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Abstract
Nowadays, sound is one of the main disadvantages in offices in order to achieve a
suitable environment for work. One of the actions that generates more discomfort
are telephone calls. Therefore, solutions such as a phone booths are ideal in order to
generate these calls privately and without disturbing the users around. In this
project, a deep study about the alternatives for making a phone call and the needs of
the users has been carried out. Finally, a product has been designed in order to make
these mentioned phone calls as comfortable as possible and affecting the work
environment minimally. In order to make it, an extensive study of the behaviour of
sound, market research, interviews, questionnaires and the study of user profiles has
been carried out. These techniques led to a change of objective in the project,
leaving aside the concept of phone booth and betting on the concept of space
divider. Afterwards, the necessary ideation and selection techniques were made to
choose the most appropriate design, where several changes took place in the final
concept.
Finally, the conceptual design of the product was finished in detail; all prepared for
future work in the manufacture of prototypes and sound-absorption tests.
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1 Introduction
In this part there will be an explanation of the background, organizational
environment, problem, purpose, aims and objectives of the project that is going to
be treated and the methodology followed.

1.1 Background
Nowadays, public working spaces are becoming increasingly common. When talking
about public spaces, it is understood as areas that are specially reserved to create a
working environment and strengthen concentration in people. The aim of this
project deals with these working areas, in particular, focusing on open-plan offices.
An important aspect of user centred design projects is taking into consideration the
user’s experience within these open plan offices. Although open-plan offices have a
broad number of benefits regarding the space organization and economics, they also
present some weaknesses that affect the workers cognitive performance directly
(Renz, Leistner, & Liebl, 2018). It is necessary to identify the factors that usually
affect the user performance at work. According to some open-plan offices
researches, most of the weaknesses of the use of open-plan offices are related to
the noise in the work environment (Jahncke, Hygge, Halin, Green, & Dimberg, 2011)
and the lack of privacy (Haapakangas, Hongisto, Varjo, & Lahtinen, 2018). These
weaknesses increase distractions and have a significant negative result on the user’s
performance and well-being (Jahncke et al., 2011). In addition, workers’ flow within
the office is a factor that can affect the workers’ efficiency, due to the stress it
generates (Haapakangas et al., 2018). To conclude, controlling and reducing external
sounds in the office with the goal of making a quieter workspace will improve the
workers’ efficiency (Jahncke et al., 2011).
Sound control has been established as the main topic to be treated in this project.
Regarding the office environment, sound plays an important role. As mentioned
before, sound reduction and attenuation in open-plan offices is the key for creating
an ideal workspace. In open-plan offices, sound is mainly generated by the workers’
speech (Jahncke et al., 2011). Getting closer to the point in which the project
focuses, phone calls are one of the reasons why workers talk, and consequently,
disturb the others colleagues in the office. This issue is hard to regulate because it is
impossible to control the level of the workers’ speech or the phone calls they make
or receive. Hence, the office needs to be adapted according to the sound factors
mentioned. The objective of the adaptation is to improve the office acoustics
focusing on how to deal with phone calls and speech level throughout working time.
Currently, there are a large number of solutions that try to deal with the background
sound in offices. More efficient results have been obtained for the general sound
absorption and attenuation with the use of acoustic panels and screens. With the
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use of these products it is possible to reduce the reflections of sound (sound factors
will be explained in chapter 2 deeply) and hence, the noise, using these on the
ceiling and walls. Acoustic panels and screens can also perform as space dividers as
well as sound absorbers in order to keep the privacy of the worker. This will reduce
the distractions while working due to their function of simulating an individual
unclosed space (Renz et al., 2018).
On the other hand, solutions for phone call privacy at the office are not deeply
researched. The existence of office phone booths has been the most successful
solution to this problem, a separated unclosed space totally sound-isolated used to
make phone calls. This leads the project to question if the use of phone booths
actually has a positive effect on open-plan offices environment and in the cognitive
performance of the workers.

1.2 Organizational Environment
This project has been proposed by the company EFG European Furniture Group AB.
EFG is a leading manufacturer of office furniture, always following the aesthetics of
the famous Scandinavian Design. It has distributors all around the world in places
such as Sweden, Norway, Denmark, Finland, United Kingdom, Europe, Middle East
and Japan; and their Headquarters is in Gothenburg (Sweden) and their production
in Tranås (Sweden).
Their core values could be summarized in Flexible, Inspiring, Sustainable and Curious,
which have been followed during the entire project to achieve the desired product.
They really believe in interior solutions that can stimulate the interaction and give
the user new ways of meeting, working and communicating.
EFG’s history started in 1885, when K.G. Andersson designed, manufactured and sold
his first chair. In 1972 the business had expanded considerably and they merged with
two other companies changing the name to NKR. Finally in 1993 they became
European Furniture Group marking their international expansion with the strategy of
the name (EFG, 2019).

1.3 Problem
The problem that has been dealt with in this thesis is the sound generated in openplan offices at the time of making a phone call; to talk and listen clearly on the phone
and not disturbing the rest of the workers. The main topic is the propagation of
sound, how to control it in order to improve the cognitive performance of the office’
workers and the users’ privacy. The aim is to create a comfortable place for the user
with the adequate acoustics for a phone call, a conference or a similar action. This
comfortable place has to be made with a product designed specifically for the office
working environment. Everything has the purpose of offering the workers the
maximum discretion when making a phone call and avoiding that the rest of the
workers get distracted.
2

1.4 Purpose
Although open-plan offices help to create a comfortable place for the
communication amount workers, they contribute to produce a friendly and close
working environment, and is have an efficient workspace distribution, it can cause a
lot of dissatisfaction and lower performance in the majority of cases (Renz et al.,
2018).
It is well known that the sounds with enough temporal-spectral variability affect the
workers, especially on their short-term memory making difficult their concentration
(Renz et al., 2018). They can get disrupted from their work and can affect the
productivity negatively. The same happens when making a phone call, as the user
has to stand up and leave the area generating unnecessary distractions and
increasing office stress with their movements.
Office surveys have shown that a phone call is the most distracting circumstance
when studying open-plan offices, creating the most annoying disturbance for the
colleagues (Renz et al., 2018). This is going to be the main discussion of the thesis
and the focal point that is going to be studied to find the best product solution. The
product has to help the user to have a comfortable conversation, to control and stop
the sound generated by a phone call or the office atmosphere as much as possible.
Thus, a rigorous study about sound has to take place. This study is necessary to see
how the sound spreads and how it can be controlled in order to help its propagation
to achieve an adequate sound environment in the office; taking into account all the
factors of sound that can consequently affect and change the product
characteristics. Some examples are: the width, height, the materials, the distribution
of the product or where to place it.
As a result, after the observation and the sound study, a deep investigation of the
office environment, the workers and their preferences will be necessary to find out
where it is more effective to make a phone call and how to do it. It will also be
important to discover if the users prefer to move to a different room, which are the
necessities by interviewing them and making some observations. This will provide
the final design with the limitations that will define the product and which type of
product is the most appropriate to solve the stated problem.
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1.5 Aims and Objectives
Once the situation for which the product has to be designed has been described,
different objectives have been established. The general objective is the design of a
product that improves the acoustics of open plan offices, taking into account mainly
the user and telephone calls.
To this end, the following objectives have been established:
- To carry out a study on acoustics and sound behaviour. This objective will provide
the necessary knowledge to use techniques with materials and shapes to control
sound.
-To know the products that are on the market to improve acoustics in offices and
deal with telephone calls. This part will help innovation when designing. The
strengths and weaknesses of the most successful products on the market will be
discussed, and improvements will be sought for our design.
-Carry out an analysis of the EFG Company. This analysis will be useful to make the
product we design fit and bring something innovative to the collection of products
they currently have.
-To know the needs of the user. The user is one of the most important factors of the
project, since the design of the product will revolve around their preferences and
needs. To do this, a target group will be defined and through interviews, design
personas will be obtained. All this for representing users with a situation in which
they will need our design.
-To obtain concepts that adjust to the needs of the user, the market and the
company. These concepts will be reviewed by the company and they will have a very
important role in the selection of the concept to develop.
-Develop and design in detail the selected concept. Once selected the design that
best suits the company and the needs of the user, it will be developed with the aim
of creating a prototype that will be tested by users.
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1.6 Methodology
The strategy that is going to be followed in this project is the Double Diamond
technique from the British Design Council.

Figure 1. Double Diamond Technique Deisgn Process Structure (https://www.designcouncil.org.uk/newsopinion/design-methods-step-1-discover, 18/03/2015)

This means that the project will have the following phases: Discover, Define, Develop
and Deliver. Due to this structure, two different ways of proceeding are created. One
about researching with a high variety of divergent methods such as observations,
market and material research, questionnaires or reading literature to gather a great
amount of information. The other will be about creating another investigation with
convergent methods such as information analysis, requirement list and conclusions
to find a specific problem and start studying it in order to reach a final result or find
definitive conclusions (Council, 2015).
Once the specific problem has been defined, the same order as in the first phase will
be followed; creating divergent methods for the ideation such as brainstorming,
more market research, morphological matrix or more interviews. Next, convergent
methods will be carried out for prototyping and finding the final solution with
methods such as concept selection, QFD and user tests.
The most remarkable phase of the process is the acoustics study and market
research because it will offer a considerable pre-understanding that will condition
the design way of thinking. It will provide the decisions taken with a certain veracity
based on scientific knowledge (Council, 2015).
As a summary, this technique fits perfectly with this project due to the intense study
that has to be carried out from the beginning; first of all by assessing all aspects and
considering all ideas using divergent methods; then using convergent methods in the
second and fourth phases for information analysis and idea sifting. The advantage of
5

this technique is obtaining as many ideas as possible and then to select and rank the
best ones. For this project, whose goal is also to discover the exact needs of the
users, this method proves suitable.

6

2 Theory Background
This second part will explain all the aspects studied about sound and its
characteristics. All the knowledge acquired will be reviewed and an assessment will
be made of the aspects that must be taken into account in order to continue with
the design process.

2.1 Acoustics
The project involve the following acoustic topics:
-

Physics acoustics, which will give an understanding of what sound is
regarding sound waves and their characteristics.

-

Architectonic acoustics, what will provide knowledge about external aspects
that allow to control, somehow, the way sound behaves.

-

And finally phonetic acoustics, about the human speech sound behaviour.

Therefore, this approach combines these three acoustic terms with the final aim of
understanding the sound, specially focusing on the speech, to be able to adapt it to
this project approach and the human sound reception (Asselineau, 2015).

2.2 Sound
It is possible to describe sound in a wide variety of ways. Focusing on a physical
approach, sound is a mechanical vibration that spreads through an elastic
environment (this environment has mass and inertia) in the form of waves,
producing an auditory sensation (Carrión Isbert, 1998).
“The sound generation starts when the source gets in vibration.” (Carrión Isbert,
1998, p. 27).
Depending on the environment in which the sound is being propagated, it is going to
act one way or another. The main interest for this project is how sound acts in the
air. Thus, this vibration means a transport of energy, it is transmitted to the air
particles and these particles to the contiguous ones, generating a succession of
compression and rarefaction of the air going further away from the source. That
behaviour characterizes sound waves as longitudinal waves, due to the fact that
particles oscillation has the same direction as the propagation direction of the wave.
In order to understand sound better, it is necessary to describe some concepts
related to sound wave characteristics.
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2.2.1 Sound Wave
The way of representing the sound vibration and the movement of the particles
graphically, consists of establishing a graph where the wave is shown within a time
line according to the sound pressure. Analysing the graph, it is possible to get a lot of
information about the sound that it is being represented. It will provide enough
knowledge to know how to work with it at the time of setting up a room or a
product.
2.2.2 Sound Pressure and Elongation
When it describing sound pressure, it refers to the intensity with which the sound is
perceived, measured in decibels (dB). The range that is necessary to take into
account regarding sound pressure, is between the minimum audible sound, 0 dB,
and the pain threshold for humans, 120 dB. The minimum value is equivalent to
2·10-5 N/m2 (units of pressure), so it is not exactly equal to 0. Human hearing realizes
a change of sound pressure when it varies 1 dB up or down.
Looking at Figure 2, it is possible to distinguish the amplitude or elongation levels
and establish a new concept that corresponds to the values of the amplitude. This is
called the sound pressure.

Figure 2. Sound waves (http://southscience.pbworks.com/w/page/17445287/Mechanical%20Waves)

2.2.3 Frequency
Sound frequency is another significant characteristic of sound for humans. Humans
perceive many different sounds associated to a specific range of frequency that will
determine if it is a high or a low frequency.
Indeed, frequency is the number of oscillations per second, measured in Hertz (Hz).
The different frequencies are perceived with low-pitched sounds for low frequencies
and high-pitched sounds for high frequencies. For humans, there’s an audible limit,
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this range is between 20 Hz and 2000 Hz. Frequencies under 20 Hz are called
subsonic frequencies and they cause infrasounds and frequencies over 2000 Hz are
ultrasonic frequencies, generating ultrasounds (Carrión Isbert, 1998).
Frequency, specifically, is one of the most important aspects to take into account
when a room reconditioning is required, or the adaptation of a product for a specific
use. The reason is because depending on the level of frequency which is present, it
will be necessary to direct the solution approach in a different way. Acoustics
solutions work differently for high and low frequencies (Carrión Isbert, 1998) due to
they have different wavelengths and amplitudes.
2.2.4 Wave Length
It is possible to establish the wavelength term with a visual perspective observing
Figure 2, understanding it as the distance between any two consecutive points that
are in the same vibration state within any moment of the time, the distance that a
complete oscillation takes (Carrión Isbert, 1998).
2.2.5 Propagation Speed
The propagation speed depends exclusively on the elasticity and density of the
environment the wave is spreading out in. The denser and less elastic the
environment is, the quicker the sound waves will propagate within it (Carrión Isbert,
1998).

2.3 Architectonic acoustics
Many aspects are involved in the sound that humans can perceive at the time of
staying in a closed room. This all depends on how the room is set up, regarding its
surfaces’ shapes and the materials they are made of; the physical characteristics of
the sound that is being treated; the type of waves and their properties (the ones
explained previously) and the direction they are intended for. As a consequence,
many phenomena related to the way sound behaves are created, in which the
following ones could be included.
2.3.1 Reflection
The reflection is probably the most important element of all those that are going to
be mentioned later. All the phenomena occurred in sound are directly linked with
reflection. As a description, the energy radiated by a sound source issued in a closed
room reaches the human ear in two different ways: directly and indirectly. The direct
sound gets from the source to the ear directly; meanwhile the indirect sound is
associated to the sound waves ”bouncing” in the surfaces of the closed room and
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reaching the ear with a different force and from a different direction (Carrión Isbert,
1998).
Carrión Isbert (1998), affirms:
At any point in the room, the energy corresponding to the direct sound
depends exclusively on the distance to the sound source, while the
energy associated with each reflection depends on the path travelled by
the sound beam, as well as the degree of acoustic absorption of the
materials used as coatings of the surfaces involved. (p.49)
The first and early reflections will always be the strongest ones; the force of the
latter ones and their travel directions will depend directly on the geometric shapes
in the room and the materials that are available. To understand this, the sound
waves can be imagined as light rays striking on a specific surface with a reflection
and incidence angle, and the same clearance and reflection angles (Carrión Isbert,
1998).
2.3.2 Diffraction
This phenomenon is related with the reflection and it occurs depending on the
environment where the sound is performed. As the reflection only happens when
there is a reflective and big surface, the waves can hit the surface and be reflected.
When the dimensions of this surface or obstacle are smaller or similar to the
wavelength, the waves surround it and continue spreading as if the obstacles were
not present. Colloquially it could be said that the waves surpass the area because of
their dimensions. This is called diffraction (Carrión Isbert, 1998).
2.3.3 Diffusion
On the other hand, if the surface or obstacle presents irregularities similar to the
wavelength of the sound produced, this makes the sound reflect in multiple
directions and as a consequence there won’t be sound focalizations and sound will
become clearer (Carrión Isbert, 1998).
With this phenomenon, the main objective is to “break” the waves to avoid sound
focalizations (Montejano, 2006).
2.3.4 Reverberation
This term occurs due to the reflection of waves and only in closed spaces; it would
be more noticeable in big and less absorbent rooms than in small ones. It is when
sound stays once the source has stopped emitting it. It could be said that it is
composed of the early reflections of a specific sound that after it had been created
and because of the reflections in the surfaces of the room, numerous acoustic waves
are all spread over time. These reflections are indirect sound that will reach the
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receiver in a short period of time, being the same message and only modifying the
original sound in a mild way. So the message will still be understood by the user
(Asselineau, 2015).
As a final statement, all the reflections that are included in the reverberation
phenomenon could be classified in the ones that are heard by the human ear within
the first 50 ms from the arrival of the direct sound; as their perception won’t be
differenced from the direct sound, forming the same one but sometimes distorting it
in a limited way (Carrión Isbert, 1998).
2.3.5 Echoes
In this particular case, based on the reverberation definition, the echo phenomenon
is also due to the sound reflections. The reverberation and echo are two terms that
go together, but in this case, the echo refers to the reflections that reach the ear
with a delay of more than 50 ms. This will be unfavourable for the understanding of
the direct sound, creating a reiteration of the message and being confusing for the
human ear (Carrión Isbert, 1998).
Moreover, the phenomenon will lead to different types of echoes, one of the most
known ones is the “flutter echo”, this echo is produced because of the high and
medium waves being reflected between two reflecting, parallel surfaces (Montejano,
2006).
2.3.6 Modes
Modes are a combination of the same reflective waves mentioned previously. This
phenomenon consists of the combination of clearance and reflected waves, getting
in phase and creating interferences. As a consequence, there will be standing waves,
which will create alterations in the previous waves’ characteristics as for example
frequency or sound pressure. This will mean new waves with completely different
characteristics to the first ones. The number of modes is unlimited and it will give a
different sound to every structure to make it unique. This is an important
circumstance to think about at the time of creating a structure. (Carrión Isbert,
1998).
2.3.7 Absorption
Sound absorption is the way of eliminating sound waves reflections in a room. It is
possible to have sound absorption with the use of absorptive materials. These
materials are characterized by their porous and fibrous properties (Cox, 2015). There
are many factors that can affect the effectiveness of the absorptive materials (Cox,
2015). Regarding the absorber itself; one characteristic the absorptive materials
have is that they count on an absorption coefficient, it is a number between 0 and 1
(where 1 means 100% absorption) which represents the quantity of energy the
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material absorbs; the speed with which the wave strikes the material has influence
on the absorption; sound energy is transformed into heat energy because of the
movement of the vibration; the thickness of the material will determine the degree
of absorption (Wang & Torng, 2001) and it is conditioned by the sound wave
characteristics (frequency and propagation speed) (Carrión Isbert, 1998).
The adequate working of absorptive materials will be explained in the next part
(2.5).
2.3.8 Attenuation
Once absorption is explained, some terms as attenuation can be exploited. The level
of attenuation at any place is directly linked to the quantity of absorption which can
be found in a room, and for this to occur, the user has to be in the space that is going
to be measured. It can be described as “the difference between the sound pressure
level generated at the source and the sound pressure level measured at the
receiver” (Asselineau, 2015, p. 10).
Of course depending on the level of absorption the attenuation will increase or
decrease.
2.3.9 Insulation
Insulation is a very similar concept to attenuation but with the difference of the
location of the elements, in this case the ear and the source are in different rooms.
As a brief description, insulation is defined as the sound level difference between the
source room and the receiving room.

2.4 Sound and Humans
Having established some explanations of how sound works and its factors, it is very
important to see how all this information affects people and how useful it can be
applied to beneficially condition a room, product or place. It is very important to
know the limitations of human speech, hearing, how they work and what aspects to
take into account in order to create a comfortable and rewarding acoustic
environment. Next, the relationship between sound and the human being and its
consequent factors are going to be explained.
2.4.1 Human Factor, Voice and Ear
As it has been mentioned above, the audible frequency band of a young and healthy
person is between 20-20,000 Hz and the human ear is much more sensitive to high
frequencies, so with less sound pressure they are more audible than low
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frequencies. Summarizing, low frequency sounds must be higher to generate the
same loudness as the high frequency sounds (Carrión Isbert, 1998).
The human being has a greater capacity as a receiver of sound than as a transmitter
(Carrión Isbert, 1998). When a person emits a message, he spends more time
pronouncing vowels than consonants, in the case of the first ones, it takes a total of
90 ms and in the case of consonants, 20 ms. This fact together with the fact that
consonants are considered to have a high frequency and vowels a low frequency
(since low sounds are considered a low frequency), makes the sound pressure level
in the vowels 12 dB higher than the consonants and as a consequence these are
more difficult to eliminate when trying to control the sound (Carrión Isbert, 1998). In
the oral message, the consonants determine that the message is understood
correctly and the vowels are a repetitive sound, which demonstrates that the degree
of intelligibility is totally linked to the perception of high frequencies (Asselineau,
2015).
2.4.2 Intelligibility
Intelligibility is the ability to understand speech under certain conditions (Asselineau,
2015). Three different intelligibility ranges are usually highlighted:
- Discretion: This is the case in which the majority of the speech is not understood by
the rest of the surrounding users. In this case it is simply a matter of eliminating the
majority of possible frequencies, and it is the most common in an open environment
(Asselineau, 2015).
- Privacy: This is the case in which the issued message is not understood under
normal circumstances. In this case, the elimination of high frequencies are
predominant so that the voice can be heard as little as possible but not the message
(Asselineau, 2015).
- Security: In this case the message is not understood or heard under any
circumstances, all types of low and high frequencies are eliminated (Asselineau,
2015).
The intelligibility will always depend on certain factors, which are the signal to noise
ratio, reverberation time, distance between the speaker and listener and visual cues;
always emphasizing that low frequencies are much more complicated to eliminate
than high frequencies (Carrión Isbert, 1998).
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2.5 Materials and Elements
The materials used to build any type of acoustic element and the strategy used when
distributing these resources is probably the most important factor to be able to
handle sound and its waves. In order to do this, two very important types have been
studied such as absorbers and diffusers and some aspects to be taken into account
for their correct use.
2.5.1 Absorbers
Sound absorbers are characterized by being made of porous materials to collect all
possible sound waves. The most common ones are types such as acoustic foams,
mineral wool or glass-fibers. To understand how these materials work for the sound
absorption, it is necessary to imagine sound as a group of air molecules. When these
molecules go through a porous material it is hard to rebound through the interior
surfaces of the pores. This fact creates a vibration of the molecules inside the
material, which tends to dissipate the sound. These absorptive materials work for
high and medium frequencies because the sound gets into the material with a higher
velocity, which causes a rapid movement that turns into heat energy (Cox, 2015). To
deal with low frequencies it is important to know that they work proportionally to
the thickness of the material, the thicker, the more absorption (Robjohns & White,
2007).
2.5.2 Diffusers
Usually, sound diffusers do not have a specific shape because irregularities in
surfaces can act like diffusers. In fact, there are a lot of possibilities to achieve the
effect of a diffuser due to the fact that a lot of daily objects act as diffusers. “A
diffuser is any reflective structure that has an irregular surface capable of scattering
the reflections” (Robjohns & White, 2007, p. 1). Sound diffusers are commonly used
in rooms such as theatres, cinemas or recording studios, places where sound must
be controlled in order to avoid sound focalizations and colorations (Asselineau,
2015).
Sound diffusion is important for the project because it provides the knowledge to be
able to give justified solutions for the product structure, way of controlling sound
and design. Although sound diffusion is used for room acoustics treatment, the aim
of the project is to apply it to product design to deal with a broad range of
frequencies.

2.5.3 Aspects to consider
This study about sound factors was necessary in order to be more efficient and
accurate when making the decisions regarding the product solutions. It is important
14

to take into account some tips and advantages regarding sound solutions trying to
organize and combine them to achieve optimal results. The conclusions obtained
and highlighted are the following:
-

When treating an absorptive material, the thickness has a big role. The
thicker the material is, the more absorption will be achieved. Otherwise it is
possible to reduce absorptive material if a reflective material is being used,
leaving a space between the reflective surface and the absorptive material. If
the length of the space is a quarter of the wavelength the absorption will
result more effective.

-

Achieving a really high level of absorption makes an uncomfortable feeling of
the sound.

-

The more porosity the material has, the less absorption for high frequencies,
but an increase of the low frequency absorption will be achieved.

-

Prepare surfaces and materials to capture a higher range of frequencies (Play
with different thickness and shapes)

-

Regarding the shapes and geometry, concave surfaces will prevent sound
from sound focalizations and colorations (which must be avoided), however,
convex surfaces tend to act like sound diffusers
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3 Method
In this third section a compilation of all the methods used to obtain the necessary
information from the users who are going to use the product has been made. It will
also show the methods used to decide which type of product is going to be made
(since the company with which the collaboration was made, EFG, doubted on several
occasions about which type of product would be more suitable and useful for them)
carry out the idea generation and the selection of the alternatives for the final
design.

3.1 Market Research
The investigation into sound has been carried out in order to set a better
understanding of what are the issues that the product has to face up. It has provided
a huge knowledge of the subject regarding the theory. Now, it is possible to have a
scientific view of the market field, it will provide the possibility of analysing the
existing products with a more critical way of thinking. Even though the market
research part is not a scientific part at all, it has an important role in the study
because it allows to create a context where the product will be installed (Blessing,
2003).
Firstly, the product has to fit in EFG company policy and philosophy as well as follow
the aesthetic style, so an analysis of the company products has been done.

Figure 3. EFG Moodboard
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Figure 4. EFG Moodboard 2

Figure 5. EFG Moodboard 3

In these mood boards that were made for EFG’s market research, many rounded
and rectangular shapes can be seen, always very minimalist and taking care of the
details. The company’s main focuses are functionality, ergonomics and colour, where
it is an obviousness that pastel colours dominate, among which pink, blue and green
stand out.
Some of the designs have been really questioned because of their function or
characteristics, not fulfilling the required aspects. For example, all the designs
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usually have a considerable height so that the sound can be stopped in the most
efficient way and the waves do not pass over the product. The designs in Figure 5, as
can be seen, work properly in isolating the user, but as it does not have a front
screen, all the sound waves generated by the voice will propagate to the front
workers and won’t hit any obstacle that could slow down its intensity. This fact will
also create a sense of discomfort to the subject, giving a sensation of emptiness
because of the rebounding of the waves (Figure 6).

Figure 6. Sound Reflections (https://uvicaudio.wordpress.com/2014/10/31/effects-based-on-delay-2/ ,
10/05/2019)

Secondly, having an outlook of the office furniture market is indispensable. In
Scandinavian countries, acoustic solutions for offices seem to be more relevant than
in other countries, which means that there is a huge range of products useful to be
analysed.
In this project the priority has been to look for an acoustic solution for phone calls
but not leaving aside the office distribution plan. The market has been very
accurately researched trying to look for office dividers, panels, phone booths and
different materials and strategies the brands have followed for the sound to be
absorbed properly in these products.
The results from the market research about acoustic solutions for offices follow:
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Figure 7. Market Research

Figure 8. Market Research 2

Finally, in this part of the market research, many techniques, forms, elements and
materials were discovered. The phone booth search was very useful for determining
all the strategies the brands have used to reduce the sound as much as possible and
the materials and shapes they have utilized to find a good sound control. For
example, one of the most used techniques in the phone booth area was to create a
sandwich element of sheet metal, birch plywood, recycled foam and acoustic felt
(Framery, 2019); another frequent solution for phone booths, panels and dividers,
was a birch plywood frame combined with absorptive materials in each side and
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fabric covering the entire design (SilentLAB, 2019); and finally another technique of
the most remarkable one was to make perforations in the walls of the phone booth,
placing acoustic foam glued to the wall, leaving a space and finally placing the other
wall. This will make some of the sound waves to rebound in the wall and others to
enter the perforations and being eliminated, which will create a perfect acoustic
balance (Gustafs, 2019). As for the shapes, all the dividers had at least two walls to
stop the sound and provide a more focused ambient to the user, and as for the
phone booth they all had very similar form and working system, as it has been
described previously.
As a final conclusion, one of the most important requirements after the Market
Research, is that a balance between the walls in case of making a cabin has to be
established to achieve an optimal acoustic environment for the user. Normally no
more than 45-70% of the space should be covered if a comfortable acoustic is
desired (Montejano, 2006). In case of making a product that is not closed, the
maximum possible absorption must be generated to reach a focused work
environment, as the user won’t have a back wall or a ceiling and the waves will
disperse too far. This aspect will also be important for the measurements of the
product that is going to be designed.
The combination of these two fields (phone booths and Office Dividers) will
determine the product and the design, with the advantage of knowing the strengths
and weaknesses of the competing companies.

3.2 Interviews and Questionnaire
The product must consist of a primary function, on which the design will revolve. As
an overview, the product has to isolate the user from external noises, it has to keep
the user’s privacy when talking on the phone and provide with comfort. As a user
centred product, it is important to identify the customer needs, “to create a highquality information channel that runs directly between customers in the target
market and the developers of the product” (Ulrich & Eppinger, 2012, p. 74).
To start creating this connection with the user that will interact with the product,
three different levels of contact were established in the interviews and
questionnaire (Plumbe, Berg, Kunur, Eikhaug, & Gheerawo , 2010). Many questions
only required the user's choice or a "yes or no" answer (low contact) and others in
which a written answer was requested and also their opinion on the matter (medium
contact). As for the interviews, they were asked for face-to-face opinion and their
behaviour was carefully observed (high contact), all this in order to extract
information from users in more or less precise ways.
The one that is going to be well elaborated mostly is the questionnaire, as it was
thought to be filled in by a lot of people and its similarity with the interview carried
out with the EFG personnel (can be seen in Appendix A).
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The first level of contact is low contact. It will be low contact, medium contact or
high contact depending on the degree of interaction with the user, the time and
resources needed to perform the study and how deep you can get to explore with
the particular study that is being developed (examples written in the parragraph
above)(Plumbe et al., 2010). This low contact phase has been carried out with an
online questionnaire filled in by people who work with more people in the same
workspace (generally a large number of people depending on the companies’
surface), but not only focusing on offices spaces. The questions are related to the
need of the product and also the characteristics to carry out a suitable design, as the
specific product had been commissioned but with many doubts from the Company
(as it has been said before). Its structure started with some demographic questions,
which will allow us, when evaluating the results, to link different opinions to a
certain age range, occupation or nationality. Although EFG is a Swedish company, it
has a very international focus, which is why the questionnaire has been sent to
people from various countries. In this way, the possibility of the product adapting to
the needs of an international market will be present from the beginning. Also, asking
about age in the demographic part of the questionnaire helps to know whether it
influences the perception of sound disturbances in working hours.
Knowing the occupation will help to define the target users, which are people who
work with more people around (people sitting close to the user or in the same
workspace), in this case, open plan office workers and students. The two target users
will divide the questionnaire into two directions, as each represents an age range
and a type of work environment. With these two directions we seek that the product
is able to work as much in libraries, colleges or universities (students) as in offices
open plan (workers).
The first direction was focused on the students and their needs when they are
working or studying. In that way, it was necessary to know about the working
environment for students taking into account what can affect the efficiency of their
study or working time. The way of proceeding was asking the students if they usually
work with more students in the same workspace. This question was made to see if it
would be profitable to consider the product to be created for libraries or study
areas. If in a hypothetical case, 95% of the students studied at home, it would not be
profitable. And it was also formulated to take into account the area in which
students work when asked what their most frequent distractions are.
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Graph 1. Percentage of the people interviewed

Graph 2. Percentage of students working with people next to
them

According to the questionnaire results, 59.5% of the students interviewed work with
more people in their work environment or in public places. These students are
exposed to the distractions and disturbances that studying or working with people
beside can suppose. Therefore, it was necessary to know if these disturbances were
a serious problem to take into account at the time of giving solutions for the
product.

Graph 3. Percentage of students getting dristracted
when studying.

After obtaining such a high percentage of students getting distracted when they are
working or studying, they were also asked what was most distracting to both
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students and workers. One decisive conclusion was that disturbing sounds in the
environment is the most frequent issue for the concentration and also mobile
phones as the firts issue in students and second in general (can be seen in graphics
of Appendix A, where people chatting gets a 45.6% in the students’ graph and 63.1%
in the workers’ graph represented below).

Graph 4 . Percentages of what distracts workers the most

Most students who study accompanied (with more students) are in libraries,
universities or colleges, where there should be a quiet and working environment.
Distractions often come from the flow of people in these places or people talking.
The main conclusion of this part is to steer the product toward the possibility of
offering the student extra isolation when they need more concentration.
As for the workers’ opinion (the second direction of the questionnaire), the
questionnaire focuses more on open-plan offices. Open-plan offices are frequently
the ones that require some adjustment in acoustics but in the questionnaire only
29.4% worked in open-plan offices and 12.9% in a different type. Due to the low
percentage of open plan office workers surveyed, personal interviews were made
exclusively to open plan office workers in order to obtain more detailed information.
Next, the questionnaire continues with common, simple and general questions for
both target groups, students and workers; asking if they would like to have a more
silent atmosphere when they are working. This question is very relevant to know the
users' need for a quieter environment, which would prompt to think of a more
general acoustic product, rather than just phone calls. Or if on the other hand, they
are satisfied with the environment they currently have and the product should be
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focused on something more specific, leaving aside the noise generated in
workspaces.

Graph 5. Percentage of participants who would like to have a
more silent atmosphere when they are working

This graph shows the need of having an improvement in working spaces regarding
sound disturbances.
As the main approach of the project was having an acoustic solution for making
phone calls, the main interest was to know if it is really necessary to have a special
space to make phone calls. Although the answers to the previous questions have
shown that distractions come mostly from sounds independent of phone calls, the
questionnaire has a part dedicated to investigate the participants feeling when it
comes to phone calls when they are working. This part of the questionnaire was
dedicated to show how frequent the workers answer the phone during their working
time, the time they take and their level of privacy. The time they take is important to
see if it is preferable to design a comfortable place to talk or if users just take a
couple of minutes to finish the call and it is better to design a space more for quick
use without so much emphasis on comfort. The same happens with the level of
privacy, to see how much absorption is required and if the users prefer an enclosed
space.
The types of phone calls had been divided into: friends, family, things related to
work and personal phone calls. This division was made to treat all the different
profiles of people that can make a phone call to our users. All done in a scale of 1 to
5, where 1 was “Never” and 5 “Always” (can be seen in Appendix A).
The data obtained with this part of the questionnaire was helpful in order to know
the importance of the phone calls at work and how often, depending on the type of
call, the workers answer their phones. To have a better understanding of the
participants’ privacy, the next question that was stated was if they would care about
people listening to them while having a “medium level” privacy phone call. This
question was asked basically to see if the workers would prefer to move to another
place to make a phone call or if they wouldn’t mind having it at their desk with
people next to them. The result was 72.4% of the workers care about people
listening to them in a medium level privacy phone call, which raises the problem that
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people prefer not to make these types of calls at their desk, unless they have enough
privacy not be heard from there (Appendix A).
Later, a last question regarding phone calls and their privacy was asked to determine
if the user focus more on their own privacy or on not disturbing people. This would
make it easier to understand the target group and their necessities. This last
question asked the users what they focus on while making a phone call: On not
disturbing people; avoiding people to know what they are talking about; or none of
them. The results can be seen in Graph 6.

Graph 6. What do Users focus while making a phone call

Finally, the questionnaire makes specific reference to the use of phone booths.
Asking if the users had ever used a phone booth and if they had ever had the need of
buying one for their workspace (Appendix A). The majority of the questionnaire
participants agreed that they had never felt the need of using a phone booth, but as
the majority of them had never tried it, they couldn’t give a proper argument.
Therefore, these data was matched with the last section of the questionnaire. The
last section consisted of making the user state some situations where they receive a
phone call with different levels of privacy, then they had to choose between some
products that are already on the market of where to make that specific phone call.

Figure 9. Acoustic Solutions
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This last question was determinant. The most important conclusion was that people
prefer to stay in their workspace to make a phone call as long as they don’t disturb
anyone. Having a space away of their working area to make phone calls during their
work time doesn't seem to be what they really need.
After doing the questionnaire an interview was done, as some medium contact was
required (Plumbe et al., 2010). The approach of the interview was not exactly the
same as before. Personal interviews specifically seek to find the weaknesses of open
plan offices. In this way it will be easier to define the requirements that the product
will have to fulfil and focus on the main target, open plan office workers. Thus, some
changes can be perceived in the way the questions are formulated.
The goals of the interview (that can be seen in Appendix A) were defined more
accurately in order to get the necessary data to clarify the function and utility of the
product. Thus, a list of goals was established:
-

To know if people feel more comfortable without moving away from their
workspaces when they have to make a phone call, or if they prefer to go to
another place to be alone.
In terms of design, this information will be useful to know if it is preferable to
make a design for the office environment or if instead users prefer a room to
go to, something more oriented to a phone booth.

-

To know which level of privacy people give to each phone call.
In terms of design, to know the importance that is given when speaking
publicly in the office, that will give preference to an isolated room or
something located, for example on the same desk.

-

To know how much time a phone call requires.
In terms of design, to see the discomfort that a call can generate. This will
influence whether it is necessary to make a more comfortable design or if,
being quick calls, comfort becomes a secondary aspect.

-

To know how often people receive phone calls and how often they answer.
In terms of design, to see the utility of the design and how often it would be
used.

-

To know about the working environment, regarding disturbances and noises
from the other workers in the office.
In terms of design, to know the quantity of sounds, the frequent annoyances
and to know which type of sounds and frequencies should be removed with
the design carried out (thicker, higher, smaller, etc).
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It was important to create a natural environment during the interview, that’s why it
was recommendable to set a structure taking into account the relationship with the
participants (Ulrich & Eppinger, 2012).
The aim was to conduct a semi-structured interview formed with formal and
informal questions, with open and closed questions.
The first part of the interview was the demographic part, which worked as an ice
breaker with the interviewee, asking quick and easy questions about him/her. Then
focusing on their working experiences, how they deal with the daily disturbances in
the office and finally about phone calls.
The conclusions obtained after the personal interviews were:
-

The majority of the distractions come from sounds at the office, especially
people talking. In the design part, this would mean that workers want a more
silent work space, a product used for the working environment more than for
simple phone calls.

-

It is important to have a silent atmosphere at work but sometimes it can
create an impersonal environment. They appreciate the feeling of working in
a human office environment. Regarding the design theme, this section
creates the need to make a product with dimensions that allow the user to
engage in a conversation at certain times with their colleagues around. Users
do not want to be completely isolated for work.

-

The opinion of the phone booths were the uncomfortable acoustic feeling in
addition to feeling enclosed. So users would prefer a different alternative to
the phone booth.

-

Most of the people interviewed agreed that when they make or receive a
private phone call, they leave their working spaces in order to be totally
isolated. But these kind of phone calls are very scarce, even more during the
working time. Users don’t take time in their calls, they don’t need a different
and comfortable room to make them.

-

They would appreciate to have the possibility of having a certain level of
privacy at their own desktops but also have a less private space to make the
office more social and human. In the final design this would lead to a product
where the user can choose the amount of privacy he wishes. The answer
would be, movable or removable parts.
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3.3 Persona
After analysing the results and the users’ profiles in the interviews it is possible to
define the ideal target group, because the users’ feelings have been transmitted.
This part was created with the input received in the interviews and questionnaires.
As a customer centred design project, it is an important part of the process, hence,
the creation of personas. Personas are the result of the users’ needs research
representing a combination of the people interviewed, (Marshall, et al., 2015). In
that way, some profiles have been created in the same context as the product.
Personas are “fictitious, specific, concrete representations of target users” (Pruitt &
Adlin, 2006, p. 11) and their objective is to simulate a real person that would take
advantage of the product that is going to be designed (Miaskiewicz & Kozar, 2011).
Also using the persona, it is wanted to transmit the need of having or using the
product and makes possible some kind of empathy with the target user. (Pruitt &
Adlin, 2006). It will provide an evidence of the product usefulness and will give a
better understanding of the project approach.
The designer’s objective is to bring the persona to life (Miaskiewicz & Kozar, 2011).
Demographic part is added in order to give the persona an identity, the biography
makes the persona be in a context, the personality is the factor that makes the
persona more human. Goals, motivations and frustrations of the persona is useful to
adapt it to the project context, as it can be seen in Figures 10 and 11.
Given that the interviews and questionnaires targeted to two different target
groups, one persona for each group has been created. The decision of covering a
bigger target group was taken because the aim of the project could solve different
problems with the same base, not only a specific one just for office workers.
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Figure 10. Persona that represents students' target group.

Figure 11. Persona that represents workers' target group
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3.4 Scenarios
Scenarios are a part of the design method that works to illustrate situations in order
to clarify the project approach to get adequate results in the upcoming phases of the
design process, they complement the personas created before. Design scenarios
allow to be placed in an imaginary context. They tell stories where it is possible to
find some users’ frustrations due to a number of inconveniencies that happen to
them. It helps to state the problem giving an understanding of why the product is
necessary, why people need it and how it is going to improve these situations.
These scenarios were created based on the personas, and the profiles that were
interviewed previously, achieving one for a student and one for a worker, the main
studied profiles.

Figure 12. Scenario representing a Student

Figure 13. Scenario representing a Worker
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3.5 List of Requirements
This part of the project comes after the main problem analysis. The fact of gathering
all the previous data has been useful to identify and structure the real problem. The
first approach of the project was the design of an acoustic solution to make phone
calls out of the workspace, but after analysing the customers’ needs the approach
has taken another direction, to create a divider. To clarify the new approach
(approved and guided by the company) a list of requirements has been created and
therefore the problem will be formulated clearly and it will be possible to separate
the essential from the inessential (Pahl & Beitz, 1988).
Due to the change of approach, the project took a very different course when
creating the list of requirements, needing completely different requirements to
those that would have been generated with the first approach. To make the task of
listing the requirements and get successful results in order to cover all the problem
aspects, some general subjects have been established. Each general subject has a
group of requirements that will be classified as demands or wishes (Pahl & Beitz,
1988). Demands will determine the product characteristics and functions, wishes will
be fulfilled whenever it is possible (with an order of preference from 1 to 3, where 3
represents a wish of major importance). A more detailed description of each
requirement will also be made and specified with data and measurements.

Figure 14. First part of the List of Requirements
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Figure 15. Second part of the List of Requirements
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The different headings to classify the requirements that will cover the demands and
wishes of the product are the following:
-

Usage: This part determines how the product works regarding its
maintenance thinking of having a product with a long term life.

-

Ergonomics: As a user-centered product, one of the aims is to make it
affordable for everyone with regards to ergonomics. Therefore, this part of
the requirements focus exclusively on the user’s comfort in their work time.

-

Materials: This includes the type of materials of which the product will be
made. The objective is to achieve sound absorption, so the use of reflective
surfaces and absorptive materials with the approach of being sustainable
using eco-friendly materials as much as possible.

-

Environment: This part is related to the previous one. The policy and
philosophy of the company focus a lot on being respectful to the
environment, so the product solution should consider alternatives and
solutions that allow recycling.

-

Appearance: As it has been mentioned before, the aim of the product is to
have a long life, so its appearance has to accommodate the passing of time.
In this part, the company also takes an important role due to the fact that the
product has to follow the style of the products in order to fit the best.

-

Function: The function determines the main approach and reflects what the
users’ interviews and the questionnaires showed. This is when the
conclusions of the study are transferred to the product’s function.

-

Target group: Since the beginning of the report the target group has been
highlighted because it was really important to focus that direction. The aim
was to cover powerful market segments, the students’ and workers’ world.

-

Safety: The final product will be used daily in workspaces, it is required to
take measures of risk prevention, and the design will focus on avoiding sharp
edges and spaces or mechanisms where the users can hurt any part of their
bodies.

-

Production: This part is further from the conceptual design, but it will be
useful to try to think about provisional solutions or extras which can be
resourceful at the time of thinking of the production.
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4 Concept Generation and Selection
This section deals with the creation of the concept and its subsequent selection. This
part consists of methods for concept generation such as Scamper or Brainstorming
and methods for concept selection, such as Pugh's method and Concept Screening.
To summarise, here it is possible to see the creative process that the project has
followed until the final result is reached.

4.1 Scamper
The SCAMPER technique is a method to carry out the generation of ideas.
Specifically, it is used to modify a product thinking to add an extra value or improve
it. (Serrat O., 2017)
First of all, it is necessary to establish the problem to be solved. As previously
mentioned, the target is to obtain a product that allows the user to isolate himself
when making telephone calls. A workspace solution is preferred, but no possibility is
discarded at this point. In this case, two of the products that EFG Company has given
as references have been chosen. These products have been chosen because they
solve in a certain way the main problems that have been found after the research.
Framery's phone booth represents the possibility for the user to move away from
their workspace to make a call. The Gotessons’ screen represents the adaptation of
the user's workspace.
The changes to be applied proposed by the SCAMPER technique are based on
following a set of phases that coincide with the acronym S.C.A.M.P.E.R. (Litemind,
2019). These phases are the following:

-

Substitute
Combine
Adapt
Magnify
Put on other uses
Eliminate
Reorder

This seven phases encourage participants to ask several questions for the
development of each phase. In this case, “Substitute” phase will be used to generate
ideas by changing the different features of the chosen product. In “Combine” phase,
the chosen product will be related to another. In “Adapt” phase, an improvement to
be added to the product or to one of its features will be thought. “Magnify” phase
seeks to change the shape or size of the product in order to give it more uses. “Put in
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other uses” phase leads the participant to think of different functions in which the
product can be used. “Eliminate” phase consists of looking for opportunities when
the product or one of its features is no longer used. “Reverse” phase leads the
participant to think about how to sell, not necessarily with the product (Litemind,
2019).
To put the technique into practice, Framery’s phone booth has been chosen as it can
be seen in Figure 16 and the generation of ideas that proceed.

Figure 16. Framery's Phone Booth
(https://www.frameryacoustics.com/en/ )

Figure 17. "Substitute" phase for Framery Phone Booth
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Figure 18. "Combine" phase for Framery Phone Booth

Figure 19. "Adapt" phase for Framery Phone Booth
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Figure 20. "Magnify" phase for Framery Phone Booth

Figure 21. "Put on other use" phase for Framery Phone Booth
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Figure 22. "Eliminate" phase for Framery Phone Booth

Figure 23. "Reorder" phase for Framery Phone Booth
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The next product is Gotessons’ Acoustic Screen.

Figure 24. Gotessons’ Acoustic Screen
(https://www.gotessons.com/sv/produkter/bordsskarmar)

The ideas generated are the following ones:
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Figure 25. "Substitute" phase for Gotessons Acoustic Screen

Figure 26. "Combine" phase for Gotessons Acoustic Screen
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Figure 27. "Adapt" phase for Gotessons Acoustic Screen

Figure 28. "Magnify" phase for Gotessons Acoustic Screen
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Figure 29. "Put on other use" phase for Gotessons Acoustic Screen

Figure 30. "Eliminate" phase for Gotessons Acoustic Screen
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Figure 31. "Reorder" phase for Gotessons Acoustic Screen

The concepts obtained in the different phases have served as a starting point for the
following brainstorming sessions. Variations of existing products have been
obtained, some more innovative than others, but as it has been said before, valid at
this level of the project.
The reason that each concept does not have a detailed explanation is because they
are very superficial concepts that will work as inspiration. After obtaining these
concepts, it was concluded that the most interesting directions were through the
variations of the acoustic screen. For this reason, brainstorming sessions will focus
on finding solutions for the users’ workspace.

4.2 Brainstorming
Brainstorming is a technique that is included in the term of Conceptual Design.
“Conceptual design is that part of the design process in which by the
identification of the essential problems through abstraction, by the
establishment of function structures and by the search for appropriate
solution principles and their combination, the basic solution path is laid
down through the elaboration of a solution concept” (Pahl & Beitz, 1988,
p. 57).
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Brainstorming can be described as a method for generating new ideas. It consists of
a group of people from very different origins and with plenty of different opinions
and ideas that have to bring up everything that comes to their minds in order to give
fresh ideas and to help the other participants develop theirs (Pahl & Beitz, 1988).
In brainstorming all ideas count without any exception, this helps the others to
stimulate their creativity and to take ideas that could never be logical or designed
into account (Pahl & Beitz, 1988).
Brainstorming has some theoretical rules that, if possible, should be accomplished.
They could be summarized as following:
-

The group should have a leader and have at least five people and maximum
fifteen. Only five would be very few to get an active rhythm of creating new
ideas, and fifteen would be too much for collaborating effectively (Pahl &
Beitz, 1988).

-

The group should not be compound only of experts. It is important to have
many different points of view from people of all walks of life (Pahl & Beitz,
1988).

-

The group will obtain better results if they don’t criticize the others’ ideas
and to avoid this, it is better to have a group made of equals (Pahl & Beitz,
1988).

Once all this is taken into account, the leader should only worry about the
organizational aspects so that no one complains about the others’ ideas. In the
procedure all ideas count and have to be taken seriously regardless the
ridiculousness, everything is a design opportunity and can help obtain a decent one;
all the ideas should be written down or sketched; and it shouldn’t last more than 30
or 45 minutes, as this would lead to unnecessary and redundant ideas (Pahl & Beitz,
1988).
Once all this is explained, in this project the brainstorming has been used to obtain
the acoustic solution for phone calls in open-plan offices and to create a quieter
atmosphere.
At the beginning, the sketches that were created with the brainstorming followed
were of a no. 1 ID Card (Loughborough Design School, 2019):
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Figure 32. ID Card 1, Loughborough Design School

The sketches and ideas were as follows:

Figure 33.. Brainstorming Session in a small size just to show the amount of ideas generated

After the first brainstorming, a total of seven concepts that were found interesting
were selected and sketched in a more detailed way to obtain new references,
proportions and scales that can’t be observed the other way. They were like the ID
Card 2.
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Figure 34. ID Card 2, Loughborough Design School

The sketches were as follows:

Figure 35. Concept 1. Acoustic Hangers with different forms and following a metal guide

This first idea consisted of acoustic material with plenty of different forms hanging
from a metal structure so that the user can choose how much absorption he desires
depending on the form and where to place it, in the laterals or in the front. The user
could also choose the quantity of screens he would like to have.
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Figure 36. Concept 2. Acoustic House, formed of a glass or wood front screen and lateral absorbers

The second idea consisted of a house form screen. This would have a fixed screen in
the front made of the desired material, it could be glass, wood, etc. The other four
screens could be removable and the user could work with them, placing the quantity
he prefers, from only one in the side or the four of them when he needs the
maximum absorption.
The reason why the front screen has been designed with a glass material is because
it would give sound reflection to the user, reflecting the waves coming from the
other side where the rest of working colleagues would be placed. This combined
with all the other four walls completely covered in absorptive material, would create
a perfect atmosphere for the user to feel free as he could see the other side
(because of the glass) and would have the necessary absorption to make a phone call
or stay focused working.
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Figure 37. Concept 3. Modular Structure, made of modules to create a screen as big as needed with the layout
desired

The third idea is called Modular Structure Screens. It would consist of different
modules that the user could combine to create a screen to the height and width he
would wish and the quantity he would prefer. The customer would decide how to
place them, if he prefers the shelf module or the absorptive module.
The modules would have a birch plywood frame covered with acoustic foam of
different thicknesses. This factor would make the screen absorb many different
frequencies and diffuse the sound perfectly.
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Figure 38. Concept 4. Modular Screen, foldable and with irregular surface

The fourth concept is called Modular Screen. This concept is composed of a big
divider which the user could adapt to the shape he would prefer, flexing the parts he
would consider and pulling up the lateral screens to have a more focused mode.
The shape is thought to be made out of triangular modules with different reliefs to
diffuse the sound at the maximum level and avoid sound focalizations. All the
structure would be covered with absorptive material.
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Figure 39. Concept 5. Multifunction Screen with two fixed positions, formed of a base and a divider inside

Multifunction Screen is the fifth concept. This idea consists of a fixed structure as a
base, covered by absorptive material that would make the function of a divider. The
base mentioned would have a hole inside where a second divider would be hidden
and the user could pull it up whenever he would prefer, possibly to make a phone
call or simply to be more concentrated in any moment where he would need
maximum concentration. The second divider that is inside would consist of a birch
plywood frame with plenty of acoustic foam to absorb the maximum of sound
possible and it would have two positions, the “sociable mode” for the contact to the
other workers and the “private mode” to be more isolated.
A final detail is that it would have a ceiling for the sound not to escape above the
structure and maintain all the sound in the place where the worker is performing
that conversation.
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Figure 40. Concept 6. Screen Booth with foldable laterals and ceiling

The sixth idea would be the most similar to a phone booth and a divider at the same
time. This design would be really similar to no. 4 but without the possibility of total
flexibility of the structure. It would also consist of different irregular shapes to
diffuse the sound and it would have the advantage of flexing the three walls; two
laterals and a ceiling to trap all the sound possible.
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Figure 41. Concept 7. Modular Shelf with plenty of forms and with absorbers of different thicknesses

The seventh and final concept is considered as a screen inspired by a shelf. This
concept would be composed of different modules with plenty of shapes that could
be combined to generate a screen-shelf with the width or height the user would
need depending on the function he would develop in the company.
The advantage of the modules is that the user can use it starting from the desk or
starting from the floor, and in every gap that the modules would have, there will be
different absorptive modules also with different thicknesses and forms. This would
make the user to have the capacity of choosing the quantity of absorption he desires
by placing the absorptive module in the gaps he prefers and also choosing the
different thicknesses he wants. All the variety of modules and absorptive modules
would diffuse the sound perfectly and would absorb a great range of frequencies.

4.3 Alternatives Selected
Once all the concepts and ideas were thought of and developed in a more detailed
way, a final alternative had to be chosen to start developing the final design and to
improve all the minor details. For that reason, a certain method should be followed
to see the advantages and disadvantages of every design and be able to choose
which one is more appealing.
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4.3.1 Concept Selection
The Concept Selection is the part of the whole Design Process where the product is
going to finally decline in a certain direction and will start becoming a reality.
Once all the design alternatives have been created, to choose one and start
developing its details, a decision-matrix method or Pugh’s method has to be carried
out (Ullman, 2017). It is a very simple method that has been proven uncountable
times and it has always given the necessary results by comparing all the options;
useful at the time of choosing a project and also everyday situations.
“The decision-matrix method is an iterative evaluation method that tests
the completeness and understanding of criteria, rapidly identifies the
strongest alternatives, and helps foster new alternatives” (Ullman, 2017,
p. 240).
This method has 6 remarkable steps and they could be described as follows:
-

Step 1: State the Issue.

In this step the important fact is to clearly distinguish the product you want to design
and the goal you are looking for (Ullman, 2017). In the case of the design proposed
in this thesis, as it has been mentioned previously, the goal is to find an acoustic
solution for phone calls in the environment of an open-plan office.
-

Step 2: Select the options that are going to be compared.

In the second step the user has to select all the ideas that were created in the
concept generation and design them at the same level so that all the concepts have
the same level of abstraction and details. A good way is sketching all of them equally
specified (Ullman, 2017). In the design of the acoustic solution, seven of them were
selected and sketched to be compared to see which one of them could be the most
appealing.
-

Step 3: Choose the Criteria to Compare.

Here, the main task is to set which are the important aspects of the product that has
to be designed and which conditions have to be fulfilled to ensure the product’s
success. This has to be done by generating a set of requirements for the customers
and users based on previous information and selecting the most important ones.
Normally, the conditions and requirements to be fulfilled are a mix of customers’
requirements and engineering specifications (Ullman, 2017).
Within the case of finding an acoustic solution, a list of requirements (Section 3.5)
was created and the requirements were organized in demands and wishes (wishes
had an order of preference from 1 to 3, where 3 represents a wish of major
importance). The aspects treated to later enumerate and classify which
requirements were going to be used for the concept selection were usage,
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ergonomics, materials, environment, appearance, function, target group, safety and
production. These requirements were highlighted due to the previous investigation
with interviews and market research, among others. Finally from all the raised
terms, the most important conditions were selected for their subsequent
comparison in the decision-matrix method.
-

Step 4: Assign Relative Importance Weightings.

The main task in this step is to assign different levels of importance to every
condition that has been chosen from the list of requirements to make the future
comparisons and decide which is the most appropriate design. To do this, the most
common action is to assign a weight to each condition and create a hierarchy in the
terms to see which of them are more important to fulfil (Ullman, 2017). In the
acoustic solution case, no weights were given because all the conditions chosen
were considered equally important.
-

Step 5: Evaluate Alternatives.

In this part of the development of the decision-matrix method what is sought is the
evaluation of the alternatives when comparing them and thus to obtain the score
and to opt for a certain product. The way to evaluate is to select an existing product
on the market or the one that suits best according to the results that want to be
obtained and categorize it as "datum". This is the name assigned to the product with
which the alternatives created will be compared. Once obtained the "datum", it will
be compared with the rest of products individually and if in the requirement which is
being evaluated the design created is better, “+1” will be assigned, if it is worse “-1”
and if it is the same it will be left neutral. Once this is done, a final score will be given
and the product that fits best with the problem raised in the thesis will be seen
(Ullman, 2017).
In this thesis, the product that was chosen as "datum" is the product "ScreenIT A30
Sound absorbing desk screen" designed by the Swedish brand Götessons (Götessons,
2019).

Figure 42. Götessons' Screen (https://www.gotessons.com/en/products/desk-screens/screenit-a30-desk-screen/)
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This is a table with an adjustable screen where both can be raised and lowered. All
the chosen requirements were compared with the Götessons Screen and the scores
that will be shown later were obtained.
- Step 6: Compute and Decide What to Do.
Finally, once all the results and scores necessary to make the choice have been
obtained, it must be taken into account that the results are completely orientative
and can be interpreted in multiple ways. Not only should the best positions be
valued, but also interests and requirements should be taken into account. Once this
has been considered and the designs have been calculated, the designer must decide
which will be the definitive concept to develop (Ullman, 2017).
The calculations made in this project are the following, where the designs were
listed in the same order as in part 4.2. Brainstorming and the three first positions
were highlighted:

Figure 43. Decision-matrix Method, Concept Screening
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In this case, the winning designs were numbers 5 and 7. Once all the requirements
had been studied and it had been observed which is the most convenient, number 5
was selected to be developed further.
As a conclusion and final reflection, this design was chosen because it was the
closest to the interests of the company EFG European Furniture Group, the most
saleable and the design that most fulfilled the main objective of this thesis, an
acoustic solution for telephone calls and for the working environment in an openplan office. Number 7 fulfilled more accurately the functions of shelving and screen
than for isolating a phone call.

Figure 44. Chosen Concept

Finally, after selecting no. 5, more detailed sketches and renders were made to
obtain a clearer idea of the product (Figures 45, 46 and 47).
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Figure 45. Detail Sketch 1 shows the Multifunction Screen in the sociable mode, remarking in red the inside screen
and where it can be grabbed to pull it up and get a concentration mood

Figure 46. Detail Sketch 2 showing some general dimensions, the inside screen pulled up and the ceiling being
folded
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Figure 47. Render Visualization of the Multifunction Screen with all the different positions and mechanisms

4.4 Development of the Concept
After making the concept selection, the one that has obtained the highest score, that
is, the one that best fulfils the list of requirements made in previous steps, will be
developed to improve each one of its aspects.

4.4.1 Brainstorming 2
This second brainstorming session involves a separation and clarification of each
aspect of the product that must be resolved individually. The different solutions can
be conditioned with each other, but in principle, it would be advisable not to
condition any of the solutions of each problem with others (Pahl & Beitz, 1988).
To carry out this task, the concept has been divided into five sub-problems; screens
system; the base; screen shape and absorption solution; mechanism of raising and
lowering the screens.
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1. Screens system:

Figure 48. Brainstorming of the Screen Working System, adjustable, fixed or semi-adjustable

The initial concept had a screen system that counts on a one three-walled screen,
but taking into account that the user is responsible for rising that part. It was
necessary to consider the possibility of dividing the screens in order to make it easier
to use and more ergonomic.
The second alternative for the screen distribution is to fix the front screen fixed and
make the side screens moveable, having in that way a predefined workspace, but
with the possibility of adapting it with the sides.
The third solution is making all the screens moveable, so the sound absorption and
privacy of the workspace is totally up to the user.

59

2. The base:

Figure 49. Brainstorming about Base form and function with the materials and the quantity of absorption

The brainstorming of the base was about choosing what it was going to be made of.
The first approach was having a non-absorptive solid base. The alternatives for the
first ideas are about having a sound absorptive base, with a solid frame covered with
absorptive materials and fabric for beautifying and also avoiding the acoustic
material to be damaged with use.
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3. Screens absorption solution.

Figure 50. Brainstorming of Screens' Absorption System, three different options of placing the absorbers and
frame

The solutions for the screens composition are represented in a separate way, but it
also works for the solution of having a three-walled screen. Here, the way of placing
the solid frame and the absorptive materials is considered.
4. Mechanism of getting up and down the screens.

Figure 51. Brainstorming of the Lifting Working System, three different shapes for the external object
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Assuming that the way of raising and lowering the screens is manual solution, in
which the user has to lift the screens and raise them, the solution focuses on how to
fix the different positions of the screens. The solution has been taken from the
previous brainstorming. Here are some alternatives for the shape of the ”stick” that
will set the position acting as a stopper.
5. Ceiling:

Figure 52. Brainstorming of the Ceiling, how and where to place it in the product

The first concept had the feature of having a folding ceiling, but other alternatives
were considered in order to simplify the final product. One approach was the idea of
having a fixed ceiling to avoid the complexity of having a specific mechanism to
control the “closing” and “opening” of the ceiling. The last approach was about
having a removable ceiling which led us to think about taking advantage of a product
the company is already selling: EFG Add.
The advantage comes with the possibility of hangingde a ceiling that will also act like
a shelf. It would use exactly the same hanging system as in EFG product.
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Figure 53. EFG Add (http://www.efg.se/sv-SE/Produkter/Additionals--Accessories/EFG-Add)

4.4.2 Concept Selection 2
Once the different sub-problems were outlined with their corresponding
alternatives, it was necessary to make a selection.
Taking into account our previous experience with the company, the most
appropriate concept selection method was having discussion with the project
manager of the company. In this way, the company would communicate directly to
us which alternatives they consider more appropriate for the product. Therefore, a
meeting was held where all the alternatives were exposed and discussed obtaining a
list of pros and cons.
1. Screens System:
One piece, three-wall Front screen fixed, Three adjustable screens
screen
adjustable
lateral
screens
Pros

-Easier to assemble
-To adjust, only one
lifting or lowering
movement is required

Cons -Hard to manipulate.
-Heavier.
-More complex shape.
-Adaptable just for two
positions

- Act as a front
divider.
-Lighter.
-Doesn’t disturb if
the product is next to
a window.
-Simple shapes

-Totally adjustable.
-Lighter.
-Simple shapes.
-Doesn’t disturb if the
product is next to a
window.

-Half adjustable.
-Less freedom for
choosing the working
mode.

-It takes more time to
adjust it.
- To obtain the focused
mode it is necessary to
move all three screens.

63

2. The base:

Acoustic material on the No
acoustic Acoustic material around
front part of the solid material on the the whole solid structure
structure
base
Pros

-Sound absorption

-Easy to clean.

-A
lot
of
absorption.

sound

Cons -No sound absorption in the -No
sound
back part for external sound absorption

3. Screens absorption solution:

Structure + acoustic Structure + solid Acoustic material + structure +
material
frame + acoustic acoustic material + solid frame
material
Pros

-Simpler composition
-Cheaper
-Absorption in the
interior part of the
product

-Absorption in the
interior part of the
product
-Acoustic
material
fixed

-Absorption in the interior
part of the product (less than
the other two options)
-Absorption in the exterior
part of the product
-Acoustic material fixed

Cons -No fixed acoustic -More
complex -Complex composition
material
composition

4. Mechanism of getting up and down the screens:

Semi-curved

Straight

Curved

Pros

-It fixes the position without -It fixes the position without -Easy to grab
taking so much space
taking so much space
-Easy to grab

Cons

-Hard to grab

-It fixes the
position taking
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5. Ceiling:

Pros

Integrated ceiling

Removable ceiling

-More sound control

-Possibility to adjust according to the user
-Simplify product

Cons -Fixed position, less freedom. -Less sound absorption

These were the main conclusions obtained at the meeting with the responsible
person of Product Development of the company. Afterwards, each part was
discussed and valued and the final decision resulted in a combination of the different
sub-solutions selected. Thus, the company guided the project to a more specific
result.
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5 Results
In this last section, all the final results of the design and its details are clearly seen.
The product can be seen in an explanatory way and from the user’s point of view,
thus showing all the design’s operation and the possibilities it offers.

5.1 Definitive Concept
After choosing all the variants of the design, the final design was created and some
renders were made to show each part of the product in detail and finally one with
the full assembly. Some renders were also developed to show the composition and
how the product fulfils its function and why.
Base with fixed Front Screen:

Figure 54. Base and Front Screen

The base of this product is finally composed, as can be seen in the Concept Selection
2, with acoustic material surrounding the entire design (of which, the most
recommended are acoustic foam, rock wool and mineral wool, due to its good
absorption properties, and its price) (Montejano, 2006). A wooden frame with the
corresponding gap inside to be able to introduce the side screens and the front base
was built in a 3D model. This screen is permanent due to the weight and that it
would be slightly uncomfortable to raise it, not only because of its height but also its
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disposition. It is assumed that there will be objects on the table such as large screens
or monitors. This front screen has light roundings on the sides to form a semicircle
with small sound focalizations due to the curves (Asselineau, 2015) and it is
necessary to absorb the maximum amount of sound waves that can be raised to
surpass the screen above.
The screen will be composed of a wooden structure with acoustic material on each
side and a frame that will run along the entire edge to add fixation and subjection.
As a consequence, it will be easier to absorb the sound, as the acoustic material will
be permanent (Montejano, 2006).
Another aspect to highlight is the curves that the base has. The side curves are able
to initiate the lifting system and the frontal curve simply to add aesthetics to the
product and create a concordance in its appearance.

Lateral Screens:

Figure 55. Lateral Screens

The side walls of this design are also, like the front screen, composed of a wooden
structure (birch plywood due to its cost and thickness and good properties) with
acoustic material on both sides and with a frame around its contour to give support
and more absorption as the acoustic material is permanent (Montejano, 2006).
These screens have two fixed positions: One that is completely hidden without
exceeding the height of the base (to give calmness to the user and be in a more
social environment) and another that can reach the height of the front screen. This
will give the product a considerable height to be able to absorb as many sound
waves as possible and will isolate the user for greater concentration and
confidentiality when making any type of call or executing any type of work.
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Curves were generated on the corners to give a more aesthetic touch to the product
and continue with its concordance in terms of being a product with multiple
roundings.

Lifting System Supports:

Figure 56. Lifting System Supports

For the Lifting System Supports, two pieces were created in order to give the user
the advantage of adapting his own office to his working environment and its
placement within the working space.
The fact of placing two external pieces and such a basic system was to make a more
illustrative and economical design. The pieces will be made of wood and consist of
an elongated segment that will go through the side screens to set their respective
positions and a semicircle as a base that will provide a larger and more comfortable
grip surface. This semicircle will also operate as a support to hold the two fixed
positions. This will occur when the semicircular base rests on the lateral curve of the
base of the product, thus retaining the aforementioned screens.

Ceiling:

Figure 57. Removable Ceiling with its support
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The roof of this product was intended as an extra product for sale complementary to
the main design. This would be because depending on the needs of the user and the
work they perform, they could have more absorption to call and work or not. This
element would provide more absorption of sound waves, not allowing them to pass
through the top of the final product. It would be composed by a wooden base and
with a gap in its interior to be able to place the absorbent material that the rest of
the furniture also possesses, but only in the side in which the user is.
The support in which this ceiling would go and be held in the front screen, would
follow the line of one of the products of the company EFG European Furniture
Group.
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Total of the Product Exploded and Assembled:

Figure 58. Exploded View of the Produc
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Figure 59. Assembled View of the Product

Figure 60. Product in Context
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Different Colour Ranges:

Figure 61. Personalized Product in Four Different Colours

Product in context:

Figure 62. Product in context; user grabbing a side wall to begin a phone conversation
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Figure 63. How to get the screens up
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Figure 64. How to get the screens down

74

6 Conclusions
Final section with conclusions about the project, design, methods, summary of the
complete work from beginning to end and evaluation of the work done both
positively and negatively. Aspects such as Summary, Discussion and
Recommendations are treated.

6.1 Summary
The aim of the project is to investigate common spaces dedicated to create a work
environment in order to improve the conditions and the efficiency of the user while
working. As a reference for these common spaces, open-plan offices have been
chosen. Why open-plan offices? Because they are becoming more frequent in
company distribution. In addition, although they have many advantages regarding
the space usage and economy, it is important to point out the disadvantages they
have (Renz, Leistner, & Liebl, 2018). Specifically, the main interest of the project is to
control the open-plan offices’ sound.
Double Diamond technique has been chosen as the methodology to be followed
during the design process. This methodology allows for extensive research, data
collection and analysis. The research has two parts: One regarding how sound
behaves and how it reacts with the use of different materials; and the second
regarding the target group, which includes people who tend to work in spaces with a
considerable amount of people close to them, emphasizing open-plan offices.
All the information gathered has been necessary and useful to carry out the creation
of a product by means of design methods such as the creation of personas and
scenarios, brainstorming sessions and concept selections. The objective of the design
is to provide more privacy to the user and isolate him acoustically when working or
making a phone call. Hence, a quieter and more optimal working environment will
be created, without losing the aesthetic contribution from the design point of view.
The product has been designed for the company EFG, which has served as a guide,
and as a reference in terms of style to follow.

6.2 Discussion
Being critical with the work done, throughout the whole project the lack of time has
been a problem. Firstly, gathering all the information for the study about sound and
market research. At the beginning the estimation of the time that this divergent part
of the method was going to take was not foreseen correctly. Although it was a delay
for the development, it was strictly necessary to carry it out in order to understand
the objectives and to decide the approach of the project more adequately.
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Secondly, the fact of carrying out such an in-depth study of the different techniques,
aspects of sound, the products currently on the market and the needs of users
through interviews and questionnaires, led to the project's objective being set, in
some way changing the course of the thesis. All the aforementioned, together with a
study carried out by testing the products in person and identifying the pros and cons,
and the opinion of the design team of the company EFG, made the product more
focused on a divider that makes it easier for the user to make a call and work in the
office.
In order to achieve maximum absorption and comfort for the product, an acoustic
laboratory was visited to see more closely how sound really works and a large
number of concepts and designs were created in search for a real improvement.
After choosing the most suitable design according to the corresponding studies and
selection methods, the company changed course and opted for a different one. The
change of objective on the company part is also meant a certain delay for the work
because different ideas were developed in vain.
Under more favourable circumstances, a prototype could have been produced as
initially planned. The problem emerged because, by changing the direction of the
project in two occasions, being able to make a prototype became a real challenge.
This was also due to the fact that the design that was made was complicated to
prototype without actually doing so with the wood and materials cited for its design
and subsequent construction.
Finally, at the time of carrying out all the final details, the company was consulted
looking for answers and advice so that they would be satisfied with the final result.
This meeting was able to decide very important aspects of the design such as the
fixed front screen, the roof as an extra product and the two fixed positions of the
side screens. All this with the purpose of achieving a realistic and comfortable
product also according to the needs of the company.

6.3 Recommendations
This study is a conceptual step in the creation of this project. For the success of this
project, one of the most important things that should have been made (as already
mentioned in previous sections) are prototypes to test.
As future work, it is essential to build a prototype in order to be able to study the
amount of absorbent material that has to be applied and what type. This will be
carried out in sound laboratories in search for the most suitable form of the screens,
checking if the forms taken and carried out in the conceptual design work correctly.
Once this has been observed, the measurements of the piece of furniture should be
determined and the most suitable should be checked by carrying out an ergonomic
study and seeing how this piece of furniture fits in an open-plan office.
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Finally, this project is a breakthrough in the office environment, thus promoting
open-plan offices, which are, and will most likely continue being, highly popular in
big companies.
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