
the designer gets to know materials in the same way that talking to a person produces ‘knowing’. However, 
designers also acquire materials knowledge in many other ways, such as through texts, pictures and people. 
Such sources of materials knowledge each have different strengths and weaknesses, making it beneficial to 
consider several of these in combination.  

Literature searches in research databases (Design and Applied Arts Index, Web of Science, and EBSCO) did 
not lead to the identification of a detailed classification of methods for designers to acquire materials 
knowledge, nor to much discussion of the strengths and weaknesses of different approaches. This may, at least 
for less experienced designers, imply that certain ways to acquire materials knowledge are overlooked and that 
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less efficient materials knowledge acquisition methods are used in certain situations. From an educators 
perspective, a detailed classification of materials knowledge acquisition methods could constitute a solid point 
of departure when teaching design students on this topic. To address these issues, this paper defines a 
framework that defines twelve distinct ways for designers to acquire materials knowledge.  

The main focus of this paper is on industrial and fashion design. This delimitation has been imposed in order 
to put focus on the discussions of the paper. However, its contributions may also be relevant for other types of 
design. Furthermore, for the purpose of this paper, the term ‘knowledge’ is used in the meaning of ‘facts, 
information, and skills acquired through experience or education’ (Oxford Dictionaries, 2017). Thus, when 
using the term ‘materials knowledge’, this can involve both tacit and explicit knowledge. 

The remainder of the paper is structured as follows. First, relevant literature on design materials is reviewed. 
On this basis, the paper then proposes a framework on materials knowledge acquisition. Hereafter, the 
application of the framework is discussed. The paper ends with final conclusions being drawn.  

Literature 
In the design literature, four topics of relevance to the materials knowledge acquisition for designers were 
identified: 

• Materials selection  
• Materials sensing 
• Materials meaning 
• Materials education 

Selection  
In product design processes the selection of materials can be complex since it depends on a range of factors 
such as functional requirements, manufacturing constraints, economics, life cycle aspects, ecological 
sustainability, sensory and aesthetic material properties, as well as cultural and representative meanings. In 
most cases, moreover, these choices are interrelated (Zuo, 2010). Thus, the designer needs to balance different 
factors in the materials selection process to ensure that the designed product fulfils aesthetic and functional 
goals while also considering the expense of energy, labour and other resources (Haug, 2015a).  

According to van Kesteren et al. (2007), most material aspects can be categorised into two groups: 

1) Technical aspects: materials affect how the product will be manufactured and how it will function 
2) User interaction: materials affect the usability and personality of a product 

Traditionally, the technical (or engineering) focus on materials has been dominant. However, the studies of 
descriptive and associative characteristics of materials, which transcend their physical properties, have 
emerged as a global research interest from the early 2000s (Pedgley, 2010; Rognoli, 2010).  

In the user’s interaction with a product, the sensory properties of materials influence whether a product 
provides adequate feedback and whether it provides a pleasant emotional experience (van Kesteren et al., 
2007). Thus, when designing for a specific user interaction, the designer must choose the right materials to 
support this interaction. This can be difficult, however, since the perceived stimuli from materials are often 
subjective (van Kesteren et al., 2007). In other words, people can be said to live in different sensory universes, 
because they perceive sensory qualities differently (Le Breton, 2006). A range of factors, such as cultural 
background, trends, associations and emotions, influences a person’s reaction to a material. For this reason 
materials selection takes into account consideration for perceptive mechanisms of culture and experience 
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condition (Le Breton, 2006; Rognoli, 2010). Thus, especially in recent years, an important body of research 
has emerged that articulates how materials selection for industrial design is shifting from a technical subject to 
a user-centred activity (e.g., Ferrante et al., 2000; Doordan, 2003; Ljungberg and Edwards, 2003; Rognoli and 
Levi, 2004; Zuo et al., 2004; Lefteri, 2006; van Kesteren et al., 2007; Karana et al., 2008). In other words, 
materials selection in industrial design is becoming ‘softer’ and more humanised, aligned with the 
contemporary goal of providing pleasurable product experiences (Schifferstein and Hekkert, 2007).  

When working for clients, typically, product designers use their experience to select candidate materials, 
which they then discuss with the clients. In these discussions, the clients’ preferences and desires often vary 
over the course of the design process, which can lead to unnecessary delays in the materials selection process 
(van Kesteren et al., 2007; Haug, 2015b). Furthermore, product designers also often find that their clients are 
unable to clearly specify the desired user interaction aspects of materials (van Kesteren et al., 2007; Haug, 
2015b). Thus, understanding and being able to communicate about materials is an important skill of a 
designer. 

The shift to a ‘softer’ focus on materials selection has also implied a need to modify classical engineering tools 
in order to render them useful to designers. This issue has been addressed by, for example, Cornish (1987) and 
Ashby and Johnson (2003) who rethought approaches to materials selection. Furthermore, there has been a 
focus on developing tools to help students and professionals select materials, taking into consideration the 
expressive-sensory dimension of materials (Rognoli, 2010), including ‘The Material Explorer’ database by van 
Helmond (2005), the ‘Meanings of Materials’ (MoM) tool (Karana et al., 2010), and the ‘Materials in Products 
Selection’ (MiPS) tools (van Kesteren et al., 2007). 

Sensing 
When we interact with a product, our senses are in contact with the product’s materials. We observe the 
colours of the materials, feel their texture and weight and hear the sounds they produce when we interact with 
them. Designers use materials deliberately to create these sensory perceptions (Ashby and Johnson, 2002, 
2003). This involves a wide range of sensorial properties, as illustrated by this list by Kesteren et al. (2007) in 
Table 1.  

Property Variables Property Variables 

Reflection  

Reflective – Not Reflective  
Glossy – Matte 
Transparent – Translucent – Opaque 
Not Bright – Bright 
Rough – Smooth 
Regular – Irregular texture 

Colour 

Hue of colour 
One colour – Many colours 
Colourless – Colourful  
Dark – Light  
Durable – Faded colour pattern 

Pressure 

Denting – Not denting 
Soft – Hard 
Fast – Slow dampening 
Massive – Porous 

Manipulation 

Stiff – Flexible  
Ductile – Tough  
Brittle – Tough 
Light – Heavy 

Friction 
Sticky – Not sticky  
Dry – Wet – Oily 
Rough – Smooth 

Sound 
Muffled – Ringing 
Low – High pitch 
Soft – Loud 

Light radiation Low – High light emission Temperature Warm – Cold 

Smell and taste 
Natural Odour – No odour – Fragrant 
Fragrance 
Flavour 

  

Table 1. List of sensory properties 
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Several studies have explored how various sensory modalities shape our experiences; for example, Cardello 
and Wisse (2008) on taste and smell, Sonneveld (2007) on tactual experience and van Egmond (2008) on 
sound. It has been argued that richer experiences can be achieved by the stimulation of a greater number of 
sensory modalities at once (Schifferstein and Spence, 2008).  

In relation to product interaction, visual and tactual information are of primary importance (Sonneveld, 2007; 
Nefs, 2008; Schifferstein and Spence, 2008). However, as pointed out by Schifferstein (2006, p. 60), ‘the role 
of the senses is likely to depend on the specific products used, the frequency with which they are used and the 
importance attached to the activities performed’. The situation in which the product interaction takes place is 
also relevant in relation to the importance of the individual senses. For example, vision is often primarily 
dominant during the acquisition of a product, while the importance of other sensory modalities often increases 
significantly after purchase (Fenko et al., 2007; Haug, 2016).  

Experiencing material properties with different senses leads to different perceptions. For example, vision 
typically provides more information about the global impression of texture, but depending on the viewing field 
and distance, it may not reveal the true nature of a material with regard to three-dimensional features such as 
roughness, warmth, moisture, abrasiveness, softness, etc. Touch, on the other hand, can more subtly explore 
the local, detailed features of a surface (Zuo, 2010). 

The sensory properties of materials have dual objective-subjective attributes (Zuo, 2010). Objective sensory 
properties include, for example, colour and texture, which exist physically and can be measured. Subjective 
sensory properties concern the fact that the perceived properties of a material depend not only on intrinsic 
material features, such as the material’s physical structure, but also on individual human factors and the 
particular environmental context. Thus, investigations of the sensory properties of materials need to take a 
range of variables into consideration, such as user characteristics, product context and environmental 
conditions. 

According to Harvey (2000), the terms ‘sensation’, ‘perception’ and ‘aesthetics’ are, to some extent, 
conceptually overlapped. More specifically, sensation is concerned with the first contact with objects and 
refers to certain immediate, fundamental, and direct experiences, such as ‘soft, ‘rough’, ‘warm’, and ‘blue’. 
Sensing involves transformation of sensorial stimuli that are transduced into nerve impulses to be transmitted 
to the central nervous system. The term ‘perception’, on the other hand, is generally used to refer to the result 
of the psychological processes in which meaning, relationships, context, judgment, past experience and 
memory play a role (Harvey, 2000).  

Meaning  
According to Karana (2010), we may differentiate between literature on ‘materials selection’ versus literature 
on ‘materials meaning’. In the materials selection literature, sensory properties of materials, shape, function 
and manufacturing processes are recognised as the most important factors affecting designers’ material 
decisions, while ‘meaning’ literature emphasises the role of user, use and context in the attribution of 
meanings to artefacts.  

Product designers select materials with a view to eliciting certain associations (Van Kesteren, 2010). Such 
associations or meanings are, however, dependent on the context in which the material is used. In other words, 
like an actor, a material can assume many different personalities, depending on the role it is asked to play 
(Ashby and Johnson, 2003):  

• Wood in fine furniture suggests craftsmanship, while in a packing case it suggests cheap utility.  
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• Glass in a camera lens often produce associations with precision engineering, while in a beer bottle, it 
suggests disposable packaging.  

• Gold is often associated with wealth and power but is also used in microcircuits, where it suggests 
technical functionality. 

In this context, it should be noted that using materials to embed meanings in products is increasingly 
challenging, since traditional understandings, such as ‘wood is cosy’, ‘metal is aloof’ or ‘plastic is cheap’, are 
becoming less strict in today’s design practice (Karana, 2010). For example, Lefteri (2006) explained how the 
understanding of plastics has changed from being an ‘environmental criminal’ to a material that comes from 
nature and returns to nature with the emergence of ecological plastics. According to Manzini (1986), it is the 
introduction of plastics that has led to a ‘loss of recognition’ of materials. 

Materials are encountered in different contexts in daily life, and such contexts to a large extent affect the way 
we perceive the meanings of materials. For example, we experience a porcelain teapot differently in our own 
kitchen compared to the way we perceive it in our grandparents’ kitchen, in the window of an antique shop or 
in a dimly lit restaurant (Karana, 2010). Thus, it is of great importance to consider contexts in relation to 
material choices. It is, however, difficult to anticipate in which particular contexts an individual uses a 
material, for which reason the literature recommends communicating with people in order to determine in 
which contexts their products are used and what those artefacts mean to people in their contexts of use 
(Krippendorff and Butter, 2008).  

According to Karana (2010), meaning creation encounters three main perspectives in literature:  

1) The object as the centre of meaning creation,  
2) The individual as the centre of meaning creation, and  
3) The interaction between object and individual as the centre of meaning creation.  

Following the latter notion, Karana (2010) states that ‘the meaning of a material is constructed on the basis of 
material properties, the product the material is embodied in, how we interact with it and the context in which 
the interaction takes place. An individual’s previous experiences, memories, associations, emotions, cultural 
backgrounds and so forth can all be influential in particular situations’.  

Finally, also worth mentioning is the concept of affordances (Gibson, 1979). Although, this concept is often 
used in relation to product design, it can also be used in relation to materials. In this context, Mayall (1979) 
and later Norman (2002) discussed the kinds of affordances a material offers. An example of material 
affordances provided by Norman (2002, p. 9) concerns the material glass, which is ‘…for seeing through and 
for breaking’.  

Education 
According to Ashby et al. (2007), there are, generally, two ways of teaching about materials:  

1) A science-led approach: going from microstructure to macro-application  
2) A design-led approach: going from macro-requirement to a specific material with a particular 

microstructure 

Scientists and engineers have a ‘technical’ language of materials, which is ‘numerically expressed, shared and 
unambiguously understood by the engineering community’ (Pedgley, 2010). On the other hand, craftspeople 
mostly use a ‘non-technical’ language of materials based on their practical experience. Technical languages of 
materials have dominated materials selection textbooks and software tools, while non-technical languages are 
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usually communicated through images or verbal descriptions and have not been studied or collated with any 
degree of coherence or universality (Pedgley, 2010). 

In spite of the shift to a ‘softer’ focus on materials, according to Karana (2010), materials are predominantly 
taught as a technical topic for design students without much consideration of user experiences and user 
contexts, for which reason the sources aiming to support designers in their material decisions are dominated by 
technical information. It has been pointed out that design students find it difficult to integrate technical 
materials selection into their design processes, for which reason they usually leave their material decisions to 
the last phase of their design processes or avoid using new materials or new material applications (Ashby and 
Johnson, 2002; Pedgley, 2009; Rognoli and Levi, 2004; Sonneveld, 2007; van Kesteren, 2008). According to 
Karana (2010), designers primarily use their gut feelings or common sense when choosing materials to convey 
certain meanings. Although design education has been able to make use of some resources developed in the 
field of engineering, it has had to adapt these tools or create its own, which, as mentioned earlier, to some 
extent has been addressed (Rognoli, 2010). 

According to Pedgley (2010), a useful starting point for teaching materials could be to adopt teaching based on 
physical material and product samples, so that students can partake in a first-hand materials experience, rather 
than having their understanding shaped by representations in literature or online. This argument is supported 
by research, which shows that industrial designers often seek to augment their materials knowledge by 
creating mock-ups and prototypes (van Kesteren, 2008). More specifically, sometimes the only way for a 
designer to assess whether a material meets design requirements or to explore the as-yet-unknown product 
possibilities of new materials is to create physical models in the end materials in order to test the suitability of 
new or newly applied materials for a developing product design (Pedgley, 2010). Material sample libraries 
also help designers to comprehend material properties through direct sensory exposure. Such direct experience 
is also important because it allows for the visual appraisal of materials under different lighting conditions and 
at different viewing angles, smelling the materials, feeling surface qualities and textures, experiencing the 
weight of the material and assessing its rigidity first-hand (Pedgley, 2010).  

Finally, Pedgley et al. (2016) identified three ‘components’ of product material experience, for which they 
defined learning goals. The first component, ‘aesthetic (sensory) experience’, concerns that students should be 
able to: argue relations and differences between technical properties and associated perceived qualities; and 
argue the individual differences in sensory perception. The second component, ‘experience of meaning’, 
concerns that students should be able to: identify factors playing a role in the attribution of meanings to 
materials; identify the most commonly used sensorial properties to evoke material meanings; and construe and 
apply patterns for particular user–material–meaning relationships. The third component, ‘emotional 
experience’, concerns that students should be able to: argue the individual differences and commonalities for 
particular material-based emotional experiences; argue aspects of material-product combinations that elicit 
emotional experiences; and construe certain patterns as a guideline to elicit intended emotions through 
materials. 

A framework for materials knowledge acquisition 
This section proposes a framework for the different ways in which designers can acquire materials knowledge. 
Before doing so, however, some basic distinctions among different types of materials knowledge are 
introduced.  

First, this paper proposes the use of a distinction between ‘inherent’ and ‘attributed’ material properties. An 
inherent material property is a property of the material itself, while an attributed material property is a property 
that cannot be identified from investigations of the material itself. Inherent material properties include colour, 
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weight, texture, and similar qualities, while attributed material properties include price, meaning, delivery, 
demands etc. This distinction may be combined with a distinction between subjective and objective 
impressions of a material, as shown in Figure 1. Here, it should be noted that colour and sound are represented 
as both subjective and objective impressions. In this context, the subjective impression refers to how an 
individual experiences the given colour or sound, while the objective impression refers to measurements of 
colour (i.e., wavelength and intensity) and sound (i.e., frequency and amplitude). 
 

 

Figure 1. Material property types  

The examples in Figure 1 are all of the knowledge type ‘know-what’. However, other types of knowledge are 
also relevant in relation to materials. Lundvall and Johnson (1994) distinguish between four types of 
knowledge: know-what, know-who, know-how, and know-why. These four types of knowledge can all be 
more or less tacit and explicit (Scharmer, 2001), as illustrated in Figure 2, and subsequently explained. 

 

Figure 2. Forms of materials knowledge 

The know-what of materials includes information about the material’s colour(s), transparency, durability, 
density, texture etc. Such knowledge is typically explicit, but it may also be of a more tacit nature. For 
example, getting to know the texture of a material by touching it produces a feel that can only to some extent 
be explicitly described, while much of this knowledge is tacit. 

The know-who of materials includes information about who can supply the material, which is the basis for 
knowing the price, delivery times, delivery certainty, etc. of the material. Such knowledge is also mainly 
explicit but may in some cases also have strong tacit aspects. For example, the understanding of a particular 
person’s character (in this case a supplier) is to a large extent a tacit understanding that, obviously, can be very 
relevant in negotiations about price, delivery, processing, etc. 

The know-how of materials includes understanding how to process materials. Compared to the other three 
types of knowledge, know-how is more likely to be tacit. An example of relatively explicit know-how about 
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how to process materials are instructions for processing certain types of wood to achieve a certain look, e.g., 
how to dry, cut, sand, apply finish and so forth. However, just as reading a book about bicycling does not 
enable the reader to ride a bike without practice, it is sometimes necessary to work hands-on with materials in 
order to gain the necessary tacit know-how. 

The know-why of materials includes understanding why materials behave as they do in different situations. 
Know-why is typically fairly explicit, but tacit aspects may also be relevant. Know-why about materials makes 
it possible to predict the behaviour of the material in different contexts, rather than having to rely on a trial-
and-error approach. For example, if two identical pieces of wood are found to break under different amounts 
of stress in different contexts, it will be necessary to understand this phenomenon to be certain of making an 
adequately durable product. Understanding why the wood broke under different amounts of stress would 
involve such factors as humidity and temperature, and by understanding the effect of all the relevant factors, 
the designer will be able to calculate the required dimensions of the wood to enable it able to withstand 
relevant amounts of stress across a variety of contexts.  

Having described four types of materials knowledge, the focus is now turned to the sources of this knowledge. 
To define such sources, the Charles Sanders Peirce’s (1839–1914) three semiotic elements (object, sign, and 
interpretant) are used. In the context of design materials, these three elements may be translated to: 

• Material (object): the actual material in focus 
• Interpreter (interpretant): someone with insights or opinions about the material in focus 
• Representation (sign): descriptions of the material in focus, e.g., pictures, texts and models 

The acquisition of materials knowledge through representations and interpreters represents two forms of 
indirect experience, which to some extent overlap, but which may also be very different. More specifically, a 
textual description of a material is a representation, but it may also be an interpretation offered by the author of 
the text. On the other hand, representations can also be in the form of pictures and 3D models, which convey a 
type of material information that could not be provided by means of verbal or textual explanations; and when 
an interpreter provides the information, the interactive aspect implies that it is possible to get thorough 
explanations about how to work with materials, deep understandings of how other persons experience 
materials, etc. 

Combining the distinction between the three sources of materials knowledge with the four defined types of 
materials knowledge produces twelve classes of materials knowledge, as shown in Figure 3. Subsequently, 
these classes of knowledge are described. 

 

Figure 3. A framework of materials knowledge acquisition types 
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Material-produced know-what (MPK1) is acquired by observing and interacting with a material. More 
specifically, observing and interacting with a material can provide information about colour, texture, density, 
strength, etc. Material-produced know-who (MPK2) is acquired by recognising material aspects that are linked 
to the designer’s existing know-who. For example, when encountering a certain type of wood, the designer 
may be able to figure out which part of the world it originated from, which in turn suggests potential suppliers. 
Material-produced know-how (MPK3) is acquired by working with a material. An example of gaining know-
how by working with a material is a situation where a designer works with ceramics and through a trial-and-
error approach acquires tacit understandings of how to work with this material. Material-produced know-why 
(MPK4) is also acquired by working with a material. An example is a situation where a designer discovers that 
a surface finish does not always produce the expected shine when applied to a certain type of wood. By 
experimenting with different ways of drying and sanding, the designer may acquire know-why about the 
relationship between such factors and the resulting shine. Such insights may be converted into explicit know-
how, i.e., knowing how to achieve a certain shine using a certain combination of materials and finishes.  

Interpreter-produced knowledge is acquired through communication with others who share their expertise, 
experience or opinions. Typical sources of such knowledge are colleagues, collaborators, and consumers. An 
example of interpreter-produced know-what (IPK1) is a supplier telling a designer about the prices of different 
materials. An example of interpreter-produced know-who (IPK2) is a colleague telling a designer which 
suppliers would be able to deliver a certain material. An example of interpreter-produced know-how (IPK3) is 
a situation where a design student by working with experienced tailors acquires both tacit and explicit 
understandings of how to craft clothing using various materials — i.e., the acquisition of know-how by being 
part of a ‘community of practice’ (Lave and Wenger, 1991). An example of interpreter-produced know-why 
(IPK4) is a situation where an expert explains the behaviour of a material in different situations.  

Representation-produced knowledge is acquired through various kinds of descriptions, including texts, 
diagrams, pictures, videos and models. An example of representation-produced know-what (RPK1) is a 
brochure from a materials supplier describing the appearance and properties of a material. An example of 
representation-produced know-who (RPK2) is a diagram showing which suppliers offer which materials. An 
example of representation-produced know-how (RPK3) is an instruction manual describing how to process a 
certain material. An example of representation-produced know-why (RPK4) is a textbook about materials that 
describes why they behave in certain ways in certain contexts.  

Application of the framework 
Designers often use several of the twelve defined types of materials knowledge acquisition to get to know a 
new material — and with good reason, since the different sources of knowledge provide different types of 
materials knowledge, which may all be of value. The rationale behind using multiple sources in the acquisition 
of materials knowledge is comparable to the logic of ‘triangulation’, which is commonly applied in the social 
sciences to increase validity. More specifically, the more information sources or methods for data collection 
are applied, the more confident we can be about the results, provided the findings are aligned (Denzin, 2006).  

In relation to know-what about a design material, the three sources of material knowledge each provide 
different types of insights. Hands-on encounters provide designers with experiences that are essential for 
understanding how designs would appear in reality; conversations with other persons (interpreters) shed light 
on the different ways in which a material is experienced; and representations are essential for learning about 
characteristics of a material that are not observable. Representations are also a necessary way of seeing a 
material combined with other materials in a design without having to create physical models. 
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In relation to know-who, the designer may only need to use one of the three know-who sources for a particular 
material. In some cases, the designer might have preferred suppliers in mind when choosing a material for a 
design; in other cases, the designer might prefer to draw on others’ insights (e.g. colleagues) rather than 
relying, for example, on internet-based information for making such decisions; and in some cases, the internet 
or brochures are the only immediate source of supplier information available to the designer.  

In relation to know-how, for some materials, it may be relevant to gain knowledge from all three sources. 
More specifically, the designer may sometimes need to work with a material in order to understand how it 
works; sometimes it is necessary to work with crafts experts (i.e., interpreters) to acquire the necessary know-
how, and sometimes it is necessary to read instructions about how to use a material.  

In relation to know-why, it varies what the designer needs to know about a material. In some cases, the 
engineers and other technical experts that the designer collaborates with possess the relevant know-why. 
However, without such knowledge, the designer is likely to make poor decisions that need to be corrected by 
collaborators, which may, obviously, make the design process laborious. Thus, it makes sense for the designer 
to study material specifications, textbooks, etc. in order to acquire the necessary know-why. 

Based on the discussion above, it could be argued that it would be helpful for both design students and 
designers to become familiar with the twelve types of processes for acquiring materials knowledge. This is 
illustrated in Table 2, which shows relevant learning processes for all twelve processes in relation to acquiring 
knowledge about materials. 

 Material-produced Interpreter-produced Representation-produced 

Know-what Learning to experience 
materials 

Learning to acquire others’ 
material experience 

Learning to find properties 
information and evaluate 

materials in context 

Know-who Learning to link material 
experience to suppliers  

Learning to acquire others’ 
experience of suppliers 

Learning to identify relevant 
suppliers 

Know-how 
Learning to work with 

materials through 
experimentation 

Learning to work with 
materials through 

communities of practice 

Learning to work with materials 
through descriptions 

Know-why 
Learning about material 

behaviour through 
experimentation 

Learning about material 
behaviour through 

conversations 

Learning about material 
behaviour through descriptions 

Table 2. Relevant learning processes for acquiring materials knowledge 

While the two lower rows in Table 2 have already been thoroughly explained in this paper, the two top rows 
deserve some additional explanation: 

• Learning to experience materials: understanding what to look for when encountering new materials — 
for example, observing the material in different lighting conditions, discovering how it reacts to being 
scratched, testing how flexible it is, etc.  

• Learning to acquire others’ materials experience: understanding how to use information-gathering 
techniques such as interviews, observations and focus groups.  

• Learning to find information about properties and evaluate materials in context: knowing the sources 
of material information (books, websites, etc.) and evaluating 2D and 3D models in which a material 
is used.  

• Learning to link materials experience with suppliers: understanding suppliers in a manner that makes 
it possible to link material ideas or encounters to relevant suppliers.  
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• Learning to acquire others’ experience with suppliers: understanding how to acquire such information 
through others, i.e., what and whom to ask.  

• Learning to identify relevant suppliers: knowing the sources of supplier information, such as particular 
websites and magazines. 

The defined 12 types of learning processes can be incorporated into design education in different ways. 
Traditional education is based on ‘passive learning’, i.e., conventional lectures in which the dissemination of 
information is directly from teacher to student (Coorey, 2016). The main benefit of conventional lectures is 
their efficiency in presenting extensive and complex content. However, a large body of educational research 
has shown that this approach has certain limitations in relation to how much is learned (Bligh, 2000; Coorey, 
2016). Active learning, on the other hand, concerns ‘instructional activities involving students in doing things 
and thinking about what they are doing’ (Bonwell and Eison, 1991). This involves techniques such as group 
learning, problem-solving exercises, writing tasks, speaking activities, class discussion, simulations, peer 
teaching and fieldwork (Griffiths et al. 1995). Several studies have demonstrated the benefits of ‘active 
learning’, and it has become increasingly prevalent in education (Coorey, 2016). One type of active learning of 
particular relevance for design education is ‘experiential learning’, i.e., the process of learning through 
experience (Kolb, 1984). 

The 12 types of materials learning processes can be included in teaching aimed at both passive and active 
learning. The passive learning part can involve lectures about the topics described in the literature review of 
this paper, i.e., literature related to materials selection, materials sensing, and materials meaning. Furthermore, 
such lectures could include teaching about the application of research methods to investigate the effects of 
materials, such as interviews, focus groups, experiments, observation, and questionnaire studies. The active 
learning part, on the other hand, should focus on getting the design students accustomed with acquiring 
materials knowledge through the 12 learning processes defined.  

Based on discussions with design researchers and design educators about the defined 12 learning processes, as 
well as the author’s own teaching experience, 12 questions to stimulate these types of learning were defined. 
These are shown in Table 3 and subsequently discussed.  

 Material Interpreter Representation 

Know-what 
What can you tell about your 
experience when interacting 
with the material? 

What can you tell about what 
others experience (observing and 
interviewing them) when 
interacting with the material? 

What can you tell about the 
material through information 
searches? 

Know-who 
What you can tell about 
possible suppliers based on the 
material (or descriptions of it)? 

What you can tell about possible 
suppliers through discussing the 
material with others? 

What you can tell about 
possible suppliers of the 
material through information 
searches?  

Know-how 
What can you tell about how 
to use the material through 
working with it? 

What can you tell about how to 
use the material through 
observing and interviewing 
others working with it? 

What can you tell about how to 
use the material through 
information searches? 

Know-why 

What can you tell about the 
material’s behaviour in certain 
applications (e.g. durability) 
through testing? 

What can you tell about the 
material’s behaviour in certain 
applications (e.g. durability) 
based on others’ experiences? 

What can you tell about the 
material’s behaviour in certain 
applications (e.g. durability) 
through information searches? 

Table 3. Questions to stimulate learning how to acquire materials knowledge 

The 12 questions in Table 3 can be applied in smaller exercises for design students or as a part of student 
design projects. More specifically, the three know-what questions may be given to the students based on 
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handed out materials samples and accompanying sources of information; the three know-who questions may 
be given to the students based on handed out materials samples or materials descriptions; the three know-how 
questions may be given to the students together with the task of realising a design; and the three know-why 
questions may be given to the students together with the task of testing a material in a certain application. 
Alternatively, design students may be given the task of answering the 12 questions while carrying out student 
design projects where materials are a special focus. 

Conclusions 
This paper has proposed a framework for how designers can acquire materials knowledge. Based on a 
literature review, the paper first defined four types of materials properties knowledge, distinguishing between 
subjective and objective material impressions and between inherent and attributed material properties. Next, 
using the categories of know-what, know-who, know-why, and know-how, the paper discussed how materials 
knowledge relates to these aspects and how this knowledge may be in a more or less tacit or explicit form. 
Hereafter, Charles Sanders Peirce’s three semiotic elements were translated into design materials knowledge 
sources, specifically: material (object), interpreter (interpretant), and representation (sign). By combining the 
two latter distinctions, a framework of twelve types of design materials knowledge acquisition was developed. 

The literature studies carried out did not lead to the identification of detailed classifications of the ways in 
which designers can acquire materials knowledge. Thus, the level of detail of the proposed framework may 
decrease the chance of overlooking important learning processes. This is important, since the 12 processes of 
acquiring materials knowledge each have their own strengths and limitations. 

The proposed framework illustrates the wide spectrum of materials knowledge sources. Combining such 
sources facilitates learning about different aspects of materials and crosschecking the acquired knowledge (i.e., 
triangulation). On this basis, the paper argues that design students (and designers) would benefit from 
acquiring skills that enable them to gain materials knowledge using all twelve types of materials knowledge 
acquisition processes. Thus, for design educators, the framework may be a useful point of departure in relation 
to teaching about materials. 

As demonstrated by this paper, designers’ acquisition of materials knowledge refers to a variety of topics 
within design research. Given the detailed and structured perspective on sources of materials knowledge 
offered by the framework, future research may use the framework as a pointer to different areas for further 
exploration, as well as for organising and connecting existing insights related to design materials. 
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