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Introduction
Products do not only differentiate themselves from other products 
in functionality, but also in the way that they please users (Jordan, 
2000). Users nowadays expect a product to function properly 
(Roozenburg & Eekels, 1995), to be easy to use, and to touch 
them emotionally in some way (Desmet, 2002). The moment 
that products satisfy the consumer on issues like utility, safety, 
and comfort; the emphasis of the consumer will shift towards 
appearance, emotional attributes, and symbols (Crilly, Moultrie, 
& Clarkson, 2004). Manufacturers that develop products with 
these expectations have grown significantly, especially in the 
consumers market. They have started to realize that they need 
ways to get into the hearts and minds of their customers to stay in 
business (Sanders, 2001).

Materials selection plays an essential role in the product 
design process (Doordan, 2003). Product materials determine the 
range of function, durability, certain costs, user feedback, and  user 
experience. When users interact with products, their senses are in 
contact with the materials of those products. Users see the colours 
of materials, feel the texture and weight, and hear the sounds 
that the materials make when the object is moved. These sensory 
perceptions contribute to product usability and use experiences 
(Hekkert, 2006). Product designers use materials to create these 
sensory perceptions (Ashby & Johnson, 2002, 2003). In addition, 
product designers select materials for products to elicit the right 

associations. For example, the metals that are used in a Rolex 
watch project social status (Jordan, 2000). Hodgson and Harper 
(2004) stated that materials considerations are pervasive in design 
as the substance through which product designers’ intentions are 
embodied. Likewise, Gant (2005) emphasized that the strategic 
use of materials is one of the most influential ways through which 
product designers engender deeper, more emotive connections 
between their products and their users. The materials that a product 
is made of thus influence how users interact with the product.

The different aspects of materials can be for the most part 
categorized in two groups, namely the technical aspects and the 
user-interaction aspects. The technical aspects of materials define 
how the product will be manufactured and how it will function. 
The user-interaction aspects are those that influence the usability 
and personality of a product. For example, shininess can influence 
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how well users can read from a display (use aspects) and colours 
are a very strong aspect to create a personality that influences user 
experience. For high quality products, product designers should 
select materials that are optimal or compromise in both aspects.

A problem that product designers encounter in materials 
selection is that their clients are often unable to clearly specify 
what user-interaction aspects of materials they desire in a new 
product (van Kesteren, Stappers, & de Bruijn, 2006). Consequently, 
product designers start a materials search based on criteria that 
can be interpreted in different ways. Product designers use their 
experiences to select candidate materials, which they then discuss 
with the clients. They point out that during these discussions, it is 
clear that the clients desire aesthetics and perceptions other than 
initially stated. It is undesirable for the product designers to be 
on the wrong track too long or for them to have to start from the 
beginning with a new materials search. This leads to unnecessary 
delays in the materials selection process. Our aim is to find ways 
to minimize these unnecessary delays.

We developed the Materials in Products Selection (MiPS) 
tools, which are new tools for incorporating user-interaction 
aspects into the materials selection process (van Kesteren, 
Stappers, & de Bruijn, 2007). The tools’ main purpose is to 
increase understanding and form consensus between clients and 
product designers about the desired user-interaction aspects of 
the materials used in a new product. The tools can be used in 
design brief meetings in which clients explain the objectives and 
constraints for a new product. The expected benefits of the tools 
are summarized in Table 1. 
Table 1. Summary of the expected benefits of the tools

Assist clients in clearly specifying requirements that relate to user-
interaction 

Form consensus between the client and product designer about 
user-interaction aspects in early stages of materials selection so less 
changes are required later in the project

User-interaction criteria are formulated as sensorial material properties.  

MiPS aims at defining a material profile for a new product 
in terms of sensorial properties (Table 2 and 3). These properties 
can be translated later into technical properties and are expected 
to be concrete enough so that both the client and designer have 
the same expectations. Descriptions of perception and use are 
still multi-interpretable and therefore less useful for this purpose. 

Technical properties can come forward in discussions about 
user-interaction aspects, but it is not necessary. Preferably the 
tools do not direct to material names yet. Although defining 
materials reduces the number of possible material candidates, it 
can also lead to problems; e.g., when the materials cannot fulfil 
project objectives on other aspects aside from user-interaction. 
Furthermore, new materials are easily excluded when materials 
are defined at the beginning of a project. 

In the next section, we present the three MiPS tools. 
Thereafter, we study the tools in a fictive design brief meeting, as 
shown in the ‘usability study,’ ‘results,’ and ‘discussion’ sections. 
Furthermore, based on the results of the study, we present a revised 
version of the tools at the end of the paper.

Materials in Products Selection: 
three tools
MiPS consists of three different tools for design brief meetings 
between product designers and clients. The tools define user-
interaction through several means- pictures of product examples 
and their materials (picture tool), actual materials samples (sample 
tool), and the sensorial aspects of materials during several phases 
of the user-product interaction (question tool). 

Picture tool

Example products are an important frame of reference in the 
early phases of product development (Pasman & Stappers, 2001). 
When a product designer wants to create a certain personality, 
he can use existing products and the materials from which these 
products are made as examples. Together with a client he can 
select those aspects of the example products of which they think 
create the desired personality. The background idea of the tool is 
to offer product designers a set of product images for defining the 
sensorial properties that create a specific product personality. We 
expect that clients in particular can better point out what they want 
from example products than in terms of material characteristics.

Govers (2004) developed a product personality scale 
in which product personality refers to the character of a 
product. This scale consists of 20 personality terms that are 
visualized with pictures. These pictures show situations and 
objects, not necessarily products. For the picture tool, a similar 
set of images was made, but of existing products. To create 
uniformity in product examples, a product category was chosen, 
namely consumer electronics, in which most products can be 
characterized. Numerous pictures of products were selected from 
various internet stores and were categorized under 20 personality 
terms. During the categorization, we found the term ‘pretty’ to be 
more subjective than the other terms. It more closely relates to 
the product itself rather than the materials. The same holds for the 
term ‘idiosyncratic.’ We omitted both terms in the final set. The 
terms ‘serious’ and ‘boring’ appeared to have the same products 
associated with them. The materials aspects of these products 
were similar. We decided to replace these two terms with the term 
‘business like.’ Also the terms ‘provocative’ and ‘lively’ were 
combined into the term ‘lively.’

Ilse van Kesteren has dedicated her PhD project on materials selection in 
product design. Her work concentrates on the activities of product designers 
that lead to specific materials for products that require both high technical 
and user-interaction standards. The project resulted in tools that improve the 
communication concerning sensorial properties of materials.

Pieter Jan Stappers is a full professor in Design Techniques. His interests focus 
on developing techniques and tools that support designers (and other creative 
people) in the early phases of idea and concept development. Key elements 
of this work, carried out in ID-Studiolab, are contextual studies, visualisation 
techniques using traditional and new media, and development of interactive 
prototypes.

Sjef de Bruijn is a part-time professor in Designing and Manufacturing of 
Plastic Products, as well as the director of product development at Flexcell, a 
Swiss company that manufactures ultra thin, highly flexible, and light weight 
photovoltaic (PV) cells, and modules. Moreover, he works as a consultant at 
Fresh Innovation, an office for (the management of) fast innovation in product 
design.
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After selecting appropriate product examples, the picture 
cards were composed. The picture tool consists of a set of 16 
cards with each representing a different personality. On the front 
of the card are product examples that help the visualization of 
personality. The back of the card helps to translate the product 
characteristics into sensorial properties (Figure 1). It shows 
details of the materials and some keywords. These cards can be 
used in two steps. While defining a design brief, clients can show 
which personality cards are representative of their desired product 
personality (using the front). Next, product designers can discuss 
the sensorial properties related to the selected personalities with 
the client using the back. An example of a question that the 
product designer may ask the client is “These products are semi-
transparent, is that also what you had in mind?” The product 
designer can then begin a materials search based on these material 
properties.

The picture cards will vary somewhat depending on 
culture, trends, and time. The product examples used in the cards 
for this study are products that are available in the Netherlands 
and placed on the cards by Dutch design students. The connection 
between the personality term and the product examples are made 
within their context and might be different in another context. 
These connections, however, do not determine the outcome of the 
discussions, but rather inspire discussions. In other words, if a 
client wants to create a ‘lively’ product, it may not necessarily 
be similar to the products presented on the ‘lively’ card. It is 

the combination of cards and the aspects that come up in the 
discussion that are directing the materials choices for the product. 
Hence, disagreement between the tool user and the creator can 
be inspiring. Furthermore, the discussions should not focus on 
the products themselves but on the material properties that these 
products represent. However, we do acknowledge that in due 
time, example products might need to be replaced or that in other 
cultures other example products will be more suitable.

Sample tool

Material samples are widely used in materials selection (van 
Kesteren, 2008). They are used as a communication tool for 
comparing and testing candidate materials. Material samples 
from suppliers show, for example, different colours or different 
transparencies of their material portfolios. The idea is to use 
samples in the defining phase of materials selection, thus to 
formulate a material profile. The existing sample sets from 
suppliers are too detailed to use for this purpose: they only vary 
on some material aspects. A set of samples that represents a wide 
range of sensorial properties can support the defining phase. 
These samples help the discussions on which materials best fit the 
desired user-interaction aspects. In particular, tactile aspects are 
most suitable for discussions with physical samples. 

The number of samples is limited to the practical issues of 
storage, bringing it to client meetings, and using it in discussions. 

Table 2. Categories of properties that can be used to describe a material profile

Property Description Examples

Perceptual (P) Most subjective; includes perceptions, emotions and 
associations of materials, brands, or products

Outdoor look, modern, personal, recognizable, fit the target group, 
natural

Use (U) All words related to usage Usability, withstand harsh environment, hygienic

Sensorial (S) Less subjective; all aspects of materials that can be sensed Texture, warmth, colour, softness, smoothness, stiffness (Table 3)

Technical (T) Least subjective; material and manufacturing properties Scratch resistance, durability, price, suitable for mass production

Materials (M) Concrete: material names Plastics, wood, metals

table 3. list of sensorial properties

Reflection Pressure Sound

reflective – not reflective denting – not denting muffled – ringing

glossy – matte soft – hard low  – high pitch

transparent – translucent – opaque fast – slow dampening soft – loud

not bright – bright massive – porous

rough – smooth Smell and taste

regular – irregular texture Manipulation natural odour – no odour – fragrant

stiff – flexible fragrance

Colour ductile – tough flavour

hue of colour brittle – tough

one colour – many colours light – heavy Temperature

colourless –colourful warm – cold

dark – light Friction

durable – faded colour sticky – not sticky Light radiation

pattern dry – wet – oily low – high light emission

rough – smooth
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We aimed at selecting a maximum of 15 samples that represent 
a combination of sensorial properties. To create uniformity, we 
decided to eliminate colour except for the natural materials colour 
and use similarly shaped samples. 

A matrix with sensorial properties was made to create the 
set. For each property, the variations were put into a matrix. For 
example, the sensorial property ‘transparency’ has the variations 
of transparent, semi-transparent, and opaque; and the sensorial 

Figure 1. Picture tool.
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property ‘gloss’ has the variations of high gloss, satin gloss, and 
matte. For each variation, a material sample was selected from 
different material databases (www.materialexplorer.com, private 
collections, and collections from the faculty of Industrial Design 
Engineering). The samples selected in this step represented one 
variation of a sensorial property. The number of samples was 
then reduced to 11 of which have wide variations of sensorial 
properties (Figure 2). During a design brief meeting, the product 
designer and client can select a combination of samples that have 
the desired sensorial effect that creates a personality for the new 
product. The sensorial properties of the samples form the starting 
point for the materials searches. 

Figure 2. Sample tool.

Question tool

In design brief meetings, topics are discussed that are important 
in the project. The product designers often have a list of questions 
that are relevant for every project, such as those that related to 
costs, available manufacturing facilities, and target group. These 
topics are formed by experience and sometimes written down in 
a checklist. The idea behind this tool is to use questions about the 
specific topic of how the user interacts with a product to identify 
the sensorial properties that form, emphasize, or weaken the 
interaction.

This tool initiates discussion topics that refer to aspects 
of interaction. To create the tool, first topics of interaction 
were defined and discussed with two experts (G. D. S. Ludden, 
personal communication, October 9, 2006; M. H. Sonneveld, 
personal communication, November 7, 2006). The topics were 
product experiences (being the emotional, associative, and 
perception responses to the product), the functional use, and the 
distinctiveness of a product compared to other products. A set 
of questions was composed for each topic. Second, a structure 
was created to organize the questions. Requirements for this 
structure were that it should be easy to remember and follow a 
natural conversational style rather than being a questionnaire for 
the client. 

A familiar way of organizing product requirements is via a 
process tree or life cycle analysis (Roozenburg & Eekels, 1995). 
In a process tree, all phases of a product life cycle come forward, 
from design to disposal. It forces product designers to consider the 
consequences of their design for every phase. One of the phases 
is the ‘use’ phase, which is the one that we based the organization 
of the questions. 

The tool is composed of a list of questions and a checklist of 
sensorial properties. The list of questions is organized according 
to different phases in the user-product interaction: 1) first contact, 
2) try out, 3) transport, 4) unwrapping, 5) usage, and 6) rest phase 
(Table 4). The product designer and the client imagine and discuss 
the interaction that the user will have with a new product in a 
specific phase. For each phase, the discussion should end with 
the question: “What sensory aspects play a role in this?” The 
answers to this question provide the sensorial properties of a 
product desired in the phase in question. These are noted on the 
checklist, which can be filled out during discussion and can be 
used to summarize the material requirements for the materials 
search (Table 3).

Usability Study 
The design of the tools has reached the stage where it is now 
possible to study how the usability of the tools can be optimized. 
The aspects of the usability of interest are the performances of 
the tools, how easy they are to use, and how they influence the 
creativity of the users. To understand the tools’ performance in 
design brief meetings, they were evaluated in a real life setting. 
The tools aim to achieve a high level of certainty to start an 
effective materials search, to have a high level of consensus 
between clients and product designers about the key sensorial 
properties that create the desired personality and to formulate a 
material profile in terms of sensorial properties. 

We invited six professional product designers and six 
business clients to use the tools in design brief meetings for 
two fictive design assignments that we created. Furthermore, 
we invited twelve students who either did or did not study at a 
product design education to do the same. The last group acted as 
clients. Therefore, no only can the performance of the tools be 
compared, but also the influence of the participants’ experiences 
on the usability and performance of the tools could be assessed. 
The questions that were studied are as follows: 
Question 1: How do the tools perform in the design briefs and 
how do they differ?

Does using tools increase the certainty of clients and product • 
designers about whether or not the product designer can start 
an effective materials search?
Do the tools lead to consensus about the sensorial properties • 
that are important in the materials searches? 
Do the tools direct to sensorial properties of materials?• 

Question 2: How easy to use are the tools for clients and product 
designers? 
Question 3: How do the tools influence the creativity of the 
product designers?
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Procedure

The participants of the study used all three tools so as to be able to 
compare them. Furthermore, they used no specific tool to compare 
their own approaches (‘own method’) with the created tools. 
With their own method, the product designers followed different 
approaches as summarized in Table 5.

The participants discussed two design assignments in 
product designer/client pairs in a session. For each assignment, 
two tools were used for ten to fifteen minutes. The entire session 

took 2 hours. The participating product designers received 
instructions for the two tools they would use during the first 
assignment. Before starting the second assignment, they received 
instructions for the other two tools. After the two assignment 
discussions, the participants were asked to fill out a questionnaire 
(see Questionnaires section).

Design assignments

The first assignment focused on the industrial design and product 
personality of a cutlery set with an outdoor look for daily use. A 

table 4. Questions tool (pictures were added in the revised form)

PHASE QUESTIONS

First contact 
Distinctiveness

How will the product attract attention?
How will the product differentiate itself?
Compared to similar existing products, dissimilar products, and the 
environment?
 Which sensory aspects play a role in this?

Try out
Distinctiveness

How will the product convince the user as they try it out?
Compared to similar existing products, dissimilar products, and the 
environment?
 Which sensory aspects play a role in this?

Transport
Product experiences

What kind of feedback will the product provide during transport?
 Which sensory aspects play a role in this?

Unwrapping
Product experiences

What lasting experiences will the product evoke?
 Which sensory aspects play a role in this?

Usage
Functional use

What kind of interaction takes place while using the product?
How does the product elicit feedback?
What can disturb the interaction? What can intensify the interaction? What 
can disturb the feedback? What kind of feedback can be intensified? 
 Which sensory aspects play a role in this?

Rest
Product experiences

How will the product convince to be used again?
How will the product fit in its environment and with related products?
How will the product say good bye?
 Which sensory aspects play a role in this?
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fictive manufacturer of outdoor products wanted to increase brand 
recognition by designing a new product that is not only used for 
outdoor activities but also in everyday life. The second assignment 
was a more complex product than the first one, namely a new 
concept for a camera based on new technologies. The concept was 
termed ‘Polaroid video’ and elaborates on the old Polaroid camera 
concept, but with moving pictures. The assignment was to design 
the housing for the product, which produces the Polaroid video 
pictures. The participating clients were provided with instructions 
about the assignments. Herein, a fictive company profile, the 
problem definition, and the task for the designer were given. 

order of the applied tools

The order of the tools varied to assess the influences of the 
different tools on each other and the usability of the tools for 
each assignment. The baseline condition ‘own method’ always 
preceded all other tools, so as not to bias the participants. Because 
we expected similar biases to operate between our new tools, we 
chose to let the question tool precede the other two, and have the 
sample tool last (Table 6). Every sequence of tools is used twice, 
once with a professional pair and once with a student pair.

Profiles

Consensus between clients and product designers regarding 
materials profile was measured at three different points, namely 
before, in between, and after the use of each tool. We surveyed 
the participants’ ideas about the desired materials for the new 
product at these points. We could then compare the client’s and 
product designer’s ideas. Two questions were asked per profile. 
First, the participants were asked to indicate their certainty about 
the product designer’s ability to start an effective materials search 
at that point. Second, the participants were asked to describe the 
desired material features for the new product. After filling out 
the three profiles, the participants filled out an extra profile. On 
this profile, they were asked to pick a maximum of five sensorial 

properties on which they think are important to base the materials 
search (see the list of properties in Table 3).

Questionnaires

After the two design brief discussions, the participants were asked 
to fill out a questionnaire. The aim of this questionnaire was to 
evaluate the different tools on usability and creativity topics. 
Questions about usability were as follows: “What are the benefits 
of using the tools?” and “Would you suggest using only one tool 
or a combination of tools?” The participants were furthermore 
asked to react on three propositions per tool by filling in their 
answer on a 5-points Likert scale (Likert, 1932). These were as 
follows: 1) “What is the efficiency of the tool during the design 
brief?”; 2) “I believe the client/product designer comprehended 
what I mean …..” (better to worse), and 3) “How much effort did 
it take to become familiar with the tool?” The usability part of the 
questionnaire was concluded by asking the participant to rank the 
tools in order of usability. 

Questions about creativity included the following: “How 
inspiring were the tools for you?”, “How directing were the 
tools, and how was you did experience this?” and “How did the 
tools support your creativity?” For the creativity part also three 
propositions could be filled out per tool on a five points scale: 
1) “I obtained more inspiration by using the tools”, 2) “The tool 
narrowed my creativity” and 3) “The tool was very directing”. 

The questionnaire ended with questions about points for 
improvements for the tools. These were: “Would you like to use 
one of the tools yourself?”; “Did you miss anything in the tools?” 
and “Do you have suggestions for improving the tools?”

results
Question 1: Performance of the tools

The profiles made before and after the own method or the tool 
was used were summarized per session. Four sample summaries 

table 5. Examples of own approaches (‘own method’) in a design brief meeting

Asking questions about desired appearance and the target group for the product

Asking questions about the functionality

Making sketches and proposing to make a collage (not possible in the study)

Asking questions about the material space (production facilities, costs, high end or low end market)

Normally uses samples, but now asking questions about practical issues of the product

Using existing products as reference, e.g. “Which product do you identify with the target group and why?”

Directly asking about materials

table 6. order of applied tools per session

Session 1, 7 Session 2, 8 Session 3, 9 Session 4, 10 Session 5, 11 Session 6, 12

Cutlery set 
First tool 

Second tool
Own method 

Picture
Own method 

Sample
Own method 

Question
Question  
Sample

Question 
Picture

Picture  
Sample

Polaroid video
First tool 

Second tool
Questions 
Sample

Questions 
Picture

Picture 
Sample

Own method 
Picture

Own method 
Sample

Own method 
Question
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are provided in Table 7, two from professionals and two from the 
students. 

Note that in the study presented here, the participants used 
the tools without any preparation. In practice, a new assignment is 
often known before the first meeting between the product designer 
and client. Product designers can then prepare how they will use 
the tools before the design brief meeting, which might make them 
work better.

Increase of Certainty

The certainty of being able to start an effective materials search, 
indicated on the profiles that were filled out by a participant before 
and after using a tool, were compared. Three situations could 

occur, namely an increase of certainty, a decrease of certainty, 
or neither (same certainty). Table 8 shows that most participants 
increased their certainty after the discussions. When the product 
designers used their own method, they more often increased their 
certainty compared to when they used one of the offered tools. 
This was in a minimum of 67% of the cases (16 / 24 participants). 
The sample and question tools are least effective in increasing 
certainty. 

The picture tool never resulted in a decrease of certainty; 
however, this tool also scored the highest in keeping the same 
certainty. Professionals in particular indicated the same certainty 
after having used the tool. The sample and question tools led to 
a decrease in certainty more often than the other tools, especially 
for students.

Table 7. Sample profile summaries that were filled out for four of the 12 sessions

Session 2 - Students

Certainty about information for starting a materials search Types of attributes used for material profile

Own method The client mainly used perception attributes, 
while the designers use a combination of 
materials, perception and technical attributes. 
They agreed on using materials that fit the brand 
and high tech as perception.

Samples Both spoke in terms of perception, although it 
seemed that they desire different things. The 
designer also spoke about specific materials. 

Questions The client started to speak in terms of use and 
sensorial attributes, the designer in perceptional 
and technical attributes. After the questions they 
both spoke in terms of sensorial attributes. The 
client was more specific than the designer.

Pictures The client and designer spoke about sensorial 
and perception attributes. They seemed to talk 
about different things. 

Consensus in sensorial terms
Cutlery Polaroid video

client   designer client   designer
* Pattern/structure * Hue of colour

Conclusions: The sample tool did not work well for the designer in the cutlery project. There were less terms similar in the materials profiles. 
The picture tool worked best with the Polaroid video project. The client and designer hardly mention similar terms in their material 
profiles. The questions and picture tool direct to sensorial terms, the sample tool to material and perception terms.

Session 6 - Students
Certainty about information for starting a materials search Types of attributes used for material profile

Pictures Before using the tool the client and designer 
used a mixture of attributes in their profile, but 
afterwards mainly perception attributes. The 
designer also mentioned materials. They agreed 
on durability.

Samples Both client and designer talked about materials 
and sensorial attributes. They agreed on wood 
and on a matte material for the blade. 

Own method The client spoke in perceptional attributes. The 
designer started with use attributes, but after 
the own method in perceptional attributes and 
materials. They agreed on the looks of the iPod 
but disagree on the materials (metal like versus 
plastics).

Questions The designer was not able to give a profile, 
the client spoke in sensorial and perceptional 
attributes. 

Consensus in sensorial terms
Cutlery Polaroid video

client   designer client   designer
* Diversity of colours, pattern/structure * Texture, hue of colour, weight

Conclusions: Both the picture and sample tool worked well in the cutlery project. The sample tool directed towards sensorial attributes and 
consensus about the materials. The questions tool did not work at all, the certainty dropped dramatically. However, the client and 
designer agreed on three sensorial terms. The pictures led to perceptional term, the samples to a mixture and the questions to 
sensorial and perceptional terms.
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Consensus on Sensorial Properties?

Although product designers and clients increased their certainty 
about an effective search, would they start a search with the same 
material properties? In general, we found limited agreement 
on sensorial properties between the profiles made by clients 
and product designers (Table 9). In all sessions and with both 
assignments, we found a minimum of 1 to a maximum of 3 similar 
terms out of the 5 selected. The terms that were agreed upon 
differed per session, indicating that in every session different 
materials profiles were made.

The picture and question tools led to the largest number of 
properties common to both clients and product designers. Almost 
every time that these tools were used after the ‘own method,’ 
the product designer and client agreed on 2 or more terms. In 

other combinations of tools, we saw agreement on 2 or 3 terms 
occasionally, but for most there was agreement with only one 
term. 

We found some relation between the participants’ certainty 
about being able to start an effective materials search and their 
low agreement on key sensorial properties for the search. The 
client and product designer agreed on only one term after 12 
briefs. In 5 of these briefs, a decrease in certainty was found. 
This decrease in certainty occurred after using the sample tool 
(4 times) or after the question tool (1 time). When participants 
were uncertain after using the sample tool, it thus led to a low 
level of consensus. Uncertainty indicated after using the other 
tools did not automatically lead to a low level of consensus. The 
other tool used in the assignment seemed to improve the level of 
consensus that was reached after using the first tool. The picture 

Table 7. Sample profile summaries that were filled out for four of the 12 sessions (Continued)

Session 9 - Professionals

Certainty about information for starting a materials search Types of attributes used for material profile

Own method The client spoke mainly of technical attributes, 
but also sensorial and perception. The designer 
used a mixture of attributes. After the own method 
the client used more perceptional attributes. The 
client and designer put different things in their 
profiles. 

Questions Both client and designer used technical, 
sensorial and use attributes. Hardly any 
perceptional attributes were used. They agreed 
on a combination of metal and natural materials.

Pictures The client and designer used a mixture of terms. 
They agreed on the perceptional attribute joyful 
colors and the sensorial term transparency.

Samples The sensorial attributes dominated the profiles. 
Client and designer agreed on robustness, gloss 
and transparency (although not all mentioned 
again in the sensorial attributes profile).  

Consensus in sensorial terms
Cutlery Polaroid video

client   designer client   designer
* Glossiness, stiffness, weight * Transparency

Conclusions: The product designer’s own method or questions worked equally in the cutlery project. The designer decreased his certainty with the 
sample tool so the pictures worked better. The questions and pictures directed towards technical, materials and sensorial terms. The 
sample tool to mainly sensorial terms.

Session 10 - Professionals
Certainty about information for starting a materials search Types of attributes used for material profile

Questions The client spoke of technical and perception 
attributes, the designer also about material and 
use attributes. After the tool the designer spoke 
of sensorial and perceptional attributes. The 
client was not very specific.

Samples The designer used less sensorial attributes and 
more perceptional attributes. The client and 
designer agreed on the durability and clean 
ability of the materials.

Own method The client spoke of perceptional and use 
attributes. The designer of technical, sensorial 
and perceptional attributes. After the own method 
they both used sensorial attributes, however not 
the same things.

Pictures The client used a mixture of attributes but 
proponed the choices that defines the materials. 
No clear profile was given. The designer spoke 
in terms of sensorial, perceptional and technical 
attributes. 

Consensus in sensorial terms
Cutlery Polaroid video

client   designer client   designer
* Texture * Transparency, intensity of color

Conclusions: Both the picture and sample tool worked well in the cutlery project. The sample tool directed towards sensorial attributes and 
consensus about the materials. The questions tool did not work at all, the certainty dropped dramatically. However, the client and 
designer agreed on three sensorial terms. The pictures led to perceptional term, the samples to a mixture and the questions to 
sensorial and perceptional terms.
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tool was used as the second tool in most of these cases, but we 
also found an example with the sample and question tool as the 
second tool. These examples suggest that using a combination of 
tools can help to reach consensus between the client and product 
designer. If after using the question tool, for example, there is still 
uncertainty about how to start a materials search, another tool can 
be used to reduce uncertainty and to increase consensus between 
the client and product designer. 

Directing to Sensorial Properties?

The material terms used in the profiles that the participants made 
before and after using a tool were grouped into different property 
categories (Table 2). We looked at which categories were found in 
the profiles made after using each tool. If one category was mainly 

found, we added a “1” in Table 10. If more than one category 
was found, we divided “1” with the number of categories and 
gave each category a fraction of 1. We focused on the categories 
used by the designers, because they need these terms for the 
materials searches. Finding the sensorial category was expected, 
because this is the category for which the tools aimed. Finding the 
perceptual category is particularly unwanted, because the tools 
are designed to translate perceptions into sensorial properties.

Table 10 shows that the product designers used sensorial 
properties in their profiles after using all tools. The only exceptions 
are when they used their ‘own method’ and additionally when 
professional product designers used the picture tool. This was the 
case in about half of the profiles. The question tool directed to 
sensorial properties mostly. The picture and sample tools did stay 
on the perceptual level in one third to one half of the cases. These 
tools need to be improved to make them effective tools. 

The type of sensorial properties that were discussed differed 
from tool to tool. Transparency and colour aspects were mainly 
discussed with the picture tool; texture and pattern aspect with the 
sample tool; and sound, smell, and taste were only discussed with 
the question tool. 

Summary

In Table 11, we summarize the results of the first research question. 
We found that the tools’ performance differed depending on the 
aspects studied. None of the tools scored high on all aspects. 

Question 2: Ease of Use

In general, we saw that the product designers were able to use 
the tools after reading the introduction. They customized the tools 
for their own approaches (Figure 3). For example, some product 
designers used the picture tool to make categories of wanted and 
unwanted personalities together with the client. Others made 
a selection before showing the cards. The sample tool lured 
participants to touch and explore the samples. Some pairs grouped 
the samples as well during the discussion. Although the question 

table 8. number of sessions in which certainty was increased, 
decreased, or remained the same after using one of the tools 

Cutlery set Polaroid video

Design. Clients Design. Clients
Number of sessions

Increased 
Certainty S1 / P2 S1 / P2 S1 / P2 S1 / P2 total

Own method 2 / 2 3 / 3 3 / 3 2 / 3 21

Picture tool 3 / 1 3 / 2 2 / 3 3 / 2 19

Sample tool 0 / 3 2 / 2 2 / 1 3 / 3 16

Question tool 3 / 3 2 / 2 0 / 1 2 / 3 16
Number of sessions

Same 
certainty S1 / P2 S1 / P2 S1 / P2 S1 / P2 total

Own method - / 1 - / - - / - - / - 1

Picture tool - / 2 - / 1 1 / - - / 1 5

Sample tool 1 / - 1 / - 1 / 1 - / - 4

Question tool - / - - / - 1 / 2 - / - 3
Number of sessions

Decreased 
Certainty S1 / P2 S1 / P2 S1 / P2 S1 / P2 total

Own method 1 / - - / - - / - 1 / - 2

Picture tool - / - - / - - / - - / - 0

Sample tool 2 / - - / 1 - / 1 - / - 4

Question tool - / - 1 / 1 2 / - 1 / - 5

1 S = Students
2 P = Professionals

Table 9. Number of similar terms that were filled out in the 
sensorial properties profiles after using two tools

Cutlery set Polaroid video

tools used Number of similar terms 
First, second Students Profs. Students Profs.

Own method, Picture 3 3 2 2

Own method, Sample 1 1 1 3

Own method, Question 3 3 3 1

Question, Sample 1 1 2 1

Question, Picture 3 1 1 2

Picture, Sample 2 1 1 1

Table 10. Proportions of terms used in the profiles made by the 
product designers after using a tool. one of the six students 
was not able to fill out a profile after the question tool.

StUDEnt product designers

P1 U1 S1 t1 M1 total

Own method 2 7/12 ¼ ¾ 1 7/12 5/6 6

Picture tool 3 2 ½ ½ 6

Sample tool 1 ¼ ¾ 2 ¼ ¾ 1 6

Question tool 1 3 ½ ½ 5

PROFESSIONAL product designers

P1 U1 S1 t1 M1 total

Own method 1 7/10 19/20 1 19/20 7/10 7/10 6

Picture tool 3 1/6 1/3 1 1/6 1 1/3 6

Sample tool 2 1 2 2/3 1/3 6

Question tool 1 1/3 2/3 3 1 6
1 P = Perceptual, U = Use, S = Sensorial, T = Technical, M = Materials (Table 2).
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tool was understood, participants had more difficulty in using this 
tool directly. The topics of discussion often diverged from the 
written questions. Furthermore, only one of the twelve pairs was 
able to discuss all phases of the interaction in the time allotted. 
Some product designers advised to not apply the tool in the first 
design brief. They preferred to prepare themselves by adjusting 
the questions to a specific situation before asking the questions 
to a client.

The participants mentioned different benefits of each tool. 
They remarked that the picture tool provides a perception of the 
personality that the new product should have. It gives an idea of 
the materials that can create the desired personality. The example 
products leave plenty of freedom for the product designers while 
helping the clients to define what they want. According to the 
participants, the sample tool was able to quickly bring up the 
tactile aspects of the materials. It was easier for them to judge 
whether the materials provided the right feeling with the sample 
tool than with the picture tool. However, the sample tool still 
required that the participants be able to visualize the materials on 
a product, which some found difficult. The question tool works 
as a checklist. The participants mentioned that the questions 
forced the client to think about all aspects of the interaction in 
a more detailed manner than without the tool. A drawback of the 
question tool was that in many cases it led to long discussions 
for determining the required user-product interaction, but did not 
result in defining sensorial aspects.

The usability of each tool was rated by the participants on 
a five point scale for three topics. The outstanding results are that 
the picture tool required the least amount of time to get familiar 
with and that the question tool took the longest in design brief 
meetings. All other questioned aspects are more dependent on the 
participants’ preferences and judgements. The participants were 
lastly asked to rate the tools based on usability. Although the 
sample tool was rated as most usable in some cases, the picture 
tool was rated as most usable overall. The sample tool came in 

second place. The question tool was rated as least usable, even 
lower than the product designers’ own methods. Except for the 
business clients who preferred the question tool over their product 
designers’ own method, the different groups did not differ in their 
ratings. 

All but one of the 24 participants preferred to work with 
a combination of tools. They argued that each tool focused on a 
different aspect of the new product. They suggest that the picture 
tool is better to use during design brief discussions, where as the 
sample and question tools are better at a later stage. The most 
preferred combination was the picture tool together with the 
sample tool, followed by a combination of all three.

Question 3: Creativity

The participants varied in their opinions about how inspiring 
the tools were. The picture tool was judged as very inspiring 
by the majority of the participants, because it led to new ideas 
quickly. Drawbacks of the picture tool were that it makes it hard 
to think ‘out-of-the-box,’ because it provides so many examples. 
The professional participants found the sample tool inspiring, 
although only on an unconscious level. The student participants, 
on the other hand, did not find the sample tool inspiring. Students 
found the samples difficult to visualize in the new product. Other 
students were afraid that the materials were settled after selecting 
the samples from the set, which was not the intention of the tool. 
The question tool was not found inspiring by most participants, 
although they found the tool clarifying. It helped the participants 
to approach the project from another angle. One participant 
mentioned that the question tool did not direct to materials, but 
instead to aesthetics and visual characteristics of materials, which 
is actually the purpose of the tool.

In general, the tools were judged as directing, especially the 
question tool. Professional product designers and business clients 
liked this directing as they argued that in a design brief meeting, 
there is no time for chitchats and the questions help to get to the 

table 11. Summary of tool performance

Aspect \ Score High Medium Low

Increased certainty Own method Picture tool Sample tool and question tool

Consensus about key 
properties

- Own method, picture tool, and question tool Sample tool

Profile in sensorial 
properties

Question tool Picture tool and sample tool (But also perception aspects) Own method

Figure 3. Examples of how the picture tool was used. Grouping pictures (left). Selecting cards (middle).  
The sample tool lured participants to touch and explore the desired physical properties (right).
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point. The students, however, found it annoying that the tools 
directed them. They argued that all tools restrict creativity. Half of 
the student product designers even found this very annoying.

The participants were asked how the structuring 
characteristics of the tools influenced the ability to be creative. 
Although the tools influenced the creativity of the users, it is hard 
to say if the tools improved or restricted the creativity of a person. 
We found a lot of variation in the participants’ judgements about 
this issue. In general we can conclude that the professionals’ 
creativity was stimulated in their creativity while the students’ 
creativity was restricted. The picture and sample tools scored 
better on this issue than the question tool.

Discussion of the results
The evaluation of the tools showed that they generally do what 
they should do; however, the performance and usability of the 
tools can be improved based on the following recommendations.

Combination of tools

The tools were evaluated individually to measure the performance 
and usability of each tool. We learnt that none of the tools scored 
high in all the desired performances (Table 11). Our advice is 
to use the tools in a combined form. With a combined form, we 
expect that product designers can reach a high level of consensus 
with their clients and also with a high level of certainty of being 
able to start an effective materials search. 

Although the participants preferred to use a combined form 
with the picture and sample tools, we recommend starting with the 
question tool. The question tool was found to be more directing to 
the aim for sensorial properties than the other tools. Furthermore, 
it led to a high number of similar properties for which to start a 
materials search. The uncertainty caused by the question tool can 
be reduced by using the picture tool or sample tool to support the 
discussions for each user-interaction phase of the question tool. 
When the picture and sample tools focus on different sensorial 
properties, the tools can really complement each other (see the 
‘revised and combined tools’ section).

The results showed a wide variety of opinions about 
usability and creativity of the tools. Not only did we find 
differences between professionals and students and between 
clients and product designers, we also found differences within 
the groups. Which means that one tool does not suit all. Although 
a combination of tools may meet the needs of more users, product 
designers should be able to select only one of the elements of 
the combined tools, e.g., only the pictures or the samples. In that 
situation, the tool is expected to be effective for different product 
designers working with different clients on different projects.

translation or Converging Step

As the results show, not every tool directed to a material profile 
described as sensorial properties. Although the tools aim to translate 
perceptual terms into sensorial properties, they led to materials 
profiles described in perceptual terms. This is especially true for 
the picture and sample tools. We expect that although clients and 

product designers mention the same perceptual terms, they might 
translate the terms differently into materials characteristics, which 
is unwanted. The picture and sample tools thus seem thus to lack 
a clear translation step.

The question tool resulted in a materials profile in sensorial 
terms. With this tool, the translation step was indicated by the 
last question for each phase discussed, namely “Which sensorial 
aspects play a role in this?” Furthermore, a checklist of properties 
was provided to summarize the discussions. Although not every 
product designer used this checklist, it helped to direct the 
discussions to sensorial properties. A similar translation step 
can make the picture and sample tools more effective. It is thus 
recommended to emphasise on such a step in both tools.

Students versus Professionals

Students and professionals differ in their experience with the 
execution of materials searches for design projects and the 
background of these projects. The students in this study had had 
almost no experience with client projects and with design brief 
meetings. Despite these differences, we expected that the tools 
were usable for both professionals and students. However, the 
results show that the two groups reacted differently to the tools. 
Students found the tools more restricting to their creativity and 
had more trouble using them than professionals. Some students 
were very explicit in their disinterest in using the tools for future 
projects. An explanation might be that students have not come 
across the problems in materials searches that the tools try to 
reduce. They did not understand the effort needed to reduce 
these problems, and therefore were less willing to use the tools. 
Another explanation can be that students are explicitly exploring 
their creativity in the educational system, while professionals 
are using their creativity in a more applied manner. Whereas, the 
professionals seem to integrate the tools and their own approaches 
to enhance their creativity, the students seem to see the tools as a 
barrier to their own creativity. 

Based on the differences between students and professionals, 
we recommend choosing one target group, which for our case will 
be the professional product designers, for further development of 
the tools.  

recommendations for Each tool

Picture Tool

Although the backs of the cards did offer translations of the 
personalities and pictures shown, they did not lead to describing 
the materials profile in sensorial properties. More emphasize 
should be placed on this side by providing a checklist on which 
all the mentioned properties are presented, for example. The 
product designer could then use this checklist to summarize the 
results of the discussions. Some participants recommended using 
only product examples and no personality terms. However, we 
recommend using the terms, because they name the different 
cards, which eases up the discussion, even when clients and 
designers do not agree on the terms.   
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Sample Tool
The participants’ evaluations of the sample tool differed more 
than any of the other tools. It appears that using material samples 
is more closely relate to personal approaches than the other tools. 
In any case, the sample tool can be optimized by taking the 
following suggestions. The samples help to determine the kind of 
material properties that are desired for the new product and this 
aspect should be emphasized, for example, by providing a list of 
sensorial terms that are present in the samples.

The materials that are now included in the set are not judged 
as very inspiring by the participants, and in their opinion, some 
samples were missing. We suggest to select a new set of samples 
with the same background ideas, namely to represent a wide range 
of sensorial properties, but to find more extreme samples. The 
material characteristics that the participants suggested adding are 
transparency differences, more plastics, soft materials, stones or 
ceramics, metals, fibres, and gels. 

Question Tool
Many participants rated the question tool as less usable in its 
current form. However, the question tool was the most directing 
to sensorial properties, as compared to the other tools. For this 
reason, we do not recommend abandoning the tool.

The questions were all given as one list, but could be 
more effective if they were separated on different cards by phase. 
The order of the phases can then be changed. Although it is still 
important to discuss all relevant phases, the discussions can 
follow a more natural sequence than with a pre-defined order of 
questions. The next suggestion is to add pictures of situations to 
the question cards. It is then easier to imagine the new product in 
the different phases. For example, the first contact phase can be 
illustrated by a picture of a shop.

Some participants suggested using the question tool 
at a later stage in the design process. However, as soon as the 
project objectives are defined, it is wise to consider the materials 
objectives as well. Product designers could prepare themselves 
by reformulating the questions before the actual meeting with the 
client.

revised and Combined tools
The usability study clearly showed that the current tools can 
be improved to increase their function. The recommendations 
for improvement were to combine the tools and to increase 
communication on sensorial properties. The expected advantage 
of a combination of tools is that the strengths of each tool can be 
extended to reach consensus about the key sensorial properties 
that create the required user-interaction. This section examines the 
considerations made to integrate the tools (Figure 4). 

The basis for the combined tool is the question tool. In 
the concept form, the questions for all phases were presented on 
one sheet of paper. In MiPS, the questions will be separated by 
phase and presented on cards. The advantage is that the product 
designers can change the order of the phases more easily with 
separate question cards. Furthermore, the backs of these cards 

can also be used. This creates space for a checklist mentioning 
the sensorial properties of materials. Just as with the picture tool, 
one side of the card can then be used as a diverging step (the 
questions) and one side can be used as a converging step (the 
sensorial properties).

For each phase in the user-product interaction, the picture 
cards and material samples support discussions about the desired 
visual and tactile interaction. The picture cards and samples were 
adjusted such that they can be used in mixed form. Each card 
with product examples is now also accompanied by a material 
sample. The set of material samples was thus extended from 
11 to 16 samples. The samples represented one of the material 
characteristics of the products on the cards. To maintain a wide 
variety of sensorial properties in the sample set, some of the 
product examples were changed. For example, the product 
examples of the ‘modest’ card were changed to be able to add a 
textile material. Some of the materials suggested in the usability 
study were added in the new version.

The samples were made the same size as the picture cards 
(80x60mm), and on the back of each picture card, a fragment of 
the materials sample was added. The product designer is then 
provided with a visual clue to the sample and when using the 
sample, the product designer can find the sample characteristics 
on the back of the picture card. On the question cards, visual clues 
are given of the picture cards and samples to motivate the product 
designers to use them as aids for answering the questions.

In the original version of the tools, a clear converging step 
was missing. The checklist is an important element of the tool to 
facilitate the converging step. Using the checklist helps product 
designers to define the required user-interaction aspects as 
sensorial properties. Although the sensorial properties are given 
on the back of the question cards, which already function as a 
checklist, a separate checklist is provided on which the designers 
can make notes. The checklist is designed in such a way that 
there is white space available to make a sketch or take notes. The 
aspects mentioned on the back of the picture cards can be directly 
noted on the checklist when using the cards or the samples. Both 
use the same terms. The importance of this converging step will 
be stressed in the instructions for the tool. 

Conclusions
The three tools in the Materials in Products Selection tool were 
evaluated in design brief meetings with product designers and 
clients. The tools were effective in different ways. The picture and 
question tools led to a high level of consensus between product 
designers and clients in terms of the desired user-interaction 
aspects of materials. The question tool did this by directing to the 
aimed for sensorial properties. Based on these sensorial properties, 
product designers could effectively start their materials searches. 
The picture tool was very user-friendly and together with the 
sample tool stimulates the creativity of both clients and product 
designers. From our evaluation, the question tool was not viewed 
as user-friendly or able to promote creativity in its current form. 

To optimize the tools, we suggest emphasizing further 
developments on the converging step of the tools. Although the 
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tools helped product designers in defining user-interaction aspects, 
they were only able to translate a low percentage of these aspects 
into sensorial properties. Starting a materials search would thus 
still be difficult. However, when the tools are further developed as 
suggested at the end of this paper, product designers can benefit 
from using the tools when searching for materials.
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