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A B S T R A C T

Only an infinitesimal part of the sounds from everyday objects that surround us has been designed specifically.
This study has dealt with a sensory test for sounds produced by objects interacting with other objects, which can
be performed during the concept design phase, where only some parts of the product can be tested. The aim of
the study has been to prove the reliability of this preliminary test and compare it to the full-product test con-
dition. The concept for an office-chair was considered, and the sound of a chair-wheel moving across flooring
tiles was tested as a simplification of chair-flooring interactions. Sixty participants took part in a listening test
and described the acoustic stimuli of the wheels of two office chairs, one of high quality and the other of low
quality, rolling over polyvinyl chloride (PVC), ceramic and wood floorings. The listeners were asked to assign
descriptors to stimuli from a list of 26 adjectives, according to a forced ordered scale. Comparisons were made
with sounds from the rolling of real office chairs. The sound of wheel rolling was prevalently judged “rough” on
ceramics, “dull” on PVC and “smooth” on wood, and some cross-modal audio-tactile verbal interactions between
the sounds and flooring surfaces emerged. No statistically significant difference was found between the concept
and full product test conditions, thus proving the efficacy of the concept sound test during the early design
phase.

1. Introduction

Everyday life is made up of sounds. Every action a person makes con-
tributes to the creation of a soundscape [1], which is composed of feedback
sounds, mechanical sounds, digital sounds, etc. However, it is known that
only an infinitesimal part of the sounds to which we are subjected has been
designed specifically, with the consequence of people having to cope with
ever-increasing noise pollution on a daily basis. Several studies have in fact
demonstrated that indoor sound sources, such as scraping sounds from ta-
bles and chairs, can affect the global perception of annoyance of the indoor
sound environment [2]. The possibility of not only controlling, but also of
preventing environmental sounds therefore has a direct impact on human
well-being. However, specific tools are required for this purpose.

1.1. Sound descriptive tools

Apart from the acoustical tools that are based on sound wave fre-
quency and amplitude parameters, several other tools have been

created to facilitate multi-sensory product design [3], in which parti-
cular attention has been paid to the description of the perceived quality
of a sound [4,5]. These sound design tools are usually based on sensory
tests, and in general adopt semantic differentials [6–9]. Others, instead,
adopt descriptive techniques derived from to the well-known food
sensory evaluation discipline [10]. For example, in Quantitative De-
scriptive Analysis (QDA), and specifically in the Individual Vocabulary
Profile (IVP) test, participants are required to draw up a consensus
vocabulary [11]. The IVP test has been applied and exploited ex-
tensively to describe the subjective evaluation of concert hall acoustics
[12,13]. On the other hand, tests such as the Sensory Spectrum, which
involves participants using a standardized word list [14], are employed
in contexts such as wine testing [15]. Since the generation of a con-
sensus vocabulary is a time-consuming procedure, the use of a stan-
dardized word list is frequently preferred in product sound quality in-
vestigations [16].

Furthermore, two different approaches to the design phase in sound
quality investigations can be mentioned: the ex ante and ex post
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approaches. Sound quality investigations are usually undertaken on
existing, i.e. already produced prototypes or products [17]. When this
approach is adopted, the sound design issue is taken into consideration
just after the design phase. This entails a very long time-to-test, i.e. from
the sound design phase to the product testing, as well as very high costs
for the test-retest prototyping [18].

As a result of these problems, a “toolandmethod”, i.e. a physical
device, which is also a working protocol that can be used to perform
quali-quantitative analyses, has been developed. This device can be
used for the acoustic and sensorial analysis of materials and products
during the concept design testing phase [19]. Starting from the as-
sumption that materials are the element in common of any product,
allows the sound quality of a product to be assessed without the need of
the prototyping phase, with the benefit of shortening the time-to-test
and reducing the redesign costs. This toolandmethod has been the
subject of a complex experimental campaign, first aimed at verifying
the robustness of the device, considering different descriptive methods
[9], and then at establishing its effectiveness throughout all the design
phases.

In a recently published study, which may be considered as com-
plementary to the present one, a semantic differential technique, ap-
plied to office chair rolling sounds produced by the SounBe physical
device was tested. The study had two aims: to compare the results of
listening tests with semantic differential scales in context, laboratory
and SounBe conditions, and to verify the validity of the semantic dif-
ferential scales on sounds generated with the new tool [9].

In the present exploratory study, the overall effectiveness of the
patented toolandmethod has been tested, i.e. taking into account both
the physical device and the descriptive protocol derived from the
Sensory Spectrum [14]. An experimental application of this sound de-
sign method to two different phases of the design process, i.e. the
concept phase and the final product in action, thus representing the ex
ante and ex post approaches, respectively, is presented. A real case study
has been considered as it may be of interest to firms, researchers and
designers.

1.2. Office sounds as a testing ground

The office soundscape was selected as the most suitable testing
ground for this work because of the ever-increasing number of hours
per day spent in offices, and because of the existing relationship be-
tween the acoustic conditions of the work environment and workers’
health, job satisfaction and wellbeing [20]. The study specifically fo-
cused on an accidental temporary and unpredictable activity sound that
is always present in offices: the rolling sound of a chair. This sound was
chosen considering the high number of minor and micro-movements
performed every day by a seated office worker, which are known to be
an important source of annoyance in an office [21]. Moreover, the non-
stationary and unpredictable nature of these noises [22] has been
proved to have a negative effect on working comfort [23], performance
and fatigue [24,25]. Furthermore, non-stationary noises in the work-
space have been investigated much less than stationary ones [26], and
there is still a gap in literature concerning the office chair rolling sound.
On the other hand, an extensive amount of literature on the perception
of outdoor rolling sounds, e.g. from vehicles, already exists [27–30].
Finally, a new approach towards environmental sound control con-
cerning office furniture is currently under investigation [31], and in-
creasing interest towards the sound design of furniture in different
living environments has been observed [32–34]. The application of the
concept phase sound design method [19] to the office chair rolling
sound represents, for all the above-mentioned reasons, an opportunity
for those industries that produce office furniture and flooring to manage
the sound sources of their products and improve the indoor acoustic
environment of offices.

The aim of this work is to verify the effectiveness of the afore-
mentioned method in two “extreme” conditions, i.e. in the concept

testing phase, compared with the more frequently adopted method,
which is based on the study of a real prototype or product sound. This
has been accomplished by adopting a sound quality investigation ap-
proach, derived from the Sensory Spectrum technique [14], based on
the selection of three main attributes connected to a sound, taken from
a list of standard descriptors. Whether no statistically significant dif-
ference occurred between concept and full product test conditions, the
efficacy of the concept sound test from the early design phase will be
proved.

2. Materials and methods

The present study is a second, complementary part of a wider ex-
perimental campaign; the results of the first part have already been
published [9]. In the first part of this experimental campaign, the re-
lationship between objective data, i.e. LAeq, LAFmax, Loudness, Sharp-
ness, Roughness, Fluctuation Strength and Tonality, and subjective
data, i.e. ratings on semantic differential scales such as calm-strident,
pleasant-unpleasant, smooth-rough and not annoying at all-very an-
noying, pertaining to the rolling sounds of office chairs was in-
vestigated. The research method on which the second part of this study
was based instead consists of a comparison of qualitative data, collected
during an experiment performed under two different test conditions,
that is, with real office chairs and flooring and with a headphone lis-
tening test.

2.1. Test conditions

The test was performed, considering the two sound quality in-
vestigation methods, under the following two conditions:

• PPTC (Prototype or Product Test Condition)- in this condition the
participants were asked to evaluate and describe six different sounds
they made while sitting on real office chairs and moving across
paved platforms in a dead room, i.e. a silent and soundproof room
[17]. Overall, the participants were able to experience, i.e. ecolo-
gically perceive [35], the chair and the flooring (not only from a
listening point of view, but also visually, haptically, etc.).

• CTC (Concept Test Condition)- in this condition the participants
were asked to evaluate sounds, which had previously been produced
with a simplified procedure, using a new tool [19], i.e. regardless of
the chair. In this condition, the sound of a chair-wheel moving
across flooring tiles was produced by an external experimenter in
order to simplify chair-flooring interactions. The produced sounds
were recorded and then delivered to the participants in the test
through headphones. No visual information on the chair or on the
flooring was provided to the participants.

The innovativeness of the approach adopted in CTC is that a pre-
dictive patented toolandmethod, called SounBe [36], has been adopted
to generate a sound, based on the three generating variables of each
mechanical sound source: the material, the shape and the gesture. This
toolandmethod was conceived to support architects and designers in the
delicate meta-project phase of choosing the best material for an object,
taking into account the sound aspect as a fundamental project re-
quirement, as well as to assess the sound quality of a product. The
physical toolkit is housed in a suitcase-type container. It consists of a
variety of instruments that are used to ‘‘sound” material samples and
products (i.e. sticks and resting planes of different materials, a mea-
suring cup, some support bars, etc.), and it allows sounds to be collected
and resubmitted to a listener by means of a microphone and head-
phones. The method, i.e. a protocol, was conceived to analyse and
design the sound of an object that interacts with another object through
a simplified procedure that splits the sound into its three generating
variables, i.e. the material, the configuration form and the exciting
mode interaction [9]. A product sound can be generated repeatedly
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