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= A new approach to material selection
that integrates technical and aesthetic
decisions is proposed in a two-step
framework.

Sensory Analysis is integrated within
the traditional Ashby's selection pro-
cess.

A case study on aesthetic components
describes the applicability of the
method in the New Product Develop-
ment process.

The reconciliation of material languages
among designers and engineers helps
reaching a mutual appreciation of di-
verse material properties.
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The aim of the paper is to define an integrated method for materials selection that provides industrial designers
with measurable data to support and explain aesthetic decisions on materials.

A new method for materials selection consisting of multiple tools structured in a two-step framework is pre-
sented. The method is tested through a case study of professional kitchen appliances where metal components

ﬁﬂgﬁ;elemon are replaced with polymers. The first step involved the application of an established technique to identify poly-
Sensory perception meric bulk solutions, based on their technical properties. The second step employed a sensory analysis test to
Human factors choose suitable finishes. Thirty-seven individuals performed the test: the subjects highlighted their main percep-
Aesthetics tions of metal and metal-look polymer finishes.

Product design The research demonstrates that the proposed method is suitable for the evaluation of both technical and sensorial
Metal replacement properties of materials. In particular, Mapping test represents a rapid, low cost and effective tool to help industrial

designers justify Colour Materials and Finish (CMF) choices with quantifiable information.
© 2018 Elsevier Ltd. All rights reserved.

* Corresponding author at: Design Department, Politecnico di Milano, Via Durando 38/A, Milan, Italy.
E-mail address: agnese.piselli@polimi.it (A. Piselli).

https://doi.org/10.1016/j.matdes.2018.04.081
0264-1275/© 2018 Elsevier Ltd. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.matdes.2018.04.081&domain=pdf
https://doi.org/10.1016/j.matdes.2018.04.081
agnese.piselli@polimi.it
https://doi.org/10.1016/j.matdes.2018.04.081
http://www.sciencedirect.com/science/journal/02641275
www.elsevier.com/locate/matdes

260 A. Piselli et al. / Materials and Design 153 (2018) 259-272

1. Introduction

Materials selection plays a central role in defining the design and
aesthetics of products [1]. In new product development [2,3], materials
selection is the result of a multidisciplinary decision-making process
that typically involves several departments of a company, particularly
the design and product engineering departments [4,5]. Moreover, mate-
rial and finishing choices are determined by a considerable number of
variables related to aesthetics and design including: the product's tech-
nical configuration, manufacturing constraints, operating conditions
and environment stresses, designers' expertise and sensitivity to certain
styles, colour and material trends, usability issues, and brand identity
[6-14].

For this reason, materials selection is usually a complex and iter-
ative process of design formalisation, which starts from the first
phases of concept development. Fig. 1, elaborated from a typical
model [15], describes the main stages of the product development
process, highlighting the company departments generally involved
and the decisions to be made in the steps of “Screening” and “De-
sign”, in which the activity of materials and finishes selection is pre-
dominantly performed.

As illustrated in Fig. 1, different professionals are involved in the ma-
terials evaluation process, according to their know-how. Engineers and
technicians (i.e. Product Engineering) typically deliberate on technical
decisions based on quantitative data, namely technical properties, and
manufacturing and economic requirements [11,12]. In the last fifty
years, several methods and tools have been developed to guide “engi-
neering” materials selection [16,17]. Among them, Ashby's method
[10,12,13,18-20] is widely implemented in the industry [21-24], pro-
viding a useful support (i.e. material indexes and properties charts) to
compare different material properties since early stages of product de-
sign. From the perspective of evaluating material performance in tech-
nical applications, materials selection can, therefore, be considered a
mature discipline [25].

On the other hand, industrial designers (i.e. Industrial Design)
mainly focus on Colour, Material and Finish (CMF) selection to charac-
terise the identity, perception and aesthetic appearance of products
[26-29]. In describing aesthetic decisions about materials, finishes and
textures, industrial designers generally use qualitative criteria,
expressed as intangible and sensorial characteristics [30-34] by descrip-
tors or adjectives [16,31,35-37]. Mood boards [38] and physical material
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collections, inspired by product and material trends, are non-verbal
qualitative tools used to express a specific aesthetic and expressive ef-
fect on a product's surface. The need for integrating expressive-
sensorial characteristics of materials has gained increasing attention in
the last thirty years, especially in the academic field. Theoretical
design-based methods [14,31,39,40] and practical tools have been de-
veloped [36-38,41-43]. Among them, the Expressive-Sensorial Atlas
[43], a collection of sensorial maps that link technical properties of ma-
terials with the sensorial ones in a linear scale, can be recognised as one
of the first tools focused on visual and tactile properties with a design
educational perspective. From a general observation of the approaches
for materials selection currently employed by industrial designers,
emerges the intention of quantifying aesthetic attributes of materials
correlating sensorial and physical properties [31,36,41,43,44], by involv-
ing evaluators. Moreover, they provide a large set of materials aesthetic
and perceived attributes that are generally used among designers
[37,39,45,46]. However, there is no evidence to indicate that such
design-based methods fit with real industrial needs. In addition, these
approaches are not correlated with any standard procedure, which are
established in the industrial field. Standards, indeed, provide step-by-
step instructions, accessible to different users, to select the appropriate
experimental design and panel of assessors, and to analyse data based
on appropriate statistics.

Engineering and design approaches to materials selection differ
in terms of tools, languages and perspectives [16]. Different ways of
interpreting and communicating material surface properties often
cause discontinuity and disagreement along the materials
selection process [47]. The epistemology contrasts among engineers,
who tend towards propositional knowledge, and designers, who are
more familiar with experiential learning (empirical knowledge), has
been investigated in depth in the materials teaching context [49,50].
In the manufacturing industry, engineering rationale is generally
considered more robust and reliable than the design one. This be-
cause engineering rationale is based on propositional knowledge,
funded on analysis and investigation to satisfy “the truth of what is
believed and the justification of what is believed” [51]. Compared
with engineering, we can envision design epistemology as a method
for subjective expression and materials manipulation [52]. Even if it
is not possible to fully rationalise aesthetic decisions, industrial de-
signers are increasingly called to justify their materials choices
[53]: a possible way is to qualify aesthetic attributes with
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Fig. 1. Materials selection in new product development (NPD) (2-column).
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