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A Design Research Methodology using
3D-Printed Modular Designs to Study
the Aesthetic Appreciation of Form
and Material

Abstract
Products are typically aesthetically appreciated using
multiple of our senses. However, studying the aspects
that influence multi-sensory product aesthetics is
complicated because of the interaction of visual and
tactile product properties, such as form and material,
which underlie the aesthetic experience. Illustrated by
our ongoing study on the tactile and visual aesthetic
appreciation of tangible products, we demonstrate a
design research methodology that is highly suitable for
studying the influence of material and shape properties.
Using state-of-the-art 3D-printing techniques, modular
FDUNH\VZHUHGHVLJQHGWKDWV\VWHPDWLFDOO\YDU\LQXQLW\
and variety through changes in form and material. The
modular approach of designing stimuli, in which form
and material properties are customizable through the
use of exchangeable components, offers a way in which
multisensory aesthetics can be effectively experienced
and researched. Such an approach follows the designer’s
natural methodology of designing, results in realistic
stimuli, and gives high control over confounding factors.
We argue that this novel design research method
thus strongly benefits both practical and theoretical
understanding of design aesthetics and related fields.
Keywords: Design Methodology, Modular Design,
3D-Printing, Visual-Tactile Aesthetics

1 Introduction
Knowledge of design aesthetics is central to the practice

of designers as it informs the designer how form and
material can be used to express meaning to the user
[1]. At the same time, researching design aesthetics
further develops our scientific understanding of how
humans perceptually process sensory information
and experience the world beyond that of product
designs alone. Ideally, in the study of design aesthetics,
a research methodology is used that supports the
DGYDQFHPHQWRIERWKWKHVHDSSURDFKHVWRNQRZOHGJH
generation [2]. However, such research is made difficult
by the different requirements these approaches have
LQWKHLUXQGHUWDNLQJ:KLOHWKHSUDFWLFDODSSOLFDWLRQ
of design research requires studies to represent
actual use and generalizability of research outcomes,
progress on fundamental research is often facilitated
by controlling as many confounding factors as possible.
These somewhat opposing approaches can result in
DFRQVLGHUDEOHJDSEHWZHHQWKHRUHWLFDONQRZOHGJH
and practical application when doing design research;
does the isolated factor under experimental study
reliably translate to the practice of design? Continuing
in the line of previous studies using designers to create
systematically manipulated stimuli [2-4], we present a
design research methodology that uses state-of-theart 3D-printing techniques to find the ‘middle-way’
between both approaches. In order to illustrate this
methodology, we demonstrate the progress of our
VWXG\ZKLFKXVHV'SULQWHGPRGXODUFDUNH\VWR
investigate the aesthetic principle of unity-in-variety.
Design and semantics of form and movement

347

1.1 Exploring Tactile Aesthetics
While our first impression of a product is often visual,
tactile exploration is essential in fully perceptually
grasping a tangible product. Properties such as
weight, material and temperature, convey sensory
information that can only be reliably assessed by
touch. Understanding the way in which both form and
material interact to create a multisensory, aesthetically
appreciated, meaningful and emotional experience
is therefore crucial when designing. Even more so
considering that the importance of tactile interactions
becomes dominant over visual ones after prolonged
XVHUSURGXFWLQWHUDFWLRQV>@'HVSLWHWKLVNQRZOHGJH
about tactile aesthetic appreciation, and its interaction
with visual aesthetics, is still limited.
In previous research we have shown that the principle
RIXQLW\LQYDULHW\NQRZQWRLQIOXHQFHYLVXDODHVWKHWLFV
applies to tactile aesthetics as well [6]. Unity is the
order, structure and coherence of what is felt, while
variety is assessed by judging the degree and number
RIGLIIHUHQFHVLQWDFWLOHVHQVDWLRQV8VLQJFDUNH\V
ZKLFKDUHLQWKHPDUNHWZHIRXQGWKDWWDFWLOHDHVWKHWLF
appreciation is dependent on the balance between the
unity and variety felt and that, while unity and variety
suppress each other’s effect, they both contribute to
aesthetic appreciation.
The principle of unity-in-variety offers a way to
theoretically and practically investigate tactile and visual
aesthetic experiences of products. However, in our
SUHYLRXVVWXG\SDUWLFLSDQWVMXGJHGQLQHFDUNH\VIURP
a variety of brands. While diversity in stimuli adds to
the generalizability of results, it becomes difficult to
DVVHVVKRZLQGLYLGXDOSURSHUWLHV HJIRUPDQGPDWHULDO 
influence aesthetic appreciation. For designers, it is
RIWHQWKLVVSHFLILFNQRZOHGJHWKDWLVQHHGHGWRPDNH
informed decisions about a design. While traditional
research has investigated some of these haptic
properties, materials are often judged separately from
shapes and without free exploration [e.g. 7]. Such
PHWKRGRORJLHVPDNHJHQHUDOL]LQJUHVXOWVWRWKHGHVLJQ
field problematic. Hence, we developed a research
methodology that systematically studies the influence
of small changes in form and material properties on
aesthetic appreciation.

2 Research Methodology
In the following section we use our own study on
aesthetic appreciation of tactile unity and variety to
348
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elaborate on the decisive factors of our research
methodology.
2.1 3D-Printing for Stimuli Development
To accurately relate research outcomes to theoretical
DQGSUDFWLFDONQRZOHGJHLQWKHGHVLJQFRQWH[WLWLV
essential that stimuli are both realistic and diverse. It
is mainly in this area that modern 3D-printing offers
benefits over more traditional methods. Current
VXSSOLHUVRI'SULQWV HJ6KDSHZD\VDQGLPDWHULDOLVH 
DOORZIRUGHWDLOHG GSL DFFXUDWH  
customizable and affordable ways of creating haptic
VWLPXOL )LJ 3URGXFWLRQRIWKHVHPRGHOVLVDYDLODEOH
LQDZLGHUDQJHRIPDWHULDOV HJSRO\PHUVUXEEHUV
FHUDPLFVPHWDOVDQGDOOR\V ZKLFKFDQEHILQLVKHG
LQGLIIHUHQWZD\V EUXVKHGSROLVKHGG\HGRUFRDWHG
ZLWKYHOYHW WRPLPLFWKHKDSWLFSURSHUWLHVRIPDUNHW
products.

Fig. 1. Examples of detailed variations in textures of
3D-printed cups

2.2 Choice of Stimuli
:KLOHYLVLRQDOORZVIRUDTXLFNLPSUHVVLRQRIDSURGXFW·V
form, the different nature of haptic exploration requires
WDNLQJRWKHUDVSHFWVLQWRDFFRXQW+DSWLFH[SORUDWLRQ
of a surface is done in a combination of six to eight
actions [8]. By using a variety of hand movements,
properties such as texture, hardness, elasticity, thermal
conductance, weight, and global and exact form can be
identified. When choosing stimuli to investigate tactile
aesthetics, the degree to which these forms of haptic
H[SORUDWLRQFDQEHSHUIRUPHGVKRXOGEHFDUHIXOO\WDNHQ
into account.
Our study into the factors that influence unity and
YDULHW\XVHVFDUNH\V7KHVL]HRIDFDUNH\DOORZVIRU
IXOO\HQFORVLQJWKHSURGXFWZLWKRQHKDQGPDNLQJ

it easy for people to assess the global shape of the
product. When it comes to exact shape, modern car
NH\VRIWHQLQFOXGHDFHUWDLQGHJUHHRIIXQFWLRQDOLW\
that requires the presence of buttons. This creates
a more interactive experience that stimulates active
H[SORUDWLRQ7KHZHLJKWRIFDUNH\VLVLQDUDQJHLQ
ZKLFKVXEMHFWVFDQUHOLDEO\PDNHFRPSDULVRQV7KH
DFFHSWHGXVHRIVHYHUDOGLIIHUHQWPDWHULDOV HJSODVWLF
UXEEHUPHWDODQGLQVRPHFDVHVZRRGDQGJODVV PDNH
it possible to study large differences between texture,
hardness and heat conductance. Furthermore, besides
the immediate sensory impression that these products
FUHDWHFDUNH\VFRPPXQLFDWH EUDQG PHDQLQJWKURXJK
their form and material.
Fig. 2. Left: Exploded view of our modular car key. As indicated
by their similar color tone, the key holes and buttons are made
interchangeable to influence shape. Top-right: material variations
are made by overmolding metal (top) or rubber (bottom).
Lower-right: assembled version

Fig. 3. 3D-printed components varying in shape (key holes
and buttons) and material (gray: alumide, blue & white: plastic,
brown & gold: steel).

Fig. 4. Assembled model using 1 versus 3 different materials

2.3 Modular Design
In order to study the effects of changes in material
and form properties, it is essential that these changes
are done systematically. This implies that principally
the factors of interest are manipulated while other
IDFWRUVDUHEHLQJNHSWFRQVWDQW6XFKFDQEHDFKLHYHG
by creating modular stimuli.
The design of modular stimuli allows for small changes
in form and material with high customizability. The car
NH\ZHGHYHORSHGLVDPRGXODUDVVHPEO\FRQVLVWLQJRI
H[FKDQJHDEOHFRPSRQHQWV )LJ $VRXUJRDOLVWR
influence the degree of unity and variety that can be felt,
we choose to manipulate variety by means of differences
in material properties, while manipulating unity through
form. Printing of each component in plastic, rubber
and metal should affect variety because of differences
in properties such as texture, hardness, conductance
of heat and weight. Furthermore, to affect unity we
PDQLSXODWHGWKHIRUPRIVHYHUDOFRPSRQHQWV EXWWRQ
NH\FKDLQKROHDQGJDSVSDFLQJ DORQJWKHOLQHVRIWKUHH
Gestalt laws of grouping, which have been shown to also
influence tactile grouping [9]. The modular design and
variation of three material and shape manipulations lead
WRDZLGHUDQJHRISRVVLEOHGHVLJQV )LJ 'HVSLWHWKH
high number of combinations, the designerly method
of developing these stimuli ensures that none of these
possible combinations are highly atypical, while at the
same time retaining a high degree of control over the
YDULDEOHVRILQWHUHVW )LJ 
2.4 Other Considerations
The example we illustrated is based on a completely
new design. This allows full customizability in which
Design and semantics of form and movement

349

visual and tactile aesthetic appreciation of form and
material can be systematically studied. We choose not
to include more complex interactive dimensions of
aesthetic appreciation, yet, our design methodology
still allows for studying more interactive products as
well. For example, custom 3D-printed optical elements
can be embedded in interactive products to allow for
use of sensors and optoelectronics [10]. Furthermore,
DOWKRXJKUHTXLULQJDVNLOOHGPRGHOHULWLVSRVVLEOHWR
3D-print relatively complex mechanical structures, such
as joints, without having to assemble this afterwards
[11]. Lastly, while we 3D-printed a full model, in some
cases it might be beneficial to use prefabricated dynamic
FRPSRQHQWVRIDPDUNHWSURGXFWDQGRQO\SULQWWKH
exterior.
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