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Abstract
The literature shows that research into the aesthetic aspects of prostheses is limited.
Although there are suggestions that prostheses with high levels of emotionally-driven
design may improve users’ well-being, they are based only on theoretical findings.
Therefore, in this thesis the effects of emotionally-driven prostheses on users’ lives and
society’s attitudes were explored, with respect to culture and more specifically, the
theories of individualism/ collectivism. In order to investigate the effects of culture, the
research was conducted in two countries with different cultures; the UK (individualistic)
and Greece (collectivistic). The thesis began with a literature review across three core
areas: user, product and environment, and revealed the importance of investigating an
additional area; that of prosthetists. The research employed a qualitative approach and
consisted of four studies. Study I was an online questionnaire to explore users’ preferences
towards prostheses, with respect to their culture. Study II consisted of semi-structured
interviews and informational probes to comprehend the role of prostheses on users’ lives,
with respect to prosthetic appearance. In Study III, the aim was to investigate prosthetists’
attitudes towards the needs of prosthetic users by conducting semi-structured interviews.
Finally, Study IV was an online questionnaire to explore non-users’ attitudes towards the
design of prostheses. The research showed that the use of prostheses for the completion of
users’ body was not an adequate factor to improve their well-being, and a shift on users’
desires towards emotionally-driven prostheses has occurred. From the variables that were
tested, sex, age, cause and area of limb-loss may affect people’s attitudes towards the
design of prostheses. Furthermore, the results showed that prostheses with high
emotionally-driven design evoked emotions, in both users and non-users, with higher levels
of pleasantness and arousal than the emotions that were elicited by the prostheses of
lower emotionally-driven designs and thus, they may trigger a greater behavioural reaction.
This suggested that emotionally-driven prostheses may eliminate users’ stigmatisation by
increasing their self-confidence and altering society’s attitudes. However, attention needs
to be paid in collectivistic countries, as emotionally-driven prostheses may enhance users’
stigmatisation.
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1. Introduction

In this chapter, the definition of Industrial Design is introduced to explain different
aspects of the research, as well as the connection with users and their
environments. The shift towards the importance of an emotionally-driven design
approach of products is presented, and the way that this shift has been applied to
medical products through fashion is analysed. Therefore, the connection between
emotional design and prostheses is introduced by highlighting the research gap that
exists. Following the analysis of the research gap, the aim, objectives and research
questions of the Ph.D. are presented. The last section of the chapter gives an
overview of the Ph.D. and the structure of the thesis.

1

1.1 Overview of Industrial Design and the shift towards emotions

Industrial Design is a strategic problem-solving process that drives innovation,
builds business success and leads to a better quality of life through innovative
products, systems, services, and experiences. Industrial Design bridges the gap

between what iƐ ĂŶĚ ǁŚĂƚ͛Ɛ ƉŽƐƐŝďůĞ͘
-disciplinary profession/ƚ
that ŝƐ Ă ƚƌĂŶ
harnesses creativity to resolve problems and co-create solutions with the intent
of making a product, system, service, experience or a business, better. At its
heart, Industrial Design provides a more optimistic way of looking at the future
by reframing problems as opportunities. It links innovation, technology, research,
business, and customer to provide new value and competitive advantage across
economic, social, and environmental spheres (World Design Organisation, 2020)

The text above constitutes the expanded version of the renewed definition of
Industrial Design that was presented at the 29th General Assembly of the
International Council for Societies of Industrial Design (ICSID1) in South Korea, 2015,
to emphasise the social significance and responsibility of Industrial Design, as well
as its effects on business life and innovation (World Design Organisation, 2020).
As the definition implies, Industrial Design does not only focus on creating new
products, systems, services and experiences, but also on improving those that
already exist (e.g. improving aspects of functions, enhancing efficiency, reducing
cost by utilising new materials, or enhancing emotional appealing) by deep
understanding of users’ needs and desires “through empathy and apply a
pragmatic, user-centric problem-solving process” (World Design Organisation,

2020). Product development “ƐŚŽƵůĚ ƐƚĂƌƚ ĨƌŽŵ Ă ĚĞĞƉ
”,
ĂŶĂ
which should not only be based on users’ opinions about their needs, but also on
observations of users when using existing products (Verganti, 2008, p.437). Rodgers
and Milton (2011) stated that product design “includes the generation of ideas, the

1

ICSID: In 2017, the International Council of Societies of Industrial Design (ICSID) officially changed
into the World Design Organization (WDO).
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development

of

concepts,

product

testing

and

manufacturing,

or

the

ŝŵƉůĞŵĞŶƚĂƚŝŽŶ ŽĨ Ă ƉŚǇƐŝĐĂů ŽďũĞĐƚ͕ ƐǇƐƚ
about making things better: better for consumers and users, better for business, and
better for the world” (pp.1-2).
Based on Maslow’s (1970) Hierarchy of Human Needs (Figure 1-1, b), which
indicates that when people fulfil the needs that belong to the lower tiers of the
hierarchy, e.g. survival, they try to fulfil the needs of the higher ones, e.g. belonging,
Jordan (2000) introduced the Hierarchy of Consumer Needs (Figure 1-1, a), in order
to explain the shift that has occurred in human-factors from functionality towards
pleasure. As Jordan (2000) described, the primary aim of human factors is to create
products that perform the tasks for which they were intended - to have the
appropriate functionality - in order to not be useless. If the product does not
function properly, dissatisfaction is caused to users (Jordan, 2000). However, as
Figure 1-1a depicts, when the functionality of a product is met and users become
used to it, they start looking for usability2; products that are easy to use. “Having
appropriate functionality is a prerequisite of usability, but it does not guarantee
usability” (Jordan, 2000, p.5). Finally, Jordan (2000, p.5) explained that when users
become satisfied with usability, new needs appear, and they search for

͞ƉƌŽĚƵĐƚƐ ƚŚĂƚ ŽĨĨĞƌ ƐŽŵĞƚŚŝŶŐ ĞǆƚƌĂ͖ ƉƌŽ

͚ůŝǀŝŶŐŽďũĞĐƚƐ͛ƚŚĂƚƉĞŽƉůĞĐĂŶƌĞůĂƚĞƚŽ
ďĞŶĞĨŝƚƐďƵƚĂůƐŽĞŵŽƚŝŽŶĂůŽŶĞƐ͘͟

Jordan (2000) points out that satisfying one need, e.g. functionality, does not
guarantee the satisfaction of the next one, e.g. usability. However, the satisfaction
of the previous need is necessary, in order to move to the next one. As a result,
usability constitutes only a factor that may define how much pleasure3 a product
may bring to users (Jordan, 1998) and highlights that “usability has moved from

beinŐĂ͚ƐĂƚŝƐĨŝĞƌ͛ƚŽĂ͚ĚŝƐƐĂƚŝƐĨŝĞƌ͛͘/Ŷ
pleasantly

2

Usability (based on ISO Standards): the extent to which a system, product or service can be used by
specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use (Bevan & Carter, 2016, p.267).
3
Pleasure of a product use: the emotional and hedonic benefits associated with product use (Jordan,
1998, p.26).
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surprised when a product is usable but are unpleasantly surprised by difficulty in
use” (Jordan, 2000, p.3). As product use can also create displeasure4 for users
(Jordan, 1998), products should satisfy users’ needs in all three levels. Therefore, a
need has emerged in human factors regarding a shift of their approached from
usability-based towards pleasure-based, which can “encourage a holistic view of the
user, judging the quality of a design on the basis of the wider relationship between a
product and the people for whom it is designed” (Jordan, 2000, p.10).

Figure 1-1 The three pyramids of needs

By focusing on human-machine interaction, Hancock et al. (2005, p.11) proposed the
Hedonomic Hierarchy of Needs (Figure 1-1, c), in order to “establish hedomonics as a
field of study”. In this framework, which was also derived by Maslow’s (1970)
Hierarchy of Human Needs (Figure 1-1, b), the three lower tiers (safety,
functionality, usability) are related to the ergonomic needs, whilst the other two
tiers (pleasure, individuation) are related to hedonomic needs. In line with Jordan’s
(2000) view regarding the necessity of the satisfaction of each need individually, in
order to progress to the next one, Hancock et al. (2005, p.11) states “When the
system has achieved functionality and usability, it then can be designed to fulfill users

ŵŽƌĞ ĨƌĂŐŝůĞ ƉƐǇĐŚŽůŽŐŝĐĂů ĂŶĚ ƐŽĐŝŽůŽŐŝĐ
pleasurable experience”.

4

Displeasure of product use: the emotional and hedonic penalties associated with product use
(Jordan, 1998, p.26).

4

In agreement with Jordan’s (2000) view regarding the satisfaction of users’ needs in
the three levels, Khalid and Helander (2006, p.197) stated that
͞DĞĞƚŝŶŐ ƚŚĞƐĞ ƌĞƋƵŝƌĞŵĞŶƚƐ ŵĂŬĞ Ă ĐĂƐĞ
product or service but also for emotional design and achievement of social status
as well. In emotional design, pleasure and usability should go hand in hand, as

ǁĞůůĂƐĂĞƐƚŚĞƚŝĐƐ͕ĂƚƚƌĂĐƚŝǀĞŶĞƐƐ͕ĂŶĚďĞ

Ashby and Johnson (2014) also highlighted a shift towards emotions by saying that
in the market of 21st century consumers’ expectations have changed regarding the
products they buy and use. Not only do users want products that offer high
functionality and usability whilst, at the same time, being affordable, but they are
also looking for products that will satisfy and give them pleasure. Therefore, the
design of products does not focus only on the creation of functional products, but it
“seeks to blend the technical with the aesthetic, combining practical utility with
emotional delight” (Ashby & Johnson, 2014, p.3). Similarly, Demirbilek and Sener
(2003, p.7) referred to the saying used by the founder of the company Frog Design,
Hartmunt Essliger, which stated that:

͞ĞǀĞŶ ŝĨ Ă ĚĞƐŝŐŶ ŝƐ ĞůĞŐĂŶƚ ĂŶĚ ĨƵŶĐƚŝŽŶ

ƵŶůĞƐƐŝƚĐĂŶĂƉƉĞĂůĂĚĞĞƉĞƌůĞǀĞů͕ƚŽŽƵ

The importance of people’s hedonic5 needs on the acquisition of products has also
been investigated from the field of marketing and more specifically, the area of
consumer behaviour. As Sethna and Blythe (2016) noted:
͞
Marketers put a great deal of effort into designing products that not only work
well, but also give pleasure to their owners. This is an important way to
differentiate the product from those competitors, and for some products,

ŚĞĚŽŶŝĐĐŽŶƚĞŶƚŝƐǀŝƌƚƵĂůůǇƚŚĞĞŶƚŝƌĞƉƌ
͟;Ɖ͘ϭϵϰͿ

Desmet et al. (2001) highlighted that people can form bonds with the products they
use, if products elicit strong emotions in them. In many cases, the emotions that are
created affect people’s purchase decisions and as emotions are personal
experiences, the same product will elicit different emotions for different people
5

Hedonism: is the cult of pleasure. In consumer behavior, it refers to the pleasurable aspects of
consumption (Sethna & Blythe, 2016, p.194)

5

(Desmet et al., 2001). This corresponds with Demirbilek and Sener (2003) who
identified that the emotions that are created in people when they see a product are
based on and affected by the beliefs, thoughts and values that people have and are
automatically connected to an object or a situation. Therefore, people’s reactions
towards products are not stable, but can alter based on their experiences and
situations (Demirbilek & Sener, 2003). Yoon et al. (2016, p.1) also highlighted the
importance of comprehending users’ emotions when they interact with products, as
these emotions affect various aspects of users’ relationships with the product such as

“ƵƐĞƌƐ͛ďƌĂŶĚůŽǇĂůƚǇ͕ƉƌŽĚƵĐƚĂƚƚĂĐŚŵĞŶƚĂ
-being in the long
run”. Furthermore, Yoon et al. (2016, p.2) pointed out the existence of different
models which aim to help designers better understand the emotions that are elicited
by the interaction of users with products, such as Jordan’s* (2000) Four Pleasures or
Norman’s (2004) Three Levels of Emotional Processing.
Consequently, as Jordan (2000), Demirbilek and Sener (2003), Hancock et al. (2005),
Khalid and Helander (2006), Ashby and Johnson (2014), and Sethna and Blythe
(2016) declared, usability and functionality are now taken for granted by users and
thus, the need for creating products that will trigger them emotionally has emerged
in the area of Industrial Design.

1.1.1 The relationship with users’ environments
Bloch (1995, p.22) pointed out that “Designers expect consumers to prefer products
that communicate meanings that are desirable within a particular culture or
subculture. If a culture values high technology, firms that communicate technical
sophistication should be preferred”. Khalid and Helander (2006) also referred to the
connection that exists between users and products, with respect to culture, by
maintaining that culture affects the way people respond to products, what they
expect from them, and the way they interpret them. Therefore, culture is connected
to people’s emotional reactions; e.g. in East Asian countries, people do not show
their emotions openly, as do people from Western societies and as a result, they are
less emotionally expressive (Khalid & Helander, 2006).
These models are thoroughly analysed in Chapter 3.
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In an extension to Khalid and Helander (2006), but by analysing the environment in
more detailed segments, Sethna and Blythe (2016) and Demirbilek and Sener (2003,

p.14) stated that “ƉĞŽƉůĞ͛ƐĞŵŽƚŝŽŶĂůƌĞƐƉŽŶƐĞƐƚŽƉƌ
different generations, social groups, nationalities and cultures” and the specific
characteristics people have such as religion, status, educational level etc. affect
their attitudes, beliefs and values towards products. All products express messages
to people through their design and, according to Desmet et al. (2001), it is these
meanings that evoke emotions in people, not the actual product.
The symbolic meanings of products is called semantics (Demirbilek & Sener, 2003). As
Demirbilek and Sener (2003, p.1349) stated, “When product semantics are properly
applied, products can become more emotionally and psychologically comfortable for
users, with eloquent and expressive shapes or details, allowing them to make
emotional connections with otherwise impersonal objects”. Coates (2003, p.4)
widened the importance of these meanings from the individuals to society by
pointing out that the form and appearance of products have a “moral and cultural
significance that reflects not only its creators but also its audience. More important,
it reinforces or reshapes the values, beliefs, concerns, and preoccupations of its

ĂƵĚŝĞŶĐĞ͙/ŶƚƵƌŶ͕ĂƉƌŽĚƵĐƚ͛ƐĚĞƐŝŐŶƌĞĨů
”.

1.1.2 Increasing emotions in medical products: incorporating fashion
Desmet and Dijkhuis (2003) stated that the design of wheelchairs is mainly focused
on the principles of ergonomics, usability, and technology, without taking into
account the emotions that wheelchairs can elicit in users, although they constitute a
product that can cause negative and unpleasant feelings. Accordingly, Pullin (2009)
indicated that traditionally, in the design of medical devices, such as hearing aids,
the aim is to be discreet to hide disability. For that reason, hearing aids usually have
skin tones to match the users’ skin colour. Based on the design principles that
medical products followed to conceal a users’ disability, Pullin (2009) posed the
following question:

͞ƵƚŝƐƚŚĞƌĞĂĚĂŶŐĞƌƚŚĂƚƚŚŝƐŵŝŐŚƚƐĞŶ
ƐŽŵĞƚŚŝŶŐƚŽďĞĂƐŚĂŵĞĚŽĨ͍͟
(p.15)
7

Thus, in this case, the use of these products would create negative emotions in
users. Nevertheless, as Pullin (2009) described, when people use devices which are
placed on the human body, aesthetics and fashion have a significant role in their
design, as these devices should not look like pieces of technology, but as extensions
of the user’s body, in order to increase their well-being. Hence, by incorporating
fashion, and using both its design principles and values, the design process of
medical products can alter and transform them into accessories (Pullin, 2009).
Fashion is able to create culture, set values and test these values through the extreme
design which will evoke positive or negative reactions from users (Pullin, 2009).
Norman (2004, p.93) highlighted that “For fashion, emotions are the key”. Schrank
(1973), Simon (2014) and Kongprasert (2012) also referred to the power of fashion as
a means of connecting culture, politics and personal identity. Throughout the years
various fashion trends have been used by people in different subcultures to create a
common identity, express beliefs and values or question the cultural and social
norms. This kind of fashion, which is used in order to minimise stigmatisation by
highlighting differences, is called Oppositional Dress (Hall & Orzada, 2013).

1.1.2.1 Increasing emotions in medical products: prostheses
In their review of the design of prostheses , Hall and Orzada (2013) stated that the
prosthetic limbs that already exist in the market usually focus on functionality or
aesthetic aspects without trying to highlight the personality of the wearer/user,
although prosthetic users constitute a complex and diverse target group. This
statement had also been supported by Pullin (2009), who pointed out that prostheses
are mainly used for two reasons; to restore appearance or functionality.
Nevertheless, Pullin (2009) suggested that this distinction is too simple; as prostheses
replace actual parts of the human body, they redesign it and therefore, prostheses
should not be restricted to their design alone as products, but in relation to the body.
Vainshtein (2012) agreed with Pullin (2009) stating that

Prosthesis: the term is used in order to describe the artificial devices which replace lost parts of the
body (e.g. teeth, fingers, arms, legs etc.) and they are used for functional and/or aesthetic purposes
(Prosthetic devices, 2017; Sansoni et al., 2015). In this Ph.D., these terms describe only the artificial
devices that are used by people with upper and/or lower limb-loss, such as arms and/or legs.
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͞dŚĞƚƌĂĚŝƚŝŽŶĂůƉƌŽƐƚŚĞƐĞƐĂƌĞƐƵƉƉŽƐĞĚƚ
being conspicuous, yet the discourse of fashion places the contemporary

ƉƌŽƐƚŚĞƚŝĐ ĚĞǀŝĐĞƐ
OnceŝŶ
the medical
ƚŚĞ
device
ĨŝĞůĚ
becomes anŽĨ ǀŝƐŝŽŶ
accessory, fashion imposes its own visual regime; the accessories should attract
attention and this is precisely what is happening to aesthetic prosthesis͟
(pp.144, 146).

The dissatisfaction of prosthetic users with the limited choices they have, with
respect to the prostheses that exist in the market, as well as the shift of prosthetic
users away from the need to make the limb-loss discreet, was also highlighted by
Blom (2018) and Pace Rehabilitation (2011), which proposed that “An increasing
number of lower limb prosthetic users are more comfortable with and in some ways
proud to show off, their exposed prosthesis, in preference to a conventional cosmetic
cover”. According to Hall and Orzada (2013), the ‘gap’ that exists in the ‘expressive’
aspects of prostheses creates the need for the design of new prostheses which
emphasise the personality and the character of the wearer. Consequently, Hall and
Orzada (2013) introduced the term Expressive Prostheses and highlighted the
significance of design and fashion in the creation of social meanings by adding that:
͞
If one concedes that limb loss is a violation of the normative body, then
bringing attention to it would be making a social statement, one that rejects
societal pressure to conform to the normative embodied ideal. From this
perspective, style, in the form of expressive prostheses, could be used by persons
with limb loss to make this positive social statement. Prostheses that solicit
attention would emphasize individual uniqueness and highlight yet another

ĂƐƉĞĐƚŽĨĚŝǀĞƌƐŝƚǇǁŝƚŚŝŶĐŽŶƚĞŵƉŽƌĂƌǇƐŽ
(pp.26-27)

The change in people’s and society’s attitudes towards people with limb-loss that
fashion-driven designed prostheses could cause, was also highlighted by the
prosthetic user Aimee Mullins. In 2009, Aimee Mullins in her TED talk spoke about the
various pairs of prosthetic legs that she owned and how they offered her the
opportunity to create different identities. By giving examples of her personal
experiences she analysed how this capability changed the way people viewed her; not
as disabled, but as a person capable of transforming herself and achieving things that
able-bodied people could not (Mullins, 2009). As she came to the end of her talk, she
9

concluded that by combining the new means that technological advances offered
with the traditional aspects of art, people with disabilities could lead society to a new
perception about the world (Mullins, 2009).
In agreement with Mullins (2009), Pullin (2009), Vainshtein (2011), and Hall and
Orzada (2013), the artist de Oliveira Barata (2013) said that prostheses need to
express the identity of the wearer and she stated that her “creations explore themes
of body image, modification, evolution and transhumanism, whilst promoting positive
conversations around disability and celebrating body diversity” (Figure 1-2). Similarly,
Orthotics and Prostheses News (Anon, 2016) clearly showed that the shift beyond
users’ satisfaction of their functional and usability needs, has occurred in case of
prostheses as it stated that for many prosthetic users “a new prosthesŝƐ͙
is about
more than function - it is now an expression of their personality as well. With
advances in manufacturing and materials, new companies are popping up to fill a
niche for fashion-forward patients who want to walk with confidence”.
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Figure 1-2 The Alternative Limb Project (de Oliveira Barata, 2011). A: Kiera Roche wears ‘Floral
Porcelain Leg’ created by Sophie de Oliveira Barata. Photographed by Rosemary Williams and
Nadav Kander; B: Grace Mandeville wears ‘Feather Armour’ hand created by Sophie de Oliveira
Barata and Rowena Vickerman. Photographed by Charlotte Epstein; C: Ryan Seary wears the
‘Anatomical Leg’ created by Sophie and Eduardo de Oliveira Barata. Photographed by Omkaar
Kotedia; D: Viktoria Modesta wears ‘Crystal’ created by Sophie de Oliveira Barata. Photographed
by Nadav Kander and Omkaar Kotedia; E: Viktoria Modesta wears ‘Brass’ created by Sophie de
Oliveira Barata and James. Photographed by Nadav Kander and Omkaar Kotedia; F: Viktoria
Modesta wears ‘Stereo Leg’ created by Sophie de Oliveira Barata. Photographed by Rosemary
Williams and John Enoch.

1.2 Research problem and knowledge gap
Through recent years, some companies (e.g. Alleles Design Studio, 2018; UNYQ, 2014;
Art4Leg, 2015) and designers (e.g. de Oliveira Barata, 2011) have oriented their focus
towards expressive prostheses, where design is focused on the appearance of
prostheses, with respect to users’ identity and personality. Although these companies
and designers declare that expressive prostheses improve users’ lives, as users
describe better social lives and confidence with their appearance, there is no research
11

to support these arguments through investigating the effects of these prostheses on
users’ lives and society.
This gap that exists in literature has also been hilighted by Nguyen (2013), Sansoni et
al. (2015) and Blom (2018), who maintained that although the functional aspects of
prosthetic limbs have been investigated in depth by many researchers, the research
regarding the aesthetic aspects of prostheses is limited. Furthermore, although Hall
and Orzada (2013) introduced the term Expressive Prostheses, their reseach was
based only on the literature; there were no further studies to test their assumptions
regarding the effects of expressive prostheses on users or society. As Hall and Orzada
(2013) clearly stated:

͞dŚŝƐĂƌƚŝĐůĞŵĞƌĞůǇƉƌŽƉŽƐĞƐŽŶĞƐƵŐŐĞƐƚŝ
a new type of prosthetic limb. Further research is needed to determine whether
prosthesis users concur with the theoretical findings. Based on previous research,
qualitative studies that include appearance of prostheses, other than cosmeses,
as a variable would be useful. Case studies involving actual expressive prosthesis
users would be instrumental in exploring the motivations and social significance
ĨŽƌƚŚŝƐĂƉƉůŝĐĂƚŝŽŶŽĨŵĞĚŝĐĂůĚĞƐŝŐŶ͟
(p.29)

1.3 Aim, objectives and research questions
As mentioned in Section 1.1, one of the aspects of Industrial Design is to investigate
the products that already exist in the market, in order to understand users’ needs and
desires and consequently, improve their quality of life. This includes the interactions
with their environments, as users’ environmnents affect their attitudes, perceptions
and beliefs towards products. Furthermore, as it was pointed out, users’ needs are
not restricted anymore to functionality and usability, but users now seek products
that can evoke strong emotions in them. This shift towards an emotionally-driven
design approach is also of primary importance in the case of medical devices, and
especially in that of prostheses, as prostheses do not constitute just products that
people use, but are inevitably a part of their body. Nevertheless, although in recent
years the design of prostheses has started to be more emotionally-driven, there is no
research, to the researcher’s knowledge, where the effects of the design on the users’
life are investigated.
12

1.3.1 Aim
The aim of this Ph.D. research is to explore how emotionally-driven prostheses
could affect users’ personal and social lives, as well as society’s attitudes towards
people with limb-loss, with respect to users’ culture.

1.3.2 Research questions
In order to achieve to the aim of the Ph.D., it was important to understand the way
in which prostheses affect users and the people around them, with respect to the
level of their emotionally-driven design. However, as there was no previous
research to investigate prosthetic users’ response towards emotionally-driven
prostheses, the conduct of an initial study to explore prosthetic users’ preferences
towards emotionally-driven prostheses were considered essential to test the
feasibility of the Ph.D. research.
Therefore, in order to achieve the aim the following Research Questions needed to
be answered:
RQ.1: What are prosthetic users’ preferences towards emotionally-driven
prostheses, with respect to their culture?
RQ.2: How does the level of emotionally-driven design of prostheses affect users’
lives, with respect to their culture?
RQ.3: What are prosthetists’ attitudes towards the effects of emotionally-driven
prostheses on users’ lives and society’s attitudes?
RQ.4: How does the level of emotionally-driven design affect society’s attitudes
towards prosthetic users, with respect to society’s culture?

1.3.3 Objectives
To answer to the Research Questions and therefore achieve the aim, the following
objectives were identified:
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Obj.1: To review the prostheses that already exist in the market and categorise
them into different types based on their level of emotionally-driven design
(appearance).
 Chapter 3: Literature: Part II
Obj.2: To identify the way societies, as well as their cultures, affect the life of people
with disabilities, and especially that of people with limb-loss.
 Chapter 2: Literature: Part I
Obj.3: To review which demographic and disability characteristics affect prosthetic
users’ lives the most and investigate which of these characteristics could affect
users’ relationships with their prostheses.
 Chapter 2: Literature: Part II
 Chapter 5: Study I
Obj.4: To understand the role of prostheses on users’ lives and explore the
emotions that they elicit in users.
 Chapter 2: Literature: Part II
 Chapter 3: Literature: Part I
 Chapter 6: Study II
Obj.5: To explore whether prosthetists inform patients about the types of
prostheses that exist and investigate prosthetists’ attitudes regarding the role of
prostheses on patients’ lives and their relationships with society.
 Chapter 2: Literature: Part II
 Chapter 7: Study III
Obj.6: To explore people’s attraction towards prostheses, with respect to the level
of emotionally-driven design, and the emotions that are elicited in people.
 Chapter 3: Literature: Part I
 Chapter 8: Study IV
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Obj.7: To bring together all of the findings to answer the aim
 Chapter 9: General discussion & Conclusions

1.3.4 Overview of the Research Questions and Objectives
Figure 1-3 depicts how the research questions (R.Q) and the objectives (Obj.) of this
thesis linked to each other in order to meet the research aim.

Figure 1-3 An overview of the Research Questions and the Objectives of the thesis

1.4 Thesis structure
Figure 1-4 depicts the overview of the thesis structure. In Chapter 1, the topic and
the research gap are introduced, followed by the aim, the objectives and the
research questions of the Ph.D. research. The literature research is divided into two
chapters; in the first (Chapter 2) various aspects of users’ life were investigated that
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were connected to the limb-loss, as well as the users’ environment and the way
they interact with it, whilst in the second (Chapter 3) the focus was on prostheses
and the theory of emotional design. In Chapter 4, the research methodology that
was used to answer to the RQs of the Ph.D. is presented. Various tools of each
method were analysed and evaluated, based both on previous investigations and
their possible effectiveness in this Ph.D. for the final tools to be chosen.
In Chapter 5, Study I is presented, the main research tool of which was an online
survey that aimed to explore users’ preferences towards prostheses, with respect to
the culture they live in. In Chapter 6, Study II is analysed, where the aim was to
identify the role of prostheses in users’ lives and to examine whether this role was
affected by the level of their emotionally-driven design, using interviews and
probes. In Chapter 7, Study III is presented, the main research tool of which were
interviews to explore prosthetists’ attitudes towards the effects of emotionallydriven prostheses on users’ lives and their interactions with society. Study IV is
presented in Chapter 8 using an online interview-based survey; the aim was to
investigate people’s attraction towards prostheses and to explore whether the
design of prostheses affected society’s attitudes towards people with limb-loss. In
Chapter 9, the general discussion of the findings of the four studies is conducted
alongside their integration to literature and the contribution to the existing
knowledge.
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Figure 1-4 Overview of thesis structure
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2. Literature: Part I – Understanding society & user
In Chapter 1 the shift towards the importance of an emotionally-driven design
approach in the area of Industrial Design and the design of medical products was
introduced, which led to the analysis of the research gap. Following the analysis of
the research gap, the aim, the research questions and the objectives of this Ph.D.
were defined, and the structure of the thesis was presented.
In this chapter the literature search on the two areas of investigation; the users of
prostheses (people with limb-loss), and those within the users’ environment
(society) is presented. The purpose of conducting a literature search on these two
areas is explained, and the questions that need to be answered to address to the
second objective of the PhD (Obj.2) are presented. The chapter finishes with a
discussion section, relating the findings of the literature regarding the areas of
investigation, followed by conclusions, where a summary of key insights is
presented that address the questions of the chapter.
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2.1 Introduction
Bryman (2012) describes that there are two methods of conducting a literature
review: those of systematic and narrative. Systematic review adopts explicit
procedures in order to provide an exhaustive summary of the studies that have
been conducted based on the decisions and procedures of the researchers, which
can eliminate researchers’ bias. On the other hand, in narrative review researchers’
aim to “enrich human discourse by generating understanding rather than by
accumulating knowledge” (Bryman, 2012, p.110). Therefore, by conducting
narrative review, researchers may discover new areas of research. Hence
researchers need to be flexible in order to change and adjust the boundaries of
their area of focus (Bryman, 2012).
As no previous studies in the area of expressive or emotionally-driven prostheses
were found, to investigate the effects of these prostheses on users’ lives and the
society in which they live, a narrative review was chosen to gain an understanding
of the subject. Keyword searches were used in Google Scholar, Scopus, Mendeley,
Web of Science and other search databases accessible from the Loughborough
University Library. The sources of the literature review were mainly academic texts,
including books, journal papers and conference proceedings, limited only to articles
is English using UK and US spellings. The initial keywords and research terms that
were used to define the boundaries of the chosen area were expressive, prosthesis,
accessory, aesthetic, fashionable prosthetics, industrial design. From the chosen
papers, the references were checked to identify further papers for investigation.
Additionally, different areas of focus were defined, such as those of sociology,
psychology, fashion and additive manufacturing.

2.1.1 Focus of this chapter
Through Chapter 1, the role and importance of users’ environment on their
interactions with the products was explained, as well as the way that products can
affect the interactions of users with their environments. However, in this chapter
the focus is only on the two areas of investigation, those of environment and user
(Figure 2-1). Therefore, the chapter is separated into two main sections that are
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depicted below. Furthermore, it is important to specify that in this thesis, the word
environment is referred to as ‘society͛
.
2.2: Understanding users’ environment
2.3: Understanding users

Figure 2-1 Interaction between the three areas of investigation; Environment (society) – Users
(people with limb-loss) – Product (prostheses).

The literature review in this chapter tried to answer to the following questions
regarding the user’s environment:

Ch.2/Q.1: What factors affect ƐŽĐŝĞƚǇ͛Ɛ ĂƚƚŝƚƵĚĞƐ ƚŽǁĂ
disabilities?

Ch.2/Q.2: tŚĂƚ ŝƐ ƚŚĞ ƌŽůĞ ŽĨ ĐƵůƚƵƌĞ ŝŶ ƚŚĞ
towards people with disabilities?
Ch.2/Q.3: How can culture be studied?
In the literature review the intention was to answer to the following questions
regarding users:
Ch.2/Q.4: WŚĂƚĂƐƉĞĐƚƐŽĨƉĞŽƉůĞ͛
s lives are affected by the limb-loss?
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Ch.2/Q.5: What factors, related to limb-loss͕ ĂĨĨĞĐƚ ƵƐĞƌƐ͛ ŶĞĞ
prostheses?
Figure 2-2 depicts how the literature review in this chapter answers the chapter
questions and addresses the second research objective (Obj.2). Although the
literature regarding users did not address in a direct way any of the research
objectives, it was crucial for the conduct of the studies on this Ph.D., as the
researcher had to understand in-depth the users under investigation and the needs
they have.

Figure 2-2 An overview of how the questions of the chapter are linked with the Objectives and the
Research Questions of this PhD.

2.2 Understanding users’ environment
In order to explore the effects that emotionally-driven prostheses could have on
society and the life of people with limb-loss, it was necessary to understand the role
of people with disabilities in modern societies and the attitudes of these societies
towards people with disabilities. Therefore, the first part of the literature search was
orientated towards sociology and its various scopes, such as the theories of
disabilities, which are referred to as Models of Disability (Hall & Orzada, 2013), and
the social identity of disabled people. However, it is important to clarify that, by
investigating how disability exists in a social frame, the author did not aim to critique
the models of disability and their validity in the societies of twenty-first century, but
to locate factors that could affect society’s opinion about disabled people.
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Keyword searches were used in Google Scholar, Scopus, Mendeley, and Web of
Science. The initial keywords that were used in the literature review of this section,
were: disability; culture; attitudes; impairment. Further keyword searches were
conducted, in the same search databases, with the following keywords derived by
the papers that were found in the previous search: models of disability; social
identity; social model; medical model; stigma; identity; stigmatisation.

2.2.1 Models of disability, normalcy & stigma
The Social Model of Disability posits that disability is produced socially and constitutes
an oppression to disabled people, while impairment is a physical limitation and as a
result, it is individual (Hughes & Paterson, 1997; Riddell & Watson, 2003). On the
other hand, the Medical Model of Disability sees impairment as a personal tragedy of
disabled people and supports that the limitations people with disabilities confront in
their daily lives, are not affected by society, but they depend on the physical
limitations that impairment creates to them (Kayess & French, 2008; Riddell &
Watson, 2003). In this way, prejudicial views are created by the supporters of the
medical model, as they reject the possibility of disabled people to experience
impairment in a positive way which does not affect their life (Susman, 1994). The
social model of disability differentiates itself from the medical, as it argues that
disability is created by social limitations and not by bodily limitations. However, it
does not take into account or analyse the sociology of impairment, but supports that
impairment is not produced socially as disability does (Hughes & Paterson, 1997;
Riddell & Watson, 2003; Shakespeare, 2005).
The social model of disability aims to produce a formal equality between people with
disabilities and society in order to eliminate discrimination (Kayess & French, 2008).
The notion of equality in a liberal model addresses the idea that “all human beings
are by nature free and endowed with the same inalienable rights” (Fineman, 2008,
p.2). However, Kayess and French (2008) noted that equality cannot be achieved,
especially in the case of people with disabilities, who require specific and often
unique treatment. Cameron (2010) pointed out that the term normal describes a
person who is capable of withstanding the roles that modern societies require. As the
22

life of people with disabilities and impairments is characterised by the notions of
abnormality, as well as loss and lack of ability, they cannot be treated by society as
normal people (Cameron, 2010; Hall & Orzada, 2013).
Stigma is based on the relationship that exists between the person who is considered
to have a difference, e.g. homosexuality, people with different colour, people with
limb-loss, and other people who evaluate and understand this difference negatively
(Green et al., 2005; Riddell & Watson, 2003; Susman, 1994). From this interaction,
there are two types of stigma: public and self-stigma. According to Werner and
Shulman (2015), public stigma derives from the opinion of society towards
stigmatised people, while self-stigma is a consequence of the opinion that the
individual forms, based on society’s attitude (Murray, 2005; Rybarczyk et al., 1995).
Stigma can also spread to people who are close to those who experience stigma, such
as members of the family (Green et al., 2005); this constitutes the third type of stigma
and is defined as stigma by association (Werner & Shulman, 2015).
Stigmatisation can result in the categorisation of people into desirable and
undesirable groups. This categorisation can lead to the elicitation of negative feelings
in the undesirable groups, such as emotional distress and depression which can thus
lead to social discomfort (Rybarczyk et al., 1995; Werner & Shulman, 2015). These
feelings are experienced not only by people with disabilities, but also by the members
of their family (Green et al., 2005; Werner & Shulman, 2015) and they can affect their
social life and identity, as well as the validity of their actions or beliefs (Murray, 2005;
Zola, 1993).
The Critical Disability Theory (Hosking, 2008) constitutes a version of the social model
of disability and it is based on three principles:
1. Disability is a social construct, not the inevitable consequence of
impairment.
2. Disability is best characterised as an interrelationship between impairment,
individual response to impairment, and the social environment.
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3. The social disadvantage experienced by disabled people is caused by the
physical, institutional and attitudinal environment which fails to meet the
needs of people who do not match the social expectations of normalcy.
Figure 2-3 depicts how the models of disability and the critical disability theory view
disability and impairment regarding society.

Figure 2-3 How the Models of Disability and Critical Disability Theory view disability and
impairment, with respect to society and individuals, based on literature.

2.2.2 Social identity of people with disabilities
When people are labelled into groups, they can modify their personal identity by
adopting or creating social identities which link them to the identity of the group. The
process by which individuals represent themselves on a basis of a social grouping is
defined as depersonalisation (Badaoui et al., 2012). However, the adoption of a social
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identity is not always desirable by the members of the group. People who confront
physical or mental problems are labelled by able-bodied people as disabled and most
of the time they are treated in the same way. However, disabled people do not feel
they are the same. For instance, wheelchair users differentiate themselves from
people with mental problems and deny the existence of the same identity as a
disabled person.
Watson (2002) supported the idea of a different identity between disabled groups
and he pointed out that the characteristic of impairment is not enough to impart a
common identity. Although disabled people may see other disabled people as part of
their in-group society, there remains the possibility that the disabled person feels that
the other person belongs to a different subtype, despite also being disabled (Deal,
2003). Therefore, the existence of a disabled group which consists of disabled
subtypes is more likely.
Based on the idea of subtypes, Deal (2003) tried to investigate if there is a hierarchy
in the way that the able-bodied and the disabled see and treat people with
impairments; he identified that people present negative attitudes towards disabled
people that are affected by culture and the kind of impairment. Deal (2003) analysed
other studies; those of Tringo (1970), Esses and Beaufoyin (1994) and Janicki (1970),
which also showed that people’s attitudes are affected by the type of impairment and
for those people, whose impairment has been ranked as the least preferred, it is even
more difficult to be accepted by society. Finally, Deal (2003) referred to Gething’s
(1991) opinion regarding the effects of the common social identity of stigmatised
people:

͞WĞŽƉůĞ ƚĞŶĚ ƚŽ ŐĞŶĞƌĂůŝǌĞ ƚŚĞŝƌ ĞǆƉĞƌŝĞŶ

ŐƌŽƵƉ͙ĐƌĞĂƚŝŶŐ Ă ƐƚĞƌĞŽƚǇƉĞĚ ǀŝĞǁ ŽĨ ƚŚĞ
seeing the individual or even sub-ŐƌŽƵƉƐ͟
(p.901)

Although Deal (2003) stated that the existence of a hierarchy towards impairment
cannot be taken for granted, as not all of the investigations support this statement,
Deal believed that disabled people view and treat other people with impairments in
different ways.
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2.2.3 Culture
Sethna and Blythe (2016) mentioned that the cultural attitudes that people have are
something that they learn during their life and as they are deeply and strongly
connected to people’s lives, it affects their behaviour and their habits to a great
extent (Goncalo & Staw, 2006; Kim & Drolet, 2003). In order to separate and
distinguish the world, people use cultural categories: the most significant are those
created in human community, such as gender, age, occupation etc. (McCracken,
1986). The products that people use help them discriminate others into various
cultural categories due to their symbolic meanings (McCracken, 1986; McDonagh et
al., 2002). Through material culture, people can define themselves as individuals;
define themselves in groups; decipher and understand others as individuals and
decipher and understand the groups that others belong to.
One way to study culture is by dividing it into High / Low Context cultures (Table 2-1)
(Hall, 1984; Sethna & Blythe, 2016). People who live in High Context (HC) cultures are
familiar with the norms and the values the society has and they can communicate
easily, as they follow the same rules, they emphasise duty, conformity and
cooperation and social control depends on shame (Westbrook et al., 1993; Nishimura
et al., 2008; Tsikriktsis, 2002; Würtz, 2005). On the other hand, for people who live in
Low Context (LC) cultures it is more difficult to understand the other members of the
society and for this reasons they communicate with clear messages (Nishimura et al.,
2008; Tsikriktsis, 2002; Würtz, 2005). Autonomy, independence, and self-reliance are
considered high values by people in LC cultures, and social control depends on guilt
(Westbrook et al., 1993). Multicultural countries, such as United States of America
(USA), usually belong to LC cultures as the members of these societies are exposed to
various cultural influences. Concerning multiculturalism in Europe, in 2017 Germany
had the highest number of immigrants (917.1 thousand) followed by the United
Kingdom (644.2 thousand) (Eurostat, 2019).
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Table 2-1 High Context (HC) vs Low Context (LC) cultures (Hall, 1984; Würtz, 2005; Sethna & Blythe,
2016).
High Context (HC)

Low Context (LC)

Collectivism

Individualism

People use many non-verbal cues (facial
expressions, gestures, signs etc) as means of
communication

People communicate with clear messages

The values, attitudes and perceptions of people
are strong and the behaviour of people in the
group is stable and predictable

The values, attitudes and perceptions of people
are not stable and can easily change

Examples: Japan, Italy, Portugal, Greece, Arabic
countries etc.

Examples: US, UK, Germany, Scandinavian
countries etc.

Hofstede (1980) was the first researcher who referred to the Five Cultural Dimensions
of Societies described in Table 2-2 (Tsikriktsis, 2002; Yaveroglu & Donthu, 2002). In
individualistic societies people act independently and in an autonomous way, are
motivated by their personal goals and take individual decisions (Goncalo & Staw,
2006; Yaveroglu & Donthu, 2002). Therefore, people in individualistic societies are
expected to be more willing to try new innovations, since they will not depend on
others’ decision (Yaveroglu & Donthu, 2002). On the other hand, people in collectivist
societies create strong bonds with groups, they are affected by them and try to
maintain the harmony in the group (Goncalo & Staw, 2006; Yaveroglu & Donthu,
2002). The research conducted by Yaveroglu and Donthu (2002) showed that people
who live in countries with large power distance will be less innovative, as they will not
be willing to try new things; only the part of the society with greater power will be
more innovative. People in countries presenting low levels of uncertainty avoidance
will be more innovative and will easily accept different opinions from their own, while
people in countries with high levels of uncertainty avoidance will present higher
levels of imitation and will not accept diversity (Yaveroglu & Donthu, 2002).
Therefore, as Yaveroglu & Donthu (2002) explain, it is more difficult for people in
countries with high levels of uncertainty avoidance to buy new products because they
will wait for people of other societies to try them first.
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Table 2-2 Hofstede’s (1980) Five Cultural Dimensions of Societies.
Power
Distance:

The extent to which the less powerfull members of institutions and organisations
within a country expect and accept that the power is distributed unequally
(Yaveroglu & Donthu, 2002, p.55; Tsikriktsis, 2002, p.104).

Uncertainty
Avoidance:

The mechanism by which the individual selects cues from the stimulus and assign a
meaning to each one (Yaveroglu & Donthu, 2002, p.54; Tsikriktsis, 2002, p.104).

Individualism/
Collectivism:

The combination of input selectors to generate an overall perception (Nishimura et
al., 2008; Yaveroglu & Donthu, 2002; Tsikriktsis, 2002).

Masculinity/
Femininity:

Factors such as mood, motivation, goals and the physical state of the individual at
the time the cues come along (Tsikriktsis, 2002).

Long-term
orientation:

The basic factors about an individual that do not change, or change very slowly.
Gender, personality, social class, age, educational level and intelligence all affect
perception (Yaveroglu & Donthu, 2002, p.57).

Yaveroglu and Donthu (2002) and Würtz (2005) compared Hofstede’s (1980)
individualistic/ collectivist dimensions of culture with Hall’s (1984) HC/ LC cultures
and supported that the two theories present similarities concerning social
interactions, although Hall’s theory on HC/ LC cultures deals with the way people
communicate. More specifically, LC societies are independent and individualistic
and the members in these societies mainly communicate with verbal messages. On
the other hand, HC societies are more interdependent, like collectivist societies, and
the members use many nonverbal cues, such as facial expressions, gestures or
signs.

2.2.3.1 Attitudes towards people with disabilities in different cultures
Westbrook et al. (1993) highlighted the importance of culture on the formation of
people’s attitudes towards people with disabilities. The study was conducted in a
multi-cultural society (Australia) with 665 health practitioners from six different
communities (Chinese, Italians, Greek, Germans, Arabic speaking and AngloAustralian) and showed that people from different communities had different
attitudes towards the twenty disabilities that were investigated; such as diabetes,
heart disease, amputated leg or arm, cancer, facial scars, blindness, paraplegia,
psychiatric illness, and AIDS. Regarding people with amputation, German
communities showed the highest acceptance, while Greek and Arabic presented the
lowest acceptance from all of the communities that participated (Westbrook et al.,
1993). By using Hofstede’s (1980) five cultural dimensions, Westbrook et al. (1993)
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said that participants from the collectivistic communities, e.g. Arabic, Greek, Chinese,
had more negative attitudes than the participants from individualistic, e.g. German,
Anglo-Australian, and pointed out that stigma affected their behaviour. As a result,
people with less visible disabilities were more accepted in collectivistic societies
(Westbrook et al. 1993). However, although people from the individualistic
communities showed higher levels of tolerance and comprehension towards people
with disabilities, they still discriminated and separated them from able-bodied people
(Westbrook et al. 1993). The results of the study of Zaromatidis et al. (1999), were in
accordance with those of Westbrook et al. (1993), regarding individualism/
collectivism, and they showed that the attitudes of Greek-Americans were different
to Greeks, as Greeks were more negative towards people with impairments than
Greek-Americans. These findings are important as they show that culture and society
affect to a great extent people’s attitudes, behaviour and beliefs, and verify that
culture is indeed something that people learn during their lives, which is in line with
the definition of Sethna and Blythe (2016).
Nikolaraizi and De Reybekiel (2001) conducted a comparative study between
students in two countries with different educational systems, those of the UK and
Greece, in order to explore the role of the integration of children with special needs
into the same educational context of children with no special needs. Nikolaraizi and
De Reybekiel (2001) investigated the attitudes of 463 children from both countries,
aged between 10 to 12 years old, towards children with different impairments
(deaf, wheelchair users and blind) in 12 schools. In half of the schools of the two
countries special units existed. The results of the study showed that although
participants’ attitudes appeared to be mainly positive towards children with
impairments, a more detailed analysis revealed that they were less willing to
develop personal relationships with those children. Based on that, Nikolaraizi and
De Reybekiel (2001) suggested that children’s acceptance towards children with
impairments may be superficial and thus, attention needs to be paid regarding the
reasons this may happen. Furthermore, although the findings showed that Greek
children presented more positive attitudes than British towards children with
impairments, the attitudes of the Greek students in the schools where the special
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units existed were less positive than those of the British. The research of Nikolaraizi
and De Reybekiel (2001) did not take into account the way culture may have
affected the findings but analysed the findings from a behavioural perspective.
Therefore, the reasons as to why Greek children appeared to have a more positive
attitude, as well as the fact that the existence of the special units altered the
findings, as it positively affected the British children and negatively the Greek may
be a result of the nature that HC (Greece) and LC (UK) cultures have with Greek
children being friendlier because of collectivism, while British children are more
distant because of individualism. The change in the attitudes that was caused with
the presence of the special units in schools enhances the controversy of the two
cultures and shows the importance that the fear of stigmatisation can have in HC
cultures.
Another study concerning the attitudes of 138 Chinese college students towards
people with different disabilities showed that the Chinese (HC) presented more
positive attitudes than the Americans (LC) towards people with physical problems
and less positive attitudes towards people with psychiatric problems (Grames &
Leverentz, 2010). This study shows that discrimination between people with
disabilities and able-bodied people still exist, in both individualistic and collectivistic
societies. Nevertheless, Papadopoulos (2009), through his research on stigma
towards people with mental problems in collectivistic and individualistic societies
found that the values of people in collectivistic, e.g. Greek, Greek/Cypriot, Chinese,
societies were less collectivist than they used to be and pointed out that this may
be a result of globalisation that affected cultures and created homogeneity.

2.3 Understanding users
As it was pointed out in Chapter 1, in Industrial Design the aim is to create new
products or improve products that already exist in the market by analysing and
understanding users’ needs and desires. As the focus of this Ph.D. was prosthetic
limbs, the users under investigation were people with limb-loss. Consequently, in
order to understand their needs and desires towards prostheses, it was essential to
investigate how different aspects relevant to their situation, such as the cause and
the area of limb-loss, could affect their lives. Additionally, important terminology was
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introduced relating to the field of amputation, which was essential in order to
conduct the studies of this Ph.D. However, as the area of investigation is Industrial
Design, this terminology and the medical/ surgical field of amputation are not
thoroughly analysed. The selected papers regarding amputees were mainly focused
on studies regarding their psychosocial adjustment to amputation: clinical studies
that focused, for instance, on factors that affect phantom pain or on amputees’
rehabilitation process were excluded, as they were considered to be out of the
scope of this thesis.
The initial keywords and research terms used in Google Scholar, Mendeley and
Loughborough

University

Library

were:

amputees;

disability;

impairment;

amputation; rehabilitation; limb-loss; prosthetics. Further keyword searches were
conducted, with the following keywords derived from the papers of the previous
research: cause of amputation; level of amputation; body image; quality of life; lower
limb; upper limb; psychosocial adjustment; psychological adjustment; prosthesis
satisfaction.

2.3.1 Amputation and causes of limb-loss
According to the National Health Service (2018) the term Amputation is used to
describe “the surgical removal of part of the body, such as an arm or leg” and it can
be considered as mandatory to the individuals’ life for various reasons, e.g. severe
infections, gangrene, serious injury.
Many researchers have investigated the causes of amputation. In the study by
Hagberg and Brånemark (2001), the participants had to have an amputation for nonvascular reasons and therefore, the causes of amputation were separated into
trauma, tumour and other, with other being analysed into infection, dysmelia and
two other unspecified reasons. The findings of Atherton and Robertson (2006)
showed that participants had suffered an amputation due to vascular disease,
diabetes, trauma, cancer and other reasons. In the study of Senra et al. (2012) the
causes of amputation were due to vascular disease, oncologic disease and trauma
with vascular disease presenting the highest percentage. Contrary to those, in the
study of Raichle et al. (2008) injury reasons appeared to have the highest percentages
31

for both the amputations that were caused to lower and upper limbs, followed by
infection, vascular disease, gangrene, diabetes, amongst other reasons. In the study
of Sarvestani and Azam (2013) trauma was also the most common cause of limb-loss,
whilst the other causes were diabetes, vascular disease, infection, tumour and
congenital.
The difference of the order of the causes of limb-loss can be affected by various
factors, for instance the sample of the study. However, another factor that could
create difficulties in the analysis and comparison of the causes is also that in most of
the studies, trauma reasons were taken into consideration as one category, whilst
disease reasons were separated into subcategories, e.g. vascular disease, diabetes,
tumours, etc.. Nevertheless, the study that Durmus et al. (2015) conducted with
amputees who had an amputation for trauma reasons only, showed that trauma
could also be separated into various subcategories, such as weapon injuries, traffic
accidents, electric shock and industrial accidents. Therefore, although the causes of
limb-loss vary, they can be separated into three broad categories which can be
divided into various subgroups; these categories are disease (vascular disease,
diabetes, infections, tumours, cancer etc.), trauma (vehicle/ work/ industrial
accidents, war/ weapon injuries, terrorist attacks, natural disasters etc.) and
congenital (birth deficiencies).
Regarding the causes of limb-loss, with respect to the area of limb-loss, most of the
Upper Limb Amputations (ULA) are caused by trauma; other reasons may be tumours
or infections, whilst vascular reasons present only a very small percentage compared
to the Lower Limb Amputations (LLA) (Owens & Ouellette, 2004; Ouellette, 2010;
Ovadia & Askari, 2015). Desmond et al. (2012) pointed out that internationally, men
are usually more likely to suffer an amputation than women and supported that there
is a correlation between the country and the cause of limb-loss, which was also
supported by Esquenazi (2004) and Sinha et al. (2011). According to the researchers,
in high income countries (industrialised) the majority of the amputations occur for
vascular reasons and as a result, most of the amputees are older in age, usually over
60 years old. Contrary to this, the main cause of amputation in the non-industrialised
countries is trauma and accident which usually occur to younger people of working
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age (Desmond et al., 2012). Esquenazi (2004) also highlighted that congenital reasons
are the least common causes of limb-loss (around 3%), for both developed and
developing countries. In accordance to Esquenazi (2004) and Desmond et al. (2012),
Atherton and Robertson (2006) highlighted that 2/3 of amputations happen to older
people and more specifically to those who are over 60 years old. Furthermore, they
pointed out that due to the aging of the population and the increase of diabetes, the
number of amputations will increase in the coming years (Atherton & Robertson,
2006).

2.3.2 The process and the types of amputation
The process of the amputation is long-lasting and starts before the operation, as
patients need to prepare and be assessed with respect to the condition of their
health (Esquenazi & DiGiacomo, 2001; Robinson et al., 2010). However, as an
amputation constitutes a devastating process for most of the people who undergo it,
a psychological and emotional assessment regarding the effectiveness of the
adjustment to the amputation is also important for patients (Robinson et al., 2010).
According to Esquenazi and DiGiacomo (2001), the rehabilitation process that starts
after the operation can be divided into nine periods of patients’ evaluation, and
consist of emotional support, exercises that patients should do to strengthen their
muscles in the residual limb, transfer techniques in order to be able to move around
etc. Patients can also use prosthetic limbs; however, whether patients are capable of
using prosthetic limbs, as well as the type of prostheses they can use depends on
various factors, such as the type of amputation they have, the condition of the
residual limb (strength of muscles) and the tasks users want to perform with their
prostheses (National Health Service, 2018).
In order to distinguish if an amputation is caused in upper limbs, e.g. arms, or lower
limbs, e.g. legs, the term Area of Amputation can be used; however when the limb
absence is a result of congenital reasons, and does not happen later in an individual’s
life, the term Area of Limb-loss is used. The area of amputation is usually separated
into Upper Limb Amputation (ULA) and Lower Limb Amputation (LLA). Nevertheless,
other terms or phrases can also be used; for instance, Raichle et al. (2008) used the
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phrase Location of Amputation in order to describe if the amputation had occurred in
upper or lower limbs. As Figure 2-4 depicts, each area has various types of
amputations, which are analysed in detail in Appendix A.1.
Smith (2007) highlighted the importance of the Area of Amputation and stated that
the needs of people with ULA differ to a great extent from those with LLA due to the
natural role and function that upper and lower limbs have. For instance, the main
functionality that people with LLA try to restore is their ability to stand and walk
(Smith, 2007). Contrary to this, the functional needs of people with ULA are more
complicated, as the functions that a natural human hand has are more than those of
a leg (Smith, 2007). Additionally, an upper limb absence is often more noticeable than
that of a leg and as a result, ULA can affect more the psychological condition and
social life of the patient (Smith, 2007).

Figure 2-4 Different types of limb-loss with respect to the area of limb-loss (see Appendix A.1 for
the analysis of each type of limb-loss). The types of Upper Limb-loss are based on the Habger Clinic
(2018), Physiopedia (2018), Raichle et al. (2008, p.966) and Cordella et al. (2016, p.2); The types of
Lower Limb-Loss are based on Raichle et al. (2008, p.966) and Robinson et al. (2010).
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In many studies, such as in those of Biddiss and Chau (2007), Akarsu et al. (2013),
Ligthelm and Wright (2014) and Hofmann et al. (2016), the different types of
amputation are mentioned as Level of Amputation. Other terms that are used are
those of Unilateral (one limb amputated) and Bilateral (both limbs amputated)
(Amputee Coalition, 2018). Akarsu et al. (2013) tried to investigate the Quality of Life
(QoL) of people after amputation of lower limb(s) to both people with unilateral and
bilateral and compare their psychological condition, function and adjustment to
amputation. The findings showed that participants with unilateral limb-loss had
better adjustment to their amputation, especially those with below knee limb-loss;
this led to a better psychological condition, probably because of being more active.
Regarding people with ULA, Smith (2007) pointed out that there is a more intense
difference between of those with unilateral and bilateral ULA. More specifically,
people with unilateral limb-loss learn to do things by using only their one limb and as
a result, they tend to wear the prosthetic limb only for few hours, or they prefer to
not wear prostheses (Smith, 2007). On the contrary, people with bilateral upper limbloss, wear prostheses for more hours (nearly full-time), as it is necessary for them to
perform the grasp movements and retrieve the functionality that a hand offers
(Smith, 2007). Nevertheless, in the case of lower limb amputations, although the
psychological adjustment of people with unilateral LLA is better than those with
bilateral LLA, both of them wear prosthetic limbs almost all of the time during their
activities (Smith, 2007).

2.3.3 Body image perception and personal identity after amputation
Holzer et al. (2014) claimed that as aesthetics have deluged the media of the
globalised world, perception of beauty plays a significant role in people’s social and
psychological life. As they maintained, there are two basic pillars that affect the
perception that someone has regarding appearance: body image and self-esteem.

“Self-ĞƐƚĞĞŵŝƐĂƉŽƐŝƚŝǀĞŽƌŶĞŐĂƚŝǀĞŽƌŝĞŶƚĂ
worth or value” (Holzer et al., 2014, p.1). Body image is a term that is used by
psychologists in order to describe the attitudes (perceptions, thoughts, feelings and
reactions) of people about their body and appearance (Breakey, 1997). The
alterations that can occur to someone’s body, such as a limb-loss, can create
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negative emotional and psychological reactions which lead to a decrease in selfesteem and positive self-image, as the person starts comparing his/her appearance
and capabilities with the one that other people have (Breakey, 1997). Breakey
(1997, p.59) stated that amputees have three images of self that Shontz (1974)
referred to; those of “pre-amputation intact body, the body with the limb loss and
the body image when wearing prosthesis”. According to Shontz (1974), body image
is directly connected to people’s personality and therefore it affects it.
Consequently, in order for an amputee to adjust to his/ her new self and accept the
new body image, the successful incorporation of the prosthesis into his/ her body is
crucial (Breakey, 1997). However, Shontz (1974) pointed out that people body’s
image does not only affect the individuals’ personality and sense of self, but it also
influences their relationships with other people, as appearance is the first thing that
other people see.
According to Charmaz (1995), personal identity is the way that individuals define and
differentiate themselves from others. Researchers support the notion that people
have more than one identity, according to the roles that they are called to play during
their life (Cameron, 2010; Garland-Thomson, 2001; Riddell & Watson, 2003).
Ostrander (2008) highlighted that when a significant fact, such as an amputation or
illness, happens in someone’s life, this fact can trigger the willingness or the need for
the person to re-examine and redefine his/her identity. By referring to Erikson (1963),
he suggested that when individuals cannot redefine and recreate their identity based
on the new circumstances that they confront, they are more vulnerable to negative
feelings, such as depression and anxiety (Ostrander, 2008).
Watson (2002) analysed the role of personal identity in disability studies and
described Oliver’s opinion of the identity of disabled people that they are identified
through key elements; those of presence of an impairment, the experience of
externally imposed restrictions, and self-identification as a disabled person. The result
from Watson’s (2002) study showed that the majority of the participants do not take
into account impairment in the formation of their identities, despite the limitation
that impairment may cause in their daily lives. This was also supported by Bertin who
described that:
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͞
I asked 72 blind ĐŚŝůĚƌĞŶ͙
to say which person they felt was worse off from a

ůŝƐƚ ŽĨ ͚ĐĂŶ͛ƚ ĨĞĞů͕͛ ͚ĐĂŶ͛ƚ ŚĞĂƌ͕͛ ͚ĐĂŶ͛
children were then asked if they had to do without one of the senses listed
(hearing, seeing, smelling, tasting or touching), which one would they choose.
Only 18% of the blind children chose the blind person as being worse off,
compared with 71% of non-disabled children used in the study. In addition, 49%
of the blind children preferred remaining blind rather than losing any other

sense, whilst only 3% of the non-ďůŝŶĚĐŚŝůĚƌĞŶŵĂĚĞƚŚŝƐĐŚŽ
(cited in Deal,
2003, p.905)

These findings show that impairment is not always perceived as a personal tragedy by
the disabled people themselves. Even if the impairment is deemed by other people to
cause oppression to people with disabilities, for them it may be considered as normal
(Hall & Orzada, 2013; Watson, 2002). However, as it has been mentioned, in Bertin’s
study (cited in Deal, 2003) the participants were children and as a result it can be
assumed that their impairment was either congenital, or it happened in the very early
years of their life. Thus, their personality will have been developed based on that and
this may be the reason that the impairment does not seem to affect their identity. In
contrast, when the impairment is caused later on in people’s life, e.g. when they are
adults and have already formed their personality, it can be assumed that this might
alter and affect people’s identity. Therefore, a relationship may exist between
personal identity, the cause of impairment and an individual’s age when the
impairment happens.

2.3.4 Quality of life and well-being
According to the World Health Organization Quality of Life Group (WHOQOL)
(Gallagher & Maclachlan, 2004, p.731), Quality of Life (QoL) is defined as the
perception people have about their status according to the culture and the values in
which they live and regarding their goals, expectations and principles (Asano et al.,
2008; Bosmans et al., 2007). The QoL can be understood with a subjective or an
objective approach (Asano et al., 2008). The subjective approach depends upon the
level of satisfaction that individuals have concerning the expectations and the
achievements of their life (Asano et al., 2008). On the other hand, the objective
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assessment is based on societal standards, as the evaluation of the characteristics in
an individuals’ life is not based on their beliefs or feelings, but on external assessors
(Asano et al., 2008).
One of the most significant indicators to determine the QoL is well-being. Well-being
can be subjective (SWB) or psychological (PWB) (Linley et al., 2009). The SWB
concerns an individual’s emotional condition with respect to the balance that exists
between positive and negative affect, or to a cognitive assessment based on their
judgment regarding the level of satisfaction of their lives (Diener & Suh, 2000; Linley
et al., 2009). Diener and Suh (2000) pointed out that the SWB is a representation of
the judgement of the culture from the perspective of their citizens. Thus, in
individualistic cultures self-esteem constitutes a factor that affects the SWB of
people, whilst in collectivistic countries factors such as the relationship harmony are
considered to be important predictors of SWB (Diener & Suh, 2000). However, a
study of students in the US and the People’s Republic of China showed that there is
an individual variance within cultures with respect to the level of self-esteem and
suggested that individual’s psychological behaviour can differ between the members
of the same culture (Diener & Suh, 2000). Pouliasi and Verkuyten (2011) also
supported this statement and highlighted that this may be because societies are in a
changing phase, because of globalisation and modernisation, and thus these changes
may not influence each part of the population to the same extent. In the two studies
they conducted based on two countries with different cultural contexts (Greece and
the Netherlands), they found that for Dutch people, in order to have high well-being,
personal self-evaluation needs to be high (Pouliasi & Verkuyten, 2011). However,
although Greek participants’ perception and self-evaluation showed important
differences, due to the fact that some parts of the Greek population were collectivist
whilst others had adopted a more individualistic approach, the collective self-esteem
still played an important role for the SWB of Greek people, and this was what
differentiated the two countries. Diener et al. (2003) highlighted that the
investigations that have been done in the area of people’s SWB showed that
demographic factors such as health, occupation etc., did not affect the SWB of people
to a great extent. As a result, it was considered that SWB is most likely connected to
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the personality of the individuals (Diener et al., 2003).
Regarding psychological well-being (PWB), Ryff (1995) suggested that there are
three areas of literature which have been used in order to provide an undertanding
of PWB: those of developmental psychology, clinical psychology and mental health.
However, these theories, as well as their combination, have not impacted the
empirical research on PWB. In his attempt to lead these theories to empirical
studies, Ryff (1995) identified six key dimensions which are common as certain
qualities of human wellness between these theories; those of self-acceptance,
positive relations with others, environmental mastery, autonomy, purpose in life,
and personal growth (see Table 2-3). The studies showed that some aspects of
people’s PWB were affected by their age or gender; aspects such as enviromental
mastery and autonomy presented an increase from young adults to midlife, whilst
aspects such as purpose in life and self-acceptance were in inverse proportion to
age (Ryff, 1995). Another factor that affected the various aspects of people’s wellbeing was culture. According to the results of the studies, people from South Korea
(collectivism) considered aspects such as a positive relationship with others to be
more important, whilst people from the US (individualist) presented a greater
concern regarding self-oriented aspects such as self-acceptance and personal
growth (Ryff, 1995). Nevertheless, although Ryff’s six dimensions are broadly used
by researchers in order to investigate the PWB of people, Linley et al. (2009) and
van Dierendonck (2004) stated that their validity remains under question and
requires further investigation.
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Table 2-3 Analysis of Ryff’s six dimensions regarding psychological well-being (Figure 1, Ryff, 1995,
p.100).
Characteristics of high scorer

Characteristics of low scorer

Self-acceptance:

Posseses positive attitude toward
self; acknowledges and accepts
multiple aspects of self, including
good and bad qualities; feels
positive about the past life

Feels disatisfied with self; is
disapointed with what has
occured in past life; is troubled
about certain personal qualities;
wished to be different on what he
or she is

Positive relations with
others:

Has warm, satisfying, trusting
relationships with others; is
concerned about the welfare of
others; is capable of strong
empathy, affection and intimacy;
understands of give and take of
human relationships

Has few close, trusting relatioships
with others; finds it difficult to be
warm, open and concerned about
others; is isolated and frustrated
in interpersonal relationships; in
not willing to make compromises
to sustain important ties with
others

Environmental mastery:

Has sence of mastery and
competence in managing the
environment; controls complex
array of external activities; makes
effective use of surrounding
opportunities; is able to choose or
create contexts suitable to
personal needs and values

Has difficulty managing everyday
affairs; feels unable to change or
improve surrounding context; is
unaware of surrounding
opportunities; lacks sense of
control over external world

Autonomy:

Is self-determining and
independent; is able to resist
social pressures to think and act in
certain ways; regulates behavior
from within; evaluates self by
personal standarts

Is concerned about the
expectations and evaluations of
others; relies on judgments of
others to make important
decisions; conforms to social
pressures to think and act in
certain ways

Purpose in life:

Has goals in life and a sense of
directdness; feels there is meaning
to present and pas life; holds
beliefs that give life purpose; has
aims and objectives for living

Lacks sense of meaning in life; has
few goals or aims, lacks sense of
direction; does not see purpose in
past life; has no outlooks or beliefs
that give life meaning

Personal growth:

Has feeling of continued
development; sees self as growing
and expanding; is open to new
experiences; has sense of realizing
his or her potential; sees
improvement in self and
behaviour over time; is changing
in ways that reflect more selfknowledge and effectiveness

Has sense of personal stagnation;
lacks sense of improvement or
expansion over time; feels bored
and uninterested with life; feels
unable to develop new attitudes
or behaviors
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2.3.4.1 Investigating the Quality of Life of people with limb-loss
Although an amputation may be an unavoidable aspect of someone’s life, its
existence can have significant consequences on a person’s psychological condition
(Sinha et al., 2011; Desteli et al., 2014; Sansoni, 2014) and lead to the presence of
negative feelings, such as depression and anxiety (Atherton & Robertson, 2006;
Rybarczyk et al., 1995; Sansoni, 2014). Desmond et al. (2012) highlighted that the
way individuals respond to amputation is different and complex and it is affected by
various factors, such as personal, clinical, physical, social and environmental.
Bosmans et al. (2007), through their study of 16 people, found that the level of
independence, the future prospects of their life and their participation in activities
(leisure, occupational etc.) constituted important factors that determine the SWB of
amputees. Deans et al. (2008) aimed to investigate the relationship that exists
between amputees’ QoL and physical activity. Through their study based on
questionnaires (TAPES and WHOQOL-Bref*) to 25 Scottish people with LLA as a
consequence of vascular diseases, Deans et al. (2008) found that although there
was a positive correlation between physical activity and amputees’ QoL, this
relationship was not as strong as they were expecting and highlighted the
importance of social relationships in amputees’ QoL.
Asano et al. (2008) pointed out that the majority of the literature focuses on the
physical aspects of the adjustment to the amputation and only in recent years have
researchers tried to investigate the psychosocial adjustment of people to LLA. In
order to find the factors that can affect the QoL of people with LLA they conducted
a survey based on various questionnaires of 415 people in Canada (Asano et al.,
2008). The results reveal that depression symptoms, the mobility of the prosthetic
limb, social participation, age and comorbidities constitute factors that predict the
perceived QoL of people with LLA (Asano et al., 2008). Sinha et al. (2011)
maintained that the research regarding the multitude of factors that affect the QoL
of people with LLA is limited. By conducting a study with questionnaires (SF-36*) to
184 patients with LLA they found that amputees’ QoL presented lower scores than
These questionnaires are analysed in Appendix A.2.
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able-bodied people (Sinha et al., 2011). Additionally, the physical health aspects of
QoL were correlated with the use of prosthetic limbs, comorbidities and phantom
pain6 (Sinha et al., 2011). A study they conducted three years later with 368 people
with LLA reveal that age, frequent use of prosthetic limbs, and employment were
the most important factors that affected the adjustment to the amputation and the
prostheses; additional factors that could influence the adjustment were those of
gender, comorbidities and the level of amputation (Sinha et al., 2014). Akarsu et al.
(2013) investigated the QoL of 30 war veterans with unilateral or bilateral limb-loss
due to trauma by using various questionnaires (ABIS*, SF-36*, SAT-PRO*). The
results of their study suggested the existence of a positive correlation between the
use of prostheses and QoL, as the QoL of people with unilateral limb-loss who were
more active and motivated was higher (Akarsu et al., 2013).

2.3.4.2 Psychological adjustment to amputation
Rybarczyk et al. (1995) hypothesised that body image and perceived social stigma
would be factors that might affect the psychosocial adjustment of people to LLA.
Through their study with 112 people with LLA they found that these two factors
indeed affected amputees and maintained that the use of prostheses could reduce
the social stigma, as it was more difficult for people to notice the limb absence
(Rybarczyk et al., 1995). However, one of the previous studies they conducted
showed no relationship between amputees’ social discomfort and the functional or
aesthetic characteristics of their prostheses (Rybarczyk et al., 1992). By creating the
amputee body-image scale (ABIS*) questionnaire, Breakey (1997) attempted to
investigate if there was any relationship between the perception of body image and
psychosocial well-being of 90 males who had a LLA due to trauma reasons. The
results of his study showed that there was a relationship between the perception
that amputees with LLA had regarding their body image and their psychosocial wellbeing, whilst there was no significant correlation between body image perception
and age. Holzer et al. (2014) tried to investigate the impact that the amputation had
6

Phantom pain is the pain that the individuals experience from the amputated extremity, or the
feeling of the existence of the missing part of the limb (Pirowska et al., 2014).
These questionnaires are analysed in Appendix A.2.
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to body image, self-esteem and QoL of 298 patients with LLA based on various
questionnaires. The results of the study suggested that the body image perception
and QoL were affected by amputation, whilst the level of self-esteem was
independent of amputation, but seemed to be affected by phantom limb pain.
However, the participants of the study that Holzer et al. (2014) conducted were
people who were in the period immediately after the amputation and before or
during the fitting of their prostheses.
Frank et al. (1984) conducted a study of 66 people with amputations in order to test if
there was any relationship between age and the time that had passed since the
amputation with depression and other negative psychological symptoms. The results
showed that older amputees coped more effectively with the amputation than
younger individuals as the time since the amputation increased. In contrast, in the
case of younger amputees, the greater the time since the amputation, the higher the
level of depression (Frank et al., 1984). Horgan and MacLachlan (2004) conducted a
review regarding the social and psychological challenges that people with LLA faced
and found that increased time since amputation, higher level of social support, higher
levels of satisfaction with the prosthetic limb, lower level of amputation, lower levels
of phantom and stump pain and optimistic personality disposition were factors that
were associated with better adjustment to the limb-loss.
Contrary to the review of Horgan and MacLachlan (2004), Atherton and Robertson
(2006) described clinical reports which indicated that people who had undergone an
amputation felt relief after the operation, especially in the case of amputations as a
result of a chronic conditions, e.g. diabetes or cancer, which negatively impact their
QoL; it was during the later years that their depression increased. The results of a
study showed the levels of people’s depression 17 years after their amputation
reached 28%. However, the results of the study showed that the level of depression
was lower than that of the previous investigations, which may be a result of the fact
that their participants were using prosthetic limbs, which made them more active
than amputees who did not use prostheses (Atherton & Robertson, 2006).
Additionally, their study suggested that the psychological adjustment to amputation
was more difficult for people who presented higher levels of public self-consciousness
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and concern about their physical appearance, as a consequence of the alteration of
their appearance after the amputation, no longer conformed to the standards of
society (Atherton & Robertson, 2006). Unwin et al. (2009) evaluated results from
different questionnaires (TAPES , PANAS, MSPSS) in two different time periods (at the
beginning of the participants’ rehabilitation and after six months of rehabilitation) in
order to examine factors that may affect the psychological adjustment of 99 UK
patients to amputation; results showed no association between phantom pain, age,
gender, level and cause of amputation and amputees’ general adjustment. On the
other hand, positive mood and adjustment to amputation were correlated with social
support and the feeling of hope (Unwin et al., 2009). Washington and Williams (2016)
used interpretative phenomenological analysis to explore the experiences of people
who had undergone an amputation as a result of a chronic disease (vascular disease
and diabetes) and whether amputation had led to poor psychological well-being and
depression. After interviewing six people with LLA, they found that people who have
an amputation for reasons of disease, may feel more prepared than people who have
an amputation because of trauma (Washington & Williams, 2016). However, they
may still demonstrate high levels of anxiety which can be reduced with proper
counselling support (Washington & Williams, 2016). This indicates that cause of
amputation influences the adjustment to the amputation, which is contrary to the
study of Unwin et al. (2009) that shows no association between the cause of
amputation and the psychological condition or the well-being of people.
The theories around people’s well-being suggest that when an incident happens
suddenly in people’s life it affects their SWB indicating that when an amputation
occurs because of trauma, it is likely to affect to a greater extent people’s SWB, than
in case of disease. In the case of disease, the individual is more prepared.
Additionally, as previously mentioned, Atherton and Robertson (2006) also supported
the notion that people who had their amputation because of disease may feel relief
from the passing of a chronic disease; an assumption which is in accordance with the
results of Washington and Williams' (2016) study. Increased levels of anxiety were
also found in the participants who lived alone in the Washington and Williams' (2016)
These questionnaires are analysed in Appendix A.2.
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study, as a consequence of the physical restriction that amputation caused with
performing tasks of their everyday life. Furthermore, the findings of Washington and
Williams (2016) support the findings of previous investigations regarding the
importance of social support and offered the view that after the amputation people
are afraid of the opinions of others, and that stigma increases the rates of depression.
However, although the occurrence of an amputation for accident reasons is a sudden
incident which affects the well-being of the individual, an amputation due to disease
reasons can have considerable consequences, especially in the case of comorbidities,
which can further affect aspects of the individual’s self and health and lead to
recurrent amputations. This is also supported by the investigations of Asano et al.
(2008) and Sinha et al. (2011; 2014) who pointed out that comorbidities are factors
that affect the QoL and the adjustment of people to the amputation.
Durmus et al. (2015) highlighted that there is much research around amputees’ QoL
with respect to negative feelings, such as depression and anxiety, and maintained
that according to the literature, the most important factors that determine the QoL of
people with limb absence are depression, perceived prosthetic mobility and social
support. Nevertheless, as Durmus et al. (2015) pointed out, the research regarding
further psychiatric symptoms that amputees can suffer, beyond those of depression
and anxiety, is limited. Thus, by investigating 104 people, Durmus et al. (2015) tried to
explore whether the psychiatric condition of people with traumatic leg amputation
differed from the psychiatric condition of non-amputated people, and whether the
presence of phantom pain or the use of prosthetic limbs could affect them. The
results suggested that there were no further psychiatric symptoms for participants
with amputation and their healthy controls, except those of anxiety and disturbed
sleep (Durmus et al., 2015). Additionally, no association was found between the
disability-related variables, such as time since amputation, length of prosthetic use
and prostheses satisfaction and psychiatric symptoms (Durmus et al., 2015).
Regarding people with upper limb amputation (ULA), Desmond (2007) tried to
investigate the prevalence of depression and anxiety in 118 elderly males. The
findings showed that there was no correlation between anxiety and depression with
the age or the time that had been passed since the amputation. However, as
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Desmond (2007) stated, the participants were veterans who had suffered a traumatic
amputation with otherwise good health. Thus, the results in the case of people who
had their amputation because of disease may differ and needs further investigation
(Desmond, 2007).
Desteli et al. (2014) referred to four possible factors that could affect the psychosocial
adjustment to amputation: those of prosthetic adjustment, social discomfort,
depression and body image anxiety. Through their study, they tried to investigate the
adjustment of upper versus lower limb amputees to these four factors. As they
pointed out, negative feelings such as depression and anxiety, social discomfort and
body image anxiety were found to affect the psychological well-being of people with
amputations (Desteli et al., 2014). The findings of their study showed that there was a
correlation between the area of amputation and the level of depression and anxiety
people feel, as people with ULA presented higher levels of depression and anxiety
compared to the one with LLA (Desteli et al., 2014). Additionally, depression and
anxiety were found to be correlated with the adjustment of participants to the
prosthetic limb and the restriction of activities (Desteli et al., 2014). Furthermore,
people with ULA appeared to be more concerned regarding their body image in
comparison to those with LLA, and their body image perception was more likely to be
affected by the adjustment of the prostheses regarding the cosmetic appearance;
women were also more concerned than men regarding their body image (Desteli et
al., 2014).

2.3.5 Prosthetic users’ attitudes towards prostheses
Carroll and Fyfe (2004) conducted questionnaires to investigate the satisfaction of
people with Upper Limb Amputation (ULA) towards the different types of
prostheses (silicone rubber and non-silicone). In their study, satisfaction was
measured regarding whether users’ attitudes towards prosthesis appearance were
positive or presented anxienty and depression. The findings of their study showed
that participants who used what they judged to be superior silicone rubber digital
prostheses (findger, thumb, partial hand) had lower rates of anxiety than those who
used non-silicone prostheses (typically made from PvC). Furthermore, they pointed
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out that although there was no statistical significance, participants who used
silicone prostheses appeared to have a better attitude towards their prosthesis than
those who used prostheses made of polyvinylchloride (PVC). Although these results
imply that prosthetic materials may affect users’ perceptions towards their
prostheses, the sample was very small (n=17, 11 participants with silicon hands and
6 with nonsilicon hands) and consequently, the results cannot be generalised.
Kyberd et al. (2007) also investigated the satisfaction of people with Upper Limb
Loss (ULL) towards cosmeses, a term that is used to describe prostheses with a
realistic appearance, and electric prostheses. However, in their study, satisfaction
was assesed based on the qualities of functionality, comfort and daily use of the
prostheses. Their findings indicated that although participants’ satisfaction rate was
high, both groups mentioned improvements could be made to their artificial limbs,
with cosmetic users focusing on appearance, while electric users focusing first on
functionality and range of movement, followed by appearance and reliability
(Kyberd et al. 2007).
Gallagher and Maclachlan (2001) conducted focus groups with 14 lower prosthetic
users to investigate how adults interacted with their prostheses. The qualitative
analysis indicated that prostheses affected participants’ self-image perception,
regading the ‘normality’ of the body and their social interactions, mainly on the way
that others reacted towards their amputation. Murray and Fox (2002) focused on
the relationship between body image and the level of satisfaction of 44 lower limb
users with their prostheses by using three different questionnaires (TAPES*, ABIS ,
MPQ). The results showed that high levels of general satisfaction with the
prostheses lead to lower body image disturbance, whilst gender seems to affect the
kind of satisfaction as men’s body image disturbance decreased when the
functional aspect of their prostheses were satisfactory. On the contrary, women
demonstrated high levels of satisfaction with the prostheses regarding the aesthetic
aspects, leading to lower body image disturbance. Saradjian et al. (2008) conducted
interviews with 11 participants to explore how upper prostheses helped users cope
with the limb-loss. The analysis showed prostheses helped participants maintain a
These questionnaires are analysed in Appendix A.2.

47

‘normal’ idenity by offering a ‘normal’ body appearance and the required
functionality. By referring to Murray's (2004) existence of two main prosthetic
embodiment types, with the first being emotionally connected to users (prostheses
as integrated parts of users’ bodies), whilst the second considered prostheses as
tools that helped them facilitate their activities, Saradjian et al. (2008) pointed out
that users may experience the relationship with their prostheses in both ways, and
highlighted that even if users perceived their prostheses as tools, that did not mean
they undermined their importance in their lives.
Murray (2009; 2005) explored the meanings of prostheses on users’ personal and
social lives, by conducting interviews with 35 participants. The findings showed that
prostheses had an important role in participants’ identities, as they helped them
perform the required activities. Additionally, the results revealed that prostheses
satisfied different purposes, with respect to their appearance; cosmeses were found
to be used mainly to hide the limb-loss or complete users’ body-image to reduce
stigmatisation. Contrarily, participants who focused on functionality perceived the
appearance of their prostheses as less important; therefore, they preferred to use
prostheses with higher funcitonality, e.g. body-powered, although they were more
obvious, since their design did not imitate the appearance of human limbs. In some
cases, participants also emphasised the visibility of their prostheses to question the
notions around disability (Murray, 2009).
Christ et al. (2012) tried to understand the needs of 65 amputees with Lower Limb
Amputation (LLA) with respect to their prostheses and hypothesised that the level
of amputation would affect users’ level of satisfaction, with respect to prosthesis
functional characteristics, as they were expecting that users with transfemoral
amputation to have higher demands from their prostheses. Although the findings of
their study suggested that there was a lack of satisfaction regarding various aspects,
such as fitting, standing, walking or sitting, they showed that there was no
difference in the satisfaction level of participants with transfemoral amputation and
those with other lower limb amputations; a result contrary to Christ’s et al. (2012)
hypothesis. Nevertheless, their findings focused only on functional characteristics of
prostheses and did not take into consideration aesthetics. The study that Cairns et
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al. (2014) conducted on 153 amputees’ satisfaction, with respect to their cosmetic
prostheses, showed that the majority of amputees with LLA were not satisfied with
the cosmetic prosthetic limbs they used, with respect to colour, shape and
touch/feeling, pointing out the significance of improving users’ satisfaction with the
appearance of their prostheses as a factor that would increase their psychological
well-being and help the acceptance of the device. The findings of Schaffalitzky et al.
(2009) on users’ preferences towards prostheses highlighted the importance of
understanding the needs, desires and preferences of each user individually, to
increase their satisfaction as each user focused on different features of prostheses.
For instance, a female participant rated functional prostheses (body-powered)
highly regarding their functionality, but low concerning their appearance. These
results were in line with those of Desmond et al. (2012) which highlighted
individuals’ complexity in coping with amputation. As a result, Schaffalitzky et al.
(2009, p.164) highlighted that prosthetic users “need to be thought of as consumers
who have preferences and expectations of the product or device they wish to use”.
Undestanding the reasons of users’ dissatisfaction can have a decisive role on the
improvement of users’ relationships with their prostheses and therefore, their wellbeing.

2.4 Discussion
Regarding the different factors that can affect people’s attitudes towards people
with disabilities, the findings in the literature suggested that stigma is the most
important factor, as it can lead to the categorisation of people into desirable and
undesirable groups. Therefore, stigma can lead to the marginalisation and isolation
of the undesirable groups and the creation of negative feelings which can impact
social life and identity. Stigma can also derive from the stereotyped views that
societies have. The stereotyped views of able-bodied people towards people with
disabilities is a result of people’s tendency to not treat each person differently, but
to generalise and homogenise their experiences based on the experiences they may
have had with only a small number of people. However, it can be assumed that
stigma could be eliminated by changing the negative attitudes of people towards
those who present a difference into positive ones. The investigations that have
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been conducted on the attitudes of people towards people with disabilities showed
that culture and the type of impairment are two other important factors that affect
society’s attitudes; the lower the level of preference towards a kind of impairment,
the more difficult it will be for the person who has this type to be accepted by
society. Furthermore, the literature shows that the culture people are surrounded
by is something that they learn during their lives and affect to a great extent the
beliefs, perceptions and behaviours that they have.
There are two theories that can be used in order to study culture. The first is by
dividing it into High Context (HC) and Low Context (LC) societies (Hall, 1984), and
the second one is by using Hofstede’s (1980) five Cultural Dimensions of societies.
These two different theories present similarities with respect to social interactions.
Various investigators have used these theories to research the attitudes of people
in HC/LC cultures and/or individualistic/collectivist societies towards people with
disabilities. The findings of the studies showed that culture affects the attitudes of
people to a great extent; more specifically, people from individualistic societies or
LC countries present more positive attitudes towards people with disabilities than
those of people from collectivistic societies or HC countries and therefore, stigma is
higher in HC rather than in LC countries.
Although amputation may be mandatory in someone’s life, it is a devastating
process that affects to a great extent the psychological condition and the lives of
patients. People’s perception of their body image changes after amputation, and
gender is a variable that affects body image, as women are more worried about
their body image than men. Furthermore, people need to change and to recreate
their identity, in order not to develop depression and anxiety. However, studies
show that often people do not take into account impairment in the formation of
their identities. Finally, Quality of Life (QoL) is another factor that can be affected by
the amputation, as studies show that QoL of people with amputation is lower than
that of able-bodied people.
Regarding the needs people with limb-loss have, with respect to their situation, the
literature shows that type, cause and area of limb-loss are variables that affect the
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prostheses that people can use and the needs that they may have. Not only does
the cause of limb-loss influence the prosthetic limb people can use, but it can also
affect their adjustment and acceptance of their situation. More specifically, some
studies suggest that people who undergo an amputation for reasons of disease may
feel more prepared for amputation and therefore, accept it more readily than those
who had the amputation because of trauma reasons because of its suddenness.
However, in the case of those who had an amputation as a consequence of disease,
the further impact of comorbidities can negatively affect their QoL and create
negative feelings towards their prostheses. Regarding the area of limb-loss, Upper
Limb Loss (ULL) can affect people’s psychological condition and their social life more
than those with Lower Limb Loss (LLL), as ULL is more easily noticeable. However,
prosthetic limb use is important for people to reduce social stigma and increase
their QoL. Finally, the type of amputation determines whether people are able to
use prostheses and the prostheses that they can use, as in many cases, the type of
limb-loss allows only the use of specific types of prostheses, e.g. in the case of
forequarter limb-loss the use of body-powered prostheses is not feasible.

2.5 Conclusions
In the Introduction of the chapter, five questions (see Section 2.1, Ch2/ Qs.1-5)
were presented to be answered through the literature search. The key insights
derived from the literature search of these areas are summarised below.
The key insights based on the literature, questions on the user’s environment are:
Ch2/Q.1: There are three main factors that can affect people’s attitudes
towards people with disabilities; stigma, culture and the type of impairment. The
findings of previous studies showed that limb-loss is less acceptable than other
impairments which are less visible.
Ch2/Q.2: Culture plays an important role in the formation of people’s
attitudes towards people with disabilities; people from LC/ individualistic
cultures present more positive attitudes and they can accept more easily people
with disabilities, rather than those from HC/ collectivistic cultures, as in the
latter, stigma has a greater influence.
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Ch2/Q.3: There are two ways that are used in social science to study culture;
Hofstede’s (1980) five cultural dimensions of societies, and Hall’s (1984) HC and
LC cultures. However, the two theories present similarities regarding people’s
social interactions.
The key insights based on the literature concerning users are:
Ch2/Q.4: Amputation is a devastating process that can affect to a great
extent not only people’s physical condition, but also their psychological
condition, since it can influence their body image perception, identity and quality
of life.
Ch2/Q.5: Many prosthetic users are not satisfied with the prostheses they
have. This happens mainly because people with limb-loss present different needs
that are affected by various factors, such as the cause and the type of limb-loss
or gender. Their needs towards prostheses are also affected by these factors.
Nevertheless, the use of prosthetic limbs is important as it can increase their QoL
and reduce social stigma.
In Section 2.1 it was also suggested that the insights of the literature questions
regarding the user’s environment address the second research objective (Figure 2-2).
As it appeared from the insights of the literature questions, culture affects to a great
extent people’s attitudes; people in LC cultures can more easily accept people who
present a difference than those in HC cultures as they try to preserve the group
harmony. Therefore, in LC cultures, people with disabilities experience lower levels of
stigma. However, as pointed out, stigma is not only experienced by the individuals
who present a difference but can also spread to people who are close to them, such
as the members of their family (stigma by association). Since people in HC cultures
develop strong bonds with the members of the group, stigma by association will be
more intense in HC rather than in LC cultures. Consequently, it is appeared that in HC
societies, people with disabilities and their families will be more stigmatised than
those in LC societies and therefore will experience greater social marginalisation and
potentially higher levels of depression, as they will be less socially acceptable.
Additionally, in the literature it is suggested that people whose impairment is more
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easily visible are less accepted by the members of society. Consequently, it is more
difficult for people with upper limb-loss than for those with lower limb-loss, to be
accepted by society, as lower limb-loss is less visible and these difficulties will likely be
even higher for those who live in HC rather than LC cultures due to the higher levels
of stigma.
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3. Literature: Part II – Emotional-driven design of

prostheses
In Chapter 2, the relationship of users with their environments was analysed. The
findings of the literature suggested that people’s attitudes towards people with
limb-loss are negative, as a consequence of stigma, which can be more easily spread
in High Context societies than in Low Context societies. Additionally, the literature
research on users’ lives suggested that the needs of people with limb-loss vary, as a
result of the different characteristics that each user has; the most important of
those are the cause and type of limb-loss, and gender. However, previous studies
highlighted the importance of using prostheses as the means that can increase
users’ quality of life and reduce social stigma.
As a continuity of Chapter 2, this chapter presents the literature in the third area of
investigation; the product (prosthetic limbs). The purpose of conducting a literature
research on this area is explained, and the questions that need to be answered, in
order to address to the first objective of the Ph.D., are presented. The chapter
finishes with a discussion section, relating to the findings of the literature regarding
the area of investigation, followed by conclusions where a summary of key insights
is presented that address the questions of the chapter.
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3.1 Introduction
This chapter focuses on the third area that needs to be investigated; that of product
and more specifically, prosthetic limbs. However, since the PhD research focuses on
the way that an emotionally-driven design of prostheses could affect users’ lives
and their interactions with societies, the theories in the area of design for emotion
need to be presented and analysed (see Figure 3-1). Therefore, the chapter is
separated into two main sections:
3.2: Design for emotion
3.3: The product: prosthetic limbs

Figure 3-1 Interaction between the three areas of investigation; Environment (society) – Users
(people with limb-loss) – Product (prostheses).

In the literature review the answer to the following question regarding the area of
design for emotion is being sought:
Ch.3/Q.1: What are the models that are used when designing for emotion,
and which model is the most appropriate for the purpose of this Ph.D. research?
The literature review in this chapter is trying to answer to the following questions
regarding the product:
Ch.3/Q.2: What are the main roles of prostheses?
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Ch.3/Q.3: How has design for emotion been applied in case of prostheses?
Figure 3-2 depicts how the literature review in this chapter addresses the chapter
questions and the first and fourth objectives (Objs.1,4).

Figure 3-2 An overview of how the questions of the chapter are linked with the Objectives and the
Research Questions of this PhD.

3.2 Design for emotion
In Chapter 1, the shift into a pleasure-based design approach, beyond product
functionality and usability, was introduced. In line with that, Desmet and Hekkert
(2007, p.57) stated that a shift has emerged, in the area of user-centred design from

“ƚŚĞ ƵƐĞƌƐ͛ ďĞŚĂǀŝŽƵƌ ĂŶĚ ĐŽŐŶŝƚŝŽŶ ƚŽ ƚŚ
involvement in) the human-product interaction”, and pointed out that in the area of
psychology, the terms affect or affective state are referred to users’ subjective
experiences. Hekkert (2006) and Desmet and Hekkert (2007) identified three levels
of product experience: those of aesthetic pleasure (aesthetic experience),
attribution of meaning (experience of meaning) and emotional response (emotional
experience). Although these three levels of product experience can be
distinguishable, emotional experiences can also derive from aesthetic experience
and experience of meaning (Hekkert, 2006; Desmet & Hekkert, 2007). Based on
these three levels, Schifferstein and Hekkert (2007, p.2) defined subjective product
experience as:
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͞ƚŚĞ ĂǁĂƌĞŶĞƐƐ ŽĨ
effects ƚŚĞ
elicited byƉƐǇĐŚŽůŽŐŝĐĂů
the interaction with a
product, including the degree to which all our senses are stimulated, the
meanings and values we attach to the product, and the feelings and emotions
ƚŚĂƚĂƌĞĞůŝĐŝƚĞĚ͟

Experience Design includes emotions: investigating the specific emotions that a
product elicits in both users and non-users, can give detailed information about the
overall product experience. In this PhD the investigation of users’ experiences with
their prostheses play an important role in the choice of the methods and the
theoretical frameworks, as well as the structure of the studies. However, although
the research includes Experience Design, it has been framed as Design for Emotion
for two reasons. The first is that according to the literature, the major theoretical
strands in the area of expressive prostheses come from the areas of psychology,
sociology and fashion, which is inseparably linked with emotional design (Sansoni et
al., 2014; Hall and Orzada, 2013; Norman, 2004). The second reason why the
research has been framed as Design for Emotion is because its main focus is on
emotions; the aim is not to investigate people’s overall experiences with
prostheses, but to explore in-depth and locate the specific emotions elicited by the
design of prostheses.
The initial keywords and the research terms that were used in Google Scholar,
Scopus, Mendeley and Web of Science were: design for emotion; emotions;
emotional design; emotion theory; emotion-driven design. Another search was
conducted by using the following keywords derived from the papers of the initial
search: design for well-being; appraisal components; human-product interactions;
negative emotion; design approach; positive emotion; pleasantness; positive
design; mixed emotions; pleasure; experience design; product experience.

3.2.1 Emotions and their importance in design process

According to van Gorp and Adams (2012, p.21) “ŵŽƚŝŽŶŝƐĂƚĞƌŵƚŚĂƚ
to refer to a number of different responses. What we normally refer to as emotion or
emotions are really a number of different mental and physical states. Each of these
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states has different characteristics and different effects on how we invest attention,
make decisions, behave, and express ourselves”.
Desmet (2012, p.2) identified a typology of twenty-five positive emotions, clustered
into nine categories, as a “repertoire of positive human emotions” in humanproduct interactions, based on an overview of emotion words that were reported in
previous emotion studies. However, as he pointed out, in many of these studies,
words that are not emotions were included. Therefore, he considered as emotions
only words that present internal mental states; non-mental and external states that
describe physical and bodily states, e.g. sleepy, were excluded from the study
(Desmet, 2012). By using a semi-structured componential analysis, Desmet (2012)
clustered 150 emotion words into categories, based on three discriminating
features; those of appraisal (the cognitive component of the emotion), arousal (the
bodily component of the emotion) and thought-action tendency (the motivational
component of the emotion). “Emotions that were evoked by similar appraisals were
clustered unless there was evidence that they differ in terms of arousal or in terms of
associated thought-action tendencies” (Desmet, 2012, p.5). Based on that, twentyfive main emotion types were identified, which clustered into nine categories as
presented in Table 3-1.
Table 3-1 General Typology of 25 Positive Emotions (Adjusted by Figure 1 in Desmet, 2012, p.4)

Empathy

Sympathy, Kindness, Respect

Affection

Love, Admiration, Dreaminess

Aspiration

Lust, Desire, Worship

Enjoyment

Euphoria, Joy, Amusement

Optimism

Hope, Anticipation

Animation

Surprise, Energised

Assurance

Courage, Pride, Confidence

Interest

Inspiration, Enchantment, Fascination

Gratification

Relief, Relaxation, Satisfaction

Similarly, Table 3-2 presents the general typology of thirty-six negative emotions
identified by Fokkinga (2019). Therefore, as the literature shows that emotion is a
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generic term, and various words can be considered as emotions (Desmet, 2012), in
this thesis only the words that are presented in Table 3-1 and Table 3-2 will be
considered as emotions and thus, will be explored in the studies.
Table 3-2 General Typology of 36 Negative Emotions (Adjusted by Fokkinga, 2019)

Personal provocation

Anger, Indignation, Resentment

Agitation

Annoyance, Dissatisfaction, Frustration

Antipathy

Contempt, Hate

Repulsion

Disgust

Unmotivation

Boredom, Reluctance

Misfortune

Sadness, Disappointment, Pity

Social hurt

Loneliness, Rejection, Humiliation

Painful desire

Longing, Envy, Jealousy

Self-blame

Guilt, Regret

Social failing

Shame, Embarrassment

Concrete threat

Fear, Startle, Worry

Ambiguous threat

Anxiety, Distrust

Uncertainty of action

Doubt, Nervousness, Insecurity

Helplessness

Distress, Desperation

Overwhelm

Confusion, Shock

Desmet (2001; 2002), Norman (2004), Demirbilek and Sener (2003), Khalid and
Helander (2006), and van Gorp and Adams (2012) highlighted the importance of
emotions in people’s lives; they influence the decisions that people make, the
memories they have and the meanings that they assign to their experiences and the
things with which they interact. In their daily life, people use countless of products
to facilitate their activities (Coates, 2003; Schifferstein & Desmet, 2010); through
this use people interact with the products and develop relationships which result in
the creation of various emotions (Schifferstein & Desmet, 2010; van Gorp & Adams,
2012). When the emotions that are assigned to products are considered as positive,
people want to buy and use the products, as products create pleasure for them. On
the other hand, when the interactions with the products are negative, this can
prevent people from buying or using the products. Desmet and Dijkhuis (2003)
pointed out that finding the specific emotions that are elicited by a product is
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significant in the design process; nevertheless, it is more interesting and important
to understand the reasons that these particular emotions are elicited. Therefore,
the interpretation of emotions is essential.

3.2.2 Models of Emotional Design
Various models have been created to help and guide designers on how to design for
emotion. However, according to Demir et al. (2009), Desmet (2010; 2011; 2012) and
van Gorp and Adams (2012), the three most known and used frameworks are the
Four Pleasures (Jordan, 2000), the Appraisal Theory (Desmet & Hekkert, 2001) and
the Three Levels of Emotional Processing (Norman, 2004) which are presented
below.

3.2.2.1 Four Pleasures
Jordan (2000, p.12) described pleasure as “the emotional, hedonic and practical
benefits associated with products”. Hedonic benefits are related to the sensorial
and aesthetics pleasures that are derived from products, whilst practical benefits
are related to the way the products perform; finally, emotional benefits are related
to the way the products affect user’s mood (Jordan, 2000). Based on the framework
of the anthropologist Tiger (1992), Jordan (2000) introduced the four different types
of pleasures as a consequence of users’ interactions with products; those of
physical, social, psychological and ideological.
x Physio-pleasure is the pleasure that is generated by the sensorial organs; for
instance, it can be elicited by the materials of a product (touch, smell, vision).
x Socio-pleasure is the pleasure that is generated by users’ interactions with
other people or the society in which users live and as a result, it can affect
users’ social identities. As Jordan (2000, p.13) pointed out, “issues such as

ƐƚĂƚƵƐĂŶĚŝŵĂŐĞŵĂǇƉůĂǇĂƌŽůĞŚĞƌĞ͙
interaction by being talking points in themselves”.
x Psycho-pleasure is the pleasure that is generated by the cognitive and
emotional reactions of people when they interact and experience a product.
When a product performs more easily user’s needs and does not create
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difficulties in the way it functions, this product will create more pleasure and
more positive emotions than a similar product which does not perform well.
x Ideo-pleasure is the pleasure that is generated by people’s values. According
to Jordan (2000), this type of pleasure is also related to the way that products
affect aesthetically the environment they are in.
As Jordan (2000) highlighted, the model of four pleasures does not explain why
people experience pleasure and therefore, it does not constitute a theory of
pleasure; it can only be used as a tool which presents, explains and informs
designers about the way that pleasure can be elicited in various aspects of products
usage and their interactions with people.

3.2.2.2 Appraisal Theory
According to Desmet et al. (2001), in order for an emotion to be triggered, a
stimulus needs to exist. Stimuli can be either external, like people, objects etc. or
internal, such as a feeling or a memory (van Gorp & Adams, 2012). Nevertheless, in
both types of stimuli, the emotional responses are internal. Although the external
characteristics of stimuli, e.g. the colour or the size of a product, affect the way
people receive them and the way they represent them in their minds, the emotions
are elicited by the meanings that people assign to them (Desmet et al., 2001;
Demirbilek & Sener, 2003; Khalid & Helander, 2006; van Gorp & Adams, 2012).
Therefore, Desmet et al. (2001) pointed out that a stimulus can elicit emotions in
people only when they evaluate that the stimulus will help them achieve a concern.
Based on that, Desmet and Hekkert (2001) proposed the Model of product emotion
that is depicted in Figure 3-3 and shows that emotional responses can derive from
three different types of emotional concern; those of goals, standards and attitudes.
According to Desmet et al. (2001, p.35), “Goals are the things we want to see
happen… Standards are our beliefs, norms or conventions of how we think things
ŽƵŐŚƚƚŽďĞ͙
Attitudes, finally, are our dispositional likings or dislikings”. The goals
people have are related to their personal well-being, whilst the standards are
socially learned and mainly related to general beliefs that exist in society; finally,
attitudes are directly related and evoked by the stimulus (Desmet et al. 2007).
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Therefore, in order for designers to know what emotions can be elicited by
products, it is essential to understand users’ concerns (Desmet et al., 2001).

Figure 3-3 Model of product emotion proposed by Desmet and Hekkert (2001); Desmet et al.
(2002, Figure 1, p.34)

These three types of emotional concerns (goals, standards, attitudes) that are
mentioned in Figure 3-3 are also referred to as the three types of appraisals or the
three main emotional forces (Desmet, 2010; 2011). As Desmet (2010; 2011)
explained, there are three main types of appraisals; the usefulness, the rightfulness
and the pleasantness. The usefulness (goals) is related to whether an event can help
someone achieve a goal, whilst rightfulness (standards) is associated with whether
an event helps someone meet his standards; pleasantness (attitudes) refers to
whether something creates plesantness (Desmet, 2010; 2011). Desmet et al. (2001;
2011) pointed out that people’s emotional concerns are different because of the
goals, standards and attitudes they have and the way they appraise them.
Figure 3-4 depicts an example of the application of Desmet and Hekkert’s (2001)
model (Figure 3-3) to the topic of this thesis, in the case of the stimulus being a
realistic prosthetic limb. Based on the model, one of the goals that the prosthetic
user may have is to participate in social activities. As he may live in a society where
people with disabilities are stigmatised and marginalised, the standards that he may
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have are to use a prosthetic limb that is designed to be realistic in order to conceal
the limb-loss. However, his attitudes towards realistic limbs may be negative as he
may dislike the silicone cover that has been used. Therefore, the appraisals of the
product (stimulus) will be considered as negative and will evoke negative emotions.
Nevertheless, the appraisals of another user towards the same product may evoke
positive emotions if the user had exactly the same goals and standards, but the
opposite attitude towards silicone covers (likes the material and appearance).

Figure 3-4 An example of the Model of product emotion proposed by Desmet and Hekkert (2001)
on the topic of this thesis in case of the stimulus being a realistic prosthetic limb; Adapted by
Desmet et al. (2001, Figure 1, p.34)

Appraisal Components
Demir et al. (2009, p.41) stated that “a product appraisal is an automatic

ĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞĞĨĨĞĐƚŽĨĂƉƌŽĚƵĐƚŽŶ
-being”. When the evaluation is
considered as having positive effects, then the emotions that are elicited are
pleasant. On the other hand, when the evaluation is considered to have negative
effects, then the emotions that will be elicited are unpleasant. Demir et al. (2009)
identified seven similar appraisal components from the research of various theorists

63

on componential7 appraisal models which are described in Table 3-3; those of
motive consistency, intrinsic pleasantness, expectation confirmation, agency,
standards conformance, coping potential and certainty.
Table 3-3 Appraisal Components based on Demir et al. (2009, pp.43-44)

Motive
Consistency:

It is relevant to users’ desires and the extent to which a situation or a
product is appraised as being consistent or not with them. Demir et al.
(2009, p.43) highlighted that “Although this component is capable of
informing why a particular situation triggers a positive or a negative
ĞŵŽƚŝŽŶƐ͙
it is too general to be of help in identifying the particular aspects
that bring up the emotion”.

Intrinsic
Pleasantness:

It is related to the sensorial pleasantness of products.

Expectation
Confirmation:

It is related to the expectations that people may have regarding the
outcome of an event or an aspect of a product.

Agency:

It is related to the question of ͞ǁŚŽ;ŽƌǁŚĂƚͿŝƐƌĞƐƉŽŶƐŝďů
ƐŝƚƵĂƚŝŽŶ͙/ĨŽŶĞďĞůŝĞǀĞƐƚŚĂƚŚĞŽƌƐŚĞ
ĞǀĞŶƚ͙ƚŚĞŶƐĞůĨ
-conscious emotions such as pride or shame are likely to
occur” (Demir et al., 2009, p.43)

Standards
Conformance:

It is related to the question “How does this situation related to social norms
ĂŶĚƐƚĂŶĚĂƌĚƐ͍͟
(Demir et al., 2009, p.43)

Coping Potential:

It is related to the possibility that a person can have of altering the harmful
aspects of a situation.

Certainty:

It is related to the extent to which a person is about an event or the use of a
product.

The appraisal components can elicit various emotions. For instance, Demir et al.
(2009) investigated how the four emotions reported most often by participants
were elicited with respect to the appraisal components; those of happiness/ joy,
contentment/ satisfaction, anger/ irritation, and disappointment/ dissatisfaction.
The results of the study showed that happiness/ joy were elicited by motive
consistency, certainty and intrinsic pleasantness appraisals (Demir et al., 2009).
Similarly, the emotions of contentment/ satisfaction were related to motive
consistency and expectation confirmation (Demir et al., 2009). Anger/ irritation
were elicited when standards conformance was being violated and agency was

7

Componential appraisal is the second approach that is used in order to describe appraisals and
refers to appraisals that can be described “in terms of several questions, each focusing on different
aspect of the situation” (Demir et al. 2009, p.42)

64

responsible for the creation of the emotions, whilst disappointment/ dissatisfaction
were elicited by expectation disconfirmation (Demir et al., 2009). According to
Demir et al. (2009, p.50), these findings “can be used to reformulate design goals.
Specifically, design for emotion can be reformulated in terms of design with the
intention to activate or prevent activation of appraisals”.
Six Sources of (Positive) Emotions in Human-Product Interactions
By using an online questionnaire, Desmet (2012) investigated whether and how the
25 positive emotions that were presented in Table 3-1 could be experienced in the
interaction of people with products. The analysis of the experience of the emotions
regarding participants’ interaction with products led to the creation of six sources
analysed in Table 3-4, through which positive emotions were evoked; those of
object, meaning, interaction, activity, self and others (Desmet, 2012). The findings
of the study suggested that people experience various emotions when they interact
with products and the frequency of experience varies (Desmet, 2012).
Table 3-4 The Six Sources of (positive) Emotions in Human-Product Interactions (Desmet, 2012)
Object:

Products as such elicit emotions. The emotions are evoked by the product’s
appearance.

Meaning:

Emotions are experienced in response to meanings associated with or symbolised
by a product. Designed objects often represent or symbolised intangible values or
beliefs. Products can become symbols.

Interaction:

People interact with products to fulfil needs or achieve goals. The emotion is evoked
by how the product responds to the user when he/she is using it.

Activity:

Products are instruments that are used to enable or facilitate activities. Individuals
respond emotionally to these activities because they have concerns related to the
activities. The emotion is not directed towards the product.

Self:

The products that we use are part of our social identity. Products are extensions of
the owners and they affect an individual’s self-perception and how he is perceived
by others. People are emotionally about the effects of their products on their
identity.

Others:

The emotion is evoked by other people. Interactions with other people are
influenced or facilitated by products.

3.2.2.3 Three Levels of Emotional Processing
Coates (2003), Norman (2004) and Khalid and Helander (2006) referred to two
states of mind, those of cognition and affect, as the two systems that can interact
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and complete each other. Cognition is the interpretation of the world, whilst affect
is the evaluation and therefore, affect includes emotion (Norman, 2004). According
to Norman (2004), there are three levels of emotional processing, based on the way
that the brain of humans and other living creatures performs: those of visceral,
behavioural and reflective.
Visceral
The visceral level is almost the same to all people, as it is related to the basic
instincts and the primitive parts of the brain. At a visceral level, rapid judgments are
made and people’s impressions about products are formed. Therefore, as the
visceral level is pre-conscious, visceral design is associated with the initial impact
that is caused by the appearance of the products; the level of attractiveness they
have. Norman (2004) stated that when people judge products as pretty, these
judgments derive from the visceral level.
Behavioural
The behavioural level is more complicated than the visceral and includes people’s
routine operations, such as driving a car. Therefore, behavioural design is related to
the use and experience of products. As Norman (2004) pointed out, product
experience is affected by the four components of behavioural design: those of
function, understandability, usability, and physical feel of the product. People’s
experiences, education and culture play an important role in this level.
Reflective
The reflective is the last and most complicated level, as it is the only one that is
associated with cognition and therefore, it affects to a great extent people’s
thoughts and emotions. Norman (2004) stated that reflective design is related to
people’s self-identities and the meanings people assign to products and it
determines people’s overall impression regarding the product. As with the
behavioural level, the reflective level is also affected by people’s experiences,
education and cultural views.
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Figure 3-5 shows how the three levels interact with each other. When the
interaction starts from the visceral level, it is called bottom-up and it is driven by
perception, whilst when the interaction starts from the reflective level is called topdown and is driven by thought. As it can also be seen from Figure 3-5, the visceral
and behavioural levels refer to the emotions and the experiences that are caused by
the products people are using in the present, whilst the reflective level is related to
past and future memories and experiences and as a result, it creates long-term
relationships.

Figure 3-5 The Three Levels of Emotional Processing based on Norman (2004)

3.2.3 Emotional meanings of products
Gorp and Adams (2012, p.26) stated that emotional responses are conscious; they
can be triggered by “conscious evaluations and appraisals”, and therefore are
subjective and can alter. However, they can also be unsconsious; triggered
automatically. In that case, they are objective and more consistent. The way people
experience emotions is a result of the combination of the two dimensions of
emotions; those of value, wich is based on mental judgemnts about how pleasant
an object is and can be conscious or unconscious, and arousal, which is the level of
physiological stimulation (Gorp & Adams, 2012, p.31).
Gorp and Adams (2012) conducted a literature review and categorised different
emotions to create a diagram that could help designers understand better how
emotions could be triggered, based on the levels of pleasantness and arousal they
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have (see Figure 2.13, Gorp & Adams, 2012, p.37). Similarly Ortiz et al. (2014)
conducted a study, where 59 participants were asked to evaluate the pleasantness
and arousal of the 25 positive emotions in human-product interactions defined by
Desmet (2012), and developed a diagram (see Figure 2, Ortiz et al., 2014, p.224)
which presented the 25 positive emotions in groups regarding these two
dimensions of emotions. As Ortiz et al. (2014, p.225-226) stated “The results of this
study offer designers the option of focusing on emotions that are high or low in
arousal when they are attempting to design an exciting or calm experience͙ƐǁĂƐ
identified in this study the most pleasant emotions involve median and high
arousal”.
All products, through their appearance, make statements and communicate
meanings to people, not only about the products as such, but also about their users,
such as the users’ age, gender, social class, and occupation (Bloch, 1995; Coates,
2003; Demirbilek & Sener, 2003; Sethna & Blythe, 2016). Sethna and Blythe (2016)
stated the importance of the connection of products with people by saying that in
many cases, the way people define themselves is through the possesion/ use of
products. People ascribe different emotional meanings to the products they use,
which are not only affected by the physical appearance and the characteristics of
the products, but also by the goals that people are able to achieve with them
(Coates, 2003; Demirbilek & Sener, 2003; Gorp & Adams, 2012). Gorp and Adams
(2012) pointed out that in some cases, the emotional meanings of the products can
be more important than their functional meanings.

3.2.3.1 Emotional meanings: culture
Bloch (1995), Demirbilek and Sener (2003), and Khalid and Helander (2006)
highlighted that the meanings people ascribe to products are affected by the
culture in which people live. More specifically, as Demirbilek and Sener (2003,
p.199) pointed out, “The cultural backgound influences what users look for in a
product and how they interpret the product”. Bloch (1995), Norman (2004), and
Khalid and Helander (2006) highlighted that the characteristics products have, e.g.
colour, material, may be appropriate for one culture, but may be unattractive or
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offensive to another culture, for instance with respect to the stereotypes, beliefs,
and religion of the culture. Therefore, designers need to adapt the design to fit to
each culture. As Bloch (1995) stated:

͞DĂƌŬĞƚĞƌƐ ĂŶĚ ĚĞƐŝŐŶĞƌƐ ĂůƐŽ ƐŚŽƵůĚ ƌĞĐŽŐ
class, age, region, and ethnic subcultures in the creation of design preferences.
Different market segments can have substantially different tastes because of

ƚŚĞŝƌƐƉĞĐŝĨŝĐĂƐƐŽĐŝĂƚŝŽŶǁŝƚŚǀĂƌŝŽƵƐŐƌ
(p.22)

Jordan (2000), based on Hall’s (1984) theory about High Context (HC) and Low
Context (LC) societies that was analysed in Section 2.2.3, explained the way culture
affects the process and the design characteristics of products by giving various
examples, such as household products. As Jordan (2000) pointed out, in the LC
societies of Northern Europe, household products may have more intense colours in
order to create the feeling of pleasure and joy to women. On the other hand, in HC
societies of Southern Europe, the design of such products may be more austere, as
household tasks for the women in these societies have an important role.
De Mooij and Hofstede (2011) pointed out that the emotions people experience
and the way they may display them are affected by the culture in which people live.
For instance, they stated that people in collectivistic societies do not recognise fear,
whilst people in individualistic societies express more intensely the emotions of
happiness and surprise. Mesquita (2001) and Kitayama et al. (2006) had also argued
that the existence of a relationship between culture and the emotions people
experience by saying that in collectivistic societies, the evoked emotions are related
to people’s relationships with others, whilst in individualistic societies, the emotions
that are elicited are relevant to people’s subjective self.

3.2.3.2 Emotional meanings: attention
Sethna and Blythe (2016) pointed out that a stimulus can be anything that can
capture people’s attention. van Gorp and Adams (2012) highlighted the importance
of attention as a factor that may play a decisive role in the decision of whether
people will focus on or ignore a product. Therefore, the appearance of a product is
immediately connected to attention, since it is this that will define whether the
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interaction between the users with the products will start (van Gorp & Adams,
2012).
Attention is affected by emotional affect and there are two dimensions of attention;
voluntarily and captive, which can be affected by the value and arousal, the two
dimensions of emotions. van Gorp and Adams (2012, p.66) states that “because
arousal is largely unconscious, it provides an especially powerful channel for
designers to influence behaviour by commanding attention. When the level of
arousal increases, the focus of attention narrows and goes to whatever is causing
the stimulation, moving it to front of the mind”.

3.2.4 Design for emotion: positive and negative emotions
Desmet (2012) indicated that generally, the emotion typologies that exist classify
emotions into three levels. In the first level (superordinate), emotions are broadly
separated into pleasant and unpleasant. The second level (basic) presents main
emotions, such as fear, love, surprise, whilst the third level (subordinate) presents
more detailed emotions “such as (for anger) fury, irritation, resentment and rage”
(Desmet, 2012, p.2). Yoon et al. (2016, p.1) highlighted the importance of Emotional
Granularity, a component of emotional intelligence which refers to “the extent to
which an individual can precisely and specifically interpret and articulate their own
ĂŶĚŽƚŚĞƌ͛ƐĞŵŽƚŝŽŶĂůƐƚĂƚĞƐ
”. Therefore, emotional granularity can help designers
comprehend the specific emotions that can be elicited to users by the design of
products during the whole process of product development. Yoon et al. (2016)
stated that it is more difficult for people to understand, distinguish and interpret
the various positive emotions that they feel as compared with the negative ones.
They maintain that negative emotional granularity can be as important as positive
emotional granularity in understanding users’ demands and desires. Table 3-5
presents the importance of emotional granularity in understanding the specific
effects each emotion has. Although admiration, inspiration, pleasant surprise,
fascination, and contentment are all positive emotions, whilst sadness and anger
are negative emotions, they affect differently users’ interactions with products.
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Table 3-5 Examples of the effects of various emotions on users’ interactions with products based
on literature
Emotions

Effects on users’ interactions with products

Admiration:

Involves a social standard, that is, a standard of behaviour (Desmet &
Dijkhuis, 2003)

Inspiration:

Infuses a user with new and creative thoughts, facilitating a shift in
perspective (Yoon et al., 2016)

Pleasant Surprise:

Pulls a person’s attention towards a product, leading to increased product
recall and recognition (Yoon et al., 2016)

Fascination:

Creates the urge to explore, which is aimed in increasing knowledge of the
target of interest (Desmet, 2012)

Contentment:

Prompts individuals to savour their current life circumstances and recent
successes (Desmet, 2012)

Sadness:

Makes people passive and reflective (Fokkinga & Desmet, 2014)

Anger:

Makes people more active and assertive (Fokkinga & Desmet, 2014)

Desmet and Pohlmeyer (2013) highlighted the importance of positive emotions on
users’ subjective well-being in long term and pointed out that in the literature it is
suggested that subjective well-being includes affective and cognitive components.
The majority of the literature in the area of emotions focuses on the investigation
and comprehension of negative emotions (Schifferstein & Desmet, 2010). According
to Schifferstein and Desmet (2010), there are two main reasons for which the focus
on unpleasant emotions exists; firstly, unpleasant emotions tend to last longer than
the pleasant emotions, and secondly, unpleasant emotions are usually associated
with important problems that people or societies encounter and which need to be
confronted. Schifferstein and Desmet (2010, p.1104) pointed out that “if it is not
possible to discard, ignore, or replace the product, the contribution of the negative
emotions to the total emotional experience can be reduced by focusing on the
positive emotions that are elicited by the same product”.
Although most of the times designers try to avoid evoking negative and unpleasant
emotions in users, in some cases, the creation of negative emotions is considered to
be desirable for the users’ interaction with specific products (Fokkinga & Desmet,
2012b; 2013). A common example where the creation of unpleasant emotions is
desirable, is in case of fire alarms, the noise of which needs to be intense in order to
create unpleasant emotions for people, e.g. annoyance, fear, worry, and therefore,
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force them to evacuate the building. However, in some other cases, negative
emotions can also create pleasantness; an example where negative emotions, e.g.
fear, worry, anxiety, create pleasantness in people is the case of horror movies. Van
Gorp and Adams (2012) referred to the level of performance based on the stress
levels and arousal (Figure 3-6). As Figure 3-6 depicts, stress can increase the level of
performance (eustress); however, if the arousal continues increasing, then stress
has negative effects on people’s performance (distress). Based on that, and the
example of the horror movies, it could be assumed that negative emotions can
create pleasantness; nevertheless, when arousal continues increasing, this would
create unpleasantness to people and therefore, would lead them to abandon
watching the movie.

Figure 3-6 Eustress and distress (adapted by van Gorp & Adams, 2012, p.38)

Accordingly, Fokkinga and Desmet (2012a) suggested that negative emotions are
not always unpleasant and pointed out that there are mainly two reasons why
people may want to experience negative emotions. The first reason is because
people expect that the completion of the activity will have a beneficial purpose to
them, although it might cause negative emotions, or that the experience of the
negative emotions will make positive emotions more pleasant (Fokkinga & Desmet,
2012a). The second reason suggested is that there is a protective frame around the
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negative emotions that people experience, which makes the experience pleasant,
without decreasing or erasing the negative emotions. Additionally, Fokkinga and
Desmet (2012a) explained that since the existence of the protective frame is a
psychological construct, the factor that will determine if the experience of the
negative emotions is pleasant is whether the person feels that they are safe, and
not if he/ she is actually safe.

3.2.4.1 Mixed emotions
By using phenomenology as a research method, Fokkinga and Desmet (2012b)
investigated how different aspects of people’s life can evoke mixed emotions.
Mixed emotions are defined as “an affective episode in which a person feels one or
more emotions of both valences (positive and negative) at the same time, which are
phenomenally still distinguishable, and in reaction to the same situation or object”
(Fokkinga & Desmet, 2012b, p.2). Through interviewing ten Dutch people Fokkinga
and Desmet (2012b) found that the way mixed emotions can be elicited is
separated into four categories; those of unrelated emotions, ambiguous emotions,
positive effect on negative emotions, and negative effect on positive emotions.
In the first category, although the mixed emotions were elicited by the same
product, the stimuli which evoked them were different (e.g. different aspects of the
product) and therefore there was no common relationship between the emotions
(Fokkinga & Desmet, 2012b). An example of the elicitation of mixed emotions in the
topic of this thesis would be in case of a user experiencing both annoyance and
confidence with the prosthetic limb that he/ she uses; although the product is the
same, the stimuli are different. The feeling of annoyance may be evoked by the bad
fit of the socket, which can create problems to the user’s residual limb; however,
the user may also experience confidence at the same time, since wearing the limb
improves his body image. In the second category, the emotions are intertwined and
were elicited by the same stimuli (Fokkinga & Desmet, 2012b). Fokkinga and
Desmet (2012b, p.8) pointed out that “In these cases, it is more important how a
person mentally approaches such a stimuli ʹas a threat or an opportunity, which
determines the experiential outcome”. For instance, when a person has a limb
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amputated due to cancer, and the amputation was the only way to survive cancer,
he/ she may experience anger and sadness because the loss of the limb, and at the
same time feeling relief and happiness because he/ she is not ill anymore. In both
emotions, the stimulus is the same: the amputation of the limb.
In the third category, the elicitation of negative emotions has positive effects on
user’s experiences, attitudes or behaviour and consequently, evokes positive
emotions (Fokkinga & Desmet, 2012b). In this case, Fokkinga and Desmet (2012b,
p.12) highlighted that “Certain negative emotions can help people to realise that
importance of something which can be useful in design for behavioural change”. An
example of this category is in the case of an amputee, who lives in a very traditional
society where people with amputation are marginalised and have no rights, decides
to wear a prosthetic limb with a provocative design with the objective of creating in
people intensely strong reactions. In that case, society may react in a negative way
towards the amputee and he may experience negative feelings, such as humiliation,
rejection and embarrassment. Nevertheless, in the future, maybe this action will
result in a change of society’s attitudes towards amputees to a positive one. This
change will create positive emotions to the amputee such as pride and satisfaction.
Finally, in the last category, negative emotions evoked as a consequence of the
elicitation of positive emotions (Fokkinga & Desmet, 2012b). For instance, a
prosthetic limb user may experience happiness, joy, and fascination as a
consequence of a new prosthetic limb with great functionality that he has just
bought, but after thinking of his friend, who is an amputee too and cannot afford to
have a prosthesis, he may experience guilt and regret for the money he has been
able to spend on his.

3.2.5 Tools used in the field of Designing for Emotion
According to Desmet et al. (2000) and Chhibber (2007) there are various tools that
can be used to assess the design of products. These tools can be separated into two
broad categories (Desmet et al., 2000); those of psychophysiological (e.g. eyetracking instruments that detect changes of pupil size, or functional Magnetic
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Resonance Imaging equipment for neural analysis), and self-reported, e.g. nonverbal or verbal tools that assess the design by using various point scales.
In both categories there are disadvantages: for instance, psychophysiological tools
cannot distinguish the emotions that are elicited and, in order for a change in the
body to happen, arousal needs to be very high (Desmet et al., 2000). On the other
hand, verbal self-reported measures are more subjective and frequently, the data
are biased, as it is difficult for people to describe and verbalise their emotions
(Desmet et al., 2000).

3.2.5.1 Eye-tracking
Eye-tracking is a technique that is related to people’s gazing behaviour as it
observes and measures the movements of the eyes when people receive a stimulus
(Rebollar et al., 2015; Vu et al., 2016). There are various parameters that can be
used in order to measure different data such as first fixation, fixation duration,
saccades etc. (Kukkonen, 2005; Rebollar et al., 2015; Garza et al., 2016; Vu et al.,
2016). According to Kukkonen (2005, p.4) fixations are “the moments when the eyes

ĂƌĞ ƌĞůĂƚŝǀĞůǇ Ɛƚŝůů ĂŶĚ
whilst saccades
ĨŽĐƵƐĞĚ
͞ĂƌĞ
ŽŶ
ƌĂƉŝĚ
Ă ĐĞ
movements between fixations, during which the brain does not receive visual
information from the eyes”. Guo et al. (2016, p.231) defined first fixation as “the
time from the start of the product displayed until the participant fixated on the area
of interest (AOI) for the first time”. Another factor that can be measured by using
eye-tracking techniques is pupilometry which is the variation in pupil size (Carbon et
al., 2006; Ho & Lu, 2014; Guo et al., 2016).
A brief description of the theory of visual attention
In a historical review of visual attention, Duchowski (2017) referred to two initial
views of visual attention. The first that was developed by Helmholtz in the 19th
century, defined visual attention as a mechanism of visual perception which
identifies the spatial locations of the eye movements on the stimulus; the where of
visual attention (Duchowski, 2017). On the other hand, James’ view of visual
attention defined visual attention as an internally covert mechanism which is
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relevant to the meaning or expectation of viewer’s focus of attention; the what of
visual attention (Duchowski, 2017). According to Duchowski (2017), both views are
related to a bottom-up (exogenous) or feature-driven process of visual attention.
Theeuwes (2010), Awh et al. (2012), Orquin and Mueller Loose (2013), and Rebollar
et al. (2015) stated that in the bottom-up process viewer’s attention is affected by
external factors, such as the stimulus salience. For instance, in the case of looking at
a painting, the viewer’s attention will focus on the area which is much brighter than
the others. However, Duchowski (2017, p.5) highlighted that the where and what
views of visual attention (bottom-up) are incomplete as “visual attention cannot
simply be explained through the sole consideration of visual features”. Theeuwes
(2010) pointed out that a bottom-up process can also occur when the viewer’s
attention is driven by factors other than the salience that the stimulus has, such as
its emotional content or previous experiences.
In contrast to the bottom-up process which is exogenous, there is the top-down
process or goal-driven, which is endogenous, and it is affected by the goals and the
intentions of the viewer (Theeuwes, 2010; Awh et al., 2012; Orquin & Mueller
Loose, 2013). For example, viewers use a top-down process of visual attention
when they try to find an object that has a spherical shape between objects with
cubic shapes. However, in some cases, it is difficult to distinguish the two processes.
The study of Theeuwes (2010) showed that in the beginning (<150 ms), viewer’s
visual selection follows a bottom-up process which is affected by the features that
the stimulus has and after, the top-down process starts (>150ms) based on the
viewer’s voluntary control of his attention with respect to his goals. Awh et al.
(2012) stated that people’s visual attention is not a dichotomous process shared
between the bottom-up and top-down process, which is affected only by stimulus
saliance or the viewer’s goals, but there is a third control process; that of selection
history.
Nevertheless, as the aim of the section is just to analyse eye-tracking techniques in
order to understand how eye-tracking can be used as a tool for assessing the design
of products by recording people’s visual attention, the processes of visual attention
will not be reviewed further.
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Examples of the application of eye-tracking
Ju and Johnson (2010) used eye-tracking to explore the extent to which women look
at the models in advertisements in an attempt to understand the extent to which
social comparison affects women. The results of the study they conducted on 80
young female students showed that the model attracts most of participants’
attention in both gaze duration and number of eye fixations (Ju & Johnson, 2010).
Garza et al. (2016) used eye-tracking techniques to explore which physical
characteristics of the female body attract people’s attention. The study consisted of
two parts where 51 participants had to rate women’s attractiveness. The findings
indicated that people’s attention is usually more focused on the upper part of
female’s body, and females whose skin is lighter attract people’s attention for a
longer time period.
Eye-tracking techniques have also been broadly used in the field of marketing and
consumer behaviour to investigate how packaging design affects people’s buyer
behaviour. In order to establish which elements of the layout of a chocolate
package affect people’s impulse buyer behaviour, Rebollar et al. (2015) conducted a
study with 216 participants which consisted of two cases. In the first case, a
rectangular-shaped pack was designed which had three distinct design elements:
the logo, a picture of the biscuits and the weight and calorie content of the biscuits
(Rebollar et al., 2015). In the second case, the design of the package had a
rectangular shape and four design elements appeared on it; the brand name, the
logo, a picture of the snack, and the weight and the calories of the snack (Rebollar
et al., 2015). The findings revealed two main patterns of viewings; the first followed
the order of surface size that the elements had, whilst the second was relevant to
the Western reading system based on which people usually first look the upper left
of the picture (Rebollar et al., 2015). However, their study only examined the
surface area of the visual elements without taking into consideration other visual
salience factors that can affect the behaviour of the users’ eye movements such as
colour, contrast and brightness (Rebollar et al., 2015).
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In the area of product design, Kukkonen (2005) used eye-tracking to explore
whether there is a connection between people’s preferences, people’s gaze on
products and the appearance of these products so as to develop a methodology for
studying the perception of design products. The stimuli of the study were five
mobile phones; each one was paired with each of the others and participants had to
evaluate the phones (Kukkonen, 2005). A questionnaire was also given to the 28
participants after the completion of the eye-tracking where participants had to
answer a number of demographic questions and to mark the positive and negative
details of the phones in scores from one to ten (Kukkonen, 2005). The findings of
the study showed a connection between participants’ gaze and design evaluation as
the more preferred phones attracted the participants’ attention for longer time
period. Carbon et al. (2006), by focusing on eye movements and pupillometry,
investigated innovativeness in the design as a predictor of attractiveness by using as
examples eight different drawings of car interior designs. The study was separated
into two phases; in the first one, participants had to rate the drawings while
physiological measurements of their eyes were conducted, whilst in the second
phase participants were asked to rate the same drawings that were used in phase
one regarding the attractiveness and the innovativeness in dichotomous questions
(yes/ no). Phase two was intended to verify the results of phase one. The results of
the study, which was conducted on 16 participants, showed variations of
participants’ eye pupils according to the design innovation of the car interiors, as
the size of the pupils became bigger in the view of highly innovative or complex
designs (Carbon et al., 2006).
Ho and Lu (2014) point out that the research that exists on the way eye pupils
respond to various stimulus is controversial. Thus, the aim of their study was to
identify whether there are pupil size variations in the evaluation of the design of
everyday products (Ho & Lu, 2014). The study consisted of two categories of
stimulus; 48 pictures were chosen from the International Affective Picture System
(IASPO) database which illustrated people, animals, objects and scenes and 48
images of products that were chosen from websites (Ho & Lu, 2014). The images
were separated into three equal categories; pleasant, neutral and unpleasant (Ho &
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Lu, 2014). After investigating 28 students with two years of design experience they
found that viewers’ emotional responses towards the appearance of products can
be determined by the size of their pupils, with negative products causing smaller
pupil variations than the ones that are caused by the view of positive or neutral
products (Ho & Lu, 2014). Guo et al. (2016) used eye-tracking in order to explore
users’ experience before the purchase of products. The stimuli were smartphones
and the images were taken from websites (Guo et al., 2016). The study was based
on two tasks; in the first, a pair of two images of smartphones were depicted with
higher and lower levels of user experience when participants had to evaluate them
in a pre-study. In the second task, six pairs of pictures appeared and participants
had to evaluate each pairwise and choose the one with the higher level of user
experience with respect to usability, aesthetics, attractiveness and intention to
further experience (Guo et al., 2016). By investigating 26 Chinese students they
found that visual attention needs to be considered in the evaluation of products
with eye-tracking techniques as pupil size and the time users look at products
change when there are goal-oriented stimuli (Guo et al., 2016). However, the
relationship between design features and eye-movement was not investigated (Guo
et al., 2016)

3.2.5.2 Neural Analysis
In the literature, it is identified that it is very difficult for researchers to investigate
people’s emotions and their appreciations of aesthetics. This difficulty has attracted
the attention of many neuroscientists and neuropsychologists to study and try to
identify the areas of brain that can be affected by beauty or ugliness in order to
manage to identify the factors that contribute to defining an object as beautiful or
ugly.
Examples of the application of neural analysis
Cinzia and Vittorio (2009), in their review, mentioned various studies that used
functional Magnetic Resonance Imaging (fMRI) equipment to investigate the
neurals of the human brain that are correlated with aesthetic appraisal and beauty.
Neuroscientists showed participants various paintings to find the areas of brain that
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are activated when participants viewed and perceived the various paintings as
beautiful or ugly (Cinzia & Vittorio, 2009). The findings of the studies suggest that
the activation of different areas of the human brain, with respect to participants’
perception of a painting as beautiful, neutral, or ugly. Other studies showed that
participants presented a greater preference towards representational rather than
abstract paintings (Cinzia & Vittorio, 2009). In the study Cinzia and Vittorio (2009)
conducted, they showed participants four pictures from two canonical sculptures
and the same with modified dimensions, and by using fMRI equipment in order to
record participants’ brain activity they found that stronger activity occurred in the
insula when the subjects were just observing the sculptures, which as they believe is
the occasion when the brain responds most spontaneously. In their conclusions,
they highlighted that there is an “overt neural link between aesthetic and emotion
showing that at least at basic levels of processing, aesthetic preference is mediate
by core emotion centres, namely the insula and the amygdala” (Cinzia & Vittorio,
2009, p.686).
As Cela-Conde et al. (2011) pointed out, neuroaesthetics has helped researchers to
identify areas in human brain that respond to aesthetic appreciation. A part of the
brain which is responsible for the emotional processes is the amygdala; however,
the investigations that were conducted did not identify adequate activity on the
area of amygdala, but this may be a result of the difficulties that the spheroid shape
of the amygdala creates in detection from the equipment (Cela-Conde et al., 2011).
Nevertheless, as it was highlighted, defining the factors and the parts of the brain
that affect people’s appreciation of aesthetics is not a simple process, as people’s
aesthetic appreciation is affected by various other variables such as social,
educational, cultural, biological etc., and consequently is a result that derives from
various psychological processes (Cela-Conde et al., 2011).
Contrary to previous investigations, in which researchers tried to investigate the
activation of the human brain whilst viewing paintings and other art works, Yeh et
al. (2015) tried to identify the areas of the human brain that are activated when
people view objects of everyday life, such as a cup or a watch. In order to conduct
their study, Yeh et al. (2015) showed ninety pictures of everyday products as stimuli
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to thirty college students who were aged twenty to twenty-nine looking at the brain
using an fMRI scanner. The pictures that were presented to the thirty students were
pictures that had been selected by other participants from 412 pictures of everyday
products. Participants had to rank the aesthetic judgement and the aesthetic
emotion of the ninety pictures by using three-point scales: ugly-medium-beautiful
and negative-neutral-positive respectively. The findings of their study suggested
that subjective and normative beauty, as well as the positive emotion activated the
Anterior Cingulate Cortex (ACC) (Figure 3-7) which shows the importance of ACC in
the aesthetic appreciation of products (Yeh et al., 2015). Furthermore, the findings
showed that the arousal of positive emotions activates different neural mechanisms
of the brain than the negative emotions do. More specifically, as Yeh et al. (2015)
pointed out, subjective beauty and positive emotions activated the right ACC; in
contrast, subjective beauty and negative emotions activated the praecuneus (Figure
3-7), a part of the brain that is responsible for emotional and memory-related
processes, as well as aesthetic experiences. Finally, the findings showed that the
insula was activated in the participants’ brain in the case of pictures that were
considered as ugly. According to Yeh et al. (2015), this supports previous
investigations which suggested that insula is related to the process of emotions. As
they maintained, “the subjective beauty and normative beauty pertaining to
everyday designed products share certain neural substrates, but subjective beauty
seemed more strongly associated with past experiences and personal emotions,
which suggest that when designing a product, creating systems that adapt to
cultural norms and personal experience are required to maintain the balance
between typicality and novelty of a product over time” (Yeh et al., 2015, p.159).

81

Figure 3-7 Areas of human brain activation. The picture depicts the parts of the brain that are
activated in the view of everyday products with respect to the various feelings that participants
feel towards the design and appearance of the products based on the findings of the study that
Yeh et al. (2015) conducted.

3.2.5.3 Product Emotion Measurement Instrument (PrEmo)
One of the non-verbal self-report tools that has been used to investigate different
emotions evoked by products is the Product Emotion Measurement Instrument
(PrEmo) which was developed by Desmet et al. (2000; 2003). PrEmo consists of
twelve cartoon animations which depict different emotions by using facial, bodily
and vocal expressions; six of the emotions are positive and six are negative (see
Figure 3-8). When participants choose an emotion, a five-point scale appears (‘I do
not feel this’ to ‘I do feel this strongly’) where participants need to evaluate the
extent to which they feel the emotion that is expressed by the cartoon animation
(PrEmo, 2018).
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Figure 3-8 Cartoon Animation of Product Emotion Measurement Instrument (PrEmo, 2018)

Application of Product Emotion Measurement Instrument in Product Design
Desmet et al. (2000) used PrEmo to investigate the emotions that the design of five
different Japanese cars evoked. The results of the study with fifteen students
showed that cars can elicit mixed emotions; “as products are often complex objects,
different aspects of their design will elicit different emotions” (Desmet et al., 2000,
p.114). By conducting a study in Japan and the Netherlands, and investigating the
emotions that were evoked by the design of six other cars, Desmet (2003) found
that some of the cars mainly evoked positive emotions, some others negative, and
others evoked both positive and negative. Additionally, culture seems to affect
users’ emotions towards cars, as in some cases, the Japanese ranked more pleasant
emotions than the Dutch participants. In the same year, Desmet and Dijkhuis (2003)
used PrEmo to explore the emotions that were evoked by children’s wheelchair
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users and their parents towards the design of six commercial wheelchairs. The
findings of the study showed that children’s emotions differed from those of
parents. Additionally, some of the wheelchairs that were depicted appeared to
evoke mainly positive emotions, whilst others negative, and some of them evoked
both positive and negative. Desmet and Dijkhuis (2003) pointed out that by knowing
participants’ concerns towards the stimuli (wheelchairs) and the emotions that
evoked, designers can understand the reasons (why) each emotion is elicited and
therefore, better understand users’ concerns and needs. As a result, designers can
design more suitable and pleasant products for them. Desmet et al. (2007) used
PrEmo to investigate the ‘wow experience’ and subsequently apply the findings to
the design of a mobile phone. Although the ‘wow experience’ is not considered as
an emotion, it is related to the emotions of pleasant surprise, satisfaction and
desire. Based on the findings from the evaluation of the design of ten mobile
phones and the level of wow experience they elicited, as well as the information
regarding participants’ goals, values and attitudes towards mobile phones, Desmet
et al. (2007) designed and prototyped a mobile phone the evaluation of which
showed that it presented the highest rate of ‘wow experience’.
Evaluating Product Emotion Measurement Instrument
Desmet (2003) pointed out that one of the advantages that PrEmo has is the fact
that it can be used cross-culturally; people need to report the emotions that are
elicited by the stimuli by using the cartoon animations, instead of verbalising the
emotions and therefore, the data can be more subjective in comparison to verbal
self-report tools. Another advantage that PrEmo has is the fact that more than one
emotion can be chosen, which is important since studies showed that products can
elicit mixed emotions.
Contrary to the advantages, a limitation that PrEmo has is the fact that participants
are asked to evaluate the design and report the emotions that are elicited based on
illustration of stimuli and not the actual products. As a result, there is a chance that
the image of a product will evoke different or less intense emotions to people than
those that would be evoked by the physical product; additionally, through images,
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participants are not able to use the product, something that can affect to a great
extent the emotions that are elicited by people’s interaction with products. Finally,
PrEmo presents only twelve emotions and as a result, designers need to evaluate
the appropriateness of these emotions to the specific stimulus and adjust them
before using the tool.

3.2.5.4 RealPeople
Chhibber (2007) developed RealPeople (Figure 3-9), a tool (DVD based resource)
which can be used in the initial stages of the design process to help designers
understand how products can elicit pleasure in users by providing information from
a large number of real users. Various questionnaires and interviews were conducted
with designers for the development of RealPeople which used the structure of
Jordan's (2000) framework of four pleasures (Porter et al., 2005a; 2005b). As Porter
et al. (2005b) and Chhibber (2007) clarified, RealPeople has adopted a humancentred approach, in comparison with other existing tools, and has a product focus
approach.
Designers choose the type of product or the individual and specify the gender, age
group and income they are interested in. As a result, participants who do not meet
the specifications fade to enable designers to choose from the participants who
present the required characteristics (Porter et al., 2005a; 2005b). Figure 3-9 depicts
an example of a home page on RealPeople for an individual. As can be seen, the left
side of the home page presents a summary of individual’s information and offers to
the designers the possibility to access the other pages. When designers choose the
page they want to learn more, the information appears on the right side, in the
form of text, images or short videos.
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Figure 3-9 RealPeople: An example of an individual’s home page and the information regarding her
style choice (left), whilst on the right, it appears the same individual’s home page with the lifestyle
information (Porter et al., 2005)

The results of the interviews with the designers showed that although users’
pleasure is very important, designers do not know how to design in order to
increase pleasure and mainly focus on physio-pleasure without taking into
consideration socio-pleasure, psycho-pleasure or ideo-pleasure. Therefore,
RealPeople was designed to inform designers about other aspects of users’ pleasure
needs. However, Porter et al. (2005a) pointed out that some of the designers who
participated in the studies brought to the surface concerns regarding the
disadvantages of inappropriate use of the tool in the designing process; designers
may focus only on certain individuals or base their decisions on only users’
information that is provided by the tool.

3.3 The product: prosthetic limbs
This section of Chapter 3 focuses on prostheses. The aim was to research the
prostheses that already exist in the market and categorise them into different
groups according to the role they have in users’ lives. Additionally, the new
advances in the manufacture of prostheses are also indicatively presented, in order
to explain their contribution to the design process and the creation of emotionallydriven prosthetic limbs.
The initial keywords and the research terms that were used in Google Scholar,
Scopus, Mendeley and Loughborough University Library were: prosthesis; prosthetic
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devices; artificial limbs; prosthetic limbs. The following keywords, derived from the
papers that were found in the previous search, were also used: additive
manufacturing;

myoelectric;

cosmesis;

body-powered;

prosthetic

design;

conventional prosthesis; alternative prosthesis; aesthetics; prosthetic components

3.3.1 The types of prosthetic limbs & prosthetic components
The different types of prosthetic limbs that already exist in the market are
indicatively presented, separated into two broad categories. The first category is the
conventional prostheses, which consists of various types such as cosmeses, bodypowered etc., and are the prosthetic limbs which are used by the majority of people
with limb-loss; the second category is alternative prostheses.
Figure 3-10 depicts the main components of an upper prosthesis for below elbow
users; those of the socket, the wrist unit and the terminal device (National
Academies of Sciences, Engineering, and Medicine, 2017). The purpose of the
socket is to connect to the users’ residual limb with the prosthesis and as it needs to
fit exactly to the users’ residual limb, it is custom made. The wrist unit has two
functions; to connect the terminal device to the socket, and to offer user some
movements of the terminal device. Finally, the terminal device can be either a
prosthetic hook or a hand.
Figure 3-11 (a) depicts the main components of a prosthetic limb for below knee
users; those of the socket, the rotation adapter, the pylon, the footshell and the
foot (Ossur, 2018). As in the case of upper prosthesis, the purpose of the socket is
to connect the user’s residual limb to the prosthesis. The socket is bespoke to fit
precisely to the user’s residual limb. The foot tries to imitate the function of the
natural foot to facilitate the user with walking. The foot “is responsible for
absorbing the shock generated by impact on the ground due to the absence of
muscles from the amputated limb, and it should also help the user walk more easily
by returning the energy generated by the impact of walking” (Ossur, 2018). Figure
3-11 (b) illustrates the main components of a prosthetic limb for above knee users;
those of the socket, the rotation adapter, the knee, the pylon and the foot (Ossur,
2018). The knee tries to imitate the function of a natural knee. The design of the
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knee is important as the use of an inappropriate knee may cause problems to the
user, or even result to users’ fall.

Figure 3-10 Upper prosthetic limb components (picture adjusted by Otto Bock HealthCare GmbH,
2018a)

Figure 3-11 Lower prosthetic limb components: a) Below knee prosthesis (picture adapted by Otto
Bock HealthCare GmbH, 2018b); b) Above knee prosthesis (picture adapted by Otto Bock
HealthCare GmbH, 2019)

88

3.1.1 Conventional prosthetic limbs
One type of conventional prosthetic limbs is that of cosmeses or cosmetic prostheses
(Fraser, 1998; Bicchierini et al., 2005; Kyberd et al., 2007; Cordella et al., 2016). This
term is usually used to describe artificial limbs that are passive and their design
imitates natural human limbs in terms of form and aesthetics (Figure 3-12). In some
cases, these prostheses are also referred to as realistic prostheses (de Oliveira
Barata, 2013; Sansoni, 2014). Usually, cosmetic prostheses are made of silicone
rubber, but they can also use non-silicone materials, such as polyvinylchloride (PVC)
(Carroll & Fyfe, 2004). Sansoni (2014) identified that most of the existing literature
regarding cosmetic prostheses focuses on upper limb-loss. This happens probably
due to the anecdotal view that as cosmeses are passive, they are not suitable for
people with lower limb-loss as they cannot offer functionality.

Figure 3-12 Realistic prosthetic limb. (left): Realistic prosthetic limb for upper limb-loss made of
silicone. Designed in 2013 by Sophie de Oliveira Barata (The alternative limb project, 2018); (right):
The Dream Skin prosthetic limb for lower limb-loss by Fillauer Company (Fillauer, 2018).

Regarding the functionality of cosmeses for upper limb-loss, Fraser's (1998) study
suggested that there are people who use cosmetic prostheses for functional
reasons, in order to perform simple daily activities. The functional use of passive
cosmetic prostheses for upper limb-loss also appeared in the findings of the study
that Kyberd et al. (2007) conducted, as some participants answered that
functionality is an important area that they would like to be improved. Østlie et al.
(2012) tried to measure the usefulness of different types of prostheses for upper
limb amputation. The results were in accordance with Frasher’s (1998) findings and
showed that cosmeses appeared to be unsuitable for performing tasks that require
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great functionality such as gripping items, personal hygiene, heavy household or
leisure activities. However, they were useful for satisfying aspects of everyday life
that were more relevant to social interactions, such as using them to participate in
school or work, and improvement of appearance by giving a normal body image,
and to improve gesticulation (Østlie et al., 2012).
In the literature review, regarding the needs of upper limb users, Cordella et al.
(2016) separated the prosthetics for upper limb-loss into two broad categories, the
passive and the active. The passive prostheses were then separated into cosmeses,
which focus on aesthetics, and functionality, which could operate very specific tasks
relevant to work or sports. The active prostheses were also separated into two
categories, body-powered and externally powered prostheses, which consisted of
the myoelectric and the electric. From the five types of prostheses (cosmetics,
myoelectric, body-powered, aesthetic, hybrid) that Østlie et al. (2012) investigated,
myoelectric (34%), body-powered (30%) and cosmetics (23%) were the most
popular. Carey et al. (2015) and Ayub et al. (2016) also pointed out that in people
with upper limb-loss the most popular prostheses are myoelectric and bodypowered prosthetic limbs, which is contrary to the findings of the study of Kyberd et
al. (2007), who found that cosmetic prostheses were the most popular prostheses
amongst their participants. Nevertheless, it is important to observe that the study
of Kyberd et al. (2007) was conducted almost a decade before the studies of Carey
et al. (2015) and Ayub et al. (2016), when the technological capabilities of artificial
limbs were less developed. Thus, as the technology and functionality of prostheses
becomes more advanced, there is an opportunity for more and more people to
prefer to use functional prostheses.
Body-powered prosthetic limbs (Figure 3-13, left) operate by the power of the
muscles of the residual limb or the shoulder joint and are more suitable for people
who deal with heavy and demanding work (Carey et al., 2015; Ayub et al., 2016). On
the other hand, myoelectric prostheses (Figure 3-13, right) operate with the help of
electrical signals that are generated by the muscles of the user and are externally
powered (Ayub et al., 2016). Carey et al. (2015) pointed out that investigations on
myoelectric prostheses showed that users mentioned greater social interaction
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than those with body-powered prostheses, most likely due to the design of
myoelectric prostheses which is closer to the natural form of a human limb.
Additionally, myoelectric prostheses require smaller amounts of force from the
muscles than body-powered prostheses (Ayub et al., 2016). In the research of Østlie
et al. (2012), both body-powered and myoelectric prostheses were ranked highly in
the useful scale. However, according to Zuniga et al. (2015; 2017) and Gretsch et al.
(2016) the most important disadvantages of myoelectric and body-powered
prostheses are that they are very heavy and expensive. Finally, Ayub et al. (2016)
and Brown et al. (2017) pointed out that another disadvantage of myoelectric
prostheses, which is the inadequate sensory feedback to the wearer.

Figure 3-13 Functional prosthetic limbs for upper limb-loss. (left): Body-powered prosthetic limb
for upper limb-loss (Otto Bock HealthCare GmbH, 2018a); (right): bebionic Hand designed by RSL
Steeper (Otto Bock HealthCare GmbH, 2017).

Regarding prosthetic limbs for lower limb amputation, the most popular for belowknee limb absence are passive prostheses (Grimmer, 2015). People with below-knee
limb-loss usually wear prosthetic limbs that consist of the socket, the pylon and the
foot (Figure 3-14, left). In case of above-knee limb absence, the design of
prostheses becomes more complicated, since the primary aim is to restore the
functionality that a biological knee offers. Powered active prosthetic limbs (Figure
3-14, right) offer functionality and can imitate to a great extent the movement of a
natural human limb during various activities, such as walking, climbing stairs,
running etc.
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Figure 3-14 Functional prosthetic limbs for lower limb-loss. (left): Prosthetic limbs for below-knee
limb-loss (Otto Bock HealthCare GmbH, 2018b); (right): The RHEO Knee for above the knee limb-loss
(Össur, 2018).

3.3.1.2 Alternative prosthetic limbs
In Section 1.1.2.1, the idea of the creation of prosthetic limbs where the aim was to
express and highlight the identity of the user, was introduced, as an example of an
attempt to change the design of conventional prostheses by increasing the level of
their emotionally-driven design. Similar to Pullin’s (2009), Mullin’s (2009),
Vainshtein’s (2011) and de Oliveira Barata’s (2013) attitudes that were analysed in
Chapter 1, regarding the transformation of prosthetic limbs from traditional medical
products to fashionable accessories, were the beliefs of the industrial designer
Aviya Serfaty (Kim, 2010) who designed the ‘Outfeet’ (Figure 3-15); a prosthetic leg
for women with below-knee limb-loss. While she was studying, Serfaty (Kim, 2010)
identified that there was a gap in the market area of prostheses which was
restricted largely to mainly two basic types, the cosmeses and the conventional
functional prostheses consisting of a steel pylon that creates a visual deformity as it
ignores the natural form of the human body.

Figure 3-15 Prosthetic leg with cover designed by Aviya Serfaty (Kim, 2010) for female users in
order to transform prostheses into fashionable accessories.
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In 2008, the combination of 3D-scanning, Computer-Aided Design and Additive
Manufacturing (also known as 3D-printing) led the industrial designer Scott Summit
to start designing prosthetic covers (also called fairings) for amputees that could be
placed on their existing prosthetic legs and increase their well-being, by highlighting
their unique identity. By scanning the amputee’s healthy leg, and mirroring the
virtual model, Summit (2011) created 3D-printed prosthetic covers that fitted
exactly to the wearers’ prosthesis and as a result, recreated the symmetry of the
body (Figure 3-16). Summit (2011) believed that as prostheses are placed on the
human body, they need to be an extension of wearer’s identity. Thus, the design
process of prostheses should not be focused on the mass production of various
demographic groups, but on an individuals’ identity by having their body in mind
(Summit, 2011).

Figure 3-16 Prosthetic fairings designed by Scott Summit (SummitID, 2018).

In contrast to Summit (2011), who manufactured bespoke designed prostheses, but
by using the same technological advances8, companies such as the Alleles Design
Studio (2013), the UNYQ (2014) and the Art4Leg (2015) designed custom-made
prosthetic covers that focus on mass production. In these companies, the clients
can choose the design of the cover they want from a variety of patterns, colours
and materials. On their website, the members of Alleles Design Studio (2018) state
that the aim of the company is to provide covers that will reveal the uniqueness and
8

Please see Appendix B for more details regarding the traditional and contemporary fabrication
techniques of prosthetic limbs, as well as their comparison.
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individuality of the wearer (Figure 3-17). Similarly to the Alleles Design Studio
(2018), the company UNYQ (2014) declares that their aim is to design fashionable
products which will be affordable for the users and can be used as accessories.
Art4Leg (2015) also focuses on the design of prosthetic covers which follow the
natural form of human limbs, they attach to the prosthetic limb and express the
unique lifestyle and character of the wearer.

Figure 3-17 Prosthetic covers designed by Alleles Design Studio in order to highlight user’s style.
Photo by Alison Andersen (McCauley, 2014).

However, Norman (2004) argued that when the opportunity is given to people to
customise their products by choosing some characteristics such as colour, size or
material, products do not become personalised and these customisations are not
emotionally compelling. Only when the design of the product expresses the
uniqueness of its user, is the product truly personalised.
Mass Customisation as an opportunity of increasing emotions in the case of prostheses
In order for companies to reduce the impersonality of products, the concept of
mass customisation (MC) was introduced. “The core idea of MC is to provide a webbased user toolkit that allows the individual customer to design a product which
suits her individual preferences and its then produced exclusively for her” (Franke &
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Schreier, 2008, p.93). Franke and Schreier (2008), through their study on perceived
uniqueness in MC, found that self-designed products offer higher value to people
who try to distinguish from the others and create more positive emotions towards
them. The online platforms (e.g. E-NABLE, please see Appendix B.1.2, Table B.2)
that allow people to download and print the prosthetic limb(s) they want are
considered a form of MC that creates emotions in people as they print and
assemble the prosthetic limb(s) themselves. By choosing the appearance of their
prostheses and by participating in their designing or manufacturing process, the
emotional bonds of users with their prostheses are made stronger.
Norman (2004) added that a MC process can benefit companies, as they can reduce
the production costs and avoid risk since they manufacture only the products that
have already been paid for by clients. However, Norman (2004) highlighted that the
basic disadvantage of this process is time, since products take much more time to
be produced or manufactured and arrive with the users. Nevertheless, the use of
Additive Manufacturing (AM) can dramatically reduce the problem of time delivery
in the customisation of products and by extension that of prostheses (please see
Appendix B.1.2). By using the advantages of AM alongside 3D-scanning, designers
can design inexpensive prosthetic covers or legs very quickly that fit precisely to
users’ body, offer them high functionality and express their unique personalities in
addition to wasting fewer materials than those that would have been wasted in the
traditional fabrication processes (please see Appendices B).

3.3.2 Emotionally-driven prostheses: previous investigations
By highlighting the lack of consideration of the psychological aspects of the
appearance of prostheses on female users’ lives, Nguyen (2013) investigated the
design process when designing prostheses for female users, as an attempt to
improve their well-being. Nguyen (2013) highlighted the importance of the role of
prosthetists in the provision of their prostheses. Therefore, Nguyen (2013)
developed various use case diagrams, based on the clothes and accessories women
could use and how these could be affected by the limb-loss, as guides that could be
used by prosthetists to discuss with the female patient how various areas of her life
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could be affected by the design of prosthesis and thus, obtain a more detailed view
regarding users’ specific needs based on their identity and personality.
Sansoni et al. (2014) focused on the aesthetic aspects of non-realistic and realistic
prostheses for below-knee amputees, and based on a combination of the theories
of emotional design, fashion and psychology they assumed that prosthetic limbs
that are perceived as attractive by users will create more positive emotions in them.
By using Coate’s (2003) theory about objective and subjective concinnity and by
applying basic design principles (e.g. unity, contrast, rhythm, proportion) and
elements (e.g. colour, meaning) they developed a theoretical framework and a
practical design application for the design of aesthetic prostheses. As they analysed
only the appearance of the prosthetic limbs, without taking into consideration the
functional aspects, they said that realistic prostheses present the highest level of
objective concinnity (Sansoni et al., 2014), whilst the two examples of design they
proposed were more emotional and thus, they presented novelty (subjective
concinnity). Nevertheless, in their paper they did not present or analyse how these
two examples of prostheses affected people and by applying the theories of
objective and subjective concinnity they just described how the design of
prostheses can be rational or emotional. However, these theories do not inform
experts about people’s preferences towards prostheses or the way that users are
affected when the design of prostheses comes from rational (objective concinnity)
to the more emotional (subjective concinnity).
Sansoni et al. (2015) tried to investigate people’s preferences towards prosthetic
limbs that have a realistic or non-realistic appearance based on Uncanny Valley
(Mori, 1970; 2012; Brenton et al., 2005), a Japanese theory which posits that when
the level of human likeness in artificial devices, such as robots or prostheses,
increases, they become “more emotional appealing to observer. However, when it
becomes disconcertingly close to human, there is a very strong drop in believability
and comfort before finally achieving full humanity and eliciting positive reactions
once more” (Brenton et al., 2005, p.1). As Sansoni et al. (2015) state, their findings
are not in agreement with the theory of Uncanny Valley, as the prosthetic limbs
which perceived by the participants as having the highest level of human-likeness
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were considered to be more attractive by them, than those with robotic or abstract
designs (Sansoni et al., 2015). However, it is important to acknowledge that the
participants in the study of Sansoni et al. (2015) evaluated the design of prostheses
only by looking at pictures. Elements that, according to the theory, could negatively
affect the observers, such as movement or the feeling of the materials (Mori, 1970;
Brenton et al., 2015), were not explored. Moreover, although Sansoni et al. stated
that their findings were not in agreement with the theory of Uncanny Valley, they

showed that “ŚŝŐŚůǇƌĞĂůŝƐƚŝĐĚĞǀŝĐĞƐƐŚŽǁŝŶŐĂĚ
mean levels of attraction” (Sansoni et al., 2015, p.75), which appears to be in accord
with the theory. The findings of their study also showed that participants’
preferences towards elements of the design of prostheses, e.g. colour, are affected
by culture, with British participants showing a greater preference toward prosthetic
limbs with bright colours, while Italians preferred more neutral colours (Sansoni et
al., 2015). These findings were in accordance with Jordan (2000) regarding the way
culture affects the design characteristics of products and the preferences of people
in High Context/ Low Context societies. Finally, the findings showed that gender
may also constitute a factor that affects people’s preferences and they suggested
that female participants show a higher preference towards realistic prostheses,
probably as an effort to hide the limb-loss because of the societal standards
regarding the appearance of women, while men prefer artificial limbs with robotic
designs in order to highlight their masculinity (Sansoni et al., 2015). It is also
significant to mention that the people who participated in the research were both
amputees (21%) and non-amputees (79%), with non-amputees presenting a greater
preference towards realistic prostheses. It is assumed that this is a result of the
different evaluation of products by users and non-users, which is in accordance with
Coates (2003) who supported the idea that when people do not use a product they
are affected only by its appearance and they do not take into consideration the
functional aspects. Finally, this difference in the sample of the study (amputees and
non-amputees) may also affect the findings regarding the levels of attractiveness of
the prostheses. More specifically, non-amputees may find realistic prostheses more
attractive because they are able to analyse and comprehend the design of realistic
prostheses more easily, because their design (appearance) is familiar to them.
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In a study Sansoni et al. (2015a) conducted with both prosthetists and prosthetic
users, they found that patients are not informed by prosthetists about the options
they have regarding the aesthetics of their prostheses. Although prosthetic users
showed a willingness towards prostheses with higher levels of emotionally-driven
design (prostheses with robotic design), the prosthetists stated that they usually do
not inform them because of cost restrictions. As a result, Sansoni et al. (2015a)
proposed a system, based on the prosthetic design model that exists in the UK
public centres for patients’ provision with their prostheses, in which visual designers
were included whose work focused on comprehending the patients’ aesthetic needs
of their prostheses in order to increase their well-being.
In line with Sansoni et al. (2015a), Blom (2018) stated that patients’ provision of
their prostheses from the National Health Service (NHS) is restricted to two options
regarding prosthetic appearance; those of the simple functional prostheses where
the pylon is obvious and the realistic foam cover which is pulled around the
prosthesis. Furthermore, Blom (2018) highlighted that another option that patients
have regarding the aesthetics of their prostheses are the cosmetic covers. Based on
patients’ limited options regarding the aesthetics of their prostheses, and in
accordance with the arguments of Pullin (2009) and Hall and Orzada (2013)
regarding the importance of the aesthetics of prostheses on users’ acceptance of
the device and the improvement of their well-being, Blom (2018) conducted a
project where the aim was to explore the effects of a co-design approach between
makers and prosthetic users by developing personalised prosthetic covers made of
different materials to highlight users’ unique identities. Three themes emerged
through the analysis of the interviews with both prosthetic users and makers; those
of building a relationship between maker and amputee, openness and flexibility and
challenge, and investment and personal development (Blom, 2018, p.11). The
results highlighted the importance of establishing a co-design approach for
prostheses by stating that “the emerging themes suggest that involvement in the
process has benefits for amputees that extend beyond the expression of identity,
supporting confidence and a potential to create a positive image of disability”
(Blom, 2018, p.16).
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3.4 Discussion
The literature suggests that there are three main models that are used to guide
designers on how to design products with the aim of evoking emotions: those of the
four pleasures, the appraisal theory, and the three levels of emotional processing.
The literature showed that prosthetic users have different needs and expectations
from their prostheses which affect them differently. Therefore, as in this research
the focus is on understanding prosthetic users’ perceptions towards prostheses, it is
important to explore the meanings they assign to them and to identify specific
emotions that prostheses elicited in them, with respect to the appearance. Based
on these, the appraisal theory, and more specifically the Six Sources of Emotions in
Human Product Interaction (SSEHPI), was considered to be a more valuable
framework in comparison to the other two (Table 3-6), in order to explore
prosthetic users’ perceptions of the effects of their prostheses on their everyday
lives.
Table 3-6 A summary of the evaluation of three models based on the literature

Four Pleasures
(Jordan, 2000)

Appraisal Theory
(Desmet et al., 2001)
Six Sources of Emotions in
Human-Product Interaction
(SSEHPI)
(Desmet, 2012)
Three levels of Emotional
Processing
(Norman, 2004)

The model presents the advantages of a pleasure-based
design approach of products, in comparison to a
usability-based one. Although the model considers the
psychosocial factors in the design of products as well, it is
too generic: it does not explore specific emotions but
focuses only on pleasure. Furthermore, the model does
not explain why users can experience pleasure.
The model focuses on how products evoke emotions in
people, with respect to their appearance, and the effects
that products can have on users’ well-being. The model
explores specific emotions, which are related to the
meanings that people assign to them, not the product as
such. The SSEHPI explores how emotions are elicited
when people interact with products, by addressing
specific aspects (sources) of users’ everyday lives.
The model describes how people can form emotional
connections with products based on the way that the
brain works. The model constitutes more of a guide for
designers, to design products that can evoke emotions in
all the three levels, as it cannot give detailed information
on how products can affect people’s everyday lives.
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The research around the prosthetic limbs that exist in the market revealed that
prostheses are mainly separated into two broad categories: those of conventional
and alternative. Each category consists of different types of prostheses that have
different roles. The analysis showed that cosmeses are mainly used to hide the
limb-loss and/ or to improve body image appearance and therefore, improve users’
social interactions. The myoelectric and body-powered prostheses are used by
participants who require high functionality. Finally, the role of alternative prosthetic
limbs is to express users’ uniqueness and highlight their identities. Nevertheless, it
is important to highlight that the separation of prostheses into these roles is
simplistic and prostheses can be used for different roles. For instance, by hiding
their limb-loss, prosthetic users may participate in more activities, which could be
interpreted as increasing their functionality. On the other hand, a prosthetic user
may express his / her identity by using a body-powered prosthesis as it helps him/
her participate in his / her favourite sport. Therefore, for some users, hiding the
limb-loss or expressing their identity, may be interpreted as functionality for them.
Although the primary aim of mechanical prostheses is functionality, aesthetics
should not be underestimated, as they can be equally important as functionality for
some users. Considering aesthetics as an additional element and separating them
from functionality, as it happens traditionally in the area of industrial and product
design (Luchs and Swan, 2011; Ulrich and Eppinger, 2016; Bloch, 1995), can lead to
the design of functional medical products with poor aesthetics, which can have
significant consequences to users, because of the meanings that their appearance
communicates to others.
As the literature showed, new technological advances benefited the creation of the
alternative prostheses, as they give freedom to designers to focus on the
appearance of prostheses, beyond their functional characteristics, and by adopting
a user-centred method, to design prosthetic limbs or covers inspired by users’
identity and body. In this way, the design of prosthetic limbs has moved towards an
emotionally-driven design approach, since the aim was not only to offer great
functionality to users, but also to express their identities and to communicate
meanings to people around them. Additionally, alternative prostheses present a
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high level of emotionally-driven design, not only because their design is inspired by
the personality of the user, but also because the user actively participates in the
design process.
Due to the fact that different terms are used to refer to the same type of prosthetic
limbs, the terminology that will be used in this Ph.D. needed to be defined.
Consequently, prosthetic limbs were grouped into three broad categories based on
these three roles. In the first category, are the prosthetic limbs where the role was
to hide the limb-loss or offer a normal body appearance. Although these prostheses
are usually called ‘cosmeses’ in this Ph.D. they are referred to as ‘Realistic
WƌŽƐƚŚĞƐĞƐ͛
(RP). The second category was the prosthetic limbs where the main role
is to offer high functionality to users, e.g. body-powered, myoelectric, hybrid etc.;
they are referred to as ‘&ƵŶĐƚŝŽŶĂůWƌŽƐƚŚĞƐĞƐ͛
(FP). Finally, the prosthetic limbs that
belonged in the third category are the alternative prostheses, where priority is
given to the expression of users’ uniqueness and identity; in order to describe these
prosthetic limbs, the term ‘ǆƉƌĞƐƐŝǀĞWƌŽƐƚŚĞƐĞƐ͛
(EP) is used which was introduced
by Hall and Orzada (2013).
Finally, both chapters of literature review (Chapters 2 & 3), as well as the analysis of
prostheses fabrication processes (see Appendix B), revealed that prosthetists play a
decisive role in users’ prostheses provision process. Therefore, it was considered
that prosthetists’ attitudes towards the role of the aesthetics of prostheses on
users’ lives should also be one of the areas that should be investigated, with respect
to the other three areas of this Ph.D. research. It is important to mention that the
environment where users experience the design, manufacture and fitting of their
prostheses might have considerable effects on their psychology. For instance,
visiting a design studio for a prosthetic limb, in the case of prostheses with high
emotionally-driven design, is very different than visiting a hospital clinic, as is
usually the case for prostheses with lower levels of emotionally-driven design.
However, visiting a clinic can by association subconsciously give users the
perception of illness and disability. Therefore, the prosthetists’ environment is an
important area that needs to be investigated, as it might have a significant effect on
users’ perceptions towards their prostheses, as well as their self. However, in this
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Ph.D., the focus is on the resulting products and not the experience involved in
obtaining the prosthesis. Therefore, the prosthetists’ working environment was not
investigated and was considered to be out of scope (Figure 3-18).

Figure 3-18 The four areas of investigation of this Ph.D.; those of product, prosthetists, users and
users’ environment

3.5 Conclusions
In the introduction of the chapter, three questions (see Section 3.1, Ch3/Qs.1-3)
were presented in order to be answered through the literature research. The key
insights derived from the literature research of the third area are presented below.
More specifically, the key insights based on the literature questions on the area of
design for emotion are:
Ch.3/Q.1: There are three main models that are used when designing for
emotion; those of the four pleasures, the appraisal theory and the three levels of
emotional processing. The most appropriate model for the aim of this Ph.D. was the
Six Sources of Emotions in Human Product Interaction (SSEHPI).
The key insights on the literature questions on the product are:
Ch3/Q.2: There are three main roles for using prostheses. The first one is to
hide the limb-loss and/ or retrieve a normal body appearance. The second role is to
increase users’ functionality, whilst the third role is to express the users’ unique
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personality. However, it is recognised that the categorisation into these three
distinct roles is simplistic. Nuances and variation can exist: e.g., for some prosthetic
users, the concealment of their limb-loss can lead to their participation in more
activities (e.g. go to work). Therefore, it may be perceived as increasing their
functionality.
Ch3/Q.3: Expressive Prostheses (EP) have moved prosthetic limbs towards
an emotionally-driven design approach, since the design of EP derives from the
users’ unique personalities and bodies; users actively participate in their designing
process and, finally, the users can communicate meanings to people around them
through the appearance of their prostheses.
In Section 3.1, it was also stated that the insights of the literature questions address
the first research objectives (see Figure 3-2). The categorisation of prostheses into
types, with respect to their level of emotionally-drive design, was based on their
three roles identified by the literature search and the elements of their design
based on rational/ emotional design (Coate, 2003). Therefore, as the design of
Realistic Prostheses (RP) only imitates the form and appearance of human limbs,
with no additional design elements, it was considered, in agreement with Sansoni et
al. (2014), that RP have the highest level of rational design (less information) and
thus, they present a low level of emotionally-driven design. The design of FP
provides more information than that of RP, as it has more design elements (colour,
shape). Thus, FP are more emotional than RP. However, the mass production of
Functional Prostheses (FP) constitutes them impersonal, as their design does not
reflect a user’s unique personality or style. Therefore, it can be considered that FP
have a moderate level of emotionally-driven design. Finally, the design of Expressive
Prostheses (EP) has many elements (pattern, colour, shape), which provide more
information and thus, it is emotional. Furthermore, the design of EP is directly
inspired by the user’s unique personality and users can actively participate into
their designing process. For these reasons, it can be considered that EP present high
emotionally-driven design.
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Moreover, the literature review presented in this chapter also addresses the fourth
research objective (see Figure 3-2), regarding the framework needed for the
analysis and identification of the emotions that prostheses elicit in users with
respect to their level of emotionally-driven design.
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4. Research Methods
In Chapter 3, the literature on the theories of design for emotion, as well as that of
the product under investigation were analysed. The findings of the literature
suggested that the Six Sources of Emotions in Human-product Interactions is the
most appropriate framework for the aim of the Ph.D. Furthermore, prostheses can
be separated into three groups regarding their role and the level of emotionallydriven design they have: Realistic Prostheses (RP), Functional Prostheses (FP) and
Expressive Prostheses (EP). Finally, the literature research revealed another area
that needs to be explored in this Ph.D.; that of prosthetists.
This chapter focuses on the literature concerning research methods. Different
methods are presented and analysed, with respect to the way they have been used
in previous studies to end up to their assessment regarding their application on the
topic of this Ph.D. by using SWOT analysis. In the section Research Strategies, the
way the different methods could be used in each study, as well as their efficiency is
discussed. The chapter finishes with a general discussion and conclusions section,
where the ideas concerning specific tools that could be used in the studies
alongside the ways that the weaknesses and the threats of the chosen methods
could be addressed are presented, followed by a diagram which summarises the
methods used in this Ph.D.
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4.1 Research Purpose
The research purpose refers to the studies that need to be conducted to answer the
Research Questions (RQs.1-4) that were identified in Section 1.3.2. According to
Robson and McCartan (2016, p.39), there are three main purposes to conducting
research; to explore, describe and explain. The aim of the Ph.D. was to investigate
the effects of emotionally-driven prostheses on users’ lives and the society in which
they live. Based on the aim of this research and the fact that no previous research
was found, the research purpose that best suited was to explore.

4.2 Research Type
Cohen et al. (2011), Bryman (2012), Robson and McCartan (2016) and Taylor et al.
(2016) identified that in social research, there are three types of research; fixed
designs (quantitative), flexible designs (qualitative) and multi-strategy designs
(mixed methods). Fixed research is used when the researchers are concerned with
gathering large amounts of data to produce group averages and generalisations. In
order for fixed methods to be used, the researchers need to rely on a wellestablished theory regarding the phenomenon they are going to investigate, know
the kind of the data they will gather, and the way in which they will analyse them
(Robson & McCartan, 2016). On the other hand, in flexible design the researcher
tries to understand individuals’ complexities. Taylor et al. (2016, pp.7, 9) defined
that “Qualitative researchers are concerned with the meanings the people attach to

ƚŚŝŶŐƐ͙ŚŽǁƉĞŽƉůĞƚŚŝŶŬĂŶĚĂĐƚŝŶƚŚĞŝƌĞ
”. The researchers start with
an idea or problem that they want to understand (Robson & McCartan, 2016).
When the researchers are interested in investigating both individual complexities
and group aggregates, the multi-strategy design method is applied (Robson &
McCartan, 2016).
There are various companies and designers who declare that emotionally-driven
prostheses can improve users’ lives by increasing their confidence and eliciting
positive emotions in them. Nevertheless, this is an unsubstantiated opinion and
since there was no further research to support it, in this Ph.D. the aim was to test
whether this occurs and if so, to comprehend how and why this happens. Thus, a
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flexible design was necessary in order to explore users’ preferences towards
prostheses, what users think about the design of prostheses, how they feel, and
how the appearance of prostheses affects different aspects of their lives. Similar
approaches were needed to research how the appearance of prostheses could
affect society, by identifying possible emotions that prostheses may elicit in people,
with respect to the level of their emotionally-driven design, and to investigate
whether people’s attitudes might be affected by their characteristics.

4.3 Theoretical approaches in flexible design research
Cohen et al. (2011), and Smith and Osborn (2015) pointed out that there are various
qualitative approaches, such as those of phenomenology, ethnomethodology,
symbolic interactionism, and interpretative phenomenological analysis, which can
guide and influence the conduct of the studies and the interpretation of the
findings. Ethnomethodology is related to people’s actions and statements in a social
context and “it is directed at the mechanisms by which participants achieve and
sustain their interaction in a social encounter” (Cohen et al., 2011, p.19). In symbolic
interactionism the intention is to comprehend how people use symbols, such as
language, in order to give meanings to objects. As Cohen et al. (2011, p.20) state,
“Instead of focusing on the individual, then, and his or her personality
characteristics, or on how the social structure or social situation causes individual
behaviour, symbolic interactionists direct their attention at the nature of interaction,
the dynamic activities taking place between people”. On the other hand,
Phenomenology and Interpretative Phenomenological Analysis focuses on an
individuals’ unique experiences and aims to understand how individuals perceive
the world around them. As the aim of this Ph.D. was to explore how the level of
emotionally-driven design of prostheses affects users’ lives, it was essential to
understand how users perceive their experiences with their prostheses. Thus,
interpretative phenomenological analysis and phenomenology were considered to
be more relevant. Therefore, only these two approaches are analysed in the
following sections.
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4.3.1 Phenomenology
In phenomenology, which was founded by Edmund Husserl (Laverty, 2003; Cohen et
al., 2011), behaviour is analysed based on an individuals’ phenomena and
experiences, and not based on an objective reality (Cohen et al., 2011; Taylor et al.,
2016). Lester (1999), Smith and Osborn (2008), and Taylor et al. (2016) highlighted
that the aim of phenomenological analysis is to identify the phenomena based on
the way they are perceived by the actors in a specific situation and as a result, it is
concerned with the perspective in which the individuals experience a situation and
the way they interpret it. Thus, the reality in the case of phenomenology is not the
actual reality, but what individuals perceive as reality (Taylor et al., 2016). As Lester
(1999, p.1) indicated, “pure phenomenological research seeks essentially to describe
rather than to explain, and to start from a perspective free from hypotheses or
preconceptions”.
In order for the researcher to be able to make sense of and understand other
people’s personal worlds, it is necessary to have an active role in the research
process. Laverty (2003) indicated that in phenomenological research, the
researcher’s self-reflection is crucial in the initial stage of the process, for the
identification and awareness of researcher’s bias and assumptions, for the
avoidance of their use in the interpretation of the results. However, in
phenomenological research, the analysis and interpretation of the data are not
separated from researcher’s personal reflection (Laverty, 2003). Not only do
researchers focus on what participants say about what they have experienced, but
they also try to analyse and interpret the nonverbal cues, in order to understand
and interpret participants’ real experience (Laverty, 2003). Similarly, hermeneutic
phenomenology focuses on the way individuals experience the world around them,
and how they interpret it, based on their social, cultural and historical contexts
(Laverty, 2003). However, in contrast to phenomenology, in hermeneutic
phenomenology the researcher’s assumptions and bias are taken into consideration
in the analysis and interpretation of the results.
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4.3.2 Interpretative Phenomenological Analysis
Based on phenomenology, Jonathan Smith (Smith & Osborn, 2008; 2015; Biggerstaff
& Thompson, 2008) developed Interpretative Phenomenological Analysis (IPA).
Smith and Osborn (2015, p.1) pointed out that IPA is “a qualitative research
approach committed to the examination of how people make sense of their major
life experiences”. Biggerstaff and Thompson (2008, p.215) highlighted that IPA was
developed “to allow rigorous exploration of idiographic subjective experiences and,
more specifically, social cognitions”. IPA is also based on the theoretical concepts of
hermeneutics and symbolic interactionism (Smith & Osborn, 2008; 2015; Biggerstaff
& Thompson, 2008). Symbolic interactionism was founded by George Herbert Mead
(Oliver, 2012) and focuses on the way individuals interact with things based on the
social meanings these things have for them. Interpretative Phenomenological
Analysis (IPA) focuses on the way people perceive and interpret their experiences,
as well as their personal and social world (Larkin & Thompson, 2012; Smith &
Osborn, 2008; 2015). Smith and Osborn (2008) pointed out that as its approach is
phenomenological, it focuses on the participant’s lifeworld. IPA is a dynamic process
in which the researcher has an active and important role. There are two stages in
the analysis and interpretation process. The first one is relevant to the participants
and the way they are trying to interpret their lifeworld, whist the second one
concerns the researcher who is trying to interpret participants when they interpret
their lifeworld.
Larkin and Thompson (2012) stated that IPA is usually based on semi-structured
interviews with one participant, while in some cases, it can also be based on focus
groups or written accounts. However, as the aim of the researcher is to explore the
meanings and not just to collect facts, the sample needs to be small in size for the
researcher to gather data that will be rich and reflective (Larkin & Thompson, 2012;
Smith & Osborn, 2008). However, in contrast to hermeneutic phenomenology, in
IPA the researchers do not aim to comprehend how people use language, in order
to describe their experiences, but they try to understand “how people ascribe
meaning to their experiences in their interactions with the environment” (Biggerstaff
& Thompson, 2008, p.215). Although IPA cannot lead researchers to
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generalisations, as it requires a small sample, it is useful for investigations where
the researcher cannot experience the situation that is under investigation.

4.3.2.1 Examples of application of Interpretative Phenomenological Analysis
Interpretative Phenomenological Analysis (IPA) has been broadly used in the area of
psychology and other clinical studies for the researchers to examine the way(s)
patients perceive various illnesses or pain (Smith & Osborn, 2015). In the area of
amputation and prostheses, Murray (2005; 2009) used IPA to analyse the data
gathered from semi-structured interviews (both face-to-face and emails) with 35
prosthetic users that lasted for an hour, in order to understand how the use of
prostheses affected their lives. The information derived from the interviews were
categorised into four themes regarding the role of prostheses on users’ social lives;
‘Prosthesis Use and Social Rituals’, ‘Being a Leper: Reactions of Others’, ‘Social
Meanings of Concealment and Disclosure’, and ‘Feelings and Experiences Regarding
Romantic and Sexual Relationships’ (Murray, 2005). Three main themes emerged
regarding the effects of prosthetic use on participants’ personal lives; ‘Dreams and
Realities: Enabling Prostheses’, ‘Being Like Everybody Else: The Meanings of
Cosmesis’, and ‘Passing, Telling and Getting Away With It: Disguising Prosthesis Use’
(Murray, 2009). Saradjian et al. (2008) also used IPA, based on semi-structured
interviews with 11 male prosthetic users, to comprehend the experience of living
with an amputation of an upper limb, and that of using prostheses. The analysis of
the data was based on IPA guidelines and led to the creation of six main themes;
‘Impact of amputation: Awareness of physical difference and ability’, ‘Psychosocial
adjustment’, ‘Functional adaptation’, ‘Role of prosthesis and terms of use
Adjustment’, ‘Coping style facilitating adjustment’, and ‘Self-worth’ (Saradjian et al.,
2008).
Stutts et al. (2015) tried to investigate the way women coped with amputation. An
online survey was used to collect data from 30 women, while for the analysis and
interpretation of the seven open questions, IPA was applied (Stutts et al., 2015).
Washington and Williams (2016) used IPA to understand the experience of living
with an amputation and the way the amputation could affect people’s well-being. In
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their study, they investigated six people with lower limb amputation (LLA) that was
caused by diabetes (Washington & Williams, 2016). The study consisted of two
stages of semi-structured interviews in the time period of four months (Washington
& Williams, 2016). During the first stage, the questions of the interviews were based
on the exploration of various elements from the literature and their personal
experiences, while the second stage was based on the areas and experiences
resulting from the first stage (Washington & Williams, 2016). Mckenzie et al. (2016)
also used IPA to investigate, in depth, the psychological impact of Type 2 diabetes
on 10 people and the way they perceived and responded to their experience of the
condition.

4.4 Techniques used in conducting flexible design research
In flexible design research, researchers start with a general problem or idea that
they want to explore and comprehend. In order to understand the problem,
researchers focus on the individual and not on large groups, as happens in case of
fixed design research, and try to understand how individuals perceive the world
around them (Robson & McCartan, 2016; Taylor et al., 2016).
Many researchers correlate the research type with the research strategy, which is
the general orientation of the conduct of the study and is divided into qualitative
and quantitative research (Bryman, 2012). Robson and McCartan (2016) pointed
out that usually, flexible design research is related to qualitative techniques, whilst
fixed design research is related to quantitative techniques. Regarding the
techniques that are used for gathering data in flexible design research, Robson and
McCartan (2016) indicated that there are various qualitative techniques such as
those of interviews, focus groups, observations and diaries (Cohen et al., 2011;
Robson & McCartan, 2016). Sanders and Stappers (2012) maintained that all these
instruments can be separated into three broad categories; those of what people say
(interviews, focus groups), do (observations) and make (probes). However, Robson
and McCartan (2016) highlighted that in many cases, quantitative techniques, e.g.
surveys, are also used in flexible design research to gather a small amount of
quantitative data which will complement the qualitative data and therefore,
enhance the rigour of the study.
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4.4.1 Interviews
Interviews constitute an important qualitative technique that help researchers to
gather information in various ways (verbally, visually etc.). According to Cohen et al.
(2011), there are three types of interviews. The first is the transaction of pure
information which is achieved by asking the interviewee specific questions and
gaining accurate information. Such questions, for instance, might be ͚ŽĞƐ ǇŽƵƌ

ƉƌŽƐƚŚĞƚŝĐůŝŵďĐƌĞĂƚĞďůŝƐƚĞƌƐŽŶǇŽƵƌƌ
. In this case, the bias can be
eliminated as the question addresses specific information and the participant has to
reply with yes or no. The second type is relevant to the transaction of information

that has bias. For example, in the question ͚ŽĞƐ ǇŽƵƌ ƉƌŽƐƚŚĞƚŝĐ
ƉƌŽďůĞŵƐŝŶǇŽƵƌƌĞƐŝĚƵĂůůŝŵď͍͛
, the participant may answer yes because he/ she is
not as satisfied as he/ she would like to be with the prosthetic limb he/ she has,
although the prostheses he/ she uses does not actually create blisters or other
problems. Thus, it is important that the bias is recognised and controlled. One way
that researchers are able to recognise and control bias that may be raised from a
general question like the example, is by asking the participant to analyse the exact
problems the prosthetic limb creates for his/ her residual limb. However, in this
case there is also the possibility that the participant wrongly believes that the
problems he/ she confronts are caused by the prosthesis, whilst the pain may be a
result of other factors not relevant to the prostheses. The last type of interviews
concerns the transaction of information that is based on sharing features of
everyday life. In this case, the researcher does not try to eliminate or deal with the
bias, but he/ she tries to establish “a theory of everyday life that takes account of
the relevant features of interviews” (Cohen et al., 2011, p.410). For instance, in the
question ͚
How does your prosthesis ŵĂŬĞǇŽƵĨĞĞů͍͛
the researcher recognises the
fact that the answer will be subjective, but what concerns the researcher is
understanding how the particular participant feels about the prosthetic limb he/
she uses and not about the effects of the particular prosthetic limb on the users’
comfort and health.
Based on the depth of responses that researchers are seeking, interviews can be
fully structured, semi-structured or unstructured (Cohen et al., 2011; Robson &
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McCartan, 2016). In fully structured interviews, the questions are predetermined,
while in semi-structured interviews, the interviewer has prepared various topics
that must be covered (Robson & McCartan, 2016). The order of the questions can
change, based on the responses of the interviewee, and more questions can be
asked, or questions can be changed and adjusted on the basis of the discussion
(Robson & McCartan, 2016). On the other hand, in unstructured interviews neither
questions nor topics are predetermined and the interviewer lets the interviewee
lead and develop the discussion around the area of interest (Robson & McCartan,
2016).
Figure 4-1 depicts a SWOT analysis of the Strengths (S), Weaknesses (W),
Opportunities (O) and Threats (T) that interviews present, based on the literature in
research methods, as well as their application in this Ph.D. topic.
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Figure 4-1 The SWOT analysis of interviews.
(1): Robson and McCartan (2016); (2): Cohen et al. (2011); (3): Taylor et al. (2016).
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4.4.2 Observations
Observations are another qualitative technique that is used in flexible design
research which, in comparison to interviews, allows the researchers to gather ‘live’
and direct data on events at the exact time they are taking place (Cohen et al.,
2011). The aim of observations is to identify what people do; so they focus on
participants’ actions (Cohen et al., 2011; Robson & McCartan, 2016; Sanders &
Stappers, 2012). Robson and McCartan (2016) pointed out that observations
constitute an important tool that can be used in the exploratory phase of a study to
help the researcher gather initial information and create assumptions. In this way,
observations are usually unstructured (Robson & McCartan, 2016). In the case that
the researcher has already set his/ her assumptions and is trying to identify specific
behaviour, the observations can be structured or semi-structured. As Cohen et al.
(2011) maintained, numerical data can be obtained by structured observations as
they are systematic. Nevertheless, usually observations are conducted as a
supplementary (nested) technique that helps the researchers complete and support
the findings that have been obtained by other techniques, such as interviews or
questionnaires (Robson & McCartan, 2016).
Cohen et al. (2011) and Robson and McCartan (2016) analysed the four different
roles that a researcher can have when conducting observations; those of the
complete participant, the complete observer, the observer-as-participant, and the
participant-as-observer. In the case of the complete participant, the researcher
conceals his/ her identity while he/ she participates in a group as a member. In this
way, he/ she can gain knowledge that otherwise could not have been gained.
Nevertheless, there is the danger that his/ her identity will be revealed. The covert
nature of this approach also has ethical implications so it should only be used when
it is necessary. In the case of the complete observer, the researcher does not
participate in the group, but only observes it and in some cases he/ she may also be
unnoticed by the members of the group. Again, if this is covert, ethical implications
must be considered and justified. In the case of observer-as-participant, the
researcher is not a member of the group; his/ her role has been revealed to the
members of the group and he/ she can partially participate in some of the activities.
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Thus, his/ her access to information may not be allowed, or behaviour within the
group might be affected by being observed. Finally, the case of participant-asobserver is similar to the first case with the difference that the identity and the role
of the observer has been revealed to the members of the group. In this way, the
observer may gain knowledge that otherwise could not have been gained, but there
is also the posibility the members of the group to not share their confidential
information or will change their behaviour due to being observed.
Figure 4-2 depicts a SWOT analysis of the Strengths (S), Weaknesses (W),
Opportunities (O) and Threats (T) that observations present, based on the literature
in research methods and their application in this Ph.D. topic. As is mentioned in the
Opportunities (O) in Figure 4-2, by using observation as a technique, both prosthetic
users and the people around them can be observed and therefore, conduct both
Studies II and IV at the same time. By observing how the design of prostheses
affects prosthetic users and the people around them, the researcher would serve
two roles at the same time; those of the complete observer, concerning the
observation of the people around the prosthetic users, and the observer-asparticipant, with respect to the prosthetic users.
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Figure 4-2 The SWOT analysis of observations.
(1): Robson and McCartan (2016); (2): Cohen et al. (2011); (3): Taylor et al. (2016).
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4.4.3 Probes
New tools have been developed that can help users express their needs,
experiences or feelings and collaborate with designers or researchers for the
creation of products that will satisfy them (Hulkko et al., 2004; Mattelmäki, 2005;
Sanders & Stappers, 2014); these are normally called ‘probes’ and can be diaries,
workbooks, photographs, video or audio records, postcards, or anything else that
can help users express, visualise or reflect their experiences and thoughts.
Mattelmäki (2005) analysed four different types of probes that have been applied in
studies; those of cultural, informational, technology and empathy, and highlighted
that probes generally have an exploratory purpose. Cultural probes aim to trigger
participants’ inspiration and creativity to broaden designers’ imagination and
therefore, they usually consist of open ended and ambiguous tasks (Mattelmäki,
2005; Sanders & Stappers, 2014; Wherton et al., 2012). In contrast to cultural
probes, informational probes are intended to inform researchers about users’
needs, and they are usually used in sensitive contexts, where information cannot
otherwise be easily gained (Mattelmäki, 2005). Technological probes are used in
cases where researchers or designers are interested in understanding the way
people interact with technology in a real context, whilst empathy probes aim to
gather information for a concept design (Mattelmäki, 2005).
In order to better understand older people’s needs, Wherton et al. (2012)
developed a cultural probe, which constisted of a digital camera and a booklet that
included various activities such as maps, lists, wishes, a home plan and a body
outline. After an interview they had with participants, Wherton et al. (2012) gave
the cultural probes to them and asked them to complete the activities during the
time period of one week. As their study showed, the information they gathered
from some of the participants was deep and useful. However, their findings
suggested that only a very small number of the participants completed all the
activities, while the majority of them encountered difficulties with the activities of
the booklet, e.g. home plan, maps. As they pointed out, cultural probes can bring
rich and useful insights about people lives and experiences, but “their application
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may be constƌĂŝŶĞĚ ďǇ ƚŚĞ ƉĂƌƚŝĐŝƉĂŶƚ͛Ɛ”ƉŚǇƐŝĐĂů
(Wherton et al., 2012, p.1). In a similar study, Brown et al. (2014), tried to
investigate and identify the implications that the use of cultural probes could have
in the development of assistive technologies by focusing on people with dementia.
The cultural probes, which they gave to participants to gather information about
their lives and thoughts, constisted of a booklet with scale charts and diagrams that
aimed to gather initial information about the person with dementia, as well as his/
her carer. Additional tools that were given to participants were a camera, to take
photographs in four predefined categories, and a second booklet where they could
place the photograhs, add descriptions and analyse activities. Brown et al. (2014)
said that the range of accurancy of the answers was different for each participant
and pointed out that although the information they gathered was interesting and
useful, it was very difficult to interpret the data. As a result, they used the
information from participants to build design narratives, and it was these narratives
that finally led to inspirational design ideas.
Crabtree et al. (2003a; 2003b) also used probes in their study with former patients
of a psychiatric clinic and people with disabilities, as it was not possible to conduct
observations. The tools they used were inspired by cultural probes; however, as
their aim was to gather information about participants’ everyday life, their activities
and their needs, and not to trigger researchers’ inspiration, they adapted them to
be informational probes. Different activities and tools were used, with respect to
the age of the participants; a booklet was given to older participants in which they
were asked to write information about their favourite activities, the room(s) they
used more or the technologies they used. To the younger participants, the probe
pack provided information regarding the various ways they could use the tools (e.g.
camera, maps, diary), as well as instructions. As Crabtree et al. (2003b) claimed,
although the use of information probes presented difficulties and disadvantages,
they can be a useful tool for researchers to gather initial information and insights
regarding participants’ unique needs or perceptions. Furthermore, probes helped
researchers develop a cooperation with the participants/ users that removed them
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from the passive role they usually have in the other techniques of research
(Crabtree et al., 2003b).
Figure 4-3 depicts a SWOT analysis of the Strengths (S), Weaknesses (W),
Opportunities (O) and Threats (T) that probes present based on previous studies
and their application in this Ph.D. topic.
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Figure 4-3 The SWOT analysis of probes.
(1): Taylor et al. (2016); (2): Mattelmäki (2005); (3) Sanders & Stappers (2014); (4): Hulkko et al.
(2004).
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4.5 Research Strategies of the Ph.D.
As was mentioned in the previous section of this chapter, a research strategy is the
general orientation of the studies which can be qualitative or quantitative. Although
in flexible design research qualitative techniques are usually used, Robson and
McCartan (2016) stated that quantitative techniques can also be applied.
Furthermore, in Section 3.4, the four areas of investigation of the Ph.D. research
were stated: those of product, prosthetists, users and users’ environment.
Therefore, the conduct of four main studies was decided to explore how these four
areas might interact with each other, with respect to the level of emotionally-driven
design of prostheses and thus, provide a holistic approach on the effects of the
appearance of prostheses on users’ well-being.

4.5.1 Study I: focusing on the product
In Section 1.3, it was mentioned that the aim of this Ph.D. was to explore how
emotionally-driven prostheses could affect users’ lives and their interactions with
the people around them, with respect to the society in which they live. However, as
there were no previous investigations to inform the researchers about users’
responses towards emotionally-driven prostheses, the conduct of a primary study
which would explore users’ preferences towards prostheses with different levels of
emotionally-driven design (RQ.1) was deemed to be essential. Therefore, Study I
focused on the first area of investigation; that of the product. Furthermore, Study I
also tested the feasibility of conducting the Ph.D. research in general, as well as the
feasibility of conducting the Ph.D. research in two countries with different cultural
contexts.
In Section 3.2.5, various tools that have been used in the field of emotional design,
to assess the design of products were introduced and analysed, which could help
obtain objective data. Although eye-tracking techniques (Section 3.2.5.1) may help
define participants’ attitudes towards emotionally-driven prostheses, as well as the
design characteristics of the prosthetic limbs that attract participants’ attention,
their use in this study presented two important limitations. Firstly, the fact that
participants would have to visit Loughborough Design School to conduct the study
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would significantly reduce the sample size and make the recruitment of participants
more difficult. Secondly, the use of the same equipment and the facilities that are
needed would also create problems with conducting the study in Greece. The
difficulties in the use of eye-tracking were very similar to the difficulties caused by
the use of neural analysis (Section 3.2.5.2), alongside the fact that the very
expensive and valuable equipment that is used in neural analysis (fMRI), as well as
the software for the analysis and the interpretation of the data, require great
knowledge and sophisticated skills. Based on these limitations, these techniques
were deemed to be unsuitable for Study I and thus, it was decided to use an online
survey based on a self-completion questionnaire.

4.5.2 Study II: focusing on users
As mentioned in Section 1.3, the aim of Study II was to understand the way that
emotionally-driven prostheses could affect users (RQ.2), by identifying the role of
prostheses in users’ lives and exploring the emotions prostheses elicited in them
(Section 1.3, Obj.4). Therefore, Study II focused on the second area of investigation;
that of users. In Section 4.3, Phenomenology and Interpretative Phenomenological
Analysis (IPA) were analysed as they were both considered to be relevant to this
research. However, the main difference is that phenomenology focuses on
experiences and thus, the aim is to identify and describe the phenomena based on
the way they are perceived by the actors. On the other hand, IPA focuses on
perceptions and hence, the aim is to explore and understand how individuals make
sense of their own experiences. As in Study II it was necessary to understand how
prosthetic users’ made sense of their own everyday lives with respect to their
situation, and what they thought and felt about their prostheses: IPA was
appropriate as the theoretical approach on which the structure and the
interpretation of the findings would be based on. Figure 4-4 depicts an example of
the way that IPA could be used in this Ph.D. topic, in order to understand what
users think and feel about their lives and prostheses, and how they perceive their
limb-loss. Furthermore, in Section 3.4, it was decided that the Six Sources of
Emotions in Human Product Interactions, proposed by Desmet (2012), would also
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be used to give detailed and rich insights regarding the various ways that emotions
were elicited in users, with respect to the appearance of their prostheses.

Figure 4-4 Applying Interpretative Phenomenological Analysis (IPA) in the case of prosthetic users.

As the application of IPA in previous investigations indicated, the qualitative
techniques that were usually used were interviews. Based on the second research
question (RQ.2) and the aim of Study II, the type of interviews that best suited from
those that were analysed in Section 4.4.1, was the transaction of information based
on sharing features of everyday life. However, as the SWOT analysis of the
interviews showed (Figure 4-1), one of the major weaknesses (W) of interviews is
the fact that the results can be biased. In order to eliminate bias, the literature
suggests the combination of more than one technique to increase the rigour of the
qualitative findings. Therefore, interviews constituted the primary technique of
Study II.
Regarding the other two qualitative techniques that are used in flexible design
research and which were analysed in Section 4.4, the SWOT analysis showed that
observations could give insights as a nested technique, and help the researcher
gather live data, although they may also lead to unknown information (Figure 4-2).
However, observations were not relevant to the aim of Study II and thus, they were
124

deemed unsuitable for this study. The SWOT analysis indicated that the threats (T)
of probes are high (Figure 4-3), because of the nature of this method which is
demanding and time consuming for participants and therefore, it may lead to
people’s denial of participating in the study or the wrongly completing of the tasks.
However, previous investigations showed that informational probes can be useful
tools for helping researchers gather initial information about participants’ unique
needs and perceptions. Based on that, it was considered that informational probes
would be suitable as a nested method of Study II to gather information regarding
the way people interact with their prostheses in their daily lives. This information
could help the researcher verify and complete the data of the interviews and hence
increase the rigour of the findings.

4.5.3 Study III: focusing on prosthetists’ attitudes
As mentioned in Section 1.3, the aim of Study III was to explore prosthetists’
attitudes towards the way that the level of emotionally-driven design of prostheses
could affect prosthetic users’ lives. This included studying their interactions with
their environment, by investigating users’ prostheses provision process and the
meaning of prostheses on their lives (Section 1.3.3, Obj.5). Therefore, Study III
focused on the third area of investigation; that of prosthetists. Based on the aim of
Study III and the third research question (RQ.3), interviews were considered to be
the most suitable qualitative technique. Additionally, from the interview types that
were analysed in Section 4.4.1, the one that best suited was the first; the
transaction of pure information with semi-structured questions.

4.5.4 Study IV: focusing on users’ environment
As described in Section 1.3, the aim of Study IV was to explore the way emotionallydriven prostheses affected society’s attitudes towards prosthetic users (RQ.4), by
investigating people’s attraction towards the design of prosthetic limbs with
different levels of emotionally-driven design, and by identifying the emotions that
were elicited in them (Section 1.3.3, Obj.6). Therefore, Study IV focused on the
fourth area of investigation; that of users’ environment. As mentioned in Section
4.2, the research type of Study IV was flexible design to explore what people
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thought about the design of prostheses and how they felt. From the qualitative
techniques that were presented in Section 4.4, two of them could be used in Study
IV; those of interviews and observations. However, conducting research by using
such techniques requires a great amount of time and effort, especially in the case
where the aim is to explore and understand society’s attitudes and thus, a very
large sample is required.
The Product Emotion Measurement Instrument (PrEmo) that was analysed in
Section 3.2.5.3, was appropriate for investigating the way that the design and
appearance of different prosthetic limbs affected society, as it can be used to gather
online data from a very large number of participants. Nevertheless, one of the
limitations that PrEmo has is the fact that the emotions that are described on the
expressive cartoons are predetermined (disgust, dissatisfaction, shame, fear,
sadness, boredom, desire, satisfaction, pride, hope, joy, fascination). Therefore,
there was the possibility that some of them may not be appropriate for describing
the emotions that were elicited in non-prosthetic users by the appearance of
prostheses. Furthermore, PrEmo would not allow the gathering of data relevant to
participants’ demographic characteristics, which may help the identification of
further relationships, such as people’s attractiveness towards the appearance of
prostheses with respect to their sex or age. Consequently, an additional
questionnaire would need to be given to participants to collect some demographic
information. However, it was considered that this would make the completion of
the study too long, which may reduce the number of participants.
As a result of these limitations, it was decided to create an online survey
questionnaire, which would consist of both open and closed questions, inspired by
the structure and the principles of PrEmo alongside the completion of demographic
questions. Although Robson and McCartan (2016) state that surveys are not usually
used for conducting exploratory research, in case of Study IV, where the aim was to
investigate society’s attitudes, it was considered to be appropriate in order to give
initial information regarding the emotions that prostheses evoke in non-users by
investigating a very large sample and thus, test the feasibility of conducting further
studies that could give more in-depth and detailed information.
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4.6 Research Sample
In flexible design research, when qualitative techniques are used, the sample is nonprobability or purposive and therefore, the chances of the members of the
population that have been selected are unknown (Cohen et al., 2011; Robson &
McCartan, 2016). There are three main purposive sampling strategies; those of
convenience, purposive and snowball that are described in Table 4-1.
As the Ph.D. research needed to be conducted in two countries with different
cultural contexts in order to investigate whether culture affects society’s attitudes,
a non-probability strategy was used for choosing the countries that will represent
HC and LC. As the researcher lives in the UK (LC) and is from Greece (HC), the
convenience sampling strategy was used regarding the convenience of locality,
access and languages. The findings of the literature showed that when people have
grown up in a country that is different than the one that they have been born, they
appear to have a different attitude because of their experience of different cultures.
Thus, in order to study and analyse how culture affects participants’ attitudes,
participants needed to be born and have grown up in the UK or in Greece.
Table 4-1 The sampling methods of the Ph.D. (Based on Cohen et al., 2011; Robson & McCartan,
2016)
Convenience:
(Find the countries where
the Ph.D. research will be
conducted & for Studies III
& IV)
Snowball:
(Find participants for
Studies I & IV)

Purposive:
(Find participants for Study
II)

Choosing the nearest and most convenient persons to act as
respondents. However, in this Ph.D., the researcher uses this method
to choose the countries that will represent the Low Context and High
Context societies. Furthermore, convenience methods are used to
find the participants in Studies III and IV.
The researcher identifies the individuals from the population of
interest. After they have completed the questionnaire, they are used
as informants to identify other members of the population, who are
themselves used as informants. This is a useful approach when there
is difficulty in identifying members of the population, e.g. people with
limb-loss.
The principle of selection is the researcher’s judgement as to interest.
A sample is built up which enables the researcher to satisfy their
specific needs in a project. The rationale of such an approach is very
different from generalisation from sample to population. It is an
approach commonly used within flexible designs.

Generally, amputees and people with limb-loss constitute a sample that is difficult
to approach. Many people with limb-loss are isolated from others as they have not
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accepted the limb-loss and deny speaking about that. However, there are a number
of ways through which researchers can contact them. One way is through support
groups or sport teams, charities and organisations. These groups usually organise
meetings once every week or month in order to meet the members, discuss about
problems, participate in activities, e.g. sports, and socialise. The second way is
through clinics (private or NHS), and the third way is individually or through selfidentified groups on social media, such as Facebook or Twitter. As a result of the
difficulties that exist in finding people with limb-loss, volunteer and snowball
methods were the main sampling methods used in Study I to find the participants.
From the participants of Study I, a purposive sampling strategy was used to choose
a small sample of individuals who presented the characteristics that were needed
for Study II. Furthermore, convenience methods would be used to find the
participants of Study III from the various prosthetists that the researcher had
contacted in Study I. Finally, both convenience and snowball sampling methods
were used for the recruitment of participants in Study IV.

4.7 Research Data Analysis Methods
The data analysis methods that are used are important as they are the bases for the
interpretation of the findings. Robson and McCartan (2016) maintained that data
analysis can be exploratory, when the researcher tries to understand what the data
means, or confirmatory, when the researcher is testing if he/ she has got what he/
she was expecting to find. In this research, the data were exploratory. Robson and
McCartan (2016) pointed out that exploratory data analysis usually generates
qualitative data.
Bryman (2012) stated that qualitative data can be interpreted in various ways. The
ways that the data are analysed and written derives from the purpose of the
research (Cohen et al., 2011). The analysis of the data is also influenced by the
amount of the data. Although qualitative research typically requires only a small
number of participants, the data needs to be detailed and rich (Cohen et al., 2011).
The record of the data needs to be concurrent with the conduct of the interviews
(audio recording and notes) and to be written and analysed immediately after the
end of the interviews. Additional notes of researcher’s observations regarding the
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place, feelings, and thoughts that could help the analysis and the interpretation of
the data need to be taken. This allows a detailed and complete sense of the scene
where the interviews took place and facilitates the building of the ‘picture’ of the
interviewees. Basit (2003, p.144) pointed out that “coding and categorizing the data
has an important role in analysis”. The interviewees are usually referred to by an
alias given to them to preserve their anonymity. Regarding computer software,
NVivo is one of the most frequently used software packages in qualitative and
mixed methods research, which helps researchers organise and analyse the data, as
well as discover connections that may exist (Welsh, 2002; Robson & McCartan,
2016).
In Section 4.5.2 it was mentioned that the theoretical approach that would be used
for both the structure and the analysis of the interviews with the prosthetic users
would be based on Interpretative Phenomenological Analysis (IPA). Smith et al.
(2012) described six main steps of data analysis in IPA which are depicted in Figure
4-5. During the first step, the researcher reads the transcripts of the interviews
alongside listening to the audio recordings to better comprehend the information of
the interviews, e.g. information from the participants’ voice tone. Smith et al. (2012,
p.83) stated that the second step of analysis is very important as “it examines
semantic content and language use on a very exploratory level”, where the
researcher needs to be very open-minded and create very detailed notes that
would help him/ her better understand participants’ concerns and experiences.
During the third step, the themes emerge, which are then checked to identify
relationships between them (Figure 4-5, Step 4). For instance, the relationships of
the themes may be the opposing, clustered together creating a new theme. The
fifth step is conducting the same process in the next cases, where new themes can
emerge. Finally, Smith et al. (2012) pointed out that in the last step, the researcher
checks all the themes that have emerged from all the cases to identify relationships.
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Figure 4-5 The six steps of IPA analysis (Smith et al., 2012)

4.7.1 Statistical Analysis
For the analysis of the data obtained by the online surveys (Studies I & IV),
statistical analysis may be required. Cohen et al. (2011) pointed out that software
packages can be used to carry out statistical analysis, such as Statistical Package for
Social Science (SPSS) or Microsoft Excel. However, Robson and McCartan (2016,

p.406) also maintained that in quantitative data analysis ͞ƐŝŵƉůĞ ĚĞƐĐƌŝƉ
statistics, tables and visual displays of the data are often all that you really need”.
In order to choose the statistical tests that can be used, it is important to know
whether the data are parametric (the characteristics of the population are known)
or non-parametric (unknown characteristics about the population) (Cohen et al.,
2011). In order to test data normality and identify whether the data are normally
distributed, a Kolmogorov-Smirvov test is conducted (Cohen et al., 2011). Usually,
non-parametric data are generated by nominal or ordinal scale data, whilst
parametric data are generated by interval or ratio (Cohen et al., 2011). Table 4-2
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presents some of the most common parametric and non-parametric statistical tests
that are used in order to test relationships between samples or identify whether
there are any differences (Cohen et al., 2011).
Table 4-2 The most common used parametric and non-parametric statistical tests
Parametric tests

Non-parametric tests

T-test: tests of differences between the means
of two categorical unrelated groups when the
dependent variable is continuous.

Fishers: tests if there is any relationship
between two nominal variables.

Paired T-test: tests of differences between the
means of two categorical related groups when
the dependent variable is continuous.

Chi-square (X2): test if there is any relationship
between two nominal variables.

One-way Analysis of Variance (ANOVA): tests
for differences between the means of two or
more categorical unrelated groups when the
dependent variable is interval or ratio.

Friedman: tests for differences in groups when
the dependent variable in ordinal or continuous
(one group that is measured on three or more
different occasions).

Repeated Measures ANOVA: tests for
differences between the means of three or
more groups (one group that is measured on
three or more different occasions). The
dependent variable needs to be continuous,
whilst the independent variable needs to
consists of at least two categorical related
groups.

Mann-Witney: tests for differences between
two categorical unrelated groups when the
dependent variable is ordinal or continuous.

Pearson’s Correlation: measures the strength
and direction of association between two
interval or ratio variables.

Wilcoxon Signed-Rank Test: compares the
scores of two categorical related groups when
the dependent variable is ordinal or continuous
(non-parametric of Paired T-test).

Kruskal-Wallis: tests for differences between
two or more categorical unrelated groups when
the dependent variable is ordinal or continuous
(non-parametric of one-way ANOVA).

Spearman Correlation: measures the strength
and direction of association between two
ordinal, interval or ratio variables.

4.8 Ethics
People with limb-loss belong to vulnerable groups, e.g. children, prisoners, people
with AIDS, as many of them suffer from depression or have not accepted the limbloss and being questioned or describing their feelings may cause emotional distress
or other psychological problems to them. Generally, for the researchers who
conduct research with participants, ethics constitute an important part of the
research process. Ethical problems can arise, such as the exposure of the personal
information of participants, e.g. name, the enforcement of people to participate in
the research, unfair treatment of participants, the creation of negative feelings to
them etc. (Bryman, 2012). Taylor et al. (2016, p.95) analysed many cases, where the
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researcher had to deal with ethical or unethical behaviours of participants during
the process of investigations and highlighted the importance of the Institutional
Review Boards for the Protection of Human Subjects (IRBs) in situations like these.
As reported in Section 4.6, in the UK, one way to approach people with limb-loss to
participate in research is through the NHS. However, conducting research with
patients of the NHS requires an additional ethics approval, beyond the one from the
Sub-Committee of the University; that from Regional Ethics Committees (REC). As
Robson and McCartan (2016, p.231) pointed out, “the volume, degree and length of
scrutiny by ethics boards and committees depends on several factors, including who
funds the research, the application process, and whether more than one of them
involved”. Due to the limited amount of time that the researcher had before
starting the Study I, an NHS approval was considered to be too time consuming and
other routes were followed to recruit participants.

4.9 General discussion & conclusions
In Section 4.5.2, it was identified that Interpretative Phenomenological Analysis
(IPA) would be used in Study II as the theoretical approach, with interviews being
the primary qualitative technique based on semi-structured interviews. Figure 4-6
depicts an example of possible questions that could be asked based on IPA.

Figure 4-6 An example of questions of the semi-structured interviews, based on Interpretative
Phenomenological Analysis, of Study II
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In Section 4.5.2, it was also identified that informational probes would be used as
the nested qualitative technique of Study II, to provide further data which could be
used to complete and verify the data from the interviews and hence, increase the
rigour of the findings. To make it easier for the participants to complete the probes
and thus, reduce the threat of low participation or high dropout, it is possible to use
mobile smartphone applications that overcome the majority of the disadvantages
that the traditional tools of probes have: they offer different tools, e.g. camera,
text, scale questions, video, in one device (users’ mobile phone). This makes the
process easier for participants as they do not need to carry several different tools.
Additionally, as the research was being conducting in both Greece and the UK, the
use of mobile applications would help the researcher gather and analyse the data
from Greece more easily, saving money and time. Finally, the real time
communication between the researcher and the participants could eliminate
participants’ misunderstanding of the process or forgetting to complete the tasks,
e.g. the researcher can observe participants’ answers and send emails as reminders.
Figure 4-7 illustrates an example of how informational probes could be used with
mobile applications.

Figure 4-7 Example of the mobile diary application as informational probe of Study II
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As the literature on users suggested (Section 2.3.4), many studies which are related
to people with limb-loss used questionnaires to investigate participants’ quality of
life (QoL), with respect to their limb-loss. Table 4-3 indicatively depicts some of the
questionnaires that were identified in Section 2.3.4 and explains how they were
used, with respect to the aim of the studies. There are various types of
questionnaires which were usually combined with others to best answer the aim of
the research (Table 4-3). Therefore, the suitability of each questionnaire in each
study is subjective and it is only based on researchers’ judgements according to the
factors they are intended to investigate and the objectives they are trying to satisfy.
This statement was also supported by Hawkins et al. (2014) who also pointed out
that the assessment tools that are used to define the outcomes are confusing.
The use of questionnaires regarding the users’ QoL seemed to be suitable as an
additional tool for the informational probes, which would give valid and measurable
results.
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Table 4-3 Questionnaires that have been used in studies for to people with limb-loss based on the
literature.
Author(s)

Aim of the study

Name of the Questionnaire(s)

Breakey (1997)

Investigate the self-perception and
psychosocial well-being of 90 men
with LLA.

*Amputee Body Image Scale (ABIS)
(Breakey, 1997)

Murray and Fox
(2002)

Investigate whether there is a
relationship between prosthesis
satisfaction and body image to
people with LLA who use prosthetic
limbs.

*ABIS (Breakey, 1997), *Trinity
Amputation and Prosthesis
Experience Scales (TAPES) (Gallagher
& MacLachlan, 2000)

Asano et al.
(2008)

Identify different factors that can
affect the subjective QoL of 415
participants after LLA.

*Prosthesis Evaluation Questionnaire
(PEQ) (Legro et al., 1998)

Deans et al.
(2008)

Focus on the relationship that exists
between physical activity and
perceived QoL in 25 people with LLA.

*TAPES (Gallagher & MacLachlan,
2000) and *WHOQOL-BREF (World
Health Organisation, 1995)

Unwin et al.
(2009)

Examine different variables related
to the positive psychological
adjustment of people to LLA.

Multidimensional Scale of Perceived
Social Support (MSPSS) (Zimet et. al.,
1988), *TAPES (Gallagher &
MacLachlan, 2000) and Positive and
Negative Affect Scale (PANAS)
(Watson et al., 1988)

Demet et al.
(2009)

To evaluate factors that are related
to the quality of life of people with
ULA or LLA

*Nottingham Health Profile (NHP)
(Hunt, 1990)

Sinha et al.
(2011)

To identify factors that can affect the
QoL of people with LLA and compare
the QoL of amputees with that of
able-bodied people.

*SF-36 Health Survey (Ware &
Sherbourne, 1992)

Akarsu et al.
(2013)

Focus on the QoL and functionality of
30 people after LLA.

*SF-36 Health Survey (Ware &
Sherbourne, 1992), *Satisfaction
with Prosthesis Questionnaire (SATPRO) and ABIS (Breakey, 1997)

Holzer et al.
(2014)

Studied the impact of LLA on bodyimage and self-esteem of 298
patients.

Multidimensional Body-Self Relations
Questionnaire (MBSRQ) (Cash et al.,
1985), *SF-36 Health Survey (Ware &
Sherbourne, 1992)

Sinha and
Perianayagam
(2014)

Study the adjustment to amputation
and the prosthetic limb of 368
participants with LLA.

*TAPES (Gallagher & MacLachlan,
2000)

*These questionnaires are analysed in Appendix A.2.
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In Section 4.5.4, it was identified that an interview-base survey questionnaire would
be the qualitative technique of Study IV, an example of which is depicted in Figure
4-8. As shown in Figure 4-8, the questionnaire could consist of both closed and open
questions and could be separated into three main areas; those of participants’
demographic characteristics, e.g. age, gender, nationality and occupation, which
could be both open and nominal questions; the evaluation of the design of various
prosthetic limbs, which could be scale questions where participants could indicate
how much they like or dislike the appearance of a prosthesis in a five-point Likert
scale and finally, the emotional responses towards people with limb-loss based on
the prostheses they wear. In this case participants could, for instance analyse (open
question) which image creates the most positive feelings in them and which one the
most negative, or they could also answer to other open questions such as “What
comes into your mind when you see a person with limb-loss?”.
Although in the literature on research methods online surveys are usually
considered as quantitative research (Cohen et al., 2011; Bryman, 2012; Robson &
McCartan, 2016), in this study the online survey was considered qualitative for the
following reasons. Firstly, because of the non-probability sample methods that were
used, which would not lead to the generalisation of the findings; secondly, because
the aim was to investigate people’s emotions and attitudes, which could not give
objective data, as they are affected by people’s personal experiences and thus, they
are subjective.
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Figure 4-9 constitutes a summary of the chapter, which depicts the research
purpose, questions, type, strategy, sampling, and analysis that were used in the
Ph.D. As Figure 4-9 shows, the interpretation of the findings derived from the
conduct of the four studies would give insights and answer the research purpose of
the Ph.D.

Figure 4-9 The research methods of the Ph.D.
RQ: Research Question
IPA: Interpretative Phenomenological Analysis
SSEHPI: Six Sources of Emotions in Human Product Interaction
SPSS: Statistical Package for Social Science
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4.9.1 Account of Self
As it was pointed out, in both phenomenology (Section 4.3.1) and interpretative
phenomenological analysis (Section 4.3.2), researchers play an active role, in which
their self-reflection is important to identify bias and avoid it in the interpretation of
the results. Therefore, in this research, the researcher’s self-reflection regarding her
identification with respect to HC and LC societies and the effects of their cultures on
her attitudes, beliefs and perceptions, were crucial to understand how they could
affect the conduct of the studies and the interpretation of the findings.
The researcher is from a collectivistic country (Greece); however, she was born and
grown up in the capital, which is the biggest city of the country where half of the
total population lives. Therefore, although her personality, attitudes and beliefs
have been affected by those of a collectivistic society, the collectivistic orientation
in not as strong as it would be if she had been born and grown up in a small town or
a village. Furthermore, she lived and studied for five years in an individualistic
country (UK), which is the second most multicultural country in Europe. Therefore,
although there are many intense collectivistic characteristics in her personality, e.g.
the value of family, value of positive relationship with others, emphasis on social
duty and solidarity, she also preserves characteristics of individualistic cultures, e.g.
self-reliance, independence and personal growth, which provide her with a more
neutral orientation regarding her position towards the polarity between
individualism and collectivism. The fact that the researcher had to investigate the
effects of a different culture than the one of her origin, could create problems with
the analysis and interpretation of the data and the comprehension of the effects of
the British culture on participants’ perceptions and experiences. Finally, the
diversity in researcher’s personality derived by the presence of the individualistic
characteristics, could also affect the interpretation of the results regarding the
effects of emotionally-driven prostheses in the case of Greece, as she may not be
able to understand in depth the perceptions and experiences of participants from
very collectivistic societies, where stigmatisation is high.
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Additionally, her background in the field of design, as well as the participation and
attendance of many art and design exhibitions, have broadened her horizons by
providing her liberal beliefs and attitudes. These factors, alongside her interest in
the area of disability studies have made her open-minded towards diversity. These
characteristics could also affect the conduct of the studies and the interpretation of
the results and create bias towards the contribution of emotionally-driven
prostheses.
Therefore, it was important to acknowledge these characteristics before the
conduct of the studies to be able to comprehend participants’ perception of their
experiences with the prostheses they owned, and those that they would like to use,
with respect to their culture, in order to eliminate bias.
In addition, the studies were conducted under the supervision of three academics
(two females, one male) with collective experience not in the subject matter but
also the conduct of rigorous doctoral research which also provided checks and
balances against possible researcher bias.
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5. Study I: exploring prosthetic users’ preferences

towards the level of emotionally-driven prostheses
In Chapter 4 various research methods were analysed and evaluated using a SWOT
analysis, based on the way they were used in previous investigations, as well as
their application in this Ph.D. research. In the Discussion and conclusions section,
the final techniques of each study were presented alongside ideas of tools that
could be used to address the weaknesses and threats of the chosen techniques. The
chapter ended with a diagram of a summary of the research methods of the Ph.D.
In this chapter Study I is presented, the aim of which was to explore users’
preferences towards prostheses (RQ.1), as an initial step to test the feasibility of
conducting the Ph.D. research, since no previous investigations were found in the
literature. Additionally, Study I was used to test the feasibility of conducting the
research in two countries with different cultural contexts. The results presented
similarities between the two countries regarding the hierarchy of participants’
preferences. However, the reasons for participants’ preferences towards prosthetic
limbs differed.
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5.1 Aim and Objectives of Study I
The aim of Study I was to explore prosthetic users’ preferences towards the three
types of prostheses with different levels of emotionally-driven design, Realistic
Prostheses (RP), Functional Prostheses (FP) and Expressive Prostheses (EP), in order
to understand which factors can affect these preferences. To achieve the aim of
Study I, the following objectives needed to be met:
1. To gather insights regarding the prostheses that the participants owned
and the one they would like to have, with respect to their culture.
2. To establish the key criteria that drove users’ preferences towards
prostheses, regarding the variables (demographic and disability related)
that were tested, with respect to their culture.
3. To explore the reasons that led participants to choose their preferred
prostheses, with respect to their characteristics (demographic and
disability related) and culture.

5.1.1 Summary of the aim, objectives and methods of Study I
Figure 5-1 depicts a summary of the aim, objectives and the research methods of
Study I, which are analysed in-depth in the next sections.
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Figure 5-1 A summary of the research methods of Study I
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
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5.2 Methods of Study I
The online survey took approximately ten minutes to complete. The self-completion
questionnaire (Appendix C.1) was in English and translated into Greek to eliminate
the potential limitation and bias that could be caused by restricting participation to
bilingual users. The software that was used for the design of the questionnaire was
the Bristol Online Survey (BOS).

5.2.1 Online Survey: the questionnaire
The questionnaire was separated into two main sections; the first section consisted
of ten closed questions. Six questions were relevant to demographic characteristics:
age (four levels), gender (two levels), nationality (two levels), area of residence (five
levels), educational level (three levels), and level of annual income (five levels). Four
questions were relevant to disability related characteristics; area of limb-loss (two
levels), level of limb-loss (two levels), cause of limb-loss (three levels), the years that
have passed since the amputation (three levels), and the years participants have
used prosthetic limb(s) (four levels).
The second part of the questionnaire related to prosthetic limbs. In two of the
questions, the three types of prostheses were presented and explained to
participants through images of prostheses that belonged to each type. Participants
had to choose the category in which the prosthetic limb they owned belonged to.
An open question was available to them, where they could describe their
prostheses, in case they were not sure about the type or category to which their
prosthesis belonged, or in case they owned prostheses that belonged to more than
one of the three types. After this, participants had to identify why they chose their
limb(s) from a list of ten reasons shown in Table 5-1. Participants who were not
satisfied with the prosthetic limb they owned were asked to choose the prosthetic
limb they would like to use, by choosing one of the three depicted types, and give
the reasons for their choice. Finally, participants had to evaluate the way that the
appearance of their prostheses affected their appearance (four levels).
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5.2.1.1 Reasons of prosthetic limb choice
Based on the role of each prosthetic type that was identified by the literature, nine
reasons (Table 5-1, reasons R1 to R9) were given to participants to explain why they
chose the prosthetic limb they had, and the prosthetic limb they would like to have.
These reasons could be separated into three broad categories, based on the three
roles of using prostheses (Section 3.4). The categories were the Functional (Table
5-1; R2, R5, R7), which focused on the functional characteristics of the prosthetic
limbs, the Social (Table 5-1; R3, R8, R9) that addressed to factors that affected the
social life of the users and their interaction with others, and the Identity (Table 5-1;
R1, R4, R6), which focused on the way the prostheses affected the appearance and
the personal identity of the user, with respect to the way users wanted to be
perceived by others. However, in the case of the prosthetic limb they already
owned, an additional reason (Table 5-1; R10) was given to them, resulted from the
pilot.
Table 5-1 Reasons of prosthetic limb choice.
R1. It has a distinctive design which highlights my personality.
R2. It offers great mobility.
R3. It does not attract people’s attention.
R4. It suits my style.
R5. It has high functionality.
R6. It changes the opinion that other people around me have about me and my situation.
R7. It offers me both functionality and aesthetics.
R8. It helps me facilitate my participation in everyday activities (e.g. working environment,
socialising, etc).
R9. It offers me a normal body appearance.
R10*. It was the only option available to me.
R10* was given only for the prostheses that participants owned.

5.2.2 Prosthetic limbs
All the images of the prostheses that were depicted in the questionnaire were
selected from the Internet. The twenty-three images were obtained and edited on
Adobe Photoshop CC 2017 to present a neutral (white) background and have high
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resolution. Whatever possible permission to use the images for research was
obtained.

5.2.3 Pilot of Study I
A pilot study of the online survey was carried out to test the content of the
questionnaire. Twenty-two people participated in the pilot study; six participants
were prosthetic users, six participants were British who belonged to the academic
staff of Loughborough School of Design & Creative Arts, and ten participants were
Greek, with two of them being Ph.D. candidates in the School. The participants who
were familiar with the area of prostheses or were prosthetic users tested the
questionnaire for face validity. All participants completed the questionnaire
independently and gave feedback about the effectiveness and the composition of
the questions: e.g. the wording of the questions, in order to be easily
comprehensible from people with both different educational levels and familiarity
with prostheses.
The results of the face validity resulted in the addition of the last reason for
prosthetic limb choice (R10) presented in Table 5-1, as two of the participants who
were experts in the area of prostheses, and three prosthetic users stated that in
most of the cases, prosthetic users are provided their prostheses from public clinics,
(for example in the UK the NHS), where no options are presented to patients,
largely due to cost restrictions. As this was also in agreement with literature, R10
(Table 5-1) was added.

5.2.4 Sample methods
The sample methods of Study I were volunteer and snowball, since NHS approval
was not practical due to the difficulties of the process and the required time. In an
effort to find participants, the author contacted 136 private companies, support
groups, charities, sports teams etc. (see Table 5-2) to ask people to participate in
the study (volunteer method) and/ or inform other people with limb-loss about the
study (snowball method). Appendices C.2 and C.3 include the names of the private
companies, support groups, charities, and sport teams in the UK and Greece
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respectively. To advertise the online survey on social media, a poster was created
both in English and Greek (Appendix C.4). Appendix C.5 describes the process that
was followed for the recruitment of the participants.
As the study focused on users’ preferences towards prostheses, and the study of
Zaromatidis et al. (1999) showed that people who grow up in a culture different to
the country in which they were born alter their attitudes, the participants’ inclusion
criteria were the following:
x Being over 18 years old.
x Own/ use prosthetic limb(s).
x Have been born and grown up in either the UK or in Greece.
Table 5-2 Participants’ recruitment of Study I; depicts the number of people the author contacted
to ask them to participate in the study and/or inform other people about the study.
Contacts
Private Companies (ii)
Support groups and Charities (i, ii)
Private Clinics (ii)
Organisations (i, ii)
Sport teams (i, ii)
Individuals (i)
Social Media (Facebook and Blogs) (ii)
Total
Responses
Not answered
Negative
Willing to help
Helped
Snowball (i), and volunteer (ii) methods.

UK
5
35
5
3
11
7
6
72

Greece (GR)
11
13
2
3
26
8
1
64

Total
16
48
7
6
37
15
7
136

17
26
27
22/27

13
23
30
20/30

30
49
57
42/57

5.2.4.1 Participants
In a period of five months, 157 people, from both countries, participated in the
study (nUK=78; nGR=76). Twenty-one responses were excluded from the analysis as a
consequence of the exclusion criteria of the study. The total number of valid
responses was 136 (87%) (nUK=67; nGR=69). Most of the participants in both
countries identified as male (54% in the UK; 77% in GR). As Table 5-3 depicts, in the
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UK, most of the participants were above 45 years old, whilst most of the Greek
participants were under 45 years old.
Table 5-3 Participants’ sample in the UK and Greece (GR), with respect to their age and sex.
UK

GR

Males (N(%)

Females
(N(%)

UK Total
(N(%)

Males (N(%)

Females
(N(%)

GR Total
(N(%)

18 to 29

0 (0)

5 (7)

5 (7)

14 (20)

3 (4)

17 (25)

30 to 44

3 (4)

8 (12)

11 (16)

14 (20)

4 (6)

18 (26)

45 to 59

17 (25)

13 (19)

30 (45)

19 (28)

4 (6)

23 (33)

60+

16 (24)

5 (7)

21 (31)

6 (9)

5 (7)

11 (16)

Grand
Total

36 (54)

31 (46)

67 (100)

53 (77)

16 (23)

69 (100)

Age

5.2.5 Ethics
The study, with the reference No. R17-P095, was approved by the Ethics SubCommittee for Human Participants of Loughborough University on 24th May 2017.
Full ethical approval required the submission of the Research Proposal for Studies
Involving Human Participants, the Participant Information Sheet (Appendix C.6), the
Informed Consent Form (Appendix C.7), the Ethical Clearance Checklist and the Risk
Assessment Form. The Participant Information Sheet and the Informed Consent
Form were presented in the Introduction page of the questionnaires, as links for the
participants to be able to read. Participants who accepted the terms that were
described in the Participant Information Sheet continued to the next pages of the
questionnaire.

5.2.6 Data analysis
The use of nominal (categorical) variables on the dependent variable (prosthetic
types) of the questionnaire created problems with conducting statistical analysis as
it restricted the number of statistical tests that could be used (Cohen et al., 2011).
Although the sample size of the study was considered to be large enough to
conduct a statistical analysis (nUK=67 & nGR=69 > N=60), the uneven spread of
participants in the various categories of the variables created further problems with
conducting statistical analysis, as in most of the cases the number of participants
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that belonged to each subgroup of the variables was not adequate, e.g. Table 5-3,
the sample of the UK males between 18-29 years old. Therefore, only descriptive
statistics were used, with visual means, to describe the findings of the survey.
Microsoft Excel 2010 was used for the coding of the findings, as well as their
analysis and the production of the visuals (bar charts and radar graphs).

5.3 Results
With respect to the prostheses participants owned, in the UK the majority of
participants responded that they owned Realistic Prostheses (RP) (49%), while in
Greece most of the participants had Functional Prostheses (FP) (54%). In both
countries, Expressive Prostheses (EP) had the lowest percentages (Figure 5-2, Left).
However, approximately half of the total number of participants (49%) said they
would like to use a different prosthetic limb as they were not satisfied with the one
they owned. Similarities between the two countries were presented regarding the
rank order of the prosthetic limbs participants preferred. Based on the findings, FP
was first in the participants’ preferences; EP came second and last was RP (Figure
5-2, Right).
Owned Prostheses

Preferred Prostheses

100%

100%

80%

80%

60%

60%

40%

40%

20%

20%

0%

0%

UK

Greece
RP

FP

EP

UK

Greece
RP

FP

EP

Figure 5-2 Left: The percentages of the owned prostheses, with respect to participants’ culture;
Right: The percentages of the preferred prostheses, with respect to participants’ culture
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

Figure 5-3 depicts the prostheses owned (columns) versus the preferred prostheses
(sections of columns) of participants who believed their prosthetic limbs affected
negatively their appearance. The results showed that the majority of the
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participants who owned RP would like to use FP, while most of the participants who
owned FP would like to use EP. Additionally, none of the participants who owned EP
answered that EP negatively affected their appearance. However, as the sample of
people who owned EP was very small further investigations were necessary.

Figure 5-3 The total number of participants who answered that the prostheses they own (columns)
affects their appearance negatively. The segments of each column show the prostheses
participants prefer
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

The analysis of the reasons why participants chose the prosthetic limbs they
preferred with respect to their nationality (Figure 5-4) identified differences
between the two countries. Although functional reasons (‘Both Functionality and
ĞƐƚŚĞƚŝĐƐ͛
, ‘'ƌĞĂƚ DŽďŝůŝƚǇ͛
, ‘High Functionality’) were the priority for people in
both countries, Greek participants also chose social reasons, such as ‘Not Attract
ƚƚĞŶƚŝŽŶ͛
and ‘EŽƌŵĂů ŽĚǇ
. Alternatively,
ƉƉĞĂƌĂŶĐĞ͛
participants from the UK
emphasised identity reasons, such as ‘,ŝŐŚůŝŐŚƚ
, ‘Suits
WĞƌƐŽŶĂůŝƚǇ͛
my Style’.
‘Participation in Everyday Activities’ was ranked highly in both countries.
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Figure 5-4 The reasons for which Greek (GR) people and people from the UK chose the prosthetic
limb they prefer.

Regarding the reasons why participants chose the prostheses they owned, 32%

responded that ‘/ƚǁĂƐƚŚĞŽŶůǇŽƉƚŝŽŶĂǀĂŝůĂďůĞƚŽ
with 70% of them preferring
a different type of prostheses. Additionally, 86% of UK participants who completed
the questionnaire, responded that they got their prostheses from NHS, 6% said that
they bought them from private clinics and 8% answered that they got prosthetic
limbs from both the NHS and private clinics.

5.3.1 Demographic characteristics
The findings of the study regarding sex showed that FP was chosen as the most
preferable prostheses among both sexes in both countries (Figure 5-5). In Greece,
the order of RP and EP was unclear (Figure 5-5, Right), because the responses had
similar proportions. However, in the UK, males preferences towards RP and EP were
the reverse of that of females, because EP were the least preferred prostheses for
males and RP the least preferred for females (Figure 5-5, Left).
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UK Preferred Prostheses

GR Preferred Prostheses
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Figure 5-5 Participants’ preferences towards prostheses in the UK (Left) and Greece (Right) with
respect to their sex
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

Regarding the prosthetic limbs participants wanted and their age, FP had the
highest percentage among all age groups except for the UK participants who were
over sixty years old and preferred RP (Figure 5-6). Additionally, it can be noted that
in both countries, EP came second for participants who were 18 to 59 years old,
while for participants over 60 years old, EP was the least preferred type of
prostheses.
UK Preferred Prostheses

GR Preferred Prostheses
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Figure 5-6 Participants’ preferences towards prostheses in the UK (Left) and Greece (Right) with
respect to their age
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

The findings concerning educational level showed that in both countries, FP had the
highest percentage of all the categories. RP was not a significant percentage among
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participants with Further Education, while the percentages of RP and EP were
reversed between the two countries; Greek participants with high levels of
education had the lowest preference towards EP and UK participants towards RP.
FP was the most preferable in all categories of annual income. However, Greek
participants with a high level of annual income preferred RP to EP, while the
participants from the UK who belonged in the same category preferred EP. Greek
participants with a very low level of annual income preferred EP, which was
contrary to the participants with a very high level of annual income who had chosen
RP. For participants from the UK, the preferences for RP and EP were not clear
except for participants who had a high income, where EP was preferred. For the UK,
the results regarding the area of residence were not clear. However, Greek
participants’ preferences seemed to be affected by the area of their residence
(Figure 5-7). Although the results were not representative, none of the Greek
participants who had chosen ‘Town’ or ‘Village’ as the area of their residence chose
EP (Figure 5-7, right).
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Figure 5-7 Participants’ preferences towards prostheses in the UK (Left) and Greece (Right) with
respect to the area of residence
C/S: Countryside
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

The analysis of the reasons why female and male participants chose the prosthetic

limbs they would like to use showed that the reasons ‘EŽƚ ƚƚƌĂĐƚ
,
ƚƚĞŶ
‘Normal Body Appearance’ and ‘,ŝŐŚůŝŐŚƚwere
WĞƌƐŽŶĂůŝƚǇ͛
higher in female

participants from both countries than in male participants, whilst ‘ŚĂŶŐĞWĞŽƉůĞ͛
KƉŝŶŝŽŶ͛
was also higher in females from the UK. Concerning education and annual
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income, the largest difference in hierarchy between the two countries was
observed in the categories High Education and High Income. Analysis of the reasons
and the literature did not offer further explanation. As the preferences of Greek
participants seemed to be affected by the area they lived, a further analysis of the
reasons why Greek participants who lived in cities (C), towns (T), villages (V) and
countryside (C/S) chose the prosthetic limbs they preferred was conducted. The
analysis of the answers showed that ‘EŽƚ ƚƚƌĂĐƚ
and ‘Normal
ƚƚĞŶƚŝŽŶ͛
Body
ƉƉĞĂƌĂŶĐĞ͛
were higher in case of Greek participants who lived in villages and
towns, and lower in cases of city and countryside (Figure 5-8).

Figure 5-8 The reasons for which Greek (GR) chose the prosthetic limb they prefer with respect to
the area of their residence
T: Town; V: Village; C: City; C/S: Countryside

5.3.2 Disability related characteristics
One of the disability related variables was the years that had passed since the
amputation, which was similar to the number of the years that the participants had
worn prosthetic limbs; with 98% of them answering that they had owned
prostheses for the same time period as that that had passed since amputation.
Participants who wore prostheses for a short time period (0 to 4 years) showed a
preference for FP, especially in Greece (Figure 5-9). For the Greek participants who
had worn prostheses for 5 to 14 years, EP was a more desirable option than RP,
whilst UK participants preferred RP and EP. Finally, for those who had worn
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prostheses for more than 15 years, FP had the highest proportion of responses in
both countries and the percentages of RP and EP were close (Figure 5-9).
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Figure 5-9 Participants preferences towards prostheses in the UK (Left) and Greece (Right) with
respect to the years wear prostheses
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

Concerning the cause of limb-loss, the two countries demonstrated the same
hierarchy of the three types of prostheses (Figure 5-10). More specifically, FP was
ranked as the most preferable prostheses for all categories; in participants who had
the amputation because of trauma or accident, RP was the least preferred, while for
participants with congenital limb-loss, the least preferred type was EP. Finally, the
findings regarding the area of limb-loss, as well as the level of limb-loss were
unclear and appeared not to influence users’ preferences.
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Figure 5-10 Participants preferences towards prostheses in the UK (Left) and Greece (Right) with
respect to the cause of limb-loss
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
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The analysis of the reasons that participants who had their amputation 0 to 4 years
ago chose the prostheses they preferred showed that functional reasons were the
most popular in both countries (Figure 5-11). However, participants from the UK
were also worried about the consequences of the limb-loss on their appearance and
identity (‘ŚĂŶŐĞWĞŽƉůĞ͛ƐKƉŝŶŝŽŶ͛
, ͚,ŝŐŚůŝŐŚƚWĞƌƐŽŶĂůŝƚǇ͛
, ‘^ƵŝƚƐŵǇ^ƚǇůĞ͛
); reasons
which still remained high for participants who had their amputation five or more
years ago. In contrast to the UK, Greek participants appeared to worry more after
the amputation about social reasons and the consequences that the limb-loss

would have on their social life (‘EŽƌŵĂůŽĚǇƉƉĞĂƌĂŶĐĞ͛
, ‘EŽƚƚƚƌĂĐƚƚƚĞŶ
),
probably as a consequence of the resulting stigma.
The analysis of the reasons why participants chose the prosthetic limb they would
like to use, with respect to the cause of the limb-loss, showed that functional
reasons were the most important in all categories. However, in the case of
participants who had limb-loss due to trauma, Greek participants presented a

higher proportion of social reasons (‘EŽƚ ƚƚƌĂĐƚ mal
ƚƚĞŶƚŝŽŶ͕͛
Body

ƉƉĞĂƌĂŶĐĞ͛
), whilst the UK participants focused on identity (‘,ŝŐŚůŝŐŚƚWĞƌƐŽŶĂ

͚^ƵŝƚƐ ŵǇ ^ƚǇůĞ͕͛).͚ŚĂŶŐĞƐ
In cases where the amputation
WĞŽƉůĞ͛Ɛ
was
KƉŝŶŝ
caused by disease, social reasons and especially those of ‘Normal Body AppearanĐĞ͛
and ‘ŚĂŶŐĞƐ WĞŽƉůĞ͛Ɛ
were high inKƉŝŶŝŽŶ͛
both countries. In the case of
congenital limb-loss, participants from both countries had chosen social (‘Normal

ŽĚǇ ƉƉĞĂƌĂŶĐĞ͕͛) ͚EŽƚ
and identityƚƚƌĂĐƚ
(‘,ŝŐŚůŝŐŚƚ
ƚƚĞŶƚŝŽŶ͛
) WĞƌƐŽŶĂ

reasons, while none of the participants chose ‘ŚĂŶŐĞƐWĞŽƉůĞ͛ƐKƉŝŶŝŽ
and ‘Suits
ŵǇ^ƚǇůĞ͛
as reasons for their choice.
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Figure 5-11 The reasons for which the participants from Greece (GR) and the UK chose the
prosthetic limb they prefer, with respect to the years since the amputation, for 0-4 years (top) and
5 years or more ago (bottom).

5.4 Discussion
Although the findings were not representative of the population, it was clear that
RP and FP were the most broadly used prosthetic limbs in both countries, while EP
was not as popular among prosthetic users, especially in Greece. This was not
surprising as EP constitutes a new prosthetic type that has only developed during
the last decade. Nevertheless, the findings showed that a large number of people
were not satisfied with the prosthetic limb(s) they owned chose another type of
prostheses; 34% of the participants who owned RP, whilst the corresponding
percentage for the FP participants was 14%. The analysis of participants’ opinion
regarding their appearance and the prosthetic limb they owned presented
similarities in both countries, showing that RP created the most negative feelings in
users, giving the lowest percentage of positive effect. This was in accordance with
the study that Cairns et al. (2014) of 156 lower limb RP users, which showed that
most of the participants were neutral or dissatisfied with their RP.
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Murray and Fox (2002), Nguyen (2013) and Sansoni et al. (2015) supported the
existence of a distinction between the two sexes regarding the reasons they use the
prostheses, as they pointed out that women are more concerned than men about
identity and body image because of the societal expectations towards female
beauty. The findings of this study and the analysis of the reasons why participants
chose the prosthetic limb they preferred were in line with Murray and Fox (2002),
Nguyen (2013) and Sansoni et al. (2015). The results regarding age showed that it
affected users’ preferences towards prostheses; most prosthetic users who were
over sixty years old preferred RP the most and EP the least.
Of interest was that although Greek participants were concerned about social
reasons and trying not to attract the attention of people to their limb-loss, many
Greek participants chose EP, the purpose of which is to highlight the wearer’s
uniqueness and identity. This purpose is contrary to the values of Greek culture as a
collectivist society. However, the analysis showed that only the Greek participants
who lived in cities chose EP. Thus, the area of residence seemed to affect the
preferences of people of HC societies, probably due to the collectivist orientation
they have, as well as stigma, which can easily be spread in collectivist societies, such
as Greek villages. Thus, it was assumed that in order not to be stigmatised by the
society in which they live, people try to use prostheses that will not attract people’s
attention to the limb-loss. This assumption is also supported by Rybarczyk et al.
(1995), Gallagher and Maclachlan (2001), Murray (2005; 2009) and Saradjian et al.
(2008) maintaining that many prosthetic users used prostheses to hide their limbloss and as a result avoid being stigmatised by society. Furthermore, the higher rate
of EP in the preferences of Greek people who lived in cities verified the
investigations of Georgas (1989) and Pouliasi and Verkuyten (2011) which
supported the notion that the urban societies of Greece are in a transitional phase
from collectivistic to individualistic societies.
Nguyen (2013) pointed out that amputees are not concerned about the appearance
of their prosthetic limb(s) when they are at the stage of recovery (after amputation)
and only when they accept their limb-loss do they start thinking about how the
prosthetic limb affects their image. This was supported by the findings of the study
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which showed that the percentage of RP and EP was higher for participants who
had amputation more than five years ago. Furthermore, the reasons why
participants chose the prosthetic limb they preferred, with respect to the years that
had passed since the amputation, constituted a factor that was affected by their
culture, as Greek participants worried about the impact that amputation would
have on their social life and environment, whilst participants from the UK were
more concerned about the impact of amputation in their personality and identity.
Based on the theories regarding HC and LC societies and the analysis of the reasons
it was assumed that when amputees from collectivist societies realise that people
around them, as well as society, accept the limb-loss, their social anxiety decreases.
On the other hand, the anxiety of people from LC societies decreases when they
feel confident with their new body image or maintain their previous identity.
As can be seen from the analysis of the participants’ preferences towards the three
types of prostheses, with respect to the cause of the limb-loss, RP was the least
preferable type only in cases of trauma. Furthermore, the analysis of the reasons
showed that in case of limb-loss due to disease, participants from both countries
were concerned about social reasons. This may be due to the fact that when the
amputation is a result of disease, people worry about the opinion that others have
towards them and want to prove that they remain capable people and not part of a
vulnerable group, in order to reduce the stigmatisation of illness. When the limbloss does not happen suddenly in their life, as the case of congenital limb-loss,
people develop their identity based on that and as a result, they do not have the
need to change people’s opinion. The findings concerning the cause of amputation
showed that in the UK most of the participants said that their limb-loss occurred
because of disease, whilst in Greece the main cause of amputation was trauma.
Congenital limb-loss was the last reason in both countries, which was in accordance
with Esquenazi (2004) who said that the percentage of people with congenital limbloss is low in comparison with those whose limb-loss is for other reasons.
The dissatisfaction of participants with their prostheses may be a consequence of
the fact that in many cases, participants were unable to choose their prostheses.
The analysis of the reasons why participants chose their prosthetic limbs verified
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this assumption, as it showed that the majority of the participants answered that it
was the only option that was available to them. The provision of prostheses from
the NHS may also constitute a reason that limits the options of participants
regarding the prosthetic limbs they use. Sansoni et al. (2015, a) stated that the
findings from the interviews they conducted with prosthetists from the NHS and
their patients showed that patients were not well informed regarding the different
options of aesthetic prostheses that existed in the market, but were only provided
with basic options, which resulted in patients’ dissatisfaction with the appearance
of their prostheses. This argument regarding patients’ limited options was also
supported by Blom (2018).

5.4.1 Limitations of the study
One of the limitations of the study was the sample used for the research. It is
acknowledged that the sample was not representative of the population and this
may have led to biased conclusions. Additionally, as participation in the study was
voluntary, it may be that only prosthetic users who felt confident with their
amputation took part; a factor that may also lead to biased results. However, as the
aim of the study was to explore prosthetic users’ preferences towards prostheses
and whether culture affected these preferences, as an initial step of testing the
feasibility of the Ph.D. research, the sample was deemed to be suitable.
Although the study showed that culture affected people’s preferences, both
selected countries were in Europe and as a result, their cultures have likely been
affected by the homogeneity that globalisation causes. Furthermore, as the
prosthetic limbs were shown to participants as pictures and participants were asked
to hypothetically choose their preferred prosthesis, and only a few prostheses were
depicted in each category, this may have influenced participants’ choices regarding
their preferred prosthetic limbs. Finally, the hypothetical choices of their preferable
prostheses may also lead to biased results as generally, people are poor at
understanding their future needs and desires.
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5.5 Conclusions
The online survey aimed to explore the preferences of prosthetic users towards the
three types of prostheses, with respect to their culture. The aim of Study I was met
and therefore, the first research question of the Ph.D. (Section 1.3.2, RQ.1) was
answered.
The results of the study showed that Realistic Prostheses (RP) and Functional
Prostheses (FP) were the most broadly used prosthetic limbs regardless of culture;
Expressive Prostheses (EP) were not so popular among prosthetic users, as they
were used by only a small number of people, especially in Greece. However,
participants’ preferences towards prostheses had the same hierarchy in both
countries; FP was the most preferred type, EP came second and last was RP (Section
5.1, Objective 1). Furthermore, a close look regarding the prosthetic limbs
participants owned and the one they preferred showed that only RP percentages
decreased, a result that indicated that most of the RP users were not satisfied with
their prostheses. In contrast to the negative transitions of the percentages of RP,
the percentages of FP and EP increased between the participants who already own
them and those who would like to use them. These results indicated that prosthetic
users’ attitudes were more positive towards prostheses with higher levels of
emotionally-driven design. Therefore, the need to conduct a qualitative study with
participants who would like to use prostheses with higher levels of emotionallydriven design emerged. This would explore in-depth the reasons that drove their
preferences and understand how they might affect users’ lives (Study II).
Although the key criteria that drove prosthetic users’ preferences towards the three
types of prostheses, with respect to the demographic and disability related
variables that were tested, could not be established, since statistical analyses could
not be conducted, the results showed that participants’ preferences towards
prostheses, with respect to their age and cause of amputation, seemed to be
independent of culture as they were the same in the two countries (Section 5.1,
Objective 2). More specifically, FP was most preferable regardless of age and cause
of amputation; younger participants and those who had the limb-loss because of
trauma showed higher preferences towards EP than RP, whist participants over
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sixty years old, and those whose limb-loss was congenital or due to disease,
preferred RP to EP.
The analysis of the reasons why participants chose the prosthetic limb they owned
and preferred, with respect to the variables that were tested and participants’
culture (Section 5.1, Objective 3), showed that in Greece most of the participants
were concerned about social reasons, and the influence that the limb-loss would
have on their social life, probably due to stigma. In the UK, participants’ concerns
focused on the consequences that amputation would have on their personality and
identity. Additionally, female participants focused more on the social and identity
reasons regarding the choice of their prostheses, whilst men were more concerned
about function. Finally, both studies showed that social reasons were high in
participants who had limb-loss due to disease, whilst identity reasons were more
important to those who suffered an amputation.
The findings of Study I gave an initial idea regarding prosthetic users’ preferences
towards prostheses with respect to the level of emotionally-driven design they have
and the extent to which culture could affect these preferences. Prostheses with
higher levels of emotionally-driven design were preferred by prosthetic users in
both countries. The fact that EP was second in participants’ preferences showed
that there was an opportunity that as EP becomes more widely known to users,
more of them might choose EP in the future. As a result, further research was
needed in the area of EP. Furthermore, the fact that EP was second in people’s
preferences in both countries appeared to be contrary to the theories of High or
Low Context societies and the theory of collectivism/ individualism. This supports
the investigations that showed that societies, such as Greece, are in a transitional
era and many people with limb-loss feel confident about themselves and they are
ready to defend the fact that they do not consider themselves to be disabled, but as
active people who can contribute to society. However, the more detailed
comparison of participants’ preferences regarding EP indicated that the
percentages of EP were higher in the UK (LC) than in Greece (HC) in almost every
subgroup, demonstrating that culture still plays a role in people’s preferences albeit
to a different degree in the different cultures.
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5.5.1 Study I: Summary of the results
Table 5-4 depicts a summary of the findings resulted by the conduct of Study I.
Table 5-4 Summary of the findings of Study I
1. RP and FP were the most broadly used prostheses regardless of culture.
2. In both countries, FP was the most preferred type of prostheses; EP came second, whilst RP was
the least.
3. A relationship might exist regarding the reasons that prosthetic users choose their prostheses and
their culture; in LC and individualistic countries (UK) participants focused on identity reasons, whilst
in HC and collectivistic countries (GR) participants focused on social reasons.
4. 49% of the participants (34% of the RP, 14% of the FP) chose a different prosthetic type from the
one they owned. 65% of the RP participants who chose another prosthetic type answered that they
believed their prostheses negatively affected their appearance.
5. Sex affected the reasons of prosthetic choice; female participants focused on identity and social
reasons, whilst male participants focused on functionality.
6. Age affected participants’ preferences regardless of culture; participants who were over 60 years
old preferred RP the most and EP the last.
7. Area of residence affected participants’ preferences in HC and collectivistic countries (GR), as a
consequence of stigma; EP were chosen only by the participants who lived in cities or the
countryside.
8. Cause of limb-loss affected participants’ preferences regardless of culture; RP was the least
preferable choice only in case of trauma.
9. Users’ dissatisfaction with their prostheses may be a result of the limited options that they are
provided to them.
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
LC: Low Context; HC: High Context
GR: Greece
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6. Study II: exploring the effects of emotionally-driven

prostheses on users’ everyday lives
In Chapter 5, Study I was presented, in which the aim was to explore prosthetic
users’ preferences towards prostheses with respect to their level of emotionallydriven design. An online survey was used. The results showed that approximately
half of the participants were not satisfied with the prosthetic limbs they owned, and
a preference towards emotionally-driven prostheses emerged. Therefore, the need
to conduct a qualitative study with users who would like to use emotionally-driven
prostheses was identified, to explore the in-depth reasons that led to their choices.
Consequently, in this chapter Study II is presented, in which the aim is to explore
how emotionally-driven prostheses might affect users’ lives (RQ.2). Semi-structured
interviews and informational probes were administered to gather information from
seven participants. The analysis was based on Interpretative Phenomenological
Analysis and the Six Sources of Emotions in Human Product Interaction. The results
regarding the role of prostheses revealed one theme that related to the
participants’ personal life, and two opposing themes regarding participants’ social
lives. The appearance of the prostheses had direct effects on participants’ lives and
well-being and indicated that the level of emotionally-driven design of prostheses
might affect the type of emotions evoked in participants.
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6.1 Aim and objectives of Study II
The aim of Study II was to explore how the level of emotionally-driven design of
prostheses affects users’ personal and social lives. In order to achieve the aim of
Study II, the following objectives needed to be met:
1. To understand the role of prostheses on users’ lives, with respect to their
appearance.
2. To identify the emotions that prostheses elicited in participants, with
respect to prosthetic appearance.

6.1.1 Summary of the aim, objectives and methods of Study II
Figure 6-1 depicts a summary of the aim, objectives and the research methods of
Study II, which are reported on in detail in the following sections.
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Figure 6-1 Summary of the research methods of Study II
QoL: Quality of Life
IPA: Interpretative Phenomenological Analysis
SSEHPI: Six Sources of Emotions in Human Product Interactions

6.2 Methods of Study II
The aim of the study was to explore how emotionally-driven prostheses could affect
users lives, by understanding how users make sense of their everyday lives, with
respect to their situation and prosthetic use. Therefore, Interpretative
Phenomenological Analysis (IPA) was used, based on interviews, as the theoretical
approach to the structure and the interpretation of the findings. As was analysed in
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Section 4.9, the interviews (primary method) were combined with informational
probes (nested method), the use of which can be valuable for gathering real-life
data with respect to how participants interact with their prostheses on a daily basis.

6.2.1 Semi-structured interviews
Semi-structured questions were used, which were separated into three main areas
as is depicted in Table 6-1; participants’ relationship with their prostheses,
participants’ experience of their social life with respect to their prostheses, and
participants’ experience of their limb-loss. The duration of the interviews was
approximately one hour, and they were audio recorded. Four of the interviews
were conducted through video call; the rest were carried out in public places. The
interviews were conducted in the participants’ native language, to make it easier for
participants to express their thoughts.
Table 6-1 The questions of the semi-structured interviews

Relationship with prostheses

Q1. Would you like to tell me few things about your personality?
Q2*. Would you like to describe me a normal day of your life?
Q3. How does your prosthesis affect your day?
Q4. How do you feel about your prosthesis?
Q5. Are there any characteristics of your prosthesis that you would like to change?
Q6. How would you like the appearance of your prostheses to be?
Q7. How would the use of prostheses with higher level of emotionally-driven design
would affect your personal and social life?

Q9. Can you describe to me any situations where people reacted in a unexpected way
towards your prosthesis? / How did you feel?
Q10. How do you feel when people are looking at you and your prosthesis?
Q11. How do you think that other people see you?
Q12. Are there any situations that you go out without wearing your limb?
Q13. How would emotionally-driven prostheses affect others around you?

of limb-loss

Experience

Experience of social life

Q8. How does your prosthesis affect people around you?

Q14**. How did you feel after the amputation?
Q15**. How did the amputation affect your life?
Q16**. How did the people close to you, like family and friends, respond to the
amputation?

*Q2 was added as a result of the pilot to help start the conversation and complete the information
from the mobile application.
**Qs14-16: The order was rearranged to be asked later in the interview as a result of the pilot.
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6.2.2 Informational probes
The Ethnographic Observation System (EthOS), a mobile application that is used for
Ethnographic studies, was used for the informational probes for two reasons.
Firstly, because it offered a variety of different tools, e.g. camera, text, scale
questions, in one device (users’ mobile phone), which made the process easier for
users as they did not have to carry different tools. Secondly, because it facilitated
data collection in two countries at the same time, alongside real time
communication of the researcher with the participants.
Table 6-2 depicts the tasks participants were asked to complete in a daily basis for
ten days and the tools that were given to participants for the completion of each
task. The design of the informational probes was based on those of Crabtree et al.
(2003a; 2003b). As can be seen in Table 6-2, the majority of the tasks used four
tools (camera, audio record, video and text) that were available to participants in
order to complete the tasks. Participants could choose the one that was the most
convenient for them. In two cases, (Table 6-2, Tasks 2 & 3) participants had to rank
how they were feeling based on a seven-point scale (1=‘Extremely sad’ to
7=‘Extremely happy’). Six Tags, which were labels, were also provided to
participants to give information for the people and places of the completion of the
tasks; those of colleagues, family, friends for defining the people, and dinner, home,
work for defining the place. In Appendix D.1, images with the tasks of the mobile
application that were given to the participants are depicted.
The mobile application download link was sent to participants by email. An image
with instructions (Appendix D.2) was created by the researcher which explained the
stages participants had to follow, and the use of each icon. The instructions were
also translated into Greek. In the case of participants who were not able to
download and install the mobile application to their phones, a booklet in the form
of a diary was created (Appendix D.3) with the same tasks as those used on the
mobile application. The booklet was sent to participants through the post. A
disposable camera was also given to them to be able to take pictures when it was
considered appropriate. The booklet was also translated into Greek. Participants
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were asked to complete the tasks using the mobile application daily, for ten days,
before the interview. The information could be used as validation of the interviews
to increase the rigour of the findings. Information gathered by the probes, e.g.
images of participants wearing shorts, were also discussed during the interviews to
give further insights, e.g. understanding why participants wear shorts.
Table 6-2 The tasks of the EthOS mobile application
Task 1: You can answer to this question every time you see something that creates feelings (negative
or positive) to you. Please try to capture and send it the moment that happens. (Participants could
answer to the task by using the tool of their choice; camera, audio record, video, or text).
Task 2: How do you feel now? (Participants were required to rank in a seven-point scale how they
feel; 1=extremely sad to 7=extremely happy)
Task 3: How do you feel about your appearance with your prosthetic limb now? (Participants were
required to rank in a seven-point point scale how they feel; 1=extremely sad to 7=extremely happy)
Task 4: Show me the clothes you are wearing now in the area of your prosthesis. (Participants could
answer to the task by using the tool of their choice; camera, audio record, video, or text).
Task 5: How many hours did you wear your prosthesis today? (Participants could answer to the task
by using text).
Task 6: Did you avoid doing something today you otherwise would have done due to your
prosthesis? (Participants could answer to the task by using the tool of their choice; camera, audio
record, video, or text).
Task 7: You are required to answer to this question only once during the conduct of the task. Please
show me your favourite clothes, shoes, accessories or objects. (Participants could answer to the task
by using the tool of their choice; camera, audio record, video, or text).

6.2.2.1 Questionnaire for quality of life (QoL)
A questionnaire was given to participants (Appendix D.4) to measure their quality of
life (QoL) with respect to their prostheses and limb-loss. The questionnaire
consisted of fourteen questions; thirteen of them derived from the questions of the
questionnaires that were used in previous investigations to measure people’s and
amputees’ QoL and were presented in Section 4.9. All the chosen questions related
to participants’ experiences in social situations, with respect to their amputation
and the appearance of their prostheses. General questions regarding participants’
perception towards their lives and amputation that could be affected by prostheses
aesthetics were also included. In contrast, questions regarding the functional or
technical characteristics of prostheses, such as prosthetic weight, fit, comfort,
required energy, noise, ability to walk, or questions regarding aspects of
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participants lives irrelevant to prosthesis aesthetics, e.g. phantom pain, other bodily
sensations or further health problems, were excluded from the proposed
questionnaire.
More specifically, from the WHOQOL-100, five questions were chosen to
understand how participants felt about their lives and whether they believed that
the amputation affected their capabilities. Therefore, only the questions related to
well-being and QoL which could also be related to amputation or prostheses were
selected. Three questions were from PEQ; questions related to social and emotional
aspects of participants, relevant to the appearance of their prostheses. Questions
related to the overall evaluation of the prosthetic limbs were also included in the
proposed questionnaire. The four questions derived from the ABIS Questionnaire
related to participants’ appearance and the appearance of their prostheses.
Similarly, the question included in the proposed questionnaire from the TAPES was
also related to participants’ appearance, with respect to their prostheses.
The questionnaire was given to participants in three different time periods (at the
beginning of Study II, after the completion of the task of the mobile application and
the same day with that of the interview) for two reasons; firstly, to identify if there
was a variation in the participants’ QoL and secondly, to identify possible false
responses. The information from the questionnaire was compared to that of the
mobile application and the interviews to validate the information and increase the
rigour of the findings. The online survey platform that was used for the design of
the questionnaire was the Bristol Online Survey (BOS). The questionnaire was also
translated into Greek for the Greek participants.

6.2.3 Pilot of Study II
A pilot was conducted for face validity with four lower limb prosthetic users to test
whether the questions for the interviews would give the necessary information to
answer to the aim of Study II and whether there were any difficulties with using the
mobile application. The interviews were face-to-face and took part in public places.
Their duration was approximately an hour and they were audio recorded.
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6.2.3.1 Results of Pilot
Although the participants of the pilot belonged to different age groups and
presented different levels of familiarity towards the use of technological
applications all of them apart from one who completed the hard copy booklet,
stated that they did not find any difficulties with downloading and installing the
application on their mobile phones, or with completing the required tasks.
Furthermore, they pointed out that the image with the instructions that was sent to
them was very helpful, as the buttons more clearly depicted and the explanation of
all the steps they had to follow to complete the tasks in the mobile application was
very clear.
The results of the semi-structured interviews of the pilot showed that participants
felt an emotional discomfort when they had to talk about the amputation, although
all of them felt confident with their limb-loss. Therefore, it was considered that the
order of the questions needed to be rearranged and the questions relevant to the
amputation (Table 6-1, Qs14-16) to be asked later in the interview, when the
participants would feel more comfortable and familiar with the researcher. As a
result, at the beginning of the interviews, the questions focused on participants’
personality and their relationships with their prostheses (Table 6-1, Qs1-7). An extra
question was added, ‘Would you like to describe to me a normal day in your life?͛
(Table 6-1, Q2), for two reasons. Firstly, this question facilitated participants
becoming familiar with the researcher, because it was a very simple question that
helped start the conversation. Secondly it allowed the researcher to complete the
information from the mobile application, in cases where participants had not
completed correctly the tasks.
The three prosthetic types were not introduced to participants during the
interviews to avoid bias. The interviews showed that participants were not familiar
with all the types of prosthetic limbs that existed in the market and more
specifically with EP. Consequently, sheets with images of various EP were created to
show examples of EP to participants of the main study to facilitate the process of
the interviews. The categorisation of the participants, with respect to their
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prostheses, resulted during the analysis of the data from both the interviews and
the informational probes by the authors.

6.2.3.2 Data analysis methods of Pilot
The data from the probes was transcribed and analysed after participants
completion of the tasks in order to facilitate the preparation of the questions for
the interviews, adjusting them to each participant. For instance, if participants
mentioned in the mobile application that they did not go out in public without
wearing their prostheses, this question was not asked during the interviews (Table
6-1, Q12), but it was replaced by another question, where participants had to
explain why this was the case The interviews were transcribed immediately after
their conduct, and their analysis was based on the IPA guidelines that were
presented in Figure 4-5 of Section 4.7. However, the main disadvantage of the data
derived from both the probes and the interviews was the fact that it was difficult to
combine the information of the two research techniques and successfully integrate
the information of the probes into those of the interviews.
This problem had also been identified by Brown et al. (2014) who said that one of
the problems with probes is in the interpretation of the data. As a result, Brown et
al. (2014) used the information of the probes to build narratives which helped them
generate design ideas. Inspired by that, the idea of the creation of participants
profiles emerged. The profiles facilitated the combining and depiction of all of the
information derived by all of the techniques that were used in Study II (mobile
application, the questionnaires of QoL and the semi-structured interviews).
Participants were depicted using alias to preserve their anonymity. As Figure 6-2
depicts, in these profiles, the data that were gathered from the mobile application
and the questionnaires were used to give insights regarding participants’ quality of
life, the way they felt regarding the appearance of their prostheses, the
characteristics of their personality, e.g. self-esteem, body image, and information
regarding their perception towards the amputation. Furthermore, the information
from the interviews was separated into the three main areas of investigation; those
of product, user and society. The profiles proved to be helpful to build participants’
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image and to lead to the easier comparison of the findings. Additionally, they
showed how the information from the techniques could be combined, and how the
findings of each one could complete and verify those derived from the other
techniques.

Figure 6-2 An example of a pilot participant profile derived from the combination of the
information of the mobile application, the questionnaire and the semi-structured interviews

173

6.2.4 Sample methods
Purposive sample methods were used for the recruitment of the participants.
Participants were derived from the 136 people who participated in Study I and
voluntarily said they would like to participate in Study II. Participants were chosen
with respect to the prosthetic limb(s) they owned and those they would like to use.
Twenty-five people were asked to participate in the study (Appendix D.5). Of those,
thirteen people replied positively and said they would participate in the study,
whilst the others did not reply or replied negatively.

6.2.4.1 Participants
From the people who positively replied, two of them withdrew before the start of
Study II, whilst a further four did not complete all of the stages of Study II and thus,
they were excluded from the final analysis. Therefore, seven people (nUK=4; nGR=3),
whose characteristics are presented in Table 6-3, agreed to take part and
completed all the stages of Study II.
Table 6-3 Participants’ characteristics
UK
Participants’
alias:

Greece

Rachel

Lucy

James

Sebastian

Margaret

Sarah

Andrew

Age:

29

50

56

47

19

32

49

Age of limbloss:

27

35

44

10

3

26

20

Area of
limb-loss1:

LLL

LLL

LLL

LLL

ULL

LLL

LLL

Level of
limb-loss2:

Un

Bil

Bil

Un

Un

Un

Un

Prostheses
Own3:

RP

FP

FP

EP

RP

FP

FP

Prostheses
Want3:

FP

FP

EP

EP

EP

FP

FP

Cause of
limb-loss:

Cancer

Accident

Septica
emia

Accident

Disease

Car
Accident

Car
Accident

Area of limb-loss1: Lower Limb-Loss (LLL); Upper Limb-Loss (ULL)
Level of limb-loss2: Unilateral (Un); Bilateral (Bil)
Prostheses Own3/Want3: Realistic Prostheses (RP); Functional Prostheses (FP);
Expressive Prostheses (EP)
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6.2.5 Ethics
The study, with the reference No. R18-P057, was approved by the Ethics SubCommittee for Human Participants of Loughborough University on 25th April 2018.
Full ethical approval required the submission of the Research Proposal for Studies
Involving Human Participants, the Participant Information Sheet (Appendix D.6), the
Informed Consent Form (Appendix D.7), the Ethical Clearance Checklist, the
Research Proposal, and the Risk Assessment Form. The Participant Information
Sheet and the Informed Consent Form were also translated into Greek.
The Participant Information Sheet and the Informed Consent Form were sent to
participants via email, before the study began. Participants had to read the
Participant Information Sheet and the Informed Consent Form, sign the Informed
Consent Form and send it back to the researcher via e-mail.

6.2.6 Data analysis
All the interviews were transcribed immediately; the interviews with the Greek
participants were translated into English by the bilingual researcher, to follow the
same analysis as those of the British. The analyses of the interviews and the
answers to the open questions of the probes were conducted using NVivo Pro11
software.
The analysis of the interviews was conducted according to the IPA guidelines that
were presented in Figure 4-5 of Section 4.7. In the first stage of analysis, the
transcriptions of the interviews were read a couple of times alongside listening to
the audio records to better understand the information of the participants’ words.
After this, detailed notes and comments on the data were created regarding the use
and meaning of specific words (key words) to both the participant and the
researcher, things that seemed to be important to the participants, with respect to
their limb-loss and the prosthetic limbs, and the reasons for their importance.
Furthermore, at this stage, notes on contradictions between participants’ words
were taken to help the validity of the data. After this, the themes were identified,
based on the most crucial notes and comments of the previous stage. After, the
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same process was carried out for the rest of the interviews. The themes that
emerged from the interviews were checked to identify relationships resulting in the
creation of four main themes, which consisted of various sub-themes (Appendix
D.8). The themes that emerged were then checked again to identify patterns across
participants, and they were reorganised, based on the aim of the study. Themes
that were not relevant to the focus of the study were excluded, whilst related
themes were combined. As a result, four main themes with sub-themes emerged,
which are depicted in Figure 6-3.

Figure 6-3 The themes that emerged from the analysis of the interviews based on Interpretative
Phenomenological Analysis (IPA)

As it was pointed out in the previous chapters, the analysis of the data of Study II
was also based on the Six Sources of Emotions in Human Product Interactions
(SSEHPI) introduced by Desmet (2012). Therefore, the transcriptions of the
interviews were analysed again to identify the emotions that prostheses evoked in
participants, with respect to the SSEHPI. Subsequently, the emotions that emerged
were checked again to identify only those which were related to the aim of the
study. Emotions that were not evoked by the appearance of prostheses were
excluded from the final results.
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Once the themes were identified by the analysis of the interviews based on IPA and
the emotions that were elicited in participants with respect to the SSEHPI,
participants profiles were created (Appendix D.9), as shown in Figure 6-2. However,
the three mains areas that are presented in Figure 6-2 were replaced by the SSEHPI.
More specifically, the SSEHPI themes were separated into couples with each couple
considered to relate to one of the three areas of investigation (Figure 6-4). The
sources Object and Interaction were considered to relate to product; whilst the
sources Activity and Self related to users. The sources Meaning and Others were
deemed to relate to society (Figure 6-4). Additionally, the emotions that were
evoked in each participant based on the SSEHPI, with respect to prosthetic
appearance were also depicted in participants profiles. The participants’ profiles
alongside the detailed information from both the IPA and the SSEHPI helped the
creation of participants’ narratives, which are presented in Appendix D.10.
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Figure 6-4 Example of participant profile
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
Obj: Object; Int: Interaction; Mean: Meaning
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6.3 Results
Generally, the results of the interviews showed that although the prosthetic types
were not introduced to participants, some of them used the existing terms ‘realistic’
or ‘cosmesis’ and ‘functional’. Whilst none of the participants used the term
‘expressive’ some did refer to notions of EP, using phrases such as ‘prosthesis with a
specific design’, ‘stylish prostheses’ and ‘fashionable prostheses’.
Although the information derived from the probes was not of primary importance
for the study, they helped to build participants’ profiles (Section 6.2.6) and adjust
the interviews to each participant. Additionally, as the probes required frequent
communication between the researcher and the participants, it brought
participants closer to the researcher and created a good basis for the conduct of the
interviews which helped participants talk more easily. Finally, the data from the
probes helped with the comparison with the interviews and their evaluation. Thus,
it was considered that probes proved to be useful as the nested (secondary)
method of the study, but their use would not have been appropriate as a primary
method.

6.3.1 Results based on IPA analysis
Four themes emerged regarding the role of prostheses on participants lives, with
respect to their appearance (Section 6.1, Objective 1), as shown in Figure 6-3; those
of ‘hiding the amputation’, ‘enhancing self-confidence’, ‘showing off the real self’,
and ‘more than prostheses’. Regarding prosthetic improvements, participants
referred to problems with the socket, with female participants also referring to
problems with the weight of their prostheses. Beyond the role of aesthetics of
prostheses on their lives, participants emphasised the importance of participating in
activities as a factor that helped them familiarise themselves with the capabilities of
their prostheses.

6.3.1.1 Hiding the amputation (to reduce stigma)
The use of RP to hide the amputation to reduce stigmatisation, was pointed out by
three participants; however, the incentives identified by participants for wanting to
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hide their limb-loss varied. Rachel maintained that after the amputation,
emotionally and mentally she was the same person, since the amputation had
affected her only physically. However, during the interviews she repeated that she
was ‘disabled’. This indicates that Rachel was facing difficulties with her amputation
and its effects on her life. Therefore, people’s reactions and questions towards her
amputation elicited negative emotions in her, e.g. annoyance, anger, indignation, as
they reminded her of the cancer. Consequently, she preferred to hide the limb-loss
to avoid talking about the illness. The extracted text indicates that she felt obliged
to wear her prostheses in social situations to reduce embarrassment.

/ĂŵĞŵďĂƌƌĂƐƐĞĚƚŽŐŽŽƵƚƐŝĚĞǁŝƚŚŽƵƚŵǇ

ƉĞŽƉůĞǁŝůůƐĞĞŵĞ͕/ŚĂǀĞƚŽǁĞĂƌĂƉƌŽƐƚ
prostheses on (Rachel)

Andrew explained that although he was comfortable with his amputation, he used
RP to hide it because he lived in a close society. Thus, he was afraid of the
consequences of the amputation for his children. Contrarily, Margaret used RP
because she did not want to show immediately to people who did not know her
who she was, as she was shy and introverted.

tŚĞŶ/ŐŽƐŽŵĞǁŚĞƌĞĨŽƌƚŚĞĨŝƌƐƚƚŝŵĞ͕/

ĂŶĚ/ǁŽŶ͛ƚĞĂƐŝůǇƐŚŽǁƚŽŽƚŚĞƌƐǁŚŽ/Ăŵ

Security provider
Margaret also explained that the use of her upper limb RP in public, was important
to her mother to conceal the limb-loss and thus, act as a security provider which
would reduce Margaret’s vulnerability towards muggers.

6.3.1.2 Enhances self-confidence (by improving body-image)
The use of prostheses to complete the body and improve participants’ appearance
was discussed during the interviews; Margaret talked about the importance of using
her RP in formal occasions, where clothes needed to look nice on her, even if she
felt pain from the prosthesis. However, Margaret, Andrew and Sebastian
highlighted that although their RP and FP completed their bodies, which evoked
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confidence in them regarding their body image, at the same time the bad
appearance of their prostheses made them conscious regarding the clothing options
they had, since they were trying to hide the prostheses, e.g. by wearing long
trousers. Figure 6-5.a and b depict participants who tried to hide their prostheses by
using clothes. As it can be seen in Figure 6-5.a, although Margaret tried to hide the
prostheses, a part of the socket on her shoulder was obvious.
When I need to go out and it is a formal occasion, where I need to wear formal

ĐůŽƚŚĞƐ͕/ƐƚĂƌƚƚŚŝŶŬŝŶŐŚŽǁŝƚƚŚĞZW

ŽďǀŝŽƵƐ ĨŽƌĞǆĂŵƉůĞ͙
to not give to people a neŐĂƚŝǀĞŝŵƉƌĞƐƐŝŽŶ͙ƚŚĂ
something (Margaret)

Therefore, participants pointed out that EP would complete their bodies which,
alongside their nice appearance, would increase their confidence and improve their
psychological condition, as it would reduce the anxiety of trying to hide it. Sebastian
mentioned that when he used RP or FP, he always wore long trousers, but after
using EP, he felt confident to wear shorts. Figure 6-5.c depicts Sebastian purposely
wearing shorts in order to show his EP.
But in that case [of using EP], I may wear shorts. It is entirely different to wear
shorts with a nice cover, rather than having a foam cover on it (Andrew)

The contribution of EP on teenagers’ psychological condition and improvement of
confidence was highlighted by Lucy, who said that teenagers ‘need to feel better
about themselves’, as they have active social lives, and EP could help them to
achieve that.

Figure 6-5 Participants’ images of their clothes in the area of their prostheses
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Help limb-loss acceptance
As a result of the improvement in users’ confidence, Sebastian and Andrew claimed
that EP could help new amputees adjust to the limb-loss more easily. Sebastian
stated that EP could take away ‘the big disaster’ of losing their legs, whilst Andrew
emphasised the immediate connection of the aesthetics of prostheses with users’
psychology. Lucy also pointed out that for teenagers, EP could be useful; as
teenagers need to live a longer time period with their limb absence, having many
options would make it ‘more acceptable to them to have a prosthetic leg’.
Nothing more than accessories
Although James presented desire towards EP, he maintained that EP were like
accessories, which could only be used in social occasions to improve the prosthesis
appearance. Therefore, James believed that EP would not change any part of his
life, as they would not offer additional functionality, a view similar to that of Sarah
who pointed out that EP can be used ‘like shoes’. Margaret also maintained that she
considered EP as accessories. As she had her amputation from a very young age, she
does not need prostheses to facilitate her activities. Thus, their only use by her is to
improve her body image.

/ƚƚŚĞZWĨĂĐŝůŝƚĂƚĞƐŵĞǁŝƚŚǁĞĂƌŝŶŐƚŚ
It

ĚŽĞƐŶ͛ƚŚĂǀĞĂŶŽƚŚĞƌĨƵŶĐƚŝŽŶ͖ƚŚĞŽŶůǇĨƵ
So,
it [the EP] would help me when I go out, in my social life, on the way I interact

ǁŝƚŚ ŽƚŚĞƌƐ͙
/ƚ ǁŽƵůĚŶ͛ƚ ďŽƚŚĞƌ ŵĞ ŝĨ ŝƚ ŚĂĚ Ă Ɛ
design. I would like that (Margaret)

However, Andrew’s opinion was different as he stated that EP could improve the
functionality of the prostheses, in the case of above knee amputees. As he
explained, the realistic foams restricted his movements and made the use of the
prosthesis energy-consuming, which created frustration to him. However, the use of
a prosthetic fairing that would stop before the knee joint, would allow the knee to
bend more easily, improving his quality of life.
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6.3.1.3 Show off the ‘real self’
A result of participants’ adjustment to the limb absence and consequently, their
‘new’ self, was the disclosure of their prostheses by the removal of the realistic
foam covers. Participants had the impression that the poor design of their realistic
foams increased their stigmatisation, by showing to people they were ashamed of
themselves and consequently, they were trying to hide the limb-loss. Therefore, as
long as participants felt confident with their amputation, they preferred using their
FP without any covers to show that they did not deny their identities as amputees
by trying to imitate normal limbs.
I think that it needs to start having a specific design to show that although it is a
prosthetic limb that needs to help people, this does not mean that I have
replaced it. That I replaced the reality and now I have two arms. No. I have an
arm and a prosthetic limb which just helps me do few things or I just like to wear
it (Margaret)
Since I have it [the prosthesis] on me, I like it to be as it is [functional]. To not
make it as my own limb (Sarah)
/ ĚŽŶ͛ƚ ŚĂǀĞ
[functional]
ƚŽ
legsŚŝĚĞ
or anything
ŵǇ
like that from anyone. I

ĚŽŶ͛ƚŚĂǀĞƚŽŐŽĂƌŽƵŶĚƉƌĞƚĞŶĚŝŶŐƚŚĂƚ/
-bodied. Everyone knows I am
an amputee (Lucy)

Margaret also talked about some occasions, where she had to reveal to people who
had not realised she was an amputee, her limb-loss. As she said, that created
embarrassment to her. Thus, she emphasised that by using EP she would always be
‘forced’ to show to people her ‘real self’.

dŚŝƐƉƌŽƐƚŚĞƚŝĐůŝŵďƚŚĞWǁŝůů͚ĨŽƌĐĞ͛
ĚŽŶ͛ƚ

ŚĂǀĞĂŶĂƌŵ͘/ǁŽƵůĚŶ͛ƚŚĂǀĞƚŚĞŽƉƉŽƌƚƵŶŝ

ƵŶŝǀĞƌƐŝƚǇ͕ ǁŚĞƌĞ / ŵĂŝŶůǇ
of that as something
ŚŝĚĞ
bad ŝƚ͘ Ƶƚ /
(Margaret)

Sebastian, James, Margaret and Lucy highlighted that EP could act as statements for
users which would show to people that users feel confident with their identities.
Sebastian highlighted how the EP helped him stand out in the crowd and obviously

183

show off his limb absence. Rachel also mentioned that EP could act as a statement;
however, she maintained she would not feel confident with that.
You should not have to hide [the limb-loss] away. You can stand out and be

ƉƌŽƵĚĂďŽƵƚŝƚĂŶĚĞŵďƌĂĐĞǇŽƵƌĚŝƐĂďŝůŝƚǇ
to the next level of confidence and I like to be the centre of attention. So, I like to

ƐƚĂŶĚŽƵƚŝŶƚŚĞĐƌŽǁĚ͙ƉƌŽďĂďůǇƚŚĂƚ͛ƐǁŚ
and having the [expressive] leg cover really gives me that ability to stand out in
the crowd (Sebastian)
I suppose it [EP] allows the user to make a statement, if he wanted to (James)

Help the acceptance by others
All participants, regardless of their perceptions towards the importance of the
aesthetic of prostheses, pointed out that the appearance of EP was improved, and
EP were more attractive than RP and FP. Based on that, Sebastian, James and Lucy
said that EP could help amputees’ acceptance by others. Sebastian explained how
people’s reactions towards his EP were altered compared with those of the previous
prostheses. As Sebastian said, people were smiling and making nice comments,
whist with the previous prostheses, people looked in a strange way which made him
feel embarrassed. Lucy also claimed that the use of prostheses with a nice design is
“to make the general public feel better” and expel pity towards people with limbloss, and not necessarily because individuals need to feel better about themselves.
Therefore, according to Lucy, prostheses with an artistic design could alter others’
behaviour, since they are ‘things people are more positive to think about [sic]’ than
those that attempt to mimic the natural form unsuccessfully. This was in
accordance with Sebastian’s experience with his previous prostheses. As Sebastian
explained, the unattractive design of his previous prostheses, resulted in the
connection of prostheses with ‘medical’ products and thus, people subconsciously
connected his amputation with other disability problems (e.g. mental), which
resulted in his marginalisation as people considered he was not capable of
socialising.
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In contrast with the three British participants, who believed that EP would positively
affect society and alter attitudes towards them, Margaret considered that wearing
EP, would not help the easier acceptance of her by others, as she thought that EP
would cause the same reactions to people to those of not wearing a limb at all, e.g.
people look in a strange way. However, she also referred to occasions where the
poor appearance of her RP evoked fear and embarrassment in the people around
her. Nevertheless, she pointed out that the level of people’s acceptance and
reactions towards people with limb-loss depends on their education and
personality.
Opportunity of educating people
All participants, apart from Rachel, highlighted the importance of educating others,
and especially children, about the life of people with limb-loss and their capabilities,
to reduce stigmatisation. Participants pointed out that others were not familiar with
prostheses, and the view of prostheses made them feel scared or embarrassed, as
they did not know how to approach prosthetic users. Sebastian said that with his RP
and FP, people could understand that he wore a prosthesis; however, they did not
talk to him, as they were afraid of saying something offensive, whilst using EP
helped people realise that he felt confident and comfortable with his limb-loss and
thus, they approached him more easily.
According to Sebastian, James, Lucy and Margaret, EP could act as ‘talking points’,
facilitating users’ interactions with others. Sebastian highlighted that EP made ‘a
fundamental difference’ to his relationships with others, compared to the previous
conventional prostheses, as everybody wanted to talk to him and express their
admiration towards the design of his EP.

͙ƚŚĂƚƚŚĞWǁŽƵůĚďĞĂŐŽŽĚƚĂůŬŝŶŐƉŽŝ
When you wear a [expressive] leg cover, everybody wants to say something.
Everybody wants to say that is a cool leg cover or something like that (Sebastian)
I think it might help people who are more open-minded on that part to feel more
comfortable to open themselves to others who present a difference (Margaret)
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Enhances stigmatisation
Although participants believed that EP could facilitate users’ interactions with
society, two of the Greek participants, Margaret and Sarah considered that drawing
attention to the limb absence, from using EP, could also enhance their
stigmatisation. People may perceive it as an effort by them to overshow their
confidence with their appearance and thus, dislike and disapprove of it.

6.3.1.4 More than prostheses
The analysis showed that for participants with lower limb-loss, prostheses
constituted a tool (‘It’s a means to an end’) allowing them to do the required
everyday activities and ‘to lead a nearly normal able-bodied life’, e.g. driving their
cars.
Although the unilateral lower limb participants separated prostheses from their
natural human limbs, they did not underestimate their importance. This is more
obvious in case of Sarah, who although used words such as ‘normal’ or ‘my’ limb, to
refer to her natural limb, and ‘prosthetic’ to refer to the artificial one, her
relationship with the prosthesis was strong and she perceived it as a friend with its
own personality.
Many times, I talk to him [the prosthesis]. I am yelling at him, if he is not a good
boy, or when I feel pain. I call him Robocop. A friend of mine gave him that

ŶĂŵĞ͙tĞŚĂǀĞĂǀĞƌǇŐŽŽĚƌĞůĂƚŝŽŶƐŚŝƉ;^Ăƌ

In the case of the two bilateral amputees, the strong relationship with their
prostheses was more obvious, as they perceived them as ‘extensions’ of their
bodies and self. Because they did not have natural legs, they referred to them as
their ‘ability’ as without them, they would be in a wheelchair.

6.3.2 Results based on SSEHPI analysis
Table 6-4 depicts the emotions that each type of prosthesis elicited in participants
in each one of the SSEHPI, with respect to their appearance. The identified
emotions depicted in Table 6-4 derived only by the 25 Positive Emotions in Humanproduct Interaction of Desmet (2012) and the 36 Negative Emotion Typology of
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Fokkinga (2019). As it can be seen by Table 6-4, all SSEHPI evoked emotions in
participants. However, the extent to which each source evoked emotions in
participants varied. During the interviews, it was observed that participants
confronted difficulties with identifying and verbalising their emotions, with respect
to their prostheses. This was in accordance with the results of the literature
regarding the difficulties of people with verbalising their emotions in case of selfreported measures (Desmet et al., 2000), if participants express low emotional
granularity.
Regarding the experienced emotions, although in Desmet’s (2012) typology of the
twenty-five positive emotions attraction was clustered within desire, in this study
these two emotions were separated. When participants showed a strong attraction
towards prostheses and expressed a willingness to acquire them (e.g. “If I could,
yes, I would get them”), it was identified as desire. However, when the participants
expressed only strong attraction towards prostheses (e.g. “It makes it more
attractive…”) it was classified as attraction. Furthermore, although excited has been
clustered into energised (Desmet, 2012), in this study, these two emotions were
also separated; being excited means to be highly enthusiastic or being in an energy
condition that is higher than the normal. According to Desmet (2012, p.10), being
energised “stimulates general energetic thoughts and behaviours”. However, in this
study, when participants referred to excitement, they related it to high enthusiasm,
but it was not accompanied by energetic thoughts or activities, e.g. “They are a little
more exciting…”.
Table 6-4 Evoked emotions in the Six Sources of Emotions in Human Product Interaction (SSEHPI)
Realistic Prostheses
(RP)

Expressive Prostheses
(EP)
Attraction (J, M)
Admiration (S, J, SA, M)
Excitement (L, SA)
Desire (S, J, R, L, SA, M)
Amusement (L)
Pride (S)

x -

x Satisfaction (L, SA)
x Attraction (L, SA)

x
x
x
x
x
x

x
x
x
x
x

x Boredom (J)
x Dissatisfaction (A)

x -

Object

Positive

Functional Prostheses
(FP)

Negative

Emotions

Disgust (S, J, R, A)
Dissatisfaction (R, SA, M)
Disappointment (J, R, M)
Shame (J)
Frustration (M)
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Positive

x Energised (A)

Negative

x
x
x
x
x

x Dissatisfaction (S)

x -

Positive

x Satisfaction (R)

x -

x -

Negative

x -

x -

x -

Positive

x Confidence (R, M)

x Confidence (L, SA)

x Confidence (S, J, L, A,
M)
x Relief (S, L, A)
x Pride (S)
x Fascination (J)
x Amusement (L)

Negative

x
x
x
x

x Insecurity (S)

x Embarrassment (R)

Positive

x -

x
x
x
x
x

x Confidence (S, M)
x Admiration (J, R, L, A,
M)
x Inspiration (J, M)
x Amusement (L)
x Respect (M)

Negative

x Pity (M)

x -

x Embarrassment (R)
x Annoyance (SA, M)

Positive

x -

x Respect (L)

x Relief (S, L)
x Respect (S)
x Confidence (S)

Negative

Interaction

x -

x
x
x
x
x

x Embarrassment (S, L,
SA)
x Annoyance (J)

x Embarrassment (M)

Disappointment (S)
Worry (S)
Frustration (S)
Regret (SA)
Dissatisfaction (M)

Other

Meaning

Self

Activity

x -

Disappointment (R, M)
Insecurity (R, M)
Embarrassment (A, M)
Regret (M)

Embarrassment (J, M)
Humiliation (S, M)
Annoyance (R, S)
Rejection (M)
Sadness (M)

Energised (L)
Respect (L)
Courage (L)
Confidence (SA)
Love (SA)
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6.3.2.1 Source Object
Table 6-4 indicates that the identified emotions towards the appearance of RP were
mainly negative. More specifically, approximately half of the participants
experienced disgust regarding the materials which make RP look ugly;
dissatisfaction was largely because participants considered the general design of RP
as unattractive, whilst disappointment was elicited because they considered that
the appearance of RP was not realistic enough. Furthermore, according to James,
the failure of RP to look realistic alongside the poor materials, could lead to the
experience of shame.
Disgust:

/ƚůŽŽŬƐƚĞƌƌŝďůĞ͙ĂŶĚƚŚĞŶŝƚ

dŚĞ ƐŬŝŶ ĐŽǀĞƌ͕ ƚŚĞ
absolutely
ŚŽƐƉŝƚĂů͛Ɛ
rubbish (James)
Dissatisfaction:

When I place the protective cover, it takes the shape of the
ŶŽƌŵĂůůŝŵď͙/
don͛
t like it (Sarah)

Disappointment:

dŚĞǇĚŽŶ͛ƚƌĞĂůůǇůŽŽŬůŝŬĞůĞŐ

͙ƚŚĂƚƚƌŝĞƐƚŽƐŝŵƵůĂƚĞŵǇůĞĨ
Shame:

/ĚŽŶ͛ƚǁĂŶƚĂůĞŐƚŚĂƚůŽŽŬƐƐ

Contrary to RP which evoked participants’ repulsion, the appearance of EP elicited
positive emotions. Approximately half of the participants experienced attraction
and admiration evoked by the design of EP, which according to them was beautiful,
very nice and attractive. Almost all the participants, apart from Andrew, expressed
direct desire towards EP, whilst the colourful appearance of the EP elicited
amusement in Lucy. Furthermore, Sebastian highlighted he loved showing off his
expressive covers, because he felt proud of wearing prostheses with such a unique
design. The appearance of FP elicited both positive and negative emotions; Sarah
mentioned she liked the colour, form and design of her FP, whilst James said that
his FP were ‘just a piece of metal’.
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Attraction:

>Ğƚ͛ƐƐĂǇƚŽŵĞ͕ƚŚĂƚĞŶŚĂŶĐĞƐƚŚĞ
I like them a lot (Margaret)

Admiration:

It looks so good. It gives such a profile; you can see the leg shape
(Sebastian)
These are great. They are brilliant. Really, really good (James)

Desire:

If I could afford them, yes. I would have them (James)
I seriously considered getting one (Rachel)

6.3.2.2 Source Interaction
In this study, the source Interaction related only to the way the appearance of
prostheses affected interactions with users. RP evoked mainly negative emotions in
three participants; worry, dissatisfaction, and regret resulting from the materials of
the RP which got easily dirty or alter colour as a consequence of friction with the
clothes. Furthermore, Sebastian pointed out that the effort of trying to adjust his
everyday life with respect to the capabilities of his RP, with the purpose of hiding it,
by wearing specific clothes, evoked disappointment and frustration in him.
Worry:

I would be afraid of getting it wet or muddy, because if you
get it wet you literally got to put this leg on top of the
radiator for two days to try dry it (Sebastian)

Dissatisfaction:

It easily gets dirty (Margaret)

Regret:

I had the silicon cosmetic cover on it [the FP]. I have to tell

you ƚŚĂƚ/ƌĞŐƌĞƚƚĞĚƚŚĂƚ/ŚĂĚŝƚ
because of the [friction with] clothes (Sarah)

The design of the FP, which did not follow the form of a natural human limb created
a deformity on Sebastian’s body, which alongside the interaction with his clothes,
elicited dissatisfaction in him. On the other hand, Andrew pointed out that the
actual design and fabrication process of EP would help above knee prosthetic users
feel energised, as the cover would not create difficulties in the movements and
function of the knee joint, as happens in the case of the realistic covers which
prevent the knee from easily bending.
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Dissatisfaction:

͙ǁŚĞŶ/ǁĂƐǁĞĂƌŝŶŐĂƐƵŝƚƚŽŐ
that, then you just have a stem leg with your trousers around
it and in the wind your trousers flap around the leg like a flag
ĂƌŽƵŶĚƚŚĞĨůĂŐƉŽůĞ͙;^ĞďĂƐƚŝĂŶͿ

Energised:

͙/ǁŝůůďĞĂďůĞƚŽĐŽŶƚƌŽůĂŶĚĂ

ŵŽǀĞŵĞŶƚ / ǁĂŶƚ͘ ^Ž͕ ŵǇ ĞǀĞƌǇĚĂǇ

ǁŝůůďĞůĞƐƐƚŝƌĞĚ͙ĞĐĂƵƐĞǁŚĞŶ
rest of your day, after all the things you have to do at the
work, it is better because it is your quality of life. You improve
the quality of your life (Andrew)

6.3.2.3 Source Activity
Based on the aim of this study, the source activity focused only on the way the
appearance of prostheses enabled users to engage in activities. Therefore,
emotions were not evoked in this category, only in the case of RP which elicited
satisfaction in Rachel, as RP enabled her to hide the limb-loss. Thus, RP allowed her
to return to activities she had before the amputation, such as going to University
and socialising with her friends.
Satisfaction:

͙ƚŚĞƚŚŝŶŐƐ/ŶĞĞĚĞĚƚŽĚŽǁĂƐŐ
to school and socialise with my friends. And those are the things
I have prioritised (Rachel)

6.3.2.4 Source Self
Although RP elicited confidence in Rachel and Margaret, because they reduced the
embarrassment of the limb-absence by helping them retrieve a normal body
appearance and thus hide the limb-loss, RP also evoked negative emotions in
participants. Rachel, Margaret and Andrew pointed out that they felt conscious
about the effects of the bad appearance of their RP to their appearance and
identity, which evoked disappointment, insecurity and embarrassment to them.
Additionally, Margaret indicated that many times, she had experienced regret at
wearing her RP; although it helped her improve her body image and the way the
clothes looked on her, many times she thought that she could choose to wear
clothes that they could look nice on her without wearing her prosthesis.
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Confidence:

If I am going outside so people will see me, I have to wear a

ƉƌŽƐƚŚĞƐŝƐ͘^Ž͕/ĚŽŶ͛ƚůŝŬĞďĞ
esis
on (Rachel)
Disappointment:

͙ƚŽǁĞĂƌĂĐůĞĂƌůǇĐŽƐŵĞƚŝĐůŝ

ůĞĨƚŚĂŶĚ͕/ĚŽŶ͛ƚůŝŬĞŝƚ;DĂƌ
Insecurity

I felt conscious of my prostheses at the university (Rachel)

Embarrassment:

/ĚŽŶ͛ƚĨĞĞůĐŽŵĨŽƌƚĂďůĞƚŽŐŽ
outside [with the limb being
obvious] (Andrew)

The analysis of the interviews showed that FP helped Lucy and Sarah show to others
that they had accepted their limb-loss and felt good about themselves, which
enhanced their confidence. On the other hand, Sebastian stated that the deformity
that the design of the FP caused to his body increased his consciousness about his
appearance which made him feel insecure.
Confidence:

Since I have it [the prosthesis] on me, I would like it as it is. To not
make it look as if it is mine [the natural limb] (Sarah)

Insecurity:

I was very conscious of how I looked and how my leg looked
(Sebastian)

Contrary to the negative effects of the RP on participants’ perception of self, EP
evoked mainly positive emotions. Sebastian highlighted that the design of EP made
him feel confident about his appearance; the positive effects of EP on users’ body
image and sense of self was also assumed by four other participants who claimed
that EP would evoke confidence in them. Sebastian, Lucy and Andrew indicated that
the improved appearance of the EP may elicit relief in new amputees, resulting in
them more easily accepting their limb-loss. Finally, Sebastian pointed out that he
and other expressive users, felt proud of themselves and their prostheses, whilst
Lucy claimed that using EP, the design of which would be inspired by images of her
hobby would elicit amusement in her. However, Rachel highlighted that EP would
evoke embarrassment in her, as it would make her limb-loss more apparent to
people.
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Confidence:

/ĚŽŶ͛ƚ ƚŚŝŶŬ ƵŶƚŝů/ƐƚĂƌƚĞĚǁĞ
four five years, I ever felt as confident (Sebastian)
I believe that I would feel more confident indeed (Margaret)

Relief:

He [a new amputee] might see it [the amputation] as a
positive or at least it takes away the big disaster of losing his

ůĞŐ͙ ďĞĐĂƵƐĞ / ƚŚŝŶŬ ŝƚ ŝƐ ƐŽŵĞƚ

ůŝǀĞƐĂŶĚĐŚĂŶŐĞƉĞŽƉůĞ͛ƐůŝǀĞƐ;
For those who are new [amputees], they will accept it [the
limb-loss] more easily (Andrew)
Pride:

They [expressive users] are walking to a room with shorts on
or skirt or whatever you are wearing, and they feel proud of
their leg (Sebastian)

Embarrassment:

͙ƐŽ͕/ǁŽƵůĚŶŽƚĨĞĞůĐŽŵĨŽƌƚĂďů
(Rachel)

6.3.2.5 Source Meaning
Margaret explained how the appearance of RP gave to people the impression of
illness and thus evoked pity. On the other hand, five participants pointed out that
the attractive appearance and design of EP would help them use EP as an accessory
and therefore, represent a positive image of disability. This would evoke not only
users’ admiration towards EP, but also non-users’ admiration towards the
participants. Furthermore, participants indicated that EP could facilitate them in
making statements to others of them being confident with themselves and their
identities as amputees. Thus, EP might act as a symbol which would evoke selfconfidence and inspiration to others and help them alter their attitudes towards
people with limb-loss. However, Rachel stated that since she did not feel confident
with her limb-loss yet, making statements through EP would elicit embarrassment
in her. Additionally, Sarah and Margaret said that using EP as symbols to make such
statement could also evoke annoyance to society, since people could perceive it as
users’ efforts to overshow their confidence with their limb-loss.
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Admiration:

͙ŵĂŬĞƚŚĞŵŵŽƌĞůŝŬĞĂĨĂƐŚŝŽŶĂ
It is like an accessory (Andrew)

Confidence:

I think that it needs to start having a specific design to show
that although it is a prosthetic limb that needs to help people,
this does not mean that I have replaced it. That I have
replaced the reality and now I have two arms. No. I have an
arm and a prosthetic limb which just helps me do few things
or I just like to wear (Margaret)

Inspiration:

I suppose it allows the user to make a statement, if he wanted
to (James)
If the prosthetic limb differentiates itself, at least regarding
the appearance, it will help [society change its attitude
towards prosthetic users] (Margaret)

Lucy and Sarah also pointed out that FP acts as a symbol which enables them to
show to people they are active and feel good with themselves, which evokes
positive emotions, such as those of energised, respect, courage, and confidence.
The fact that Sarah identified her prostheses as a friend with its own personality,
showed that it elicited love in her. However, Sebastian explained that FP evoked
doubt and confusion in people; it enabled people to realise that he was an
amputee, they would not understand if he had accepted or not his limb-loss and
therefore, they did not talk to him as they did not know how to approach him.
Energised:

I have always my trousers rolled up or whatever so, I show people
that I am wearing prosthetics, but I am still doing exactly what
everyone else would do on a normal as if I were able bodied
(Lucy)

Respect:

͙ ƐĞĞŝŶŐ ŵĞ ĂƐ ƚŚĞ ƉĞƌƐŽŶ ĂŶĚ ŶŽƚ
ĐĂŶ͛ƚĚŽĂŶǇƚŚŝŶŐ;>ƵĐǇͿ

Courage:

Make them feel comfortable about talking to me as a person
(Lucy)

Confidence:

Since it [the prosthesis] is something new to me, I want it as it is.
Not as if it is my old one [the natural limb] (Sarah)
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Love:

I talk to ŚŝŵƚŚĞ&WŵĂŶǇƚŝŵĞƐ͙/ĐĂůů
very good relationship (Sarah)

6.3.2.6 Source Others
The analysis of the interviews showed that people’s facial expressions and their
negative reactions towards the view of the RP elicited embarrassment in James and
Margaret. However, Margaret explained that she also experienced embarrassment
in situations where she had to reveal to people that she was an amputee. People’s
reactions towards limb-loss evoked annoyance in Rachel and Sebastian.
Additionally, Sebastian and Margaret who had the limb-loss from a very young age
explained how the reactions of the other children resulted in the experience of
humiliation, whilst Margaret pointed out that even now, the negative reactions of
people, who were close to her, towards her RP evoked rejection and sadness in her.
Embarrassment:

People who looked at the pink things I had; I think they were
looking on them in a very negative from my point of view
(James)

And many times, for ĨƌŝĞŶĚƐ ŽĨ ŵŝŶĞ
[the ǁŚŽ ĚŽŶ

limb-ůŽƐƐ ďǇ ƚŚĞŵƐĞůǀĞƐ͙ ŶĚ ƚŚŝƐ͕

inƚŽĂŶĂǁŬǁĂƌĚƐŝƚƵĂƚŝŽŶ͕ďĞĐĂƵƐ
it (Margaret)
Annoyance:

͙ ďĞĐĂƵƐĞ ƚŚĞǇ ĐĂŶ ƐĞĞ ƚŚĂƚ ƐŽŵ
and they just ask (Rachel)

Humiliation:

͙ǇŽƵŐĞƚŬŝĚƐƚŚĂƚƐŽŵĞƚŝŵĞƐĐĂ
ŽĨƚĞŶ ƉĞŽƉůĞ ǁŽƵůĚ ƐŚŽƵƚ ͞dŝĞĚ
(Sebastian)
I faced various situations, for instance children were coming

ĂŶĚƚĞůůŝŶŐŵĞ͞ŚǇŽƵĚŽŶ͛ƚŚĂǀ
they
were interrupting the lesson and they were saying

͞DĂƌŐĂƌĞƚĚŽĞƐŶ͛ƚŚĂǀĞĂŶĂƌŵ͕͟
very loud. They did things like those. Generally, that affected
my life and made me feel as if they were cruel (Margaret)
Rejection:

͙ďƵƚƚŚĞǇƚŚĞŐŝƌůƐŽŶŚĞƌŚŽů
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ĞŝƚŚĞƌ Žƌ ƚŚĞǇ ƉƌĞĨĞƌƌĞĚ ƚĂŬŝŶŐ

ƚŚĞǇĚŝĚŶ͛ƚĂƐŬŵĞƚŽũŽŝŶƚŚĞŵ͘

ůŝŬĞ͘/ĚŝĚŶ͛ƚůŝŬĞŝƚĂƚĂůů;D
Sadness:

͙ ƐŽŵĞƚŚŝŶŐ
ction]
ŽƚŚĞƌƐ͛
that made me sad ƌĞũĞ
after a
ǁŚŝůĞ͙;DĂƌŐĂƌĞƚͿ

In contrast to RP, Lucy felt that some parents respected her, as they wanted their
children to talk to her about the limb-loss and the life as an amputee. Nevertheless,
Sebastian and Sarah stated that the appearance of FP, and the way in which they
interact with their clothes, makes people look in a strange way at them, which
evokes

embarrassment

in

them.

Furthermore,

Lucy

also

experienced

embarrassment that resulted from people’s difficulties in approaching and talking
to her. People’s reactions towards FP users elicited annoyance in James, who claims
that he preferred it when people directly asked him about the limb-loss than
looking and pointing to his FP.
Respect:

͙ŽƚŚĞƌƐƉĂƌĞŶƚƐŚĂǀĞĐŽŵĞƵƉ
ecifically because
they want their child to come and chat (Lucy)

Embarrassment:

͙ĂŶĚŽĨĐŽƵƌƐĞ͕ǁŚĞŶƚŚĞǇƉĞŽƉ
at me in an awkward way, I feel awkward at the same time
(Sebastian)

͙ƚŚĞǇƉĞŽƉůĞǁŝůůƚƌǇƚŽƉƌĞƚ
ǇŽƵĂƌĞŶŽƌŵĂů͙
do find difficulty in the fact that they do not know how to

ŵĂŬĞ ĐŽŶǀĞƌƐĂƚŝŽŶ ǁŝƚŚ ǇŽƵ͙ ƚŚĞ

ƚŚĞƌĞ͘dŚĞǇǁŽƵůĚŶ͛ƚĨĞĞůĐŽŵĨŽƌ
that they would like to keep (Lucy)

Sebastian pointed out that the alteration of people’s reactions towards him, result
from people’s appreciation towards the design of EP, evoking confidence in him.
Furthermore, Sebastian and Lucy explained that as a result of people’s positive
reactions and attitudes towards EP users may elicit relief and respect in them, as
they felt more acceptable to others. However, Margaret indicated that not all
people’s reaction towards EP users is positive and thus, EP may also elicit
embarrassment.
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Confidence:

And I think these [expressive] leg covers stop that problem [of
users losing their confidence]. People still look but they are
looking in a positive way now, and because they are cool the
amputee can go out the door and going to the shop, going

͞>ŽŽŬĂƚŵǇ
ůĞŐ͊ůŽŽŬǁŚĂƚ/ďŽƵŐŚƚ͊͟;^
Relief:

͙ ĂŶĚ ǇŽƵ ƐĞĞ ďǇ ƚŚĞ ĞŶĚ ƚŚĞŶ͕ ƚ

ĐŽŵĨŽƌƚĂďůĞǁŝƚŚĂŶĂŵƉƵƚĞĞ͙;^Ğď
Respect:

͙ Ăůů ƚŚĞ ŬŝĚƐ ƚŚĞƌĞ ǁĞƌĞĐŽŵŝŶŐ

ĂŶĚƐĂǇŝŶŐ͕͞KŚŵǇ'ŽĚ͊dŚĂƚůŽŽ
ĐŽŽů͘͟^Ž͕ŝƚĐŚĂ

ĐŚŝůĚ͛ƐĂƚƚŝƚƵĚĞĨƌŽŵƐŚŽƵƚŝŶŐƐŽ

ůŝŬĞ͞dŝĞ
d ůĞŐ͟Žƌ͞KŶĞůĞŐŵĂŶ͟ŽƌƐŽŵ
ŝƐƌĞĂůůǇĐŽŽů͟;^ĞďĂƐƚŝĂŶͿ
Embarrassment:

͙ ^Ž͕ / ƚŚŝŶŬ ƚŚĂƚ ƉĞŽƉůĞ
EP].
ǁŽƵůĚ
Especially in Greece, I think that they would still have these

ůŽŽŬƐ͘dŚĞǇǁŽƵůĚƐƚŝůůďĞƉĞŽƉů
me or they would be shocked (Margaret)

6.4 Discussion
Four themes emerged from the semi-structured interviews, with respect to the role
of prostheses on users’ lives (Section 6.1, Objective 1); three of them related to the
prosthetic appearance (Figure 6-6). As can be seen in Figure 6-6, one theme is
related to the effects of prosthetic appearance on participants’ personal lives, whilst
the other two are related to the effects on participants’ social lives. Furthermore,
although the findings agreed with Murray and Fox (2002) regarding participants
concerns towards prostheses, with respect to their sex, they indicate that male
participants were also concerned about the aesthetics of their prostheses.
Although the fourth theme did not focus on the role of the aesthetics of prostheses,
it concerned the importance of prostheses to participants’ lives, which was
highlighted by Sarah whose prostheses evoked love in her. The fact that some
participants referred to their prostheses as ‘tools’, or distinguished them from their
natural limbs, appeared to be a result of their acknowledgement of their situation
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as amputees, not an underestimation of the importance of the prostheses on their
everyday lives. These results are in agreement with the view of Saradjian et al.
(2008) towards Murray’s (2004) two prosthetic embodiment types, who pointed out
that users’ experiences towards prostheses can be both emotional and practical.

Figure 6-6 The three themes emerged by interviews regarding the role of prostheses on
participants’ personal and social lives, with respect to their appearance
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

As analysed in Section 3.2.3, in order for a behavioural reaction to happen, a high
level of arousal is required. Based on that, Table 6-5 shows the levels of
pleasantness and arousal of the emotions that participants experienced to each one
of the prosthetic types (Section 6.1, Objective 2), based on the models of van Gorp
and Adams (2012, p.37) and Ortiz et al. (2014, p.224). Although FP elicited positive
emotions in participants, these emotions presented lower arousal than the positive
emotions evoked by EP. Therefore, evoking a behavioural reaction was considered
to be more possible by EP than FP, which alongside the higher levels of
pleasantness may also be positive. Additionally, RP evoked more negative emotions
with high arousal, in comparison to those of FP and EP, which showed that RP may
have important negative effects on users’ well-being. Furthermore, the results were
in line with the literature regarding the effects of the emotions on people’s
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interaction with products; participants expressed desire towards EP, the
appearance of which evoked positive emotions, and regret towards RP, the
appearance of which caused participants’ repulsion and supported the findings of
Sansoni et al. (2015a) about users’ desire towards visually-appealing prostheses.
Furthermore, they highlighted the statement of Yoon et al. (2016) regarding the
importance of negative emotional granularity in the comprehension of users’ needs
and desires.
Table 6-5 Pleasantness and arousal of participants’ emotions with respect to the prosthetic type

RP

Positive

Negative

FP

Positive

Negative

EP

Positive

Negative

Level of Pleasantness

Level of Arousal

Identified Emotions

Very pleasant

Median arousal

Satisfaction

Mildly pleasant

Median arousal

Confidence

High unpleasant

High arousal

Disgust, Frustration, Annoyance

Very unpleasant

Median arousal

Embarrassment, Shame,
Dissatisfaction, Disappointment,

High unpleasant

Low arousal

Sadness, Regret

Mildly pleasant

High arousal

Energised

Very pleasant

Median arousal

Satisfaction, Attraction

Mildly pleasant

Median arousal

Confidence

Pleasant

Median arousal

Courage

Pleasant

Low arousal

Respect

High unpleasant

High arousal

Annoyance

Very unpleasant

Median arousal

Dissatisfaction, Embarrassment

High unpleasant

Low arousal

Boredom

Very pleasant

High arousal

Inspiration, Amusement,
Excitement

Mildly pleasant

High arousal

Desire, Energised

Very pleasant

Median arousal

Satisfaction, Attraction

Mildly pleasant

Median arousal

Confidence, Pride, Fascination

Pleasant

Median arousal

Admiration

Pleasant

Low arousal

Respect

Mildly pleasant

Low arousal

Relief

High unpleasant

High arousal

Annoyance

Very unpleasant

Median arousal

Embarrassment

RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
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6.4.1 Effects on personal life
Previous investigations (Rybarczyk et al., 1995; Gallagher & Maclachlan 2001;
Murray, 2005, 2009; Saradjian et al., 2008) showed that prostheses, regardless of
type, helped participants maintain a normal body appearance by completing their
bodies. However, the quantitative study of Cairns et al. (2014), as well as the
findings of Study I, showed that many participants were not satisfied with the
appearance of their prostheses and believe that it negatively affected their body
image. The findings of this study could give initial insights in Study I regarding users’
dissatisfaction with the appearance of their RP and FP as they indicated that, for
some participants, prosthetic use for the completion of the body was not an
adequate factor in improving their well-being. More specifically, the data analysis
from both methods showed that characteristics such as colour fluctuations between
the participants’ body and prostheses, and prosthetic materials evoked negative
emotions in participants, such as disgust, dissatisfaction, disappointment and worry,
reducing participants’ satisfaction towards the appearance of their RP. However,
the results in this study are in partial agreement with those of Cairns et al. (2014),
as none of the participants referred to the creation of negative emotions by the
shape of the RP. In order to reduce the creation of negative emotions, e.g. shame,
embarrassment, resulting from the poor appearance of the RP, those participants
who felt confident with their limb absence preferred to remove the realistic cover
to avoid being stigmatised by sending wrong meanings to people, which could elicit
negative emotions in them, such as pity. This is in accordance with Pace
Rehabilitation (2011) and verifies Pullin’s (2009) claims regarding the effects of the
poor appearance of medical products on users’ psychology. As occurred in the cases
of Margaret, Rachel, Andrew and Sebastian, participants’ dissatisfaction with the
appearance of their prostheses evoked anxiety in them, which derived from their
efforts to conceal their prostheses, to not negatively affect their appearance, by
using clothes. Murray (2009, p.580) also referred to the “strategic use of clothing”,
as participants’ technique to hide their limb-loss. However, although in Murray’s
(2009) study this technique appeared to be applied by both RP and FP users, in this
study it showed it could not be successfully applied in case of FP; the interaction of
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Sebastian’s FP with his clothes caused dissatisfaction to him because it created a
deformity on his body.
On the other hand, participants mentioned that prostheses with a high level of
emotionally-driven design (EP) may improve their self-confidence by eliciting
positive emotions, such as confidence, pride, fascination and amusement in them.
These emotions derived from the shape of EP, which normally offers a normal body
image, alongside their attractive appearance, which consequently turns prostheses
into accessories. Nevertheless, even for the participants who only appeared to
consider EP as accessories, EP was not necessarily less important, especially in the
case of Margaret whose prosthesis function was only to improve her appearance.
These results supported Pullin’s (2009) claims regarding the positive effects of
medical products with confident design on users’ well-being. Of interest were the
assumptions of three participants, who claimed that EP could help new amputees
feel more easily confident with their limb-loss and hence, feel relief through having
different choices. However, as these assumptions were in contrast to Rachel, who
pointed out that although she liked the appearance of the EP, its use would make
her feel embarrassed, as it would make her limb-loss more easily noticeable by
people, more studies need to be conducted to further explore the effects of EP on
new amputees.

6.4.2 Effects on users’ social lives
Murray (2009) pointed out that there are two meanings of ‘normalisation’ in the
disability literature; the first one is associated with users’ effort to adjust to society
and thus, mainly hide the limb-loss, whilst in the second one, users are incorporated
into society by maintaining their identities as disabled. The findings of the present
study regarding the two opposing roles of prostheses on participants’ social lives,
with respect to their appearance, were in line with Murray’s (2009) suggestions
regarding the two meanings of normalisation. More specifically, prostheses with a
higher level of emotionally-driven design (FP, EP) were used by participants to show
limb-loss and highlight the ‘real’ self. This was also supported by the SSEHPI (source
Self) which showed that FP elicited confidence in Lucy and Sarah, whilst five
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participants stated that EP would evoke confidence and pride in them regarding
their identity and self. The results were also in accordance with Murray's (2009)
findings, which indicated that some users preferred to emphasise the limb absence
to question notions around disability. Although the extent to which participants
were conscious about the aesthetics of their prostheses varied, all participants
pointed out that emotionally-driven prostheses (EP) were more attractive than the
prostheses of the other two types (RP, FP) (source Object); thus, they could be used
as statements and starting points of conversations (source Meaning) between
participants and others, which would give the opportunity to those who felt
confident with their limb-loss to educate others by evoking inspiration, confidence
and admiration in them. The dissociation of others and the difficulties in
approaching people with limb-loss emerged from all the participants, as it evoked
negative emotions in them such as embarrassment, humiliation, annoyance,
rejection, and sadness (source Others). However, Sebastian highlighted that the use
of EP had a ‘fundamental difference’ on people’s reactions towards his prosthesis
and himself, as they were more positive, in comparison to the other two prosthetic
types. The alteration of people’s attitudes towards his situation created positive
emotions in him, such as relief, respect and confidence, and made him feel better
about himself which thus improved his well-being (source Others). These findings
could give initial evidence concerning the assumptions of Vainshtein (2011) and Hall
and Orzada (2013) regarding the social significance of emotionally-driven
prostheses.
Of interest is the fact that although the British participants highlighted the positive
effects of EP on society’s attitudes towards prosthetic users, two of the Greek
participants considered that EP could also negatively affect society’s attitudes and
thus, increase users’ public stigma. As they said, people in Greece could deprecate
the use of EP by perceiving it as users’ effort to overshow their confidence with the
limb absence, something that might create annoyance to them and thus, negatively
affect prosthetic users by evoking embarrassment. These perceptions of the Greek
participants highlight the importance of culture in the formation of people’s
attitudes and beliefs and verify the theories of HC and LC societies. Moreover, they
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verify the statements of Bloch (1995), Demirbilek and Sener (2003a), and Khalid
(2006) about the meanings people ascribe to products, with respect to their culture.
In LC societies (UK), which are individualistic, where people want to distinguish
themselves from others by highlighting their unique identities, EP can positively
affect people’s attitudes and hence, help prosthetic users be incorporated into the
society by maintaining their identities. On the other hand, HC societies are
collectivistic, and people do not want to distinguish themselves from others; thus,
EP may increase prosthetic users’ stigmatisation in these societies. As a result, even
if prosthetic users feel confident and do not consider themselves as disabled, they
may choose to hide their limb-loss to not be excluded and marginalised by their
society. These findings show a clear contradiction between prosthetic users’
perceptions towards the effects of EP on societies’ attitudes, which highlight the
role of culture. Therefore, further investigations are needed to be conducted as the
assumptions of Vainshtein (2011) and Hall and Orzada (2013) regarding the social
significance of EP may not apply in all cultures.
The studies of Gallagher and Maclachlan (2001), Saradjian et al. (2008), and Murray
(2005; 2009) showed that in many cases, participants had to reveal their limb-loss
to people, as people did not understand they were prosthetic users. Although in the
study of Saradjian et al. (2008), participants perceived that as positive, in the
present study and the studies of Gallagher and Maclachlan (2001) and Murray
(2005; 2009) it evoked unpleasant emotions

in participants, such as

embarrassment. The participants indicated that emotionally-driven prostheses
could eliminate that by showing the prostheses directly to people.
The effects of society’s attitudes on users’ preferences towards the aesthetics of
prostheses also appeared in case of prostheses with a low level of emotionallydriven design (RP), which were used for opposing reasons to those of FP and EP; to
hide limb-loss to reduce stigma, which is in line with Rybarczyk et al. (1995) and
Saradjian et al. (2008). The IPA analysis revealed that even if participants used RP
for the same reason, their incentives were different and were in line with the types
of stigma suggested by Werner and Shulman (2015). Rachel did not feel confident
with her limb-loss and thus, she experienced high levels of self-stigma derived from
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both the limb-loss and the illness. On the other hand, the other two participants felt
confident with their limb-loss and considered themselves as ‘disabled’ only
regarding the social and institutional framework and not based on their capabilities
as individuals. However, Andrew used RP for reasons related to stigma by
association, as a consequence of the area of his residence, whilst Margaret used RP
to not increase others’ stigma towards her (public stigma). Participants in the study
of Murray (2005) and Saradjian et al. (2008) also maintained that RP helped them
hide the limb-loss to “be evaluated by others as people rather than being
immediately discredited based on their physical difference” (Saradjian et al., 2008,
pp.881-882). These results support the literature regarding the way societies affect
people’s social lives. In the case of the British participant the stigma was internally
experienced, which is in agreement with the individualistic character of the UK. On
the other hand, the Greek participants experienced external stigma, which was in
accordance with the collectivistic character of Greece. However, the SSEHPI
revealed that the poor appearance of the RP could negatively affect participants’
social lives. More specifically, the analysis showed that the colour fluctuations of
the RP created between participants’ skin colour and their prostheses, as well as the
material (soft polyurethane foam), made RP look unrealistic. This evoked
disappointment, insecurity and embarrassment in participants regarding their social
identities and self-perception.
Finally, the results agreed with Cairns et al. (2014) and Sansoni et al. (2015)
regarding the importance of the ‘aesthetics’ of the RP, as they showed that
participants’ dissatisfaction with the aesthetic of their RP led to their rejection.
However, the need to shift people’s perception regarding the meaning of the
‘aesthetics’ of the prostheses, from the simulation of natural limbs to the reference
to the design of prostheses, emerged in this study.

6.4.3 Limitations of the study
The main limitation of this study was the lack of a Greek expressive user, which did
not allow the comparison of users’ experiences and societies’ reactions towards
emotionally-driven prostheses in both countries. The fact that the emotions were
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not derived from participants’ direct expressions, but they were a result of
researcher’s comprehension of participants’ experiences, because of participants’
low emotionally granularity, may have led to biased results. Additionally, another
factor that may have increased the bias in the results was the translation of the
Greek interviews and the resulting emotions into English. Furthermore, the very
small sample, alongside with the IPA methods do not allow the findings to be
generalised and thus, studies with different sample groups could give different
findings. Finally, the conduct of the interviews via video call may have affected the
quality of communication.

6.5 Conclusions
In Study II the aim was to explore the way the level of emotionally-driven
prostheses affected users’ personal and social lives by identifying the role of
prostheses in users’ lives (Section 6.1, Objective 1) and the emotions they elicited in
them (Section 6.1, Objective 2), with respect to their appearance. Two different
methods of data analysis were used; those of IPA (to answer to Objective 1) and
SSEHPI (to answer to Objective 2). Identifying the specific emotions that prostheses
evoked in participants, with respect to their appearance, led to the gathering of
detailed information which gave further insights to the information derived by the
IPA analysis, and facilitated the verification of the emerged themes. The aim of
Study II was met and therefore, the second research question of the Ph.D. (Section
1.3.2, R.Q.2) was answered.
The findings of Study II showed that the aesthetics of prostheses should not be
underestimated. Apart from the direct effects that the appearance of prostheses
(source Object) had on participants sense of self and identity (source Self), the
results also indicated indirect effects on them, which were caused by others’
reactions towards the participants (source Others) and the meanings prostheses
communicated to both participants and others (source Meaning). Furthermore, the
findings indicated that the level of emotionally-driven design of prostheses may
affect the type of emotions that are elicited in users. The higher the level of
emotionally-driven design of prostheses, the more positive the emotions they elicit
in users. Additionally, as the emotions that were elicited in participants by EP
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presented higher levels of arousal, in comparison to those evoked by FP and RP,
implies that an opportunity may exist to improve users’ relationships with their
prostheses. Furthermore, people’s attitudes towards prosthetic users may be
altered through the meanings that prostheses with high level of emotionally-driven
design communicate. These findings gave initial evidence to previous assumptions
regarding the effects of the emotionally-driven prostheses on users’ self-confidence
and societies’ attitudes towards prosthetic users. However, caution needs to be
exercised in the case of collectivistic societies, as emotionally-driven prostheses
could increase users’ stigmatisation. Therefore, the necessity of conducting a study
with non-prosthetic users to explore people’s attitudes and perceptions towards
prostheses with different level of emotionally-driven design in the UK and Greece
was identified (Study IV).
Finally, the results from the interviews with the participants of both the pilot and
the main study showed that participants were not informed by their prosthetists
about the types of prostheses that existed in the market, particularly for EP, whilst
those who knew of the existence of EP stated that they learned about this type by
searching on the Internet. Participants’ viewpoints regarding the deficient
information about emotionally-driven prostheses was also in line with the findings
of Sansoni et al. (2015a) and of Blom (2018). Thus, the importance of conducting a
study with prosthetists emerged, in order to test the participants’ statements and
to explore the prosthetists’ attitudes towards prosthetic users’ needs (Study III).

6.5.1 Study II: Summary of the results
Table 6-6 depicts a summary of the findings resulted by the conduct of Study II.
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Table 6-6 Summary of the findings of Study II
1. Three prosthetic roles were identified, with respect to their appearance; to enhance selfconfidence (RP, FP, EP), to hide the limb-loss (RP) and to show off the real self (FP, EP).
2. A relationship existed between the level of emotionally-driven design of prostheses and the type
of emotions evoked in participants; EP elicited more pleasant emotions and with higher levels of
arousal than those elicited by FP. RP evoked more negative emotions with higher levels of arousal
than those evoked by FP and EP.
3. Participants’ dissatisfaction towards the appearance of RP derived from the colour fluctuations
and their materials, which made RP look unrealistic. Participants’ dissatisfaction towards the
appearance of the FP resulted from their shape, which created deformity on their bodies.
4. EP may help new amputees feel easier more confident with their limb-loss.
5. Prostheses with higher levels of emotionally-driven design (FP, EP) can be used to make social
statements and educate society; based on this, alongside the fact that EP are considered more
attractive than FP and elicit more positive emotions, can facilitate people’s education.
6. EP may increase prosthetic users’ stigmatisation in HC and collectivistic countries (GR), as people
may perceive the use of EP as users’ effort to overshow their confidence with their limb-loss.
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
HC: High Context
GR: Greece
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7. Study III: exploring prosthetists’ attitudes towards

the effects of emotionally-driven prostheses on users
and society
In Chapter 6, Study II was presented, the aim of which was to explore the effects of
emotionally-driven prostheses on users’ lives. Qualitative methods were used with
seven participants. The results highlighted the importance of aesthetics on users’
personal and social lives and indicated that a relationship might exist between the
level of emotionally-driven design of prostheses and the emotions they elicited.
However, as the interviews implied users received restricted information from their
prosthetists about the existence of emotionally-driven prostheses, the conduct of a
study with prosthetists was derived to test the participants’ viewpoints
Consequently, in this chapter Study III is presented, in which the aim was to explore
prosthetists’ attitudes towards prosthetic users’ needs and the meaning that
prostheses may have on their everyday lives (RQ.3). Semi-structured interviews
were conducted with five participants. The results showed that prosthetists did not
inform patients about emotionally-driven prostheses, as attention was largely given
to the prosthesis comfort and functionality. However, prosthetists do believe that
the aesthetics of the prostheses is important in users’ lives and their interactions
with others.
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7.1 Aim and Objectives of Study III
The aim of Study III was to explore prosthetists’ attitudes towards the effects that
the different levels of emotionally-driven design of prostheses may have on
prosthetic users’ lives and society. In order to achieve the aim of Study III, the
following objectives needed to be met:
1. To give insights regarding patients’ provision of their prostheses by
identifying the factors that affect it.
2. To examine whether prosthetists inform patients about all the types of
prostheses that exist in the market.
3. To investigate prosthetists’ attitudes regarding the role of prostheses on
patients’ lives and the way they affect their relationships with society.

7.1.1 Summary of the aim, objectives and methods of Study III
Figure 7-1 depicts a summary of the aim, objectives and the research methods of
Study III, which are presented in-detail in the next sections.
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Figure 7-1 Summary of the research methods of Study III

7.2 Methods of Study III
The aim of the study was to explore prosthetists’ attitudes towards the effects of
emotionally-driven design of protheses on users’ lives. Therefore, face-to-face
interviews were conducted, which lasted approximately 45 minutes.
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7.2.1 Semi-structured interviews
Semi-structured questions were used, which were separated into three main areas,
as depicted in Table 7-1; ‘patients’ provision of their prostheses’, ‘patients’
relationship with their prostheses’, and ‘patients’ relationship with society’. The
questions regarding patients’ provision of their prostheses were intended to gain an
understanding of the extent to which patients could choose their prostheses in the
two countries. This also gave information regarding the way prosthetists informed
patients about the prosthetic limbs that were available in the market, and whether
patients were informed about prostheses with high emotionally-driven design. The
second area focused on the patients’ relationship with their prostheses. In this case,
the prosthetists’ opinion was asked regarding patients’ needs and expectations
from their prostheses, as well as the role of the aesthetics of prostheses on
patients’ lives. The information in that part could be compared to that of Study II, to
test whether prosthetists’ attitudes towards users’ needs and the role of the
aesthetics of prostheses were the same as those of the users. Similarly, the third
area focused on the patients’ relationship with society, and how this relationship
was affected by the design of prostheses. The information in that part could be
compared to that of Studies II and IV, to test whether prosthetists’ attitudes
towards to role of aesthetics on users’ relationship with society were the same as
those of users and society.
Table 7-1 The questions of the semi-structured interviews
Patients’
provision of
their
prostheses

Q1. Could you describe me patients’ provision of their prostheses?

Patients’
relationship
with their
prostheses

Q3. Could you tell me, in your opinion, what patients need from their

Q2. Are there any demographic or disability related characteristics that affect
the prosthetic provision?

prostheses?
Q4. How can aesthetics of prostheses affect users?
Q5. In your opinion, what prostheses mean for users?

Patients’
relationship
with society

Q6. What are society’s attitudes towards prosthetic users?
Q7. How do users perceive themselves through society?
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7.2.2 Sample methods
Convenience sampling methods were used for the recruitment of the participants.
Eight prosthetists, who had been previously contacted by the researcher to inform
prosthetic users about Study I, were asked to participate in the study; however,
three of them declined to participate. Therefore, five prosthetists (nPUK=2; nPGR=3)
participated in Study III (Table 7-2).
Table 7-2 Participants’ codes and nationality
Participants’ code

Nationality

Prosthetist 1

UK

Prosthetist 2

UK

Prosthetist 3

Greek

Prosthetist 4

Greek

Prosthetist 5

Greek

7.2.3 Ethics
The study, with the reference No. R18-P057, was approved by the Ethics SubCommittee for Human Participants of Loughborough University on 25 th April 2018.
The Participant Information Sheet (Appendix E.1) and the Informed Consent Form
(Appendix E.2) were given to participants before the start of the interviews. The
Participant Information Sheet and the Informed Consent Forms were also translated
into Greek.

7.2.4 Data analysis
All the interviews were transcribed immediately; the interviews with the Greek
participants were translated into English by the bilingual researcher to facilitate the
same analysis as those of the British. The analysis of the interviews was conducted
using NVivo Pro11 software.
In the first stage of analysis, the transcriptions of the interviews were read twice to
take notes and make comments on participants’ words. Notes on contradictions
between participants’ words were also taken to increase the validity of the data.
After, the themes emerged, based on the most important notes and comments in
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the previous stage. The same process was carried out for the other interviews. The
themes that emerged from the interviews were checked to identify relationships,
which resulted in the creation of four main themes that consisted of various subthemes (Appendix E.3). These themes were checked again to identify patterns
across participants, and they were reorganised. The themes that were not relevant
to the focus of the study were excluded, whilst related themes were combined. In
Figure 7-2 the final themes are presented with the sub-themes that were created.

Figure 7-2 The themes and sub-themes that emerged from the analysis of the interviews

7.3 Results
Two themes emerged through the analysis of the interviews with the prosthetists
which consisted of sub-themes (Figure 7-2); those of the provision process (Section
7.1, Objectives 1 & 2), and the users’ relationship with their prostheses (Section 7.1,
Objective 3). Regarding the causes of limb-loss in Greece, two prosthetists pointed
out that first was diabetes, followed by cancer and then trauma, mainly as a
consequence of car accidents, whist congenital limb absence presented a very small
percentage. Prosthetists pointed out that prosthetic use is important as it helps
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patients accept the limb-loss. Additional factors that could help patients cope with
limb-loss were psychological support and setting goals.

7.3.1 Provision process
The analysis of the interviews showed that in both countries, prosthetists were
responsible for choosing the most suitable prostheses for patients. Therefore, the
prosthetists pointed out the importance of knowing patient’s needs, with respect to
their lifestyle, e.g. activities before and after the amputation, and other factors such
as patients’ weight and the cause of amputation. Furthermore, the results revealed
that prosthetists did not inform patients about the types of prostheses that exist in
the market, largely because of the patients’ financial constraints.

7.3.1.1 Getting a new limb
During the interviews, prosthetists were asked about how often patients could
change their prosthetic limbs. The results revealed differences in the two countries;
the British prosthetists stated that patients’ changes of their prostheses or sockets
depends on various factors such as their mobility, changes to their body or the
condition (volume) of the residual limb, or damage to the prosthetic components; it
is not predefined. However, both prosthetists pointed out that the average time
that the patients changed prostheses is two years. On the other hand, the Greek
prosthetists indicated that new patients are able to change their prostheses every
two years, whist old patients9 may change theirs every five years. The predefined
time may negatively affect the patients’ relationship with their prostheses if their
prostheses become damaged, because they are not able to replace them.

7.3.1.2 Patients search on the Internet
Three prosthetists pointed out that many old patients10 search the Internet for
information concerning prostheses, as they wanted to be informed about new types
of prostheses that exist in the market. However, one of the British prosthetists
stated that this created problems for the provision process, as patients asked for
9

As prosthetists pointed out, ‘old’ patients in the area of prostheses are the patients who had been
amputees for more than five years
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prostheses that were not suitable for them. Furthermore, it creates problems in the
relationship between patients and prostheses as patients did not trust prosthetists’
recommendations.
What patients ask for
Two prosthetists pointed out that in recent years, there were young patients who
asked for prostheses with higher levels of emotionally-driven design, as they
wanted to personalise their sockets or limbs, by changing the colour or adding
patterns to express their personality.

͙ůĂƚĞůǇ͕ǁŚĂƚ ǇŽƵŶŐƉĂƚŝĞŶƚƐĂƐŬĨŽƌ ŝƐ ƚŽ

ĐŽǀĞƌ ǁŝƚŚ ǀĂƌŝŽƵƐ ƉĂƚƚĞƌŶƐ͙dŚĞƐĞ ĂƌĞ ŵŽƌ
40-45 years old] (Prosthetist 3)

7.3.2 Users’ relationship with their prostheses
Prosthetists highlighted that the most important thing patients needed from their
prostheses was the good fit of the socket, in order to be comfortable and not create
problems to their residual limb. Prosthetists 3 and 5 also stated that as the time
after amputation increased, patients realised the importance of prostheses in their
lives and thus, they wanted their prostheses to be 100% functional, in order to be
able to carry on their chosen activities.

7.3.2.1 Meaning of prostheses on users’ lives
Prosthetists 2 and 3 argue that prostheses constitute the tools that allow patients
to do required activities. However, Prosthetist 1 pointed out the existence of a
distinction in the role of prostheses on patients’ lives; some of them perceive them
as tools, whilst others develop personal relationships with them.

/ƚ͛ƐĂƚŽŽů͘/ƚ͛ƐĂƚŽŽůƚŚĂƚƚŚĞǇŶĞĞĚ͕Ğ
it is for cosmetic reasons. But it is a tool to replace what they lost or what they
never had (Prosthetist 2)

͙ƚŚĞǇƉĂƚŝĞŶƚƐŚĂǀĞŝƚĂƐĂƚŽŽů͘ǀĞƌǇ
of their lives now. Without it they can do nothing (Prosthetist 3)
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I think some patients would see it as a tool. Something they need to rely

ŽŶ͙^ŽŵĞƉĂƚŝĞŶƚƐǁŽƵůĚƵƐĞŶŝĐŬŶĂŵĞƐĨŽƌƚ
1)

7.3.2.2 Aesthetics
All of the prosthetists said that the aesthetics of prostheses are important for
patients. However, by referring to aesthetics of prostheses, two prosthetists
referred to cosmeses, pointing out that aesthetics was more important for female
patients as they did not want their limb-loss to be obvious to others. The difference
that existed in the perception towards the aesthetics of prostheses was highlighted
by Prosthetist 1, who said that each patient had different perception regarding the
aesthetics of prostheses.
For some people, aesthetics would be very futuristic prostheses where it is clearly

ĂƉƌŽƐƚŚĞƐŝƐ͙zŽƵŵŝŐŚƚƐĞĞƉĞŽƉůĞǁĂůŬŝŶŐ
treet with no foam cover,

ŶŽƐŬŝŶŽŶƚŚĞƉƌŽƐƚŚĞƐĞƐ͙^ŽƚŚĂƚ͛ƐĂĞƐƚŚĞ
. But to another person,
aesthetics is very much trying to have something that looks exactly as it would

ĚŽŝĨŝƚǁĂƐĂŶĂƚƵƌĂůůŝŵď͙
ŶĚŝŶďŽƚŚĐĂƐĞƐ/ƚŚŝŶŬŝƚ͛Ɛ
. They would
be patients, in my experience, who will value aesthetics more highly than others,
there will be some patients too who will value aesthetics more highly than
function. They will see it as an absolute prerequisite of any prostheses
(Prosthetist 1)

Aesthetics is more important for upper prostheses
Four prosthetists made a distinction regarding the importance of aesthetics
between upper and lower prosthetic limbs, by pointing out that aesthetics is more
important in the case of upper prostheses as they are more easily apparent.
However, in that case prosthetists were referring to the aesthetics of realistic
prostheses.
Functionality and comfort as priorities
Although all the prosthetists stated that aesthetics was important for patients, they
highlighted that users’ priority regarding their prostheses were comfort and
functionality. Prosthetist 3 also stated that prosthetic comfort affected users’
acceptance by others, saying that “if the patient does not walk properly, then he will
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ŶŽƚ ĨĞĞů ͚ŶŽƌŵĂů͛ ĂŶĚ ŽƚŚĞƌƐ
”. Prosthetist
ǁŝůů
4 ŶŽƚ ĨĞĞ
also pointed out that patients would first “pay attention to functionality, not to
aesthetics”. Similarly, Prosthetists 1 and 2 highlighted that only when lower limb
prosthetic patients achieve comfort and functionality, do they start building on the
aesthetics of their prostheses.
Using prostheses to highlight identity
All prosthetists pointed out that there are prosthetic users who want to use
prostheses with higher levels of emotionally-driven design to highlight their identity
and show to others that they do not feel ashamed of their limb-loss.
͙ƚŚĞǇĂƌĞƐŚŽǁŝŶŐŝƚ
the prosthesis]. They are not ashamed of it. This is part of

them. This is like an earring. Like a fancy jacket or something͙/ƚŚŝŶŬŝĨƚŚĞǇ

ŝƚ ƚŚĞ ƉƌŽƐƚŚĞƐŝƐ ĂƐ ƐŽŵĞƚŚŝŶŐ ǁŚŝĐŚ ŝƐ
negative, and sometimes personalise it, it is more part of them. Part of who they
ĂƌĞ͘dŽĞǆƉƌĞƐƐǁŚŽƚŚĞǇĂƌĞ͙
(Prosthetist 1)

>ŝŬĞ Ă ƐƚĂƚĞŵĞŶƚ͙WĞŽƉůĞ ŚĂǀĞ ǀĂƌŝŽƵƐ ǁĂǇƐ
towards the prosthesis and how they want to be perceived by other people
(Prosthetist 2)
They ask for sockets with carbon fibres with patterns, with various

ƉĂƚƚĞƌŶƐ͙dŚĞǇ ƌĞůĞĂƐĞ
about
ƚŚĞŵƐĞůǀĞƐ͘
going out without a
dŚĞǇ ĚŽŶ
cosmetic cover anymore (Prosthetist 5)

Prosthetists stated that the main reason that led to the change of users’ preference
towards emotionally-driven prostheses, was the change in society’s attitudes
towards people with limb-loss. They described that ten or twenty years ago, when
society’s attitudes towards people with disabilities were mainly negative and people
with limb-loss tried to hide their prostheses. However, after the Paralympic Games
(in both countries; 2004 in Greece and 2012 in the UK) people became more
receptive towards this type of diversity. This affected prosthetic users in a positive
way and improved their well-being as they felt more comfortable showing off their
prostheses. Prosthetist 4 also stated that by showing their emotionally-driven
prostheses, users are able to affect society in a positive way.
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͙ŵĂŶǇƚŝŵĞƐ͕ƉĞŽƉůĞŚĂǀĞŝŶƚŽƚŚĞŝƌŵŝŶĚƐ
to make after the war, that you wore them and your legs used to bleed. They
[people] are not informed about prostheses, but if they see something that has
ƵƐĞƌƐ͛
either
ŝĚĞŶƚŝƚǇ͕
with a tattoo or with a cover, I think they will see it in a
different way (Prosthetist 4)

Finally, Prosthetist 3 pointed out that patients who had young children preferred
using emotionally-driven prostheses in an effort to eliminate the negative
perceptions around limb absence and communicate positive meanings to their
children regarding their disability.

7.4 Discussion
The majority of the participants in Study I stated that they did not choose their
prostheses and pointed out that the prostheses they owned was the only option
that was available to them. This is because they had been provided their prostheses
by public prosthetic centres. The analysis of the semi-structured interviews with the
prosthetists verified that, as it showed that patients’ provision of their prostheses
depended on the decisions of a multidisciplinary team, e.g. prosthetists, prosthetic
technicians etc., that followed a specific process, with respect to patients’ lifestyle
and characteristics such as patients’ weight and the cause of limb-loss (Section 7.1,
Objective 1). In Chapter 2, it was pointed out that the type of prostheses that
patients are able to use depends on various factors such as the type of the
amputation and the tasks that users want to perform (National Health Service,
2018). This is in agreement with patients’ characteristics and the prostheses
provision process that was described by the prosthetists of both countries. The
results of this study were also in line with those of Sansoni et al. (2015a) and Blom
(2018) regarding patients’ limited information about the aesthetic prostheses that
were available in the market by their prosthetists (Section 7.1, Objective 2). More
specifically, Sansoni et al. (2015a, p.2) argued that “The visual choices currently
offered in a public prosthetic centre are limited to only what is considered essential
for the patients and little is accounted for the appearance of the devices”. As
Sansoni et al. (2015a) indicated, the main reason for patients’ lack of information
regarding emotionally-driven prostheses is mainly the cost of prostheses, which is in
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line with the results of the interviews with the prosthetists of this study.
Furthermore, this study supported the findings of the interviews with the prosthetic
users of Study II, who indicated that they were not informed about emotionallydriven prostheses by their prosthetists.
Sansoni et al. (2015a) also concluded through their literature research, as well as
the findings of their study that there are three broad categories of users, with
respect to their needs towards prostheses. As Sansoni et al. (2015a) indicated, in all
the three categories, prosthetic comfort was the priority. However, there were
patients who ranked prosthetic functionality as second, and aesthetics as third.
Equally, there were patients who considered the aesthetics of prostheses above
functionality. Finally, Sansoni et al. (2015a) said that there would also be patients
who would not pay attention to aesthetics. These arguments were supported by the
findings of this study, as all the prosthetists highlighted comfort and functionality as
priorities for patients. However, Prosthetist 1 pointed out that there were patients
who would consider aesthetics as an “an absolute prerequisite of any prostheses”
and thus, would rank it higher than function.
As a result of patients’ priorities towards prostheses, prosthetists made a distinction
between the needs of upper and lower prosthetic users, by highlighting the
importance of aesthetics in the case of the upper, and functionality in that of lower.
These were in line with Smith (2007) and Desteli et al. (2014), who stated that as
upper prostheses are more easily noticeable, aesthetics is important as it can affect
users’ acceptance and users’ body image perception. Although prosthetists’
arguments appear to agree with the findings of Study II, since Margaret (upper limb
prosthetic user) highlighted the importance of aesthetics, since it was the only
function of her prostheses, the results of Study I did not indicate any difference in
the participants’ preferences with respect to the area of limb-loss (upper vs lower)
as in both groups, FP were chosen as the most preferred type. Nevertheless, as the
samples of Studies I-III were not representative, more studies need to be conducted
to further test the role of aesthetics with respect to the area of users’ limb-loss.
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Prosthetists’ attitudes regarding the meanings that prostheses had on patients’ lives
were in line with Murray’s (2004) two prosthetic embodiment types; those of
practically (tools) and emotionally (personal relationships). However, the results of
Study II and those of Saradjian et al. (2008) showed that users’ experiences towards
their prostheses could be both emotional and practical. Furthermore, in both
Studies II and III the importance of participating in activities was highlighted, as a
factor that could help people with limb-loss more easily accept the amputation
which is in agreement with the study of Unwin et al. (2009) the findings of which
indicated that adjustment to amputation was correlated with feelings of hope and
social support.
All prosthetists stated that during recent years, more patients wanted to
personalise their prostheses in an effort to show to people that they felt
comfortable with the limb-loss. Prosthetists pointed out that this was a result of the
shift of society’s attitudes towards people with disabilities. These findings are in line
with the literature on product design regarding the interaction that exists as a result
of the non-linear relationship between products, users and their environments.
Furthermore, Prosthetists 4 stated that by using emotionally-driven prostheses,
prosthetic users could educate society and positively affect people’s attitudes,
which is in accordance with the findings of Study II. Therefore, the need to conduct
a study with non-amputees to explore how emotionally-driven prostheses could
affect their attitudes towards prosthetic users emerged, to test the assumptions of
the participants in both Studies II and III (Study IV).
Finally, the analysis of the interviews with the Greek prosthetists revealed that the
first cause of limb-loss in Greece was diabetes, followed by cancer and trauma.
These results appear to be the opposite to those in Study I, which showed that the
majority for Greek participants the cause of limb-loss was trauma. Nevertheless,
Prosthetists 3 stated that in young patients (people below 40 to 45 years old), the
first cause of amputation in Greece was accidents. Taking into account the fact that
most of the Greek participants in Study I were below 45 years old, it is probably true
that trauma is the first cause of amputation, in accordance with what Prosthetist 3
said, even if the sample of Study I was not representative of the population.
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7.5 Conclusions
In Study III the aim was to explore prosthetists’ attitudes towards the way that the
level of emotionally-driven design of prostheses affected users’ lives and their
relationships with society. The aim of Study III was met and thus, the third research
question (Section 1.3.2, RQ.3) was answered.
Although the results of this study showed that prosthetists perceived patients’
comfort and functionality with their prostheses as priorities, all of them pointed out
that the aesthetics of prostheses was important to users, since it could improve
their well-being. However, the study showed that prosthetists did not inform
patients about the aesthetic options they could have with respect to their
prostheses mainly because of cost restrictions. Furthermore, the results highlighted
the importance of the relationship that exists between products, users and their
environments; indicating that the changes in societies attitudes towards people
with disabilities positively affects prosthetic users and increases their comfort with
their disability. As a result, more prosthetic users want to use emotionally-driven
prostheses to communicate positive meanings to others. Nevertheless, the need for
redefining the meaning of aesthetics of prostheses that was found in Study II, also
appeared in the results of this study, because in most of the cases, the reference to
aesthetics by prosthetists meant the level of prosthetic realism.

7.5.1 Study III: Summary of the results
Table 7-3 depicts a summary of the findings resulted by the conduct of Study III.
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Table 7-3 Summary of the findings of Study III
1. Prostheses provision depends on a multidisciplinary team; prosthetists do not inform prosthetic
users about other possible prosthetic options that are available in the market mainly due to cost
restrictions.
2. Prosthetic comfort is users’ priority; however, prosthesis aesthetics should not be underestimated
as for some users they are more important than functionality.
3. Area of limb-loss may affect prosthetic users’ needs; upper prosthetic users focus more on
aesthetics, whilst lower prosthetic users focus more on functionality.
4. The number of prosthetic users who want to personalise their prostheses, by increasing their level
of emotionally-driven design, is increasing as a result of the alteration of society’s attitudes.
5. Prosthetic users can educate society and positively affect people’s attitudes by increasing the level
of emotionally-driven design on their prostheses.
6. A need emerged to redefine the meaning of aesthetics of prostheses and separate it from that of
prosthetic (anatomical) realism.
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
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8. Study IV: exploring society’s attitudes towards

emotionally-driven prostheses
In Chapter 7, Study III was presented, in which the aim was to explore prosthetists’
attitudes towards the way that emotionally-driven prostheses may affect users’
lives and society. Semi-structured interviews were used with five participants. The
results showed that although prosthetists indicated comfort and functionality as
priorities for users, they pointed out that aesthetics was also important.
Furthermore, prosthetists stated that the number of patients who wanted to use
emotionally-driven prostheses has increased as a result of the changes in society’s
attitudes towards people with disabilities. Therefore, the need to conduct a study
with non-amputees to explore their attitudes towards emotionally-driven
prostheses was identified.
In this chapter, Study IV is presented, the aim of which was to explore society’s
attitudes towards the level of emotionally-driven design of prostheses (RQ.4).The
study was an online survey, where participants had to evaluate the attractiveness of
the design of prostheses and describe the emotions they elicited in them. The
analysis showed the existence of a significant relationship between attractiveness
and emotions and highlighted the importance of conducting research with nonprosthetic users.
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8.1 Aim and objectives of Study IV
The aim of Study IV was to explore how the level of emotionally-driven design of
prostheses could affect society’s attitudes towards prosthetic users, with respect to
the culture in which they lived. Since the study focused on non-users, the word
‘design’ referred only to the appearance of prostheses. In order to achieve the aim
of Study IV, the following objectives needed to be met:
1. To give insights regarding people’s attraction towards prostheses with
different levels of emotionally-driven design.
2. To test whether people’s attraction and emotions towards prostheses with
different levels of emotionally-driven design were affected by demographic
characteristics.
3. To investigate the emotions that each type of prostheses elicited in people,
based on the level of emotionally-driven design.
4. To examine whether there was any relationship between the level of
attractiveness of each type of prostheses and the emotions they elicited in
people.
Additionally, based on the literature on disability studies and culture, as well as the
theories of emotional design, the study aimed to test the following considerations:
x (C1): Realistic Prostheses (RP) should present higher levels of
attractiveness in Greece, as people in collectivistic societies do not want
to distinguish themselves from the others. Expressive Prostheses (EP),
therefore, should be ranked higher in the UK, since people in
individualistic societies want to highlight their unique identities and
distinguish themselves from the others.
x (C2): As Realistic Prostheses (RP) presented the lowest level of
emotionally-driven design, they would not evoke emotions.
x (C3): More unpleasant and less pleasant emotions would be elicited in
Greek participants, than in the British, because of the stigma and the
negative attitudes of Greek people towards people with limb-loss.
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8.1.1 Summary of the aim, objectives and methods of Study IV
Figure 8-1 depicts a summary of the aim, objectives and the research methods of
Study IV, which are analysed in-depth in the next sections.

Figure 8-1 A summary of the research methods of Study IV
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
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8.2 Methods of Study IV
As previous studies in the area of emotional design highlighted the difficulty for
designers wanting to investigate the emotions that products elicit in people, as the
extent to which people can verbalise and express their emotions varies (Desmet et
al., 2000; Yoon et al., 2016), a pilot study was considered essential before the
conduct of the full-study in order to test its feasibility.

8.2.1 Pilot of Study IV
8.2.1.1 Aim and objectives of pilot
The aim of the pilot was to to test if prosthetic limbs could evoke emotions in nonprosthetic limb users (feasibility of main study), and whether participants were able
to express these emotions (insights regarding the structure of the full study). In
order to achieve the aim of the pilot, the following objectives needed to be met:
a. To examine whether people’s attitudes towards people with limb-loss
might be affected by the design of prostheses.
b. To identify whether people’s attraction towards prostheses could be
affected by the level of emotionally-driven design of them.
c. To investigate if prosthetic limbs could elicit emotions in non-prosthetic
limb users with respect to their design.
d. To explore whether there was any relationship between the level of
attractiveness of prostheses, and the emotions that these prostheses
elicited in participants.
e. To give insights regarding aspects of the structure of the questionnaire
that could be improved, to make it easier for participants to complete.

8.2.1.2 Research methods of the pilot
In order to understand people’s attitudes towards people with limb-loss, with
respect to the prostheses they wear, an interview-based survey questionnaire was
developed (Appendix F.1) using the Bristol Online Survey (BOS) software, which
consisted of five sections, with Section 5 being a repeat of Section 2 (Figure 8-2).
Section 1 of the questionnaire had six demographic questions (sex, age, area of
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residence, educational level, occupation, and nationality) and two disability related
questions, ‘Do you have any disability problems?’ and ‘Do you know any person
close to you who has a disability problem?’. The aim of the two disability related
questions was to explore whether people’s familiarity with disabilities influenced
their attitudes towards people with limb-loss or whether they found prostheses
more attractive compared with those who were not familiar with a disability.
In Section 2 of the questionnaire, participants were asked to explain what they
thought when they hypothetically see a person with limb-loss (Figure 8-2). This
question was asked before participants saw any image of prostheses, to avoid
participants being affected by the design of prostheses. The same question was
asked again at the end of the questionnaire (Figure 8-2, Section 5) and was intended
to identify whether people’s attitudes towards people with limb-loss were affected
by viewing prosthetic limbs.
In Section 3 of the questionnaire, participants had to evaluate the design of
prosthetic limbs (Figure 8-2), by using a seven-point scale (1=‘Not attractive at all’ to
7=‘Extremely attractive’). The prosthetic limbs were separated into the three
categories that were analysed in Section 3.5 of Chapter 3, based on the level of the
emotionally-driven design they had: those of RP, FP, and EP. The images of the
prosthetic limbs that were used were chosen from websites and they were cut and
edited on Adobe Photoshop CC 2017 to present a neutral (white) background, have
high resolution and depict only the prosthetic limb on that area of the wearer’s
body, to avoid participants’ distraction from other elements that could affect their
evaluation, e.g. the style of their clothes.
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Figure 8-2 The structure of the interview-based survey questionnaire. The boxes with the dashes
depict the sections of the questionnaire that were removed after the conduct of the pilot study
since they were considered unnecessary

Finally, Section 4 of the questionnaire was separated into two tasks (Figure 8-2). In
Task 1, nine images were given to participants who were asked to write the
emotions that were evoked in them, when they were looking at the person in each
image, with respect to the limb he/ she wore. These images depicted the same
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prosthetic limbs with those that were used in Section 3. However, in that case, the
wearer’s body was shown entirely, apart from his/ her face which was hidden, as it
was considered that facial expressions and characteristics may affect participants’
emotions. In the second task, the same images that were used on the first task were
given to participants, and they were asked to choose the one that created the most
positive emotions, and the one that created the most negative, and specify the
reason that these emotions were triggered. The reason for using the same images
of prosthetic limbs in Sections 3 and 4 of the questionnaire was to be able to
compare the data and investigate whether there was any relationship between the
level of attractiveness of the prostheses and participants’ emotions towards the
users, with respect to their prostheses.
Validity of the questionnaire
According to Bryman (2012, p.170), validity concerns “whether a measure of a
concept really measures that concept” and as it is related to the integrity of the
results, it is the most important criterion. Various alternatives can be used in order
to test the validity of a study, such as those of face, concurrent, or predictive
validity. In this study, face validity was used and therefore, the questionnaire was
tested by six experts; three experts in the area of prostheses, two experts in the
area of statistics and one prosthetic user, none of whom suggested any changes.

8.2.1.3 Sample methods of the pilot
The sample methods of the pilot were convenience and snowball. Participants were
recruited electronically through e-mails and social media, e.g. Facebook.
Participation in the study was completely anonymous and the only inclusion
criterion of the study was for participants to be over eighteen years old.
Participants
The questionnaire was completed by twenty-three participants; eighteen
participants were men and the mean age of participants was 34. Two of the people
who participated in the study answered they had a disability problem, with one of
them being an above knee amputee. Eleven participants replied they knew a person
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close to them with a disability problem, with four of them referring to people with
limb-loss. All participants had a high educational level (degree or higher), whilst the
number of participants who were living in a city was the same with those living in a
town (11 participants respectively). Participants’ nationality varied including UK,
Italy, Portugal, Greece, Cyprus, Spain, China, Pakistan, the Netherlands, and USA.

8.2.1.4 Data analysis of the pilot
As the sample of the study was very small, statistical analysis could not be
conducted. Therefore, the analysis of the data was conducted using Microsoft Excel
2010 software, whilst NVivo Pro 11 was used for the analysis of the open-ended
questions and emotions.
Internal Reliability
Internal reliability was conducted to test the internal consistency of the images that
belonged to each type of prostheses by using Cronbach’s Alpha. The results of
Cronbach’s Alpha for the images that belonged to RP (low emotionally-driven
design) was 0.944, whilst the one for the images of FP (moderate emotionallydriven design) was 0.919. Finally, the results of the images on EP (high emotionallydriven design) was 0.932. These results indicated that the internal consistency of
the images that belonged to each type of prostheses was very high. The internal
reliability of the study was conducted by using the Statistical Package for Social
Sciences software (IBM SPSS Statistics 23).

8.2.1.5 Results of the pilot
The analysis of participants’ answers regarding their attitudes towards people with
limb-loss and other disability problems showed that almost all of the participants
(n=22) felt sadness, pity, compassion and sympathy towards them regarding their
situation, the difficulties they need to confront in their daily lives and the fact that
in many societies, they are restricted and marginalised. More specifically, one of the
participants said that “I feel pity, I empathise towards their sense of pain or
discomfort. I do not know how to fairly approach them”, whilst another one stated
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“I feel sad for the unfortunate person”. Participants’ attitudes remained the same
after the completion of the questionnaire.
Table 8-1 depicts the images of the twenty prosthetic limbs that were given to
participants in the third section of the questionnaire, in order to rank the level of
attractiveness based on the design. The results showed that the prosthetic limbs
that were classified as EP and had the highest level of emotionally-driven design,
presented the highest mean value of attractiveness whilst the prostheses classified
as FP had the lowest. The level of attractiveness of prostheses of the people who
answered that they knew a person close to them who had a limb-loss, showed that
FP prostheses were ranked as the least attractive. In contrast, the ranking order of
attractiveness of the one participant with limb-loss was different, as EP were ranked
as the most attractive (MA=6.44) and RP as the least attractive (MA=3.33).
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Table 8-1 The Mean Attractiveness (MA) of prostheses and the type they belonged
Realistic Prostheses (RP)

Functional Prostheses (FP)

Expressive Prostheses (EP)

MAR = 4.13

MAF=3.06

MAE=4.45

MAR1=
4.30

MAF1=
4.17
F.1

R.1

E.1

MAR2=
3.48

MAF2=
2.87

MAE2
=4.52
E.2

F.2

R.2

MAE1
=4.17

MAR3=
4.30

MAF3=
2.39

MAE3
=3.57

R.3
E.3

F.3

MAR4=
3.70

MAF4=
2.04

MAE4
=5.04

F.4
R.4

E.4

MAF5
=3.00

MAE5
=4.61

F.5
E.5

MAF6
=2.35

MAE6
=4.26
E.6

F.6

MAF7
=3.61
E.7

F.7

F.8

MAE7
=4.57

MAF8
=2.35

MAE8
=4.91
E.8
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The emotions that were elicited in participants towards the prosthetic limb users,
with respect to their prosthetic limb, were separated into positive, neutral, negative
and unspecified (Table 8-2). In the category ‘unspecified’ were emotions that could
be considered as both positive or negative, e.g. surprise, or descriptions that could
not be considered as emotions, e.g. the limb looks robotic, the limb is not apparent.
As Table 8-2 shows, the prosthetic limbs with mean values of attractiveness close to
two appeared to evoke mainly negative emotions, whilst the one with a mean value
of attractiveness more than 4 evoked positive emotions. Prosthetic limbs with a
mean value around 3.5 presented almost the same number of positive and negative
emotions.
The prosthetic limb that is depicted in image R.1 was chosen as the one that creates
the most positive emotions, by seven participants; second was the limb in image E.8
(5 participants) and third the one in the image E.3 (3 participants). None of the
participants chose a prosthesis classified as FP. The analysis of the reasons these
emotions were elicited showed that the seven participants chose RP (R.3) because,
as they said, it looks ‘normal’ and the user does not seem ‘disabled’. On the other
hand, the prosthetic limbs of EP were chosen because they created the most
positive emotions in the participants, they were considered ‘stylish’, ‘fashionable’
and ‘attractive’. This evoked admiration in participants and created the impression
that the user felt confident with his/ her appearance and situation. As one of the
participants answered about the prosthetic limb in image E.2, “The prosthesis is
stylish without trying to conceal it and the posture shows confidence and therefore
she deserves respect”. Regarding the prosthetic limbs that created the most
negative emotions, nine participants chose the prosthesis in image F.3; second were
the limbs in images F.2 and F.7 by four participants equally. The analysis of the
reasons that the negative emotions were elicited in participants was more relevant
to the shape of the limb, which looked ‘artificial’ and ‘external to the wearer’s
body’. Additionally, some participants mentioned that the design of the limbs that
belonged in the FP category were more ‘robotic’ and ‘medical’ and therefore, more
connected to ‘disability’.
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Table 8-2 Emotions that were elicited with respect to the design of prostheses. The numbers
represent the frequency with which the emotions were referred to by participants.
Prosthetic
limbs

MA

Pleasant
emotions

Neutral
emotions

Unpleasant
emotions

Unspecified
emotions

R.1

4.30

9

13

1

0

F.2

2.87

8

4

9

2

F.3

2.39

3

4

12

4

F.7

3.61

8

6

8

1

E.2

4.52

9

3

5

6

E.3

3.57

10

2

9

2

E.6

4.26

18

2

1

2

E.7

4.57

16

2

2

3

E.8

4.91

13

2

4

4

(Table 8-1)

MA: Mean Attractiveness

In order to identify the most frequent emotions that were elicited with respect to
the level of emotionally-driven design of prostheses, a word frequency analysis was
conducted by using NVivo Pro 11 software. Participants’ answers, regarding the
emotions that were elicited in them, were exported into a word document.
Emotions which were considered the same, such as ‘sad’ and ‘sadness’, ‘happy’ and
‘happiness’, were grouped together. Additionally, emotions that could not be
classified, either as positive or as negative, e.g. ‘surprise’, were excluded from the
analysis. Words were also excluded from the analysis that do not describe
emotions, but positive or negative nature of emotions, such as ‘cool’, ‘good’,
‘weird’, and ‘awkward’. The findings of the analysis are presented in Figure 8-3. As it
can be noticed by Figure 8-3, ‘sadness’ (N=19) and ‘admiration’ (N=15) were the
most frequently used emotions, followed by ‘serenity’ (N=7), ‘amazement’ (N=6),
and ‘joy’ (N=6).
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Figure 8-3 Results of the emotions that were elicited based on the word frequency analysis

8.2.1.6 Discussion of the pilot
This study was a pilot study which aimed to test the feasibility of investigating the
effects of prostheses on non-prosthetic limb users. Although, the sample size was
small and the findings could not be considered as representative, they gave
valuable insights regarding the objectives of the study.
The results of the pilot study regarding people’s attitudes towards people with limbloss or other disability problems were in accordance with the literature and showed
that participants’ attitudes were negative; participants answered that they mainly
felt compassion, sadness and pity towards people with disabilities and the problems
that they have to confront in their daily lives, and in some cases, people also felt
respect regarding the efforts of people with disabilities. The fact that participants’
attitudes remained the same after the completion of the study suggested that
participants’ attitudes were not affected by the images that they saw and the
design of the prosthetic limbs (Section 8.2.1.1, Objective a). Consequently, it was
considered that this part of the questionnaire (Section 2) would not be included in
the full questionnaire (Section 8.2.1.1, Objective e).
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Although statistical analysis could not be conducted, because of the small sample
size, the findings suggested that the level of emotionally-driven design of
prostheses affects people’s attraction towards prostheses, as EP (high level of
emotionally-driven design) evoked the most positive emotions (Section 8.2.1.1,
Objective b). The researcher assumed that the fact that the prosthetic limbs of RP
(low level of emotionally-driven prostheses) evoked high levels of attractiveness
was not related to the level of aesthetic appeal that they had, but to the fact that
these prostheses looked realistic and their design imitates natural human limbs.
Therefore, since their design was familiar to people, they could analyse and
comprehend it more easily. These findings were also in accordance with the findings
of the study that Sansoni et al. (2015) conducted and showed that non-prosthetic
limb users were more attracted to prostheses that had a high level of humanlikeness.
Previous studies in the area of emotional design suggested that people cannot
easily express their emotions (Desmet et al., 2000). The results of the pilot study
were partially in agreement with them. Although participants expressed emotions,
they described that they had difficulties in comprehending and writing the emotions
that were elicited in them, with respect to the design of prostheses (Section 8.2.1.1,
Objective c). Additionally, in many cases, participants did not describe emotions but
words that described the nature of emotions, which is in accordance with Desmet
(2012) and Yoon et al. (2016). Due to these difficulties, it was decided that in the full
questionnaire, a list of various emotions would be given to participants, based on
the ones that the participants in the pilot study identified, together with an openended question where participants could write further emotions that may not be
included to the given options (Section 8.2.1.1, Objective e). However, it is important
to mention that the difficulties participants had with expressing and writing their
emotions could also be a result of the fact that they were asked to write the
emotions in English, although they were not native English speakers. Additionally,
although the emotions of empathy and sympathy were considered positive in the
literature regarding emotions (Desmet, 2012), in this study, they were considered
as negative, since participants who reported them, also reported sadness.
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Furthermore, since participants could not clearly explain the reasons why the
positive or negative emotions were evoked, it was considered that the second part
of the fourth section of the questionnaire did not give valuable and useful insights
and as a result, it was excluded from the main questionnaire (Section 8.2.1.1,
Objective e). These changes also reduced the time of completion for the
questionnaire which it was thought may increase the number of participants.
Finally, the analysis of the study showed a relationship between how attractive the
participants found the prosthetic limbs and the emotions that were evoked; the
more attractive the design of the prostheses, the more positive emotions were
evoked (Section 8.2.1.1, Objective d). However, as the number of participants was
very small, a statistical analysis could not be achieved to test the significance of this
relationship; further research needs to be conducted with a larger sample.

8.2.2 Online survey: the questionnaire
The online questionnaire was taking approximately five to ten minutes to complete.
The questionnaire was in English (Appendix F.4), but it was also translated into
Greek, to reduce potential bias caused by the number of Greek people who could
participate, e.g. only Greeks who were English speakers, and the emotions might
not be comprehensible in a language other than participants’ native one (Russell,
1991). The software that was used was the Bristol Online Survey (BOS). The
questionnaire was separated into three parts, mainly consisting of closed questions.
Bloch (1995) pointed out that factors such as people’s social class, age and region
can affect their preferences towards products; therefore, the first part of the
questionnaire was general demographic questions. The second part was the
attractiveness of prostheses section, which was based on a seven-point Likert scale
rating system (1=‘Not attractive at all’ to 7=‘Extremely attractive’), where
participants had to rate the design of twenty images of prosthetic limbs according
to how attractive it was; the third part was the attitudes towards prosthetic limb
users section. In that part, participants were asked to choose the emotions that
were elicited in them, from a list of twelve emotions (five positive and negative
respectively, one neutral, and ‘other’), where they saw the images of nine
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prosthetic users, and had to respond to the design of their prostheses. The given
emotions were derived from the findings of the Pilot study.

8.2.2.1 Prosthetic limbs
All the images of the prostheses that were used (both in parts two and three) were
selected from the Internet. The twenty images of the second part of the
questionnaire were cut and edited on Adobe Photoshop CC 2017 to have a neutral
(white) background, high resolution and depict only the prosthetic limb on that area
of the wearer’s body, to avoid participants’ distraction by other elements that could
affect their evaluation, e.g. clothes. The nine images of the prosthetic users in the
third part of the questionnaire depicted nine of the prostheses from the second
part which were also edited on Adobe Photoshop CC 2017 to hide the prosthetic
users’ faces, as it was considered that facial expressions and characteristics may
affect participants’ emotions. The reason for using the same images of prostheses in
the second and third section of the questionnaire was to be able to compare the
data and investigate whether there was a relationship between the level of
attractiveness and the emotions that prostheses elicited.

8.2.3 Sample methods
The sample methods of Study IV were convenience and snowball. In both countries,
participants were recruited electronically through advertising of the questionnaire
on social media, e.g. Facebook, Twitter, and e-mails that were forwarded to people
by the staff members of Loughborough University. Participation in the study was
completely anonymous and the only inclusion criterion was for participants to be
over eighteen years old.

8.2.3.1 Homogeneity of the two samples
Chi-square tests were calculated to test the homogeneity of the two independent
samples, with respect to participants’ nationality (independent variable; two levels),
and the dependent variables of age (four levels), area of residence (three levels),
educational level (three levels), and familiarity towards disability (three levels); in
case of the dependent dichotomous variable sex, Fisher’s Exact test was calculated.
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8.2.3.2 Participants
The total number of participants who completed the questionnaire was N=807
(nUK= 406; nGR=401). Most of the participants in both countries were females and
and were 18-29 years old. 35% of the participants answered that they know a
person close to them, e.g. family member, friend, with a disability problem, with
11% of them referred to people with limb-loss. The results of the Chi-square and
Fisher’s Exact tests (Table 8-3) showed that the two samples were homogeneous
only with respect to participants’ nationality and the variables of sex, age, and
familiarity towards disability. In order to eliminate potential bias in the
interpretation of the findings that could be caused by the heterogeneity of the two
samples in cases of area of residence and educational level (Appendix F.5), these
variables were not taken into consideration in later statistical analysis.
Table 8-3 Participants’ number in the UK and Greece with respect to the demographic variables.
Demographic

UK (N (%)

GR (N (%)

Total (N (%)

Statistics

Female

235 (58)

246 (61)

481 (60)

Fisher’s Exact
Test (Sig)

Male

171 (42)

155 (39)

326 (40)

p=0.351

18-29

220 (54)

207 (52)

427 (53)

30-39

61 (15)

80 (20)

141 (17)

Chi-square (Sig)

40-49

52 (13)

61 (15)

113 (14)

p=0.078

50+

73 (18)

53 (13)

126 (16)

Yes

155 (38)

125 (31)

280 (35)

No

243 (60)

267 (67)

510 (63)

8 (2)

9 (2)

17 (2)

City

109 (27)

361 (90)

470 (58)

Town

207 (51)

24 (6)

231 (29)

Village

90 (22)

16 (4)

106 (13)

Basic

33 (8)

66 (16)

99 (12)

Further

69 (17)

44 (11)

113 (14)

Higher

304 (75)

291 (73)

595 (74)

Sex

Age

Familiarity towards
disability

Prefer not to answer

Chi-square (Sig)
p=0.112

Area of residence
Chi-square (Sig)
p=0.000

Educational level
Chi-square (Sig)
p=0.000
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8.2.4 Ethics
The study was approved on 27th November 2018 by the Ethics Sub-Committee for
Human Participants of Loughborough University. In the introduction page of the
questionnaire, the Participant Information Sheet (Appendix F.2) and the Informed
Consent Form (Appendix F.3) was presented to participants. The Participant
Information Sheet and the Informed Consent Form were also translated into Greek.

8.2.5 Data analysis
All the statistical analysis was performed using the Statistical Package for Social
Sciences software (IBM SPSS Statistics 23) and the level of significance for all the
statistical tests was set at 5%.

8.2.5.1 Test data normality
A Kolmogorov-Smirnov test was used to explore whether the data of the dependent
variable of interest (attractiveness) were normally distributed. The results showed
p<0.05 in all the six cases (mean attractiveness of each of the three types of
prostheses in the UK and Greece). As the data were statistically significantly
different from normal (Appendix F.6), non-parametric tests were used.

8.2.5.2 Attractiveness
A Friedman test was calculated to test whether the mean attractiveness (MA) of the
three types of prostheses statistically significantly differed. Mann-Witney tests were
calculated to test whether there were any statistically significant differences
between the dependent variable of attractiveness of each type and the
independent dichotomous variables of sex and nationality; a Kruskal-Wallis test was
used for the independent variables of age, familiarity towards disability and the kind
of disability. Post-hoc tests were used where required.

8.2.5.3 Attitudes
In order to conduct statistical test concerning participants’ emotions, the given
emotions were separated into four types; positive (positive surprise, joy, inspiration,
confidence, and admiration), no emotions, negative (sadness, discomfort, pity, fear,
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and embarrassment), and mixed (in case participants had chosen both positive and
negative emotions). The seven-point Likert scale rating of attractiveness was also
separated into three groups; rates one to three were grouped as negative, rate four
was grouped as neutral, and rates five to seven were grouped as positive. Chisquare tests were calculated for each one of the nine images depicted in the third
section of the questionnaire to test if there was any relationship between the
attractiveness of each prostheses (independent variable) and the type of emotions
(dependent variable) that were elicited. Chi-square tests were also conducted to
test whether there were any statistically significant differences between the four
groups of emotions (dependent variable) and the independent variables of sex,
nationality, age, and familiarity towards disability.

8.3 Results
8.3.1 Attractiveness
Table 8-4 depicts the mean attractiveness of each image in total (MAT), and the MA
of each image for the UK and Greece (MAUK; MAGR), as well as the MA, Standard
Deviation (SD) and Range (R) of each of the three types of prostheses (RP, FP, EP).
As can be seen in Table 8-4, the three types presented the same hierarchy of
attractiveness in the two countries; RP had the highest level of MA (MAUK=4.92;
MAGR=5.38), whilst FP the lowest (MAUK=3.22; MAGR=3.08). Furthermore, Table 8-4
shows that the images that were in the RP prostheses group had the smallest range
(R) and SD (RR=0.71; SDR=0.34), whilst the ones that were in the EP group had the
largest R and SD (RE=1.93; SDE=0.62).

241

Table 8-4 Mean Attractiveness (MA), Standard Deviation (SD) and Range (R) of the images of each
type in the UK and Greece (GR).
Realistic Prostheses (RP)
MAR=5.15; SDR= 0.34; RR=0.71
MAUK= 4.92; MAGR= 5.38

R1

Functional Prostheses (FP)

Expressive Prostheses (EP)

MAF=3.15; SDF= 0.57; RF=1.74

MAE=4.25; SDE= 0.62; RE=1.93

MAUK= 3.22; MAGR= 3.08

MAUK= 4.34; MAGR= 4.16

MAUK= 5.39

MAUK= 3.82

MAUK= 3.98

MAGR= 5.67

MAGR= 4.06

MAGR= 3.55

MAT= 3.94

MAT= 3.76

MAT= 5.53

F1

E1
MAUK= 4.61

MAUK= 3.03

MAUK= 4.12

MAGR= 5.03

MAGR= 3.05

MAGR= 4.12

MAT= 4.82
R2

R3

MAT= 3.04

E2

MAT= 4.12

F2
MAUK= 5.02

MAUK= 3.15

MAUK= 3.32

MAGR= 5.65

MAGR= 2.84

MAGR= 2.93

MAT= 5.33

MAT= 3.00

MAT= 3.12
E3

F3
MAUK= 4.66
MAGR= 5.18

F4

MAT= 4.92

MAUK= 2.13

MAUK= 4.10

MAGR= 2.27

MAGR= 4.83

MAT= 2.20

MAT= 4.86

R4

E4

F5

MAUK= 3.90

MAUK= 5.05

MAGR= 3.27

MAGR= 5.06

MAT= 3.59

MAT= 5.06
E5

MAUK= 2.74
F6

MAUK= 4.30

MAGR= 2.56
MAT= 2.65

MAGR= 4.12
E6

MAUK= 3.19
F7

F8

MAUK= 4.25

MAGR= 3.02
MAT= 3.10

MAT= 4.21
MAGR= 4.17

E7

MAT= 4.21

MAUK= 3.77

MAUK= 4.78

MAGR= 3.54

MAGR= 4.53

MAT= 3.65

E8

MAT= 4.65

The results from the Friedman test showed that there was an overall statistically
significant difference between the MA of the three types as p=0.000. In order to
find where the difference occurred, a Wilcoxon (post hoc) test was calculated with
respect to the MA of the three types in pairs. The results showed that p=0.000 in
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each one of the three pairs. A statistically significant difference was found between
the attractiveness and participants’ sex and nationality only in case of RP and FP
prostheses (Table 8-5). A crosstabulation (Table 8-6) revealed that female
participants were more attracted towards RP than males, whilst in case of FP, male
participants had a higher level of attraction than females.
Table 8-5 Statistics between the Mean Attractiveness (MA) of the three types and the variables
that were tested.
Variables

Statistical Test

RP

FP

Nationality
Sex

Mann-Witney (As.Sig)

0.000

0.014

0.086

Mann-Witney (As.Sig)

0.000

0.014

0.110

(χ )

45.023

8,537

1,568

(As. Sig)

0.000

0.036

0.667

Kruskal
-Wallis

2

0.012
Age

(18-29/30-39)
Post hoc

0.000

(As. Sig)

(18-29/40-49)
0.000

0.028 (50+/18-29)
0.319 (50+/30-39)

Kruskal
-Wallis

Kind of
disability

Kruskal
-Wallis

-

1.000 (50+/40-49)
-

(18-29/50+)
Familiarity
towards
disability

EP

(χ2)

1.004

3.076

4.807

(As. Sig)

0.605

0.215

0.090

(χ2)

0.997

3.559

3.949

(As. Sig)

0.607

0.169

0.139

RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

The results from the Kruskal-Wallis test regarding the attractiveness of each type
and the age, familiarity towards disability, and the kind of disability, showed that a
statistically significant difference existed between the different age groups only in
case of RP and FP. No statistically significant difference was found between
attractiveness and familiarity towards disability, as well as the type of disability
(Table 8-5). Table 8-6 shows that the level of attractiveness of RP increased with
participants’ age, whilst the level of attractiveness of FP decreased as age increased.
The results of the post hoc (Table 8-5) revealed that in case of RP, a statistically
significant difference existed between participants who were 18-29 years old and
the other three age groups, whilst in case of FP, a statistically significant difference
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occurred between the participants who were 18-29 years old and those over 50
years old.
Table 8-6 Crosstabulation of the Mean Attractiveness (MA) of each type of prostheses with respect
to the variables that were tested.
Independent Variables

MA RP

MA FP

MA EP

Females

5.35

3.06

4.18

Males

4.85

3.28

4.35

18-29

4.85

3.22

4.22

30-39

5.31

3.20

4.35

40-49

5.55

3.07

4.32

50+

5.63

2.89

4.17

Yes

5.17

3.16

4.34

No

5.14

3.12

4.19

Prefer not to answer

4.96

3.51

4.66

Limb-loss

5.39

2.90

4.19

Other

5.13

3.21

4.38

Not Applicable (N/A)*

5.14

3.13

4.19

Total MA

5.15

3.15

4.25

Sex

Age

Familiarity towards
disability

Kind of disability

Not Applicable (N/A)*: for the participants who answered they do not know any person with
disability close to them
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses

8.3.2 Attitudes
The results of the Chi-square tests showed a statistically significant difference only
between the four groups of emotions and age. A detailed analysis showed that the
difference occurred in youngest participants (18-29), as they had the most positive
and least negative emotions by comparison to participants of the other three age
groups. The radar figures depict the average percentages of the emotions of the
images that belonged to each type. As can be seen, RP (Figure 8-4) did not elicit
negative emotions, whilst FP (Figure 8-5) prostheses elicited more negative
emotions than EP (Figure 8-6) in both countries. Additionally, the percentages of
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neutral emotions decreased, when the level of the emotional design of protheses
was increased.
The results of the Chi-square tests showed a relationship between the
attractiveness of the prostheses of each image and the emotions that were elicited,
only in case of FP and EP prostheses; p=0.000 for each of the images that belonged
to the two types. In case of RP, most of the participants answered that no emotions
were elicited in them, whilst most of the experienced emotions were positive,
independently of the attractiveness level of the prostheses (Figure 8-4). FP with a
positive level of elicited attractiveness evoked more positive emotions; however,
the percentage was not very high by comparison to the ones of RP and EP. On the
other hand, FP prostheses with a negative level of attractiveness had a more diverse
effect on people’s emotions, with a combination of positive and negative emotions
being the most frequently experienced. The prostheses of image F3 (Table 8-4)
elicited more negative emotions than positive in participants who evaluated it with
an overall negative attractiveness level. In general, when EP were perceived as
sharing a high level of attractiveness, many positive emotions were elicited; the
exception was the prosthesis in image E3 of Table 8-4. EP with a perceived negative
attractiveness level had a more diverse effect on participants’ emotions, especially
in case of images E2 and E3 where negative emotions were the second most
frequently experienced emotions in participants who evaluated them as having a
negative level of attractiveness. On the other hand, EP perceived to have positive
attractiveness appearing to elicit positive emotions.
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Figure 8-4 Emotions Realistic Prostheses (RP) elicits in the UK and Greece

Figure 8-5 Emotions Functional Prostheses (FP) elicits in the UK and Greece

Figure 8-6 Emotions Expressive Prostheses (EP) elicits in the UK and Greece
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8.4 Discussion
The results regarding the range (R) and the standard deviation (SD) of the perceived
attractiveness rate of the given images of prostheses, showed that their division
into different types, based on the criteria and the theories of emotional design that
were applied, was accurate. RP, the design of which was deemed to have the
smallest effect on people’s level of perceived attractiveness, as they had the lowest
level of emotionally-driven design, presented the smallest R and SD; whilst EP, the
design of which was considered to have the highest level of emotionally-driven
design and therefore the biggest influence on people’s level of attraction, presented
the biggest R and SD. This showed that the higher the level of emotionally-driven
design of prostheses, the more its influence on people’s level of attraction varied
and therefore, the more difficult it would be for designers to predict the effects of
prostheses on society.
A more detailed observation on the MA of the images of RP suggested that
although their design did not differ much, there were elements that could
negatively affect people’s attraction, such as the connection of the socket with the
residual limb being obvious (R2, Table 8-4), and the colour of the limb being
different from users’ skin colour (R4, Table 8-4). These findings are in agreement
with Sansoni et al. (2015, p.75) who found that “highly realistic devices showing a
detail of artificiality (e.g., band for attachment of the stump-D18, or color gradation
different from that of the skin of the wearer-D25), received lower mean levels of
attraction”. Consequently, RP became less attractive as their level of realism
lowered.

8.4.1 Attractiveness
The results showed that there was a significant difference in participants’
perception of attraction for the three types of prostheses; RP was perceived the
most attractive type, whilst FP was perceived as the least attractive. Although the
hierarchy of the MA of the three types of prostheses was the same in both
countries, a result contrary to the theories of High/Low Context societies, a detailed
analysis showed that the findings partly supported the first consideration (Section
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8.1, C1); although the MA of RP was significantly higher in Greece than in the UK, no
significant difference was found between the MA of EP in the two countries.
Nevertheless, EP appeared to be more attractive to the British participants.
However, a significantly difference existed in case of FP prostheses, as their MA was
significantly higher in the UK than in Greece. Additionally, the fact what the MA of
the three types of prostheses presented the same hierarchy in both countries was
in accordance with the investigations of Papadopoulos (2009) and Pouliasi and
Verkuyten (2011) who posited that Greece may be in a trantitional era from a
collectivistic to an individualistic society as a consequence of globalisation.
The fact that RP were the most attractive prosthetic limbs was in agreement with
the findings of Sansoni et al. (2015) which showed that prostheses with a higher
level of realism were preferred by non-users, and indicated that the design of
prostheses does influence people’s attraction. However, although in the study of
Sansoni et al. (2015) non-prosthetic limb users rated more highly RP, the amputees
participants expressed a greater preference towards non-realistic prosthetic
devices. Sansoni et al. (2015) hypothesised that this may be a result of the length of
time since amputation; the more familiar amputees get with amputation, the higher
they rate the appearance of non-realistic prostheses. Similarly, the results of Study I
showed that the preferences of users towards prostheses differed; prosthetic limbs
with high functionality and a low level of realism were the most preferred, whilst
those with a high level of realism and low level of functionality were the least
preferred. Although the results of this study showed no significant difference
between the MA of each type and participants’ familiarity towards limb-loss, they
could not be considered accurate enough for two reasons; the number of
participants who knew people with limb-loss was small (31 participants in both the
UK & Greece), and the extent to which these participants were familiar with limbloss was unclear. As a result of the inconsistency of the findings of this study with
previous investigations, more studies need to be conducted to further test the
effects of familiarity towards limb-loss has on people’s attitudes, as a potential
factor for eliminating users’ stigmatisation.
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Previous investigations (Murray & Fox, 2002; Nguyen, 2013; Sansoni et al., 2015;
Highsmith et al., 2016) had posed the issue of the effect that gender can have on
prosthetic users’ preferences towards prostheses. More specifically, they argued
that female prosthetic users care more about their appearance and maintaining
their feminine identity, because of societal norms and the perceptions that exist
around female beauty. Therefore, they prefer prostheses with a realistic
appearance to hide the limb-loss and restore their body image appearance. On the
other hand, male amputees are more focused on functionality and they tended to
show a preference towards non-realistic prostheses with a mechanical design which
might also highlight their masculinity. The results regarding non-prosthetic users’
attraction towards prostheses with respect to their sex were similar to those of the
previous investigations of prosthetic users: women’s level of attraction towards RP
was significantly higher than men, whilst men were more attracted towards nonrealistic prostheses, as they rated significantly higher for FP, and higher, but nonsignificantly, for EP. The findings of the study regarding participants’ age showed
that people’s preferences towards the design of prostheses were affected by their
level of emotionally-driven design; as participants’ age increased, their preference
towards emotionally-driven prostheses decreased.

8.4.2 Attitudes
The second consideration (Section 8.1, C2) was supported by the results of the
study; RP had the highest percentages of ‘no emotions’. The fact that the youngest
participants (18-29 years old) chose less negative emotions in comparison to the
participants of the other age groups, where negative emotions were second, may
show that the attitudes towards people with limb-loss are changing, with the
younger generation being more positive towards diversity and having less
stigmatised perceptions than those of people of older generations. These
assumptions were also supported by the results of Studies II and III, where
participants (prosthetic users and prosthetists respectively) argued that society’s
attitudes towards people with limb-loss were more positive than they used to be.
Furthermore, although a significant difference between the type of the emotions
participants experienced and their nationality did not exist, the findings of the study
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supported the third consideration (Section 8.1, C3); negative emotions had a higher
percentage, whilst positive emotions were found less in Greece than in the UK.
Additionally, a significant relationship was found between the level of attractiveness
of FP and EP and the emotions they elicited; prostheses with negative level of
attractiveness appeared to evoke more diverse emotions (less positive and more
negative), whilst prostheses with a positive attractiveness level evoked more
positive emotions. These results give evidence for and verify the assumption of
Sansoni et al. (2014) who maintained that prostheses with higher levels of
attractiveness will evoke more positive emotions in users. Finally, the fact that
many participants chose both positive and negative emotions was in agreement
with Fokkinga and Desmet (2012), who pointed out that many products evoke
mixed emotions in users as they are created for different reasons. For instance, it
can be assumed that in case of prostheses which evoked both embarrassment and
admiration, the emotion of embarrassment may be evoked by the view of the
prosthetic limb, because participants do not know how to approach people with
limb-loss, whilst admiration may be elicited because participants admire the design
of the prosthesis.
Although the percentages of reports of pity were not very high, it was experienced
more frequently by British participants, whilst Greek participants experienced more
sadness; this is typical of the culture of the two countries. When pity is elicited for
the unfortunate situation of someone else, it indicates a distance between the
person who feels pity and the other person who is in that situation (Fokkinga,
2019). This is in accordance with the individualistic character of the UK, where
people’s feelings are related to interpersonal distance; in contrast, sadness implies
an internal emotion, as it is associated with people’s own miseries (Fokkinga, 2019),
which is typical of the collectivistic character of Greece, where people’s feelings are
related to interpersonal situations and their relationships with others and society
(de Mooij & Hofstede, 2011). The collectivistic character of Greece and the negative
attitudes towards people with limb-loss, were also in agreement with the
experience of embarrassment, an emotion which is socially produced (Crozier,
2014; Fokkinga, 2019). Although the percentage was lower in case of EP, Greek
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participants continued experiencing it. This may suggest that Greek people feel
embarrassed because they do not know how to interact and approach people with
limb-loss; however, the fact that the percentage suffering embarrassment became
less in the case of EP may suggest that EP, through their design, offer the
opportunity to people to approach users more easily, as they show that EP users
have accepted the limb-loss. This assumption was partially supported by the
interviews with the prosthetic users and the SSEHPI analysis of Study II, since the
assumption could not be tested in Greece because of the lack of EP users. However,
Sebastian stated, when he was using RP and FP people realised he was an amputee;
however, they felt embarrassment as they did not know how he felt about his
situation and thus, they found it problematical approaching him. Nevertheless,
when Sebastian started to use EP, people could more easily approach him as they
easily realised that he felt confident with the limb-loss.
The high percentages of positive surprise in case of EP may suggest that people
were not aware of that type of prostheses, which was also in line with Sebastian’s
statement regarding the way people reacted towards his EP (Study II). Therefore,
the creation of positive surprise, through design, is important as the first step to
attract people’s attention to the prostheses. According to the literature (Section
3.2.3.2) this can play a decisive role in people’s focus on products and defines
whether an interaction between people and the product will begin. However, as it is
elicited only once, it cannot have long-lasting effects and therefore, it cannot
change people’s attitudes. The results showed that confidence was experienced
more by British participants. Desmet (2012) maintained that products can make
people feel confident when they improve users’ appearance, which is in agreement
with the individualistic character of the UK. However, as the prostheses of image E2
evoked the lowest percentages of confidence in both countries, it was assumed that
this was a result of its material, which was transparent; on the other hand, although
the level of attractiveness of the prostheses in image E3 was low, it presented high
percentages of confidence, probably evoked by user’s body posture or users’ style.
A detailed observation showed that in case of Greece, admiration seemed to derive
from the design of the prostheses: the higher the level of their attractiveness, the
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higher their percentage of admiration. On the other hand, British participants
experienced similar percentages of admiration in case of all the EP, independently
of their level of attractiveness; this may suggest that British participants admired
the prosthetic user, e.g. how the prosthetic limb was combined with users’ style.
Finally, although inspiration was the third most frequently experienced emotion in
both countries, and it was higher in case of EP with higher level of attractiveness;
the reasons for this are unclear.

8.4.3 Limitations
One of the main limitations of the study was the fact that participants had to
evaluate the design of prosthetic limbs through images and not through physical
products. This may have affected the findings as emotions that are elicited by
important senses, e.g. touch and smell, could not be evoked through the images.
Another important limitation was the fact that the background of the images which
depicted prosthetic limb users, as well as their clothes and other factors, e.g. users’
body postures, may also affect the emotions that are elicited in people. However, as
in real life people’s emotions and attitudes towards prosthetic limb users can be
formed and be affected by similar factors, this limitation was considered acceptable
for the purpose of the study. Finally, although participants were asked to define the
emotions that were elicited in them, with respect to wearers’ prostheses, it was the
case that participants chose the emotions with respect to people’s situation, e.g. in
case of sadness or embarrassment; this may lead to incorrect results.
Although the statistical test showed that the two samples were heterogeneous with
respect to educational level, the differences were relatively small. A more detailed
observation of the results showed that most of the participants with a ‘basic’
educational level were 18 years old. Therefore, it was considered that this was a
result of the different educational systems that the two countries had. More
specifically, 18 years old participants in Greece were about to finish high school and
therefore, their level of education was considered as ‘basic’; whilst in the UK, 18
years old participants may have A levels and therefore, they chose the category
‘further’. Similarly, there were differences regarding the area of residence, because
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in Greece the majority of the population live in urban areas, whilst in the UK, there
is a broader dispersion of the population, e.g. there are many universities and
companies in rural areas. Furthermore, another factor may have affected the area
of residence is the existence of a potential difference about what is considered to
be a town or village in the two countries. As a result, although the two samples
were heterogeneous with respect to these two variables, it was assumed that this
would not create significant problems in the comparison of the two countries.

8.5 Conclusions
This chapter described the results of Study IV, which was an exploratory study on
the effects that prostheses might have on people’s attitudes towards prosthetic
users, with respect to their level of emotional design. The aim of Study IV was met
and therefore, the fourth research question of the Ph.D. (Section 1.3.2, RQ.4) was
answered.
The results of the study showed that the hierarchy of people’s attraction towards
prostheses was the same in both countries, and the level of attractiveness of each
type of prostheses significantly differed from the others; RP was the most preferred
type, whilst FP was the least preferred (Section 8.1, Objective 1). The statistical
analysis showed that the variables of nationality, sex and age present significant
differences in participants’ perceived attractiveness in case of RP and FP; RP were
preferred in Greece and by female participants, and the level of their attractiveness
increased as participants’ age increased. In the case of FP, the results were the
opposite of those for RP (Section 8.1, Objective 2). Regarding participants’ emotions
and the variables that were tested, the results showed a difference only in case of
age; participants below 30 years old experienced less unpleasant emotions than
those of participants of the older age groups (Section 8.1, Objective 2). This,
alongside the youngest participants’ perceived level of attraction towards nonrealistic prostheses, shows that people’s attitudes towards prosthetic users are
changing; people are becoming more accepting of diversity. The results also showed
that when the level of emotional design of prostheses increased, their design
affected more people’s preferences and therefore, it is more difficult for the
designer to predict their effects on society. This was also supported by the fact that
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RP did not evoke emotions in people, in contrast to the other two types (Section
8.1, Objective 3). More specifically, the results showed that FP evoked negative
emotions, whilst EP mainly elicited positive emotions (Section 8.1, Objective 3).
Finally, a significant relationship was found between the level of attractiveness and
the emotions prostheses elicited; prostheses with low levels of attractiveness
elicited more diverse emotions, whilst those with high levels of attractiveness
mainly evoked positive emotions (Section 8.1, Objective 4).
The results of the study highlighted the importance of conducting research with
non-prosthetic users, as it showed how the design of prostheses, with respect to
the level of their emotional design, affected people’s preferences and the emotions
that were elicited in them. This verified the arguments of the participants in Studies
II and III. Although RP were the most preferred type, they did not evoke emotions
and therefore, it was considered that they will not affect people’s attitudes. On the
other hand, EP appeared to elicit more pleasant emotions, in comparison with FP.
This, alongside the fact that EP attractiveness was independent of participants’
culture, sex, age and familiarity towards disability indicates the existence of an
opportunity for EP to change the negative attitudes of societies towards prosthetic
users into positive, as the level of their attractiveness is only affected by their
design. Furthermore, the results showed that designing for positive surprise was
deemed to be important in collectivistic countries for capturing people’s attention;
however, as it is a short-lasting emotion it cannot change people’s behaviours. In
contrast, designing for emotions such as admiration and inspiration can affect
people’s attitudes independently of culture, whilst designing for confidence seems
to be more important in individualistic societies. However, attention needs to be
paid by designers because emotionally-driven prostheses with low levels of
attractiveness may evoke negative emotions which could lead to results that are to
the contrary.

8.5.1 Study IV: Summary of the results
Table 8-7 depicts a summary of the findings resulted by the conduct of Study IV.
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Table 8-7 Summary of the findings of Study IV
1. The higher the level of emotionally-driven design of prostheses, the more difficult it would be for
designers to predict their effects on society.
2. RP become less attractive as their level of realism lowers (e.g. the connection of the socket being
obvious, colour fluctuations).
3. The hierarchy of participants’ attraction towards prostheses was independent of culture. RP were
perceived as the most attractive; EP were second, whilst FP were last.
4. Culture affected participants’ level of perceived attractiveness only in the cases of RP and FP; RP
were more attractive to Greek participants, whilst FP were more attractive to UK participants.
5. Sex affected participants’ level of perceived attractiveness only in the cases of RP and FP; RP were
more attractive to female participants, whilst FP were more attractive to male participants.
6. Age affected participants’ level of perceived attractiveness only in the cases of RP and FP; as
participants’ age increased, their preferences towards emotionally-driven prostheses decreased.
7. RP presented the highest percentages of no emotions; therefore, it is considered that RP cannot
affect society’s attitudes.
8. A relationship existed between the level of attractiveness and the type of emotions; prostheses
with negative level of attractiveness appeared to evoke more diverse emotions, whilst prostheses
with a positive attractiveness level evoked more positive emotions.
9. Culture appeared to affect the nature of the evoked emotions; negative emotions had higher
percentages, whilst positive emotions were found less, in Greece than in the UK.
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
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9. General discussion & Conclusions
In Chapter 8, Study IV was presented in which the aim was to explore society’s
attitudes towards prosthetic users, with respect to the level of emotionally-driven
design of prostheses. An online survey was completed. The results showed the
existence of a relationship between prosthetic attractiveness and the emotions they
elicit in other people; EP which were perceived as the second most attractive
appeared to elicit more pleasant emotions compared with FP. Although RP had the
highest level of attractiveness, they did not elicit emotion in participants and
therefore, are unlikely to affect attitudes towards people with limb-loss.
This chapter starts with a general discussion of the key findings of each study and
how they integrated to those of the other studies of the Ph.D. research, as well as
the existing literature. The section ends with a diagram that presents a summary of
key findings, and a table which shows how and by who the findings can be used. In
the following sections, the answers to the research questions are presented to lead
to the analysis of how the aim of the research was achieved. The contributions to
knowledge are also presented and the limitations of the research are discussed. The
chapter ends with recommendations on future work and future research
implications, as well as the final conclusions.
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9.1 General discussion
The following sections discuss the key findings of each study, how they integrate
with those of the other studies of this Ph.D. research, and how they compare to the
existing literature.

9.1.1 Beyond the completion of users’ body
In line with previous investigations (Carroll & Fyfe, 2004; Kyberd et al., 2007; Christ
et al., 2012; Cairns et al., 2014), Study I showed that a large number of participants
were not satisfied with their existing prostheses, as 49% of them chose another
prosthetic limb. Prostheses with a low level of emotionally-driven design (RP) had
the most negative effect on participants’ views regarding their body image. In
agreement with Carroll and Fyfe (2004) and Cairns et al. (2014), the results of Study
II gave insights regarding the reasons for this. Elements such as colour fluctuations
and the use of poor materials reduced the level of realism of RP, whilst the body
deformity that the shape of FP created, evoked feelings of shame, embarrassment
and anxiety in participants and deteriorated their well-being. Non-users’ attraction
towards RP also decreased when the level of realism decreased, which was in line
with Sansoni et al. (2015). These results clearly show the need of moving beyond
the ‘strategic use of clothing’ that Murray (2009) introduced, as the use of
prostheses to complete users’ body is not an adequate factor to improve their wellbeing.

9.1.1.1 The shift in users’ desires
The results of the interviews with the prosthetists (Study III) maintained a shift in
patients’ needs and desires towards aesthetics, mainly after prosthetic comfort and
functionality have been achieved. The results of Study I showed that 49% of the
dissatisfied participants preferred prostheses that belonged to the type with the
next level of emotionally-driven design; most of the participants who were
dissatisfied with their RP would prefer to use FP, whilst the majority of those who
were dissatisfied with their FP would prefer to use EP. Although the reasons
regarding this shift were not investigated through Study I, the findings derived from
informal conversations between the researcher and prosthetic users implied that
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the dissatisfaction of some users with their prostheses related to aspects that were
missing from their prostheses in comparison to other prosthetic limbs (e.g. RP
upper users were missing the movements of digits; FP upper users were missing
aesthetics that would enhance their style), and not necessarily to the misfunction of
their prostheses; for these reasons, they chose prostheses that belonged to other
categories. However, there were also instances where users had chosen prostheses
that belonged to other types both for aspects that were missing and the
misfunction of their prostheses. For instance, Margaret was dissatisfied with the
weight of her upper RP. She also wanted to use a prosthesis with a distinctive
design to highlight her identity, as she could not do it with her RP. Therefore, she
chose EP not only because EP would help her highlight her identity, but also
because she anticipated that EP could be lighter than her RP, because of its
materials, and thus, it will automatically offer better usability.
The functionality of prostheses is related to aspects such as mobility, grasp
movements, ability to stand and sit, socket comfort, whilst usability is related to
aspects such as easy to take off, easy to clean, easy to bend the knee, easy to stop,
or to be light. On the other hand, pleasure is related to aspects such as enhancing
identity. However, as the results of the studies showed, for some RP, functionality is
related to only offering a normal body shape to hide the limb-loss and thus, it
includes aesthetics. Although this shift on users’ needs and desires towards
prostheses seems to agree with Jordan’s (2000) Hierarchy of Consumer Needs, it
would be too simplistic to assume that this model can be applied to all products or
all users. By referring to individual products, both Jordan (2000) and Hancock (2005)
argued that in order to move to the next need, it is necessary the previous need to
have been satisfied. Nevertheless, the results from the interviews with the
prosthetists (Study III) and the findings of Sansoni et al. (2015a) showed that for
some users, pleasure-based needs are more important than functional needs, which
appears to be contrary to Jordan’s (2000) and Hancock’s (2005) arguments.
Therefore, it is important to acknowledge that although a hierarchy of needs can
exist, this cannot be applied for all products or all users, even for those that belong
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to the same product categories; in some cases, it is possible to progress up the
pyramid without all the conditions in a lower tier being satisfied.
Moreover, the results of the interviews with the prosthetic users (Study II) indicated
users’ experiences towards their prostheses are not only practical, e.g. tools that
replace functionality, but they can also be emotional, e.g. inevitable parts of body
and identity, or users’ perception of their prosthesis as a friend. This implies the
necessity of addressing holistically the relationship between users and prostheses,
beyond functionality and usability, which agrees with Jordan’s (2000) arguments
regarding the importance of adopting pleasure-based approaches in the design
process of products.

9.1.2 The role of the demographic and disability related variables on
people’s preferences towards prostheses
Various demographic and disability related variables were investigated in Studies I
and IV (Chapters 5 & 8 respectively) to identify relationships. From the chosen
variables, income and educational level did not seem to affect people’s preferences
towards prostheses. However, as the samples of Studies I and IV were not
representative of the population, the results cannot be generalised.

9.1.2.1 Demographic variables: sex and age
Previous investigations (Murray & Fox, 2002; Nguyen, 2013; Sansoni et al., 2015;
Highsmith et al., 2016) had posed the issue of the role of sex on users’ preferences
towards prostheses, with female users focusing more on aesthetics, whilst male
users focused more on functionality. The findings of Study I showed that prostheses
with a moderate level of emotionally-driven design (FP) were the most preferable
type of prostheses for both sexes, in both countries. These results are not
surprising, as these prostheses offer great functionality, which is of primary
importance to users as it helps them maintain independence, a factor which
according to the literature, improves psychological well-being. Nevertheless, the
reasons why participants chose their preferred prostheses with respect to their sex,
verified the findings in the literature. Female participants were more concerned
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about identity and body image reasons (‘offer a normal body appearance’, ‘not
attract attention’, ‘highlights identity’), whilst male participants focused on
functionality reasons (‘it offers great mobility’, ‘it has high functionality’). Of interest
were the findings of Study IV regarding non-users’ attraction towards prostheses
with respect to their sex, which showed the existence of a relationship; female
participants were statistically significantly more attracted towards RP whist male
participants favoured FP. Interestingly, this corresponds with the users’
preferences.
Although previous findings regarding the effects of age were not clear, in this
research, a relationship between participants’ age and preferred prostheses was
identified only with respect to the older age groups, which was independent of
culture. The findings of Study I showed that older participants (60+) preferred
prostheses with low emotionally-driven design (RP) over those with high
emotionally-driven design (EP). Similarly, the results of Study IV showed that as the
age of the participants increased, their preferences towards emotionally-driven
prostheses decreased.

9.1.2.2 Disability related variables: area and cause of limb-loss
In Section 2.4, it was pointed out that the cause of and the area of limb-loss are
variables that may affect the relationship of users with their prostheses. The
findings of Study I suggested the existence of a relationship between cause of limbloss and participants’ preferences, which was independent of culture. In both
countries, RP were the least preferable type of prostheses only in cases of
amputation because of trauma. The analysis of the reasons participants chose their
preferred prostheses with respect to the cause of limb-loss showed that in both
countries, participants who had undergone an amputation for reasons of disease
were concerned about the effects of the limb absence on their social lives (‘not
attract attention’, ‘normal body appearance’). This was in line with Washington and
Williams (2016) who pointed out that after an amputation because of disease,
people are concerned about others’ opinions of them and that stigma increases the
rates of depression.
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Smith (2007) and Desteli et al. (2014) argued that area of limb-loss is a variable that
affects users’ social lives as upper limb-loss is more easily noticeable than lower
limb-loss. Although the results of Study I did not imply the existence of a
relationship between the area of limb-loss and users’ preferences, the results of the
interviews with the prosthetists (Study III) suggested that users’ needs may vary,
with respect to the area of limb-loss. Upper limb users may focus more on
aesthetics, whilst lower limb users focus more on functionality. This may be
understandable as a lower limb prosthesis has higher functional demands, it must
be weight bearing and enable walking for example yet is more easily hidden by
clothing. Whereas upper limbs are used more in social interactions, such as eating a
meal for example, and are therefore much more noticeable. However, as the
samples of the studies were not representative of the population, the results
cannot be generalised and more investigations are needed.

9.1.3 Emotionally-driven design of prostheses and the role of stigma
Stigma derives from the relationship that exists between people who are
considered to have a difference, e.g. limb-loss, and those who evaluate and
understand this difference negatively. As a result, in Section 2.4 it was suggested
that stigma can be eliminated by altering people’s negative evaluations of
prosthetic users into positive ones, by evoking positive emotions in them through
the design of prostheses. This argument is also based on the theoretical findings of
Hall and Orzada (2013), Vainshtein (2011), and Pullin (2009) who had previously
stated that emotionally-driven prostheses can be used to increase users’ confidence
and make positive social statements that would reject conforming to the normative
embodied ideal, by embracing diversity. The results of interviews with the
prosthetic users (Study II) gave further evidence for these statements. Participants
indicated that they would feel more confidence and pride in themselves, as the
design of emotionally-driven prostheses is more attractive than that of the other
two types (RP and FP). Furthermore, they declared that emotionally-driven
prostheses could reduce dissociation; by acting as starting points of conversation,
emotionally-driven prostheses would give the opportunity to users, who feel
confident with the limb-loss, educate society about their lives and capabilities. This
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would eliminate their stigmatisation and facilitate their incorporation into the
society by maintaining their identities.
However, a factor of particular interest is the perceptions of the two Greek
participants who believed that the use of emotionally-driven prostheses may also
negatively affect society and enhance the users’ public stigma. These findings were
in agreement with the collectivistic character of Greece and the individualistic
character of the UK and highlighted the importance of the role of culture on the
formation of societies’ attitudes, as well as the necessity of its consideration in the
design process of medical products.
However, the results of Study IV showed that there were no significant differences
between emotionally-driven prostheses (EP) and participants’ culture. In both
countries, EP evoked positive emotions in the non-users who participated in the
study. Nevertheless, there were indications that culture affected the nature of the
evoked emotions, which was in line with Mesquita (2001), Kitayama et al. (2006),
and de Mooij and Hofstede (2011). Emotions relating to interpersonal distance, e.g.
pity, were more frequently experienced by British participants, whilst socially
produced emotions, e.g. sadness, were more frequently experienced by Greek
participants. However, the findings of Study IV suggested that in both countries
people’s attitudes towards prosthetic users are changing, with younger generations
being more positive about diversity, as they were more attracted to emotionallydriven prostheses, and experienced less negative emotions towards prosthetic
users. Nevertheless, as literature indicates, people’s attitudes and beliefs in LC and
individualistic societies can change more easily than those in HC and collectivistic
societies, where they are more stable. Therefore, it is assumed that the positive
effects of emotionally-driven prostheses on societies’ attitudes would be more
rapid in LC cultures than in HC, where the alteration of people’s attitudes requires
more time and effort.

9.1.3.1 Beyond accessories
Although the analysis of the interviews with the prosthetic users (Study II) revealed
that for some participants, high emotionally-driven prostheses only served the role
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of accessories, as they believed they can only be used on social occasions to
improve the users’ appearance and do not offer additional functionality,
emotionally-driven prostheses could also improve usability. More specifically,
participants pointed out that currently, lower limb prosthetic users who want to
protect their mechanical prostheses (FP) from damage and dirt or want to maintain
the shape and the form of a natural human limb, use realistic foam covers.
However, these foam covers can themselves get dirty or damaged very easily. Thus,
using emotionally-driven prosthetic covers made out of materials that can be easily
cleaned (such as ABS plastic) and which, in contrast to the realistic foam covers, can
be easily detached from the prosthetic limb, may improve users’ interaction with
their prostheses.
Moreover, the findings from Andrew’s interview, showed that emotionally-driven
covers can also serve functionality, beyond aesthetics, in the case of people with
above knee limb-loss. As the participant highlighted, the realistic foam cover he was
using created difficulties and restricted the movements of his prosthetic knee,
which created frustration to him and made him feel tired. On the other hand, using
an emotionally-driven cover, which would stop below the knee joint and would
improve the movement as it would allow the knee to bend more easily. Therefore,
his quality of life would be improved, as the required energy would be less. This
raises the important point that emotionally-driven designs need not be exclusively
aesthetic and can indeed also incorporate features or personal preferences of a
functional nature.

9.1.4.2 The lack of information regarding emotionally-driven prostheses
Sansoni et al. (2015a) and Blom (2018) argued that patients are not informed about
the aesthetic prostheses that are available in the market, mainly because of cost
and service restrictions of the provision process. The findings of the analysis of the
interviews with the prosthetists (Study III) were in line with these arguments. The
findings of Study IV regarding the high percentages of positive surprise, indicated
that society is also not informed about emotionally-driven prostheses. Attention
needs to be given to the arguments of Prosthetist 4, who pointed out that the
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limited information available to society towards emotionally-driven prostheses can
also increase users’ stigmatisation. Therefore, educating people and informing them
about the new types of prostheses could alter their attitudes.

9.1.4 Summary of the key findings
Figure 9-1 depicts the aim and the findings of each study and how they were
integrated with those of the other studies. Table 9-1 depicts the key findings of the
whole research and gives suggestions regarding how the findings can be used and
for who they may be important.
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Figure 9-1 Aim and findings of each study and how some of the findings were integrated to those of other studies
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses;
HC: High Context; LC: Low Context
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Table 9-1 The key findings of the research
Research findings

Important to

How they can be used

Users preferences towards
prostheses were the same in
both countries, but reverse of
those of non-users, regarding
RP and FP. FP were preferable
by users, whilst RP by nonusers.

x
x
x
x
x
x
x

Prosthetists
Designers
Clinicians
Prosthetic companies
Marketers
Users
Researchers

To inform experts and users about
users’ current needs and desires.

The variables of sex, age, cause
and area of limb-loss appeared
to affect users’ preferences
towards prostheses, whilst
non-users’ level of attraction
was only affected by their sex
and age.

x
x
x
x
x
x

Prosthetists
Designers
Clinicians
Prosthetic companies
Marketers
Researchers

To inform experts in order to
provide the most suitable
prostheses to users with respect to
their culture.

The level of attraction of RP
decreases when their level of
realism decreases; the design
elements that affect this
relationship are:

x
x
x
x

Prosthetists
Designers
Prosthetic companies
Prosthetic users

To inform experts in order to
improve the design of RP.

Prostheses can have three
main roles, with respect to
their appearance; enhancing
self-confidence, hiding the
amputation, and showing off
the real self.

x
x
x
x

Prosthetists
Designers
Clinicians
Researchers

To inform experts in order to
incorporate and consider these
roles in the initial stages of the
design and provision process.

Highlights the importance of
stigma and its role in the
choice of prostheses in
collectivistic and individualistic
societies; in HC and
collectivistic users’ focused on
social reasons, whilst in LC and
individualistic users’ choice
was mainly due to identity
reasons.

x
x
x
x
x

Prosthetists
Designers
Clinicians
Prosthetic companies
Researchers

To inform experts in order to
provide the most suitable
prostheses to users with respect to
their culture.

Emotionally-driven prostheses
can increase users’ confidence
and affect society, by evoking
emotions with high levels of
pleasantness and arousal.
Attention needs to be given in

x
x
x
x
x

Prosthetists
Clinicians
Prosthetic companies
Marketers
Users

To inform experts about the
importance of aesthetics, with
respect to users’ culture.

To inform users about users’ and
non-users’ preferences towards
prostheses.
To guide researchers to further
studies into the effects of culture.

To guide researchers into studies
in order to understand in-depth
the effects of these variables.

To inform users about specific
elements of their RP that may
affect people’s attraction.

x The connection of the
socket with the residual
limb being obvious
x The colour fluctuations
between prosthesis and
users’ skin colour
x The use of poor materials

To guide researchers to further
studies regarding the role of
stigma; ethnographic research may
be of value in order to explore the
effects of stigma in societies with
more intense differences of
collectivism/individualism.

To inform users about the effects
of emotionally-driven prostheses
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HC societies, as emotionallydriven prostheses may increase
users’ stigmatisation.

x Researchers
x Designers

on society.
To bring more designers into the
field of the aesthetics of medical
devices.
To guide researchers to further
studies into the effects of culture.

Prostheses with high level of
emotionally-driven design (EP)
can also improve functionality
and usability of prostheses.

x
x
x
x

Prosthetists
Clinicians
Users
Researchers

To inform experts and users about
the functional capabilities of EP,
beyond their aesthetic.
To guide researchers to studies
regarding the integration of the
functional aspects of prostheses
with aesthetics.

RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
HC: High Context; LC: Low Context

9.2 Answering the research questions to achieve the aim
As presented in Section 1.3, the aim of the Ph.D. research was to explore the effects
of emotionally-driven prostheses on users’ lives and the society in which users live.
In order to achieve the aim, four research questions were defined (Section 1.3.2,
RQs.1-4). In the following sections, the answers to the research questions are
presented, with respect to the studies of this research.

9.2.1 Research Question 1: What are prosthetic users’ preferences towards
emotionally-driven prostheses, with respect to their culture?
Study I consisted of an online questionnaire to explore prosthetic users’ preferences
towards prostheses with different level of emotionally-driven design and hence,
test the feasibility of conducting this research. In order for the questionnaire to be
designed, an extensive literature search was initially carried out in order to identify
how societies affect the lives of people with disabilities (Section 1.3.3, Obj.2), and
the characteristics that are related to limb-loss (Section 1.3.3, Obj.3). Furthermore,
a literature search on the different types of prostheses was conducted to review
those that already exist in the market and categorise them into broad types
according to their level of emotionally-driven design (Section 1.3.3, Obj.1).
Study I successfully explored participants’ preferences towards prostheses with
different levels of emotionally-driven design, and verified the feasibility of
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conducting the Ph.D. research as in both countries, participants expressed a
preference towards prostheses with higher levels of emotionally-driven design.
More specifically, prostheses with a moderate level of emotionally-driven design
(FP) were first; prostheses with high level of emotional-driven design (EP) were
second, whilst prostheses with low level of emotionally-driven design were last.
Although the hierarchy was the same in the two countries, a detailed observation of
the results revealed that culture affected participants’ preferences. In the UK the
percentages of prostheses with high emotionally-driven design (EP) were higher
than those in Greece. However, as the sample of the study was not representative
of the population, the results showed only the preferences of the prosthetic users
who participated in the study, and not the preferences of prosthetic users in
general.

9.2.2 Research Question 2: How does the level of emotionally-driven design
of prostheses affects users’ lives with respect to their culture?
Study II was carried out, based on semi-structured interviews and informational
probes with prosthetic users, to explore how prostheses affected users’ lives with
respect to their level of emotionally-driven design. However, in order to answer the
second research question, it was essential to understand the role of prostheses on
users’ lives and the emotions prostheses elicited in them (Section1.3.3, Obj.4). As
the aim of the study was to explore and understand in depth users’ experiences
with their prostheses, Interpretative Phenomenological Analysis was used.
Study II thoroughly explored the effects of prostheses on users’ lives, with respect
to their level of emotionally-driven design, by showing that the design of prostheses
can have direct and indirect effects. Not only did the level of emotionally-driven
design of prostheses affects users’ personal lives, but it could also affect the way
other people reacted towards them. The analysis of the interviews based on the Six
Sources of Emotions in Human Product Interactions showed that the emotions
evoked by high emotionally-driven prostheses had higher levels of pleasantness and
arousal than those evoked by the prostheses of the other two types. Therefore,
they could trigger a greater behavioural reaction, such as the improvement of users’
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relationships with their prostheses. Furthermore, the results of the interviews
showed that prostheses with higher levels of emotionally-driven design (FP, EP)
could increase users’ interactions with society and educate society through the
discussion around the normalcy of the human body. Prostheses with high levels of
emotionally-driven design (EP) could be used by users to make social statements
that would highlight real-self by promoting the importance of diversity. However,
the results showed that prostheses with a high level of emotionally-driven design
(EP) may negatively affect users’ lives in collectivistic countries and increase their
stigmatisation, since people may perceive their use as the users’ effort to
overemphasise their limb-loss.

9.2.3 Research Question 3: What are prosthetists’ attitudes towards the
effects of emotionally-driven prostheses on users’ lives and society’s
attitudes?
This research question resulted from the findings of the previous studies (Studies I,
II), as well as the literature (Chapters 2 & 3), which indicated that prosthetic users
are not well informed about the aesthetic options of prostheses. Therefore, Study III
was conducted, and consisted of semi-structured interviews with five prosthetists
to investigate their attitudes towards the effects of emotionally-driven prostheses
on users’ lives and society’s attitudes. In order to answer the third research
question, it was essential to explore whether prosthetists inform patients about the
types of prostheses that exist in the market and investigate their attitudes regarding
the role of prostheses on patients’ lives (Section 1.3.3, Obj.5).
The results of Study III showed that all the prosthetists perceived prosthetic comfort
and functionality as priorities for the patients; however, three of them indicated
that the aesthetics of prostheses are also important to patients and that high
emotionally-driven prostheses (EP) could positively affect users by improving their
well-being and altering society’s negative attitudes towards prosthetic users.
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9.2.4 Research Question 4: How does the level of emotionally-driven design
affect society’s attitudes towards prosthetic users, with respect to society’s
culture?
Study IV featured an online questionnaire which was designed to explore how the
level of emotionally-driven design of prostheses might affect society’s attitudes
towards prosthetic users. In order for the fourth research question to be answered,
it was necessary to investigate people’s perceived attractiveness of prostheses and
the emotions they elicited in them, with respect to their level of emotionally-driven
design (Section 1.3.3, Obj.6).
Study IV successfully explored the effects of prostheses on people’s attitudes, with
respect to their level of emotionally driven design. The results showed that as
prostheses with low-levels of emotionally-driven design (RP) did not evoke
emotions in participants, it was therefore considered that they will not affect
people’s attitudes. On the other hand, as the level of emotionally-driven design of
prostheses increased, more pleasant emotions were elicited in participants. This,
alongside the fact that the attractiveness in the case of prostheses with a high level
of emotionally-driven design (EP) was independent of culture, sex, and age
indicated the existence of an opportunity to alter societies’ negative attitudes
towards people with limb-loss into positive ones. However, the results showed that
the higher the level of emotionally-driven design, the more difficult it is for the
designer to predict their effects on society. Therefore, attention needs to be paid to
this issue, as prostheses with high emotionally-driven design, but a low level of
attractiveness can evoke negative emotions and could potentially lead to the users’
stigmatisation. Although the findings of the study answered the research question,
the results cannot be generalised as the sample of the study was not
representative.

9.3 Achieving the aim
As the research in the aesthetic aspects of the prostheses had been previously
overlooked (research gap), the aim of this Ph.D. was to investigate the effects of
emotionally-driven prostheses on users’ lives and the society in which users live. In
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contrast to previous studies, where prostheses were considered as medical
products and thus, the focus was on their functional and usability characteristics, in
this research the scope was on the theories of product and emotional design.
Therefore, three different areas were investigated: those of product, users and the
users’ environment. The results were of primary importance as they indicated the
existence of a strong cyclical interaction between these areas, with respect to the
aesthetic aspects of prostheses, and verified the importance of conducting studies
in these areas.
More specifically, the findings of all the studies suggested that emotionally-driven
prostheses could eliminate users’ stigmatisation by altering society’s negative
attitudes towards prosthetic users into positive ones (Section 1.3.3, Obj.7).
Emotionally-driven prostheses could enhance users’ self-confidence and help them
show off their limb-loss. This, alongside the fact that society appears to be more
receptive towards emotionally-driven prostheses, could give the opportunity to
users to educate society about the life and capabilities of people with limb-loss,
which would eliminate stigmatisation by highlighting diversity and hence, facilitate
their integration into society. However, attention needs to be paid in collectivistic
countries, as emotionally-driven prostheses may enhance users’ stigmatisation.
In line with the statements of Schaffalitzky et al. (2009) and Desmond et al. (2012)
about prosthetic users’ complex feelings regarding limb-loss, the results showed
that even if participants had the same characteristics, e.g. sex and cause of limbloss, they perceive and experience their limb-loss differently. Therefore, their
needs, desires and expectations, even from the same prostheses, differ.
Consequently, relationships between the variables and the preferred prostheses
could not be established. Additionally, as prostheses evoke various emotions
simultaneously and from different sources, specific guidelines could not be provided
to designers to improve users’ well-being and further studies are necessary to
investigate in-depth why these emotions are elicited.
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9.3.1 Adopting user-centred and co-design approaches: users’ uniqueness
The results of this research highlighted the importance of moving towards and
adopting a holistic design approach, in which the nature of prostheses as products –
and not as medical devices – will be emphasised and interrelated not only with
users, but also with their environments.
The research emphasised the user’s uniqueness and highlighted the necessity of
adopting user-centred and co-design approaches by bringing more designers into
the field of prostheses and to other medical products, and by altering the role of
users into that of ‘design partners’, as they had been also adopted in previous
studies such as that of Blom (2018). By establishing a co-design approach between
designers, users, prosthetists and clinicians, the knowledge about users’ individual
needs could be improved, as users will have the opportunity to identify their
problems and generate innovative design ideas that could combine aesthetics with
function. However, users’ needs as a target group may also be improved, as the codesign approach may expose needs that had not been previously reported by
quantitative studies.
The research showed that prostheses can be used to facilitate different roles with
respect to their appearance. The cooperation of users with designers is essential in
the initial stages of the prosthetic provision process, in order for designers to
acknowledge the exact role of the prosthesis in the user’s life and thus, incorporate
it with the functional and usability characteristics. By adopting a co-design
approach, users can see their ‘disability’ as a creative opportunity through which
stronger emotional relationships with their prostheses are facilitated.

9.4 Contribution to knowledge
From the literature review a gap in knowledge was identified in the area of the
aesthetics of prostheses and more specifically, on the effects of emotionally-driven
prostheses on users’ lives. The research questions were developed, the answers to
which were intended to narrow this gap in the knowledge. The contributions to
knowledge that have been made are presented below.
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1. It shows that emotionally-driven prostheses can elicit emotions with higher
levels of pleasantness and arousal than those elicited by the other types of
prostheses. Therefore, EP can trigger a greater behavioural reaction. This
provides evidence on the theoretical findings of Hall and Orzada (2013),
Vainshtein (2011) and Pullin (2009) on the positive effects of emotionallydriven prostheses on users’ confidence and the societies’ attitudes. It also
suggests that emotional design can successfully be applied in the case of
prostheses and of other medical products, which highlights the necessity of
bringing more designers and researchers into the field of prosthetics and
other medical products.
2. It demonstrates that stigma affects the reasons for prosthetic choice and
societies’ attitudes towards prosthetic users in HC and LC societies. This
emphasises the importance of the role of culture in the design and provision
process of prostheses, which is crucial for experts to provide users with
more suitable prostheses. It also guides researchers into further studies,
regarding the role of culture in the design process of medical products,
which had been previously neglected.
3. It shows that prostheses can have three roles, with respect to their
appearance. Experts can incorporate and consider these roles in the initial
stages of the design and provision process. It also verifies the importance of
prosthesis appearance on users’ relationship with their prostheses, as it
shows that the poor design of prostheses deteriorates users’ well-being.
4. It gives insights regarding users’ and non-users’ preferences towards
prostheses and demonstrates how these preferences can alter, with respect
to the demographic and disability related variables. These insights can be
used by prosthetists and clinicians to provide users with more suitable
prostheses to improve users’ satisfaction. They can also be used by
prosthetic companies, clinic centres and organisations to build trends
concerning the consumer behaviour of this target group.
5. It builds on existing quantitative measures by providing qualitative data that
describe the reasons behind users’ dissatisfaction and the exact emotions
evoked in them. It also shows that emotions are also evoked in non-users
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and can be affected by various elements of prosthesis appearance. These
results provide considerations for prosthetists and designers, with respect to
prosthetic elements that could be improved, to increase users’ satisfaction.
6. It shows that emotionally-driven prostheses can also improve prostheses
functionality and usability beyond aesthetics. This is important as it informs
experts and users about the functional capabilities of EP. Moreover, it can
guide researchers to studies regarding the integration of the functional
aspects of prostheses with aesthetics.

9.5 Overall Research Limitations
In this research the aim was to investigate the effects of emotionally-driven
prostheses on users’ lives and the society in which users live. As a result, two
countries were selected for the conduct of the research: of the UK and Greece.
Although these two countries have different cultures and they were selected for
reasons of convenience (language, locality), they are both in Europe and thus, the
effects of culture in people’s preferences towards prostheses, as well as their
attitudes, were not clear. It is considered that countries with more intense cultural
differences, such as the USA (LC) and Iran (HC), would give more valuable insights.
Beyond the limitations that were analysed in the discussion section of each study,
the following sections discuss some overall limitations with respect to the sample
and technique methods that were used in each study.

9.5.1 Exploring users’ preferences towards prostheses
The aim of this study was to explore users’ preferences towards prostheses.

9.5.1.1 The sample of Study I
As the sample was a vulnerable group, the main difficulty was to find prosthetic
users to participate in the study. Participants’ recruitment was a difficult,
demanding and time-consuming process, as it required constant communication
through emails, phone calls and direct visits, in order to gain people’s trust and
persuade them to participate in the study. In many cases researcher’s access in
various groups on social media was not allowed, as it was restricted to only people
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with limb-loss. Additionally, many private clinics and prosthetic companies were
unwilling to help with informing patients or customers about the study. Finding
participants in the case of Greece was even harder, as meeting people personally
which would facilitate the process, was not possible. Based on these difficulties,
finding 136 participants was satisfying. However, it is considered that recruiting
participants would be easier and the sample size would be larger, in the case of
having NHS approval, as this would allow participants’ recruitment through public
clinics.

9.5.1.2 The methods of Study I
Regarding the research technique that was used, the online survey with the selfcompletion questionnaire was a successful tool for the purpose of the study, as it
helped gathering many answers in a short time period. However, the design and
structure of the questionnaire had weaknesses. First of all, the categorical
questions, alongside the small sample size, led to the uneven spread of the
participants in the subgroups which created problems with the interpretation of the
results. Furthermore, the use of categorical questions, in the case of the dependent
variable (preferred prostheses), restricted potential statistical tests that could be
used for the analysis of the findings, leading to using only descriptive statistics. It is
considered that asking participants to choose individual images of their preferred
prostheses and not groups, alongside an open question where participants could
justify the reasons of their choices, would facilitate the analysis of the results and
lead to more reliable findings. Finally, using more open questions would facilitate a
better understanding of the reasons that motivated participants’ answers, e.g. why
participants believed their prostheses affected negatively or positively their
appearance, and generate more insights.

9.5.2 Exploring the effects of prostheses on users’ lives
The aim of this study was to explore how the design of prostheses affected users’
lives.
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9.5.2.1 The sample of Study II
In this study, the participants were found from those of Study I, which helped in
terms of saving time. However, although the sample method was purposive, the
characteristics of the participants who participated in Study II did not perfectly
match the requirements of Interpretative Phenomenological Analysis (IPA). This was
a limitation of the study, as participants with similar characteristics may have led to
a better understanding of the effects of the design of prostheses on users. As none
of the expressive users of Study I wanted to participate in Study II, the study was
advertised on social media. After nine months of constant efforts, the researcher
managed to find one expressive user. Having more participants who used
prostheses with high emotionally-driven design (EP) would provide more valuable
and reliable insights and facilitate the comparison of the results in the two
countries.

9.5.2.2 The research methods of Study II
The semi-structured interviews gave valuable information about participants’ lives
with respect to their prostheses, which could not have been gathered using a
different technique. Nevertheless, as participants found verbalising their emotions
problematical, it is considered that the use of additional tools, such as the Product
Emotion Measurement Instrument (PrEmo) (Section 3.2.5.3), would have improved
participants’ emotional granularity and thus, increased the rigour of the data.
The evaluation of the mobile application showed that most of the participants did
not complete the tasks correctly. Although the female participants completed the
tasks almost every day and all of them used tags to define the places and the people
with whom they were with (Figure 9-2), the male participants completed only a few
tasks without using the tags and they took only few pictures of the clothes they
wore on the area of their prosthetic limbs. These findings verify the threats of the
probes that were shown in Figure 4-3 of Section 4.4.3.
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Figure 9-2 An example of a participant using ‘tags’ to specify the place he wears these shoes.

The fact that the informational probes were used in the form of a mobile
application and the data were gathered automatically on the researcher’s personal
computer, helped the researcher’s intervention in the process by sending reminders
to participants when they did not complete the tasks. Although in many cases
participants ignored the reminders, it was considered that mobile probes offered
more data compared with that, that may have been collected using traditional
probes, since in the case of the latter, the researcher would not be able to control
the process at all. This argument is also supported by the results in the case of the
Greek participant who completed the booklet and had completed only three tasks,
as he thought that there was no reason to complete the other tasks. Additionally,
the immediate communication that the mobile application offered also helped the
researcher ask additional questions when participants’ comments were not clear
(Figure 9-3) and as a result, comprehend their answers and increase the rigour of
the data. This is in agreement with Brown et al. (2014), who pointed out that the
range of accuracy of the answers is different for each participant.
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Figure 9-3 Example of the communication between the researcher and participants via the mobile
application

Another threat of the probes that was defined on Figure 4-3 of Section 4.4.3 is the
fact that probes may reduce the number of people who want to participate to the
study as it is a time consuming and demanding process. This weakness was verified
in this study, as four people withdrew from the study.

9.5.2.3 The analysis methods of Study II
Using the Six Sources of Emotions in Human Product Interaction (SSEHPI) proved to
be useful in mapping specific emotions and the sources that evoked them.
However, SSEHPI gave insights only regarding how emotions were evoked and not
regarding why.
As participants experienced different emotions which were evoked simultaneously
and by different sources, the creation of a framework, which could be used to guide
designers in how to elicit pleasant emotions in users through the design of
prostheses, was not feasible. This is not surprising as Desmet and Hekkert (2002,
p.6) had also stated that “searching for general rules in a stimulus-response manner
is a fruitless approach. The model of product emotions cannot support the designer
with general rules concerning the relationship between product appearance and
emotional responses. Nevertheless, on the level of eliciting conditions the model
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does reveal some general patterns. In our view, comprehending these patterns can
ďĞŽĨŐƌĞĂƚǀĂůƵĞƚŽĚĞƐŝŐŶĞƌƐ͘͟

9.5.3 Exploring prosthetists’ attitudes
The aim of this study was to explore prosthetists’ attitudes regarding the role of
prostheses on patients’ lives.

9.5.3.1 The sample of Study III
The sample size of this study was very small; however, it is considered that in the
case of Greece the sample was satisfying as the three Greek prosthetists who
participated represented the three biggest private clinics in Greece, which provide
prostheses to the majority of Greek prosthetic users. Regarding the British
prosthetists, although the sample could have been larger, it was deemed that
conducting interviews with more prosthetists would not give further insights as the
findings of the interviews became saturated.

9.5.4 Exploring non-users’ attitudes
The aim of this study was to explore non-users’ attitudes towards prostheses.

9.5.4.1 The sample of Study IV
The sample methods that were used in this study were volunteer and snowball and
thus, the sample was not representative of the population. However, it is
considered that the large number of the participants managed to cover a broad
range of responses. Achieving such a large sample size (807 participants) was
difficult and time-consuming, even though the only inclusion criterion of the study
was for participants to be over 18 years old.

9.5.4.2 The research methods of Study IV
Regarding the research technique that was used, the online survey with the selfcompletion questionnaire was a successful tool for the purpose of the study, as it
helped gathering many answers in a short time period, which would not have been
achieved with another technique. Nevertheless, it is considered that an open
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question, where participants could explain why these emotions were elicited in
them, would provide further insights, beyond the researchers’ assumptions.
However, analysing free response data from open questions in such a large sample
would be very difficult and time consuming. This drawback could potentially be
tackled using Artificial Intelligence (AI) technologies, such as Natural Language
Processing (NLP) to analyse large unstructured survey data by using sentiment
analysis or informational grouping (Nasukawa and Yi, 2003; Das and Kumar, 2013;
Reese, 2015; Hirschberg and Manning, 2015). However, conducting sentiment
analysis to determine non-users’ feelings towards the appearance of prostheses
could present difficulties as data from previous investigations are needed in order
to build the model. Therefore, information grouping can be more suitable for the
analysis of the data by categorising them into various themes based on keywords.

9.6 Future work and future research implications
The research purpose of this Ph.D. was exploratory, as the aim was to investigate
the effects of emotionally-driven prostheses on users’ lives and the society in which
users live. Additionally, this research tested the feasibility of conducting research
into the aesthetic aspects of prostheses that had been previously neglected, and
not necessarily to provide conclusive results. However, the studies identified issues
that could be the focus of future research.
Goal-directed personas, where goals can be based on the three main roles of
prostheses can be created, which could be based on the participant profiles. The
personas could be of value for designers and prosthetists to design and provide
users with more suitable prostheses.
The Six sources of Emotions in Human Product Interactions provided a detailed
understanding of how the emotions were elicited. It is suggested that conducting
illustrative case studies that would follow actual users of emotionally-driven
prostheses could give valuable and rich qualitative insights regarding users’
experiences with their prostheses, as well as people’s reactions towards prostheses,
which will help designers comprehend better why specific emotions were evoked.
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Of interest would also be to conduct workshops with experts from various
disciplines related to prostheses, such as designers, prosthetists, clinicians,
psychologists and users in order to discuss the findings of this research and
understand how they could be combined with the functional aspects of prostheses
to increase users’ well-being. By understanding how and why emotions are elicited,
with respect to prostheses appearance and function, a design guide could be
developed which would inform designers, prosthetists and prosthetic companies of
appropriate levels of emotional design, personalisation and functionality for users.
Investigating why specific emotions are elicited in non-users, with respect to
prostheses level of emotionally-driven design, would be of value for designers and
could give further insights into the design guidance. Moreover, investigating more
how and why the design of RP makes the user seem ‘normal’ and not as ‘disabled’,
as well as how and why “the posture shows confidence and therefore she deserves
respect” in the case of EP, in countries with different cultures, is crucial in the
creation of a comprehending understanding of the effects of the appearance of
prostheses in people’s attitudes with respect to their culture. However, both
literature and the studies suggested that people have difficulties with verbalising
their emotions and understanding the reasons they experience them. Therefore, it
is suggested that using tools such as PrEmo alongside interviews could help people
demonstrate why they experience the emotions. The Natural Language Processing
(NLP) tools could be used to analyse large unstructured data gathered by non-users’
answers.
This research offers initial ideas about the effects of culture on people’s attitudes
towards the design of prostheses, although statistically significant differences were
not found. However, it was assumed that the weak differences of the results
between the two countries was a limitation of the selected countries, as both are in
Europe and globalisation has resulted in the transformation of Greece from a
collectivistic towards an individualistic society. Conducting the research in countries
with stronger cultural differences, such as USA (individualistic) and Iran
(collectivistic), could give more accurate results regarding the effects of culture on
people’s attitudes. Of interest would also be the conduct of study in other European
281

countries, such as Germany, the Netherlands, Italy and Spain, to identify and test if
people’s preferences are similar to those of the participants in the UK and Greece.
These results would help the development of a guide regarding users’ preferences
in different cultural contexts, which would be of value for prosthetic companies and
marketers to understand prosthetic trends and thus, increase the sales of
prostheses. Furthermore, these trends could inform prosthetists and designers to
provide users with more suitable prostheses, with respect to their culture, in order
to improve their well-being.
As the literature suggests, Greece is in a transitional phase, from collectivist into an
individualistic society. Therefore, repeating the research after a number of years
would be of value in order to compare the results and test whether people’s
attitudes have changed. Furthermore, repeating the study in both countries could
also give interesting results regarding the alterations of people’s needs, desires and
expectations towards the aesthetic and functional characteristics of the prostheses
throughout the years. These results can help marketers and researchers map
people’s needs, desires and expectations in different time periods to identify future
consumer behaviours, which can help designers, prosthetists and prosthetic
companies develop new prostheses.

9.7 Conclusions
The results of this research go beyond the theoretical findings and verify the
existence of an opportunity to alter society’s negative attitudes and improve users’
well-being by increasing the level of emotionally-driven design of prostheses.
Conducting research into the aesthetic aspects of prostheses is essential, in order to
inform designers, prosthetists, clinicians, prosthetic companies, marketers and
users about users’ current needs and desires towards prostheses and thus, design
and provide users with more suitable prostheses. Furthermore, the research
highlighted the need to bring more designers into the field of prostheses and other
medical products, and to adopt user-centered and co-design approaches, to
enhance users’ well-being. The key insights derived by the studies are:
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x Emotionally-driven prostheses evoked emotions with higher levels of
pleasantness and arousal in people than the emotions that were elicited by
the prostheses of the other two types. Therefore, EP can trigger a greater
behavioural reaction. However, attention needs to be given in HC and
collectivistic societies, such as Greece, as emotionally-driven prostheses may
increase users’ stigmatisation.
x Stigma affected the reasons for prosthetic choice in the participants of the
two countries. British prosthetic users, who presented characteristics of an
individualistic society, focused on identity reasons. On the other hand, Greek
participants, who were more collectivistic, focused on social reasons.
x Prostheses have three roles with respect to their appearance; to enhance
self-confidence, to hide the limb-loss, and to show-off the real self.
x A shift towards emotionally-driven prostheses emerged, which also
highlighted the importance of prosthesis aesthetics on users’ relationship
with their prostheses, as prostheses with poor design deteriorated users’
well-being.
x Users preferences towards prostheses were the same in both countries, but
the reverse of those of non-users, regarding RP and FP. FP were preferable
by users, whilst RP by non-users. EP were second in the participants of both
countries. The variables of sex, age, cause and area of limb-loss appeared to
affect users’ preferences towards prostheses, whilst non-users’ level of
attraction was only affected by their sex and age.
x Emotionally-driven prostheses can also improve users’ usability and
functionality beyond aesthetics.
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A. Literature: Part I – Understanding society & user
A.1. Analysis of amputation process regarding the type of amputation
Upper Limb Amputation (Types)
Transphalangeal:

Amputations of the fingers.

Transcarpal:

Amputation of the hand.

Wrist
disarticulation:

An amputation that happens through the wrist joint. Patients who have
wrist amputation can carry out activities even without a prosthetic limb.
However, in order to achieve grasp activities, the use of a prosthetic hand
is necessary (Ouellette, 2010). The prosthetic hands that are used in this
case have digits that can open and close with the function of the wrist. Is
the amputation that happens through the wrist joint. In this type of
amputation, a tourniquet technique helps the better identification of tissue
and reduces blood loss (Ouellette, 2010; Ovadia & Askari, 2015).
Nevertheless, this technique is not suitable for patients who have an
amputation due to a tumour or infection reasons and requires cautious use
as it can create damage to the nerves (Ouellette, 2010; Salhotra & Sharma,
2012; Ovadia & Askari, 2015).

Transradial:

The amputation in the area of the limb below the elbow and for this
reason it is also called as Below Elbow (BE) amputation. In transradial
amputation, a part of the bone is cut and osteoplasty is applied; a
technique during which the edges of the bone are made smoother. In this
way the pain that can be caused by pressure on the residual limb can be
reduced or prevented and patients can more easily wear prosthetic limbs
(Ovadia & Askari, 2015). After the osteoplasty, a myodesis technique is
applied. Myodesis is described as the process during which the bone of the
residual limb “is covered by an adequate amount of soft tissue and muscle
and stitching the remaining muscle to the bones to help strengthen the
remaining limb” (National Health Service, 2018; Ovadia & Askari, 2015). In
this way, the pain in the area of the residual limb can be reduced, as the
soft tissue padding in the cutting area of the limb is increased (Ovadia &
Askari, 2015). Additionally, the longer the arm is, the stronger the lever will
be (Ouellette, 2010). A wrist unit allows patients with transradial
amputation to restore a part of the function of the lost physical wrist joint.
Myoelectric wrist units add more length and weight to the prosthetic limb
(Pasquina et al., 2006) and for this reason are not suitable for children.
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Elbow
disarticulation:

An amputation that is done through the elbow joint. According to Owens
and Ouellette (2004) and Ovadia and Askari (2015) patients who have
undergone elbow disarticulation amputations present better functional
capabilities than those with upper levels of amputation (transhumeral,
shoulder disarticulation, forequarter), as the preservation of the elbow
joint offers them better rotation and motion of the humerus and as a
result, better control of a prosthetic limb.

Transhumeral:

The amputation that happens on the areas of arm above the elbow and for
this reason is also called Above Elbow (AE) amputation. In transhumeral
amputation, part of the humerus bone is cut. However, Owens and
Ouellette (2004) point out that transhumeral amputations are avoided in
the case of children, as they prevent humerus bone from growing properly.
Although patients with transhumeral amputation have lost the
functionality that a physical hand, wrist and elbow offer, they preserve the
functionality of the shoulder joint (Ovadia & Askari, 2015). Nevertheless,
the longer the humerus bone is, the better fit of the prosthesis will be.

Shoulder
Disarticulation:

The amputation through the joint of the shoulder.

Forequarter:

The amputation during which all the three bones of the shoulder are
removed. As there is no residual limb to help patients control the
prosthetic limb, body-powered prostheses cannot be used (Burkhalter et
al., 1981). However, patients with shoulder disarticulation or forequarter
amputation can use more easily electric prostheses, which can offer them
important functionality (Burkhalter et al., 1981). The most common cause
of shoulder disarticulation and forequarter amputations are tumours,
while injuries are the second most common reason (Burkhalter et al.,
1981). Although shoulder disarticulation and forequarter amputations
offer the same functionality to patients, Burkhalter et al. (1981) highlight
the importance of maintaining the shoulder joint as it can reduce patients’
body deformity and prevent the creation of additional psychological
anxiety and discomfort.

Lower Limb Amputation (Types)
Transmetatarsal:

An amputation in the area of the foot and can also be referred as partial
foot amputation.
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Ankle
Disarticulation:

In case of amputations to lower levels of extremity, such as ankle
disarticulation and transmetatarsal, patients restore their functionality in a
shorter time period than those who have undergone other types of lower
limb amputations, as only the foot or a small part of the foot is cut. These
types of amputation are usually caused by trauma, congenital
abnormalities, infections and tumours (Wagner, 1992).

Transtibial:

An amputation that happens in the area of the lower leg, below the knee,
and for this reason is also known as Below Knee (BK) amputation.
Transtibial (BK) amputation is one of the most common types of
amputation and which is usually caused by vascular diseases, gangrene,
infections, diabetes and trauma (Bowker et al., 1992). As Bowker et al.
(1992) and Smith (2003) point out, patients who have undergone
transtibial amputations require a smaller energy consumption than those
with amputations to upper extremities (knee disarticulation, transfemoral,
hip disarticulation and hemipelvectomy), due to the fact that their physical
knee joint is preserved. However, patients with transtibial amputations do
not have an ankle joint and foot which would help them with shock
absorption and proprioception; the ability that foot has to feel position and
surface (Smith, 2003). A myodesis technique can be applied in case of
people who undergo transtibial amputations. This process is very
important as it helps the residual limb to become stronger and more
balanced (Smith, 2004). However, in case of those whose amputation is a
result of severe dyvascularity, myodesis is not suitable and is replaced by
myoplastry; a surgical technique during which “the muscle is sutured to
muscle and then placed over the end of the bone before closing the wound”
(Amputee Coalition, 2018; Bowker et al., 1992; Ovadia & Askari, 2015). In
order for patients to be able to use prostheses comfortably, more soft
tissue padding is necessary than exists and as a result, the shape of the
residual limb must be cylindrical and not conical (Bowker et al., 1983;
Smith, 2003; Physiopedia, 2018). In order for the cylindrical shape of the
residual limb to be achieved, the fibula bone needs to be only minimally
shorter than the tibia bone (Bowker et al., 1992; Physiopedia, 2018).
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Knee
Disarticulation:

The amputation when the knee is cut. Knee disarticulations do not occur
often and as Smith (2015) points out, is one of the most controversial types
of amputation; usually it occurs to patients who need to undergo an
amputation for trauma reasons or cancer and whose tibia bone cannot be
saved while the femur bone remains intact. Regarding the advantages of a
knee disarticulation, as no bone is cut due to the fact that the amputation
happens where the muscle blends into tendons, the residual limb can
tolerate more weight because the tendons hold the sutures better than
muscles do (Smith, 2015). Smith (2015) highlights that knee disarticulations
are better for children as they help the femur bone grow while children are
growing. Contrary, in the case of a transfemoral amputation, the lower
part of the femur bone is cut and as a result, the rest of the bone does not
grow as the child becomes an adult. Finally, people with knee
disarticulation have a similar walking speed and prostheses fit to those
who had a transtibial amputation (Smith, 2015). The disadvantages of a
knee disarticulation are more relevant to the fit of prostheses; the bulbous
shape of the end of the residual limb makes it difficult for prosthetists to
design sockets that fit perfectly the patients and are comfortable for them
(Smith, 2015).

Transfemoral:

An amputation in the area of the upper leg, above the knee, and for this
reason is also call as Above Knee (AK) amputation. In the case of patients
who had undergone a transfemoral (AK) amputation, “the cut ends of the
nerves can create neuromata”, which can create very intense pain to
patients who use prostheses due to the pressure of the prostheses on the
residual limb (Sugarbaker et al., 2001, p.355). Miller-Keane (2003) defines
neuromata as the creation of tumours that are cause by the nerves cells or
nerves fibers. Thus, in order that the pain caused by the neuromata be
reduced, the nerve endings are usually positioned with muscles
(Sugarbaker et al., 2001). However, as patients are unable to withstand
weight directly on the end of their residual limb, the reconstruction of the
muscles is crucial. A myodesis technique can also be applied to patients
with above knee amputation in order to help the better function of the
residual limb and the elimination of complications (National Health Service,
2018; Physiopedia, 2018). Nevertheless, myodesis is not always successful,
as muscles, unlike tendons and skin, do not hold sutures very well (Smith,
2004).

Hip
Disarticulation:

An amputation of the whole leg through the hip joint (Smith, 2005; Yari et
al., 2008; Houdek et al., 2016).
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Hemipelvectomy:

An amputation of a part of the pelvis and all the lower limb of the same
side of the body (Smith, 2005; Yari et al., 2008; Houdek et al., 2016). The
use of prostheses in case of patients with hemipelvectomy or hip
disarticulation requires more energy consumption and as the walking
speed is lower, and in many cases patients prefer to use crutches (Smith,
2005; Yari et al., 2008; Houdek et al., 2016). Hip disarticulation and
hemipelvectomy constitute two of the most uncommon types of
amputation. The reasons that usually lead patients to undergo
hemipelvectomy or hip disarticulation amputations are tumours, trauma,
or infections and the patients are younger in age (Smith, 2005; Yari et al.,
2008). Usually, patients who have hemipelvectomy or hip disarticulation
present lower functionality (e.g. limitations regarding walking, sitting,
climbing stairs) compared with those with other types of lower limb
amputations, such as transfemoral or transtibial, mainly because of the
fact that patients lose three joints; those of hip, knee and ankle (Smith,
2005; Yari et al., 2008).

A.2. Questionnaires regarding people with limb-loss and prostheses based
on literature

Amputee Body Amputee Body Image Scale (ABIS) (Gilg, 2016, p.25) is a questionnaire
Image Scale
which focuses on the way people feel regarding their body image. The
(ABIS):
questionnaire has twenty items that participants need to answer
based on the scale 1 (None of the time) to 5 (All of the time). However,
as the name of the questionnaire suggests, it focuses only on body
image perception of people with amputation and not on their
perception towards their QoL.
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Trinity
Amputation
and Prosthesis
Experience
Scales
(TAPES):

Gallagher and MacLachlan (2000) developed the Trinity Amputation
and Prosthesis Experience Scales (TAPES); a questionnaire in order to
understand the experience of people with amputation and the
adjustment to a lower prosthetic limb. The TAPES consist of three
different areas of interest; those of psychosocial adjustment, activity
restrictions and satisfaction with prosthesis. The psychosocial
adjustment consists of three subgroups; general adjustment, social
adjustment and the adjustment to limitation and each subgroup has
five items based on scale questions. The activity restrictions are also
separated into three subgroups; those of functional, social and athletic
activities restriction. Each subgroup consists of four items based on
scale questions. Finally, the satisfaction area has ten items (scale
questions) that are separated into functional, aesthetic and prosthesis
weight satisfaction. In 2004, Gallagher and MacLachlan used TAPES
and WHOQOL in order to investigate what aspect of prosthetic
experience can affect the QoL of people with LLA. The findings suggest
no significant differences and that TAPES can evaluate the QoL of
people with LLA. A few years later, Gallagher et al. (2010) proposed
the TAPES-R, a revised version of TAPES with a simpler structure. The
new version of TAPES consists of three psychosocial adjustment
subgroups which are based on a four-point scale and two satisfaction
subgroups based on a three-point scale. The activity restriction
consists of ten items which have an ordinal three-point scale.
However, as the name of the questionnaire suggests, it addresses only
people who have suffered amputation(s) and not people with
congenital limb loss.

Prosthesis
Evaluation
Questionnaire
(PEQ):

In 1998, Legro et al. developed a questionnaire for people with LLA
who use prosthetic limbs in order to evaluate their QoL based on their
prosthesis. Prosthesis Evaluation Questionnaire (PEQ) (Seattle, 1998)
has nine independent scales, such as appearance, social burden, wellbeing etc. which consist of many questions, as well as some additional
individual questions. Most of the questions are continuous numerical
variables; however, as the scales are independent, it is possible to use
only the scales which are relevant to the purpose of each study
(Seattle, 1998). As pointed out by Hawkins et al. (2014), PEQ has good
reliability and construct validity and is a questionnaire that focuses
particularly on the QoL of people with amputations. Nevertheless,
since it asks participants to answer questions and evaluate feelings,
such as pain level, they had felt in the past four weeks, participants
may not be able to proper reflect their feelings, and this can lead to
false conclusions.
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WHOQOL-100
Questionnaire:
(World Health
Organisation,
1995)

It has been developed based on the definition of QoL that was created
by WHO (Hawkins et al., 2014) and asks people to evaluate various
aspects of their life, such as their health, their social life, their feelings
etc. The questionnaire consists of 100 rating scale questions (in a scale
from 1 to 5) that need to be answered based on participants’ life the
last two weeks. As Hawkins et al. (2014) point out, WHOQOL-BREF is a
shorter version of the WHOQOL-100 that consists of twenty-six
questions which are separated to four main areas; those of physical
and psychological health, social relationships and environment.

Nottingham
Health Profile
(NHP):

Nottingham Health Profile (NHP) (Nottingham Health Profile, n.a., p.1)
questionnaire “provide a brief indicatŝŽŶ ŽĨ Ă ƉĂƚŝĞŶƚ͛Ɛ
emotional, social and physical health problems”. The questionnaire
consists of two parts. The first one has thirty-eight dichotomous
questions (Yes/No) that are separated into six main areas such as
emotional reaction, pain, social isolation etc., while the second part is
relevant with different areas of life, such as if patients have a social
life, or vacations, and consists of seven dichotomous questions
(Yes/No). However, NHP is a questionnaire that can be used by all
people, not just people with limb loss and for this reason there are not
many questions that could to be useful in the present study.
Furthermore, as the questions are only dichotomous (Yes/No) it
restricts the options of answers that are available to participants and
as a result decreases the reliability of the questionnaire as it can lead
to bias and false conclusions.

SF-36
As NHP, SF-36 Questionnaire (RAND Corporation, 1992) also addresses
Questionnaire: all people and tries to measure their QoL. It has eight categories, those
of “physical, role and social functioning, mental health, patient health
perception, vitality, body pain, and change in health” (Hawkins et al.,
2014, p.768), which consist of rating scale or dichotomous (Yes/No)
questions. Participants have to answer to the questions based on the
last four weeks of their life.
Satisfaction
with
Prosthesis
(SAT-PRO):

Another questionnaire that focuses on people with limb loss and tries
to measure the extent to which they are satisfied with the prosthetic
limb they have is the Satisfaction with Prosthesis (SAT-PRO)
questionnaire. SAT-PRO consists of fifteen items which participants
need to answer in a scale from 1 (Totally agree) to 4 (Totally disagree).
However, the majority of the questions address to
functionality/usability and fit of the prostheses, while only one
question is relevant to the appearance and another one to the overall
rate of satisfaction of the prostheses.
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B. Literature: Part II – Emotional-driven design of prostheses
B.1 Manufacturing process of prostheses
In the next sections the manufacturing processes of prostheses are explained; both
traditional and contemporary. However, the purpose of explaining the manufacturing
processes of prostheses is only in order to comprehend how the new technological means
(e.g. Additive Manufacturing) can help designers increase the level of emotional design of
prostheses, by offering to them more freedom and the opportunity of adopting a usercentred design approach.

B.1.1 Traditional fabrication process
The fabrication process of sockets is very important as the socket is the means of
connecting the residual limb with the prosthetic limb (University of Salford, n.d.). The
traditional fabrication process of prostheses (Figure B.1) starts with the casting process, in
order for the prosthetists to create a wrap cast of the patient’s residual limb (Herbert et al.,
2005; Jin et al., 2015). As the first step of the casting process, prosthetists apply a sock on
patients’ residual limbs and mark the areas of bones, as well as soft tissue, and by using
their fingers, they define pressure sensitive areas. They then wrap the patients’ residual
limbs using plaster bandages in order to capture the geometry (Herbert et al., 2005;
Colombo et al., 2010; Jin et al., 2015) and check the casting angle. It is highlighted in the
notes of University of Salford (2018), the casting angle is very important, as it affects the
function and the features of the socket; a greater casting angle creates greater suspension,
but it restricts the range of motion. After checking the casting angle, the prosthetist applies
the casting grip and folds the excess stockinette over the cast (University of Salford, 2018).
They also mark the posterior and anterior areas that need to be cut and removed
(University of Salford, 2018). When the wrap cast is stable, the next step is to fill it with
plaster of Paris slurry, in order to make the positive mold of patient’s residual limb and the
initial plaster bandages are removed (Herbert et al., 2005; Jin et al., 2015). The plaster
model allows the prosthetist to make modifications in order to obtain the best anatomical
shape of patient’s residual limb and create the socket (Herbert et al., 2005).
Prosthetists in University of Salford (Knapp, 2013) point out that one of the most important
stages in the fabrication process of the socket is the material choice, either thermoplastics
or thermosetting plastics; the main difference is that thermoplastics can be reheated and
reshaped in order to follow the exact shape of patients’ residual limbs. As thermoplastics
come in sheets, they are placed on a metal frame which is then placed in an oven in order
to soften (Knapp, 2013). When the thermoplastic sheet melts, it is flipped over the plaster
model of patient’s residual limb and prosthetists, using their hands, press the thermoplastic
on the plaster model in order to take the shape of the limb (Knapp, 2013). The use of
transparent materials in check sockets helps prosthetists better inspect the residual limb
and understand the areas of pressure in order to be able to make modifications by
thermoforming the socket (Colombo et al., 2010; University of Salford, 2018). The final
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socket is constructed by using a lamination technique. During the lamination process, the
plaster model is set on a vacuum stand, a stockinette material is placed over this (Knapp,
2013). If all of the air is not removed, this will affect the durability and the appearance/ fit
of the socket. The thickness of the stockinette is important as it affects the durability and
the appearance of the socket. The resin is mixed with a hardener in order to create a
thermosetting plastic and is poured in to a PVA bag (Knapp, 2013). It is very important that
the material is evenly applied onto the surface of the model, as poor saturation will lead to
the failure of the socket (Knapp, 2013). Herbert et al. (2005) and Jin et al., (2015) also point
out that the socket can be made of fiber-reinforced resin, such as carbon fiber, or sheet
thermoplastic materials, such as plastic or acrylic. After the fabrication of the socket, the
other parts of the prosthetic limbs, such as pylon, ankle joint, knee joint, elbow joint are
placed (Knapp, 2013). These parts usually are made of titanium (Knapp, 2013). Adjustments
are made regarding their length and size in order to fit to each patient (Knapp, 2013).
As with orthoses, prostheses can be custom-made or off-the-shelf. Both kinds require the
intervention of a prosthetist in order to adjust the socket to user’s residual limb. Jin et al.
(2015) point out that the fit of a prosthesis constitutes the most significant factor for the
wearer’s satisfaction, especially in case of people with lower limb loss, and that the fit of
the socket is affected by the load of user’s body. Bad design of the socket can lead to tissue
breakdown of the residual limb and cause discomfort, pain or even severe tissue injuries
(Jin et al., 2015). In order to eliminate these problems, it is necessary for users to change
their socket in order to it to perfectly fit to their residual limb. Other reasons that lead users
to change socket are changes to their body, such as the volume of their residual limb which
decreases after the amputation due to the atrophy of the muscles (Jin et al., 2015; Seminati
et al., 2017). As well as the frequent changes of the socket, people with limb loss also need
to change prostheses, particularly children (Griffiths, 2014; Gretsch et al., 2016; Zuniga et
al., 2015; 2017; Baker et al., 2017). More specifically, Baker et al. (2017) point out that
children who are younger than five years old need to change their prostheses every year,
while those between five and twelve years old change prosthetic limbs every two years.
Teenagers or young adults under twenty-one years old usually change prosthetic limbs
every three to four years (Baker et al., 2017). However, as the change of prostheses is very
expensive, people usually use passive prosthetic limbs (cosmetic or functional, such as
hooks), as they are more affordable than the electrical or body-powered prosthetic limbs.
However, the appearance of these prostheses is not attractive and as a result, in many
cases, wearers reject them and prefer not to wear prosthetic limbs in order to be socially
accepted (Baker et al., 2017). Additionally, for people from developing countries the
acquisition of prosthetic limbs is even more difficult as people do not have access to
prosthetists, clinicians or the equipment that is required.
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Figure B.1 Stages of traditional fabrication process of prosthetic limb sockets. The images have been adjusted by a: adjusted
by Tidewater Prosthetic Center (2012); b: adjusted by Ossur Academy (2013); c: adjusted by Otto Bock HealthCare GmbH
(2015)

B.1.2 Contemporary fabrication techniques: A brief explanation of Additive
manufacturing
Additive Manufacturing (AM) is defined as the process through which objects are
constructed by joining materials layer by layer from a three-dimensional (3D) computing
model (ASTM International, 2013; Huang et al., 2013; Lee et al., 2017). One of the processes
of AM is Rapid Prototyping (RP) which is the fast and direct production of prototypes
through the design of 3D models in computer-aided design software (CAD) (ASTM
International, 2013; Bibb et al., 2015; Sims et al., 2017). The processes of AM are classified
into seven categories; those of binder jetting, directed energy deposition, meaterial
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extrusion, material jetting, powder bed fusion, sheet lamination and vat
photopolymerisation (Table B.1) (ASTM International, 2013; Gao et al., 2015; Pinkerton,
2016; Lee et al., 2017). Some categories constists of diferent techniques that are used for
the construction and manufacture of the objects (ASTM International, 2013). More
specifically, vat photopolymerisation consists of stereolithography (SL); powder bed fusion
consists of direct metal laser sintering (DMLS) and laser sintering (LS); and material
extrusion consists of fused deposition modeling (FDM) (ASTM International, 2013). Lee et
al. (2017) point out that in an AM process various parameters exist, such as cost, build
volume, part strength and surface quality, fabrication speed and the resolution. These
parameters determine which technique is the most suitable for the construction and the
manufacturing process of different objects. Table B.1 depicts the seven categories of AM
with the advantages/ disadvantages that each category has and the materials that are used,
as they are analysed by Lee et al. (2017, p.127, Table 11 and pp.121-126), as well as the
categories that have been applied in the area of prosthetic limbs.
The Laser Sintering (LS) technique is a powder bed fusion process which uses lasers in order
to selectively fuse or melt different layers of particulate materials (ASTM International,
2013; Bibb et al., 2015). As Bibb et al. (2015) point out, the surface finish of the objects that
have been manufactured with LS is not as good as those in which have been used a
Stereolithography (SL) technique, but comparable to those that have used Fused deposition
Modeling (FDM). Nevertheless, LS presents good accurancy, which is similar to the one that
can be achieved by SL. Furthermore, although LS creates strong and tough objects, the
materials are porous and as a result, it is difficult to clean and sterilise. The Direct Metal
Laser Sintering (DMLS) is a technique similar to LS that is used in order to construct objects
that are made out of metal (ASTM International, 2013; Bibb et al., 2015). The difference
betwee a LS and DMLS techniques is that in case of the second, the powder is fully melted
(Bibb et al., 2015). Stereolithography (SL) is a vat photopolymerisation process that is “used
to produce parts from photopolymer materials in a liquid state using one or more lasers to
selectively cure to a predetermined thickness and harden the material into shape layer upon
layer” (ASTM International, 2013, p.2). The objects that are constructed by using SL
technique present high accurancy and surface finish and can also be transparent (Bibb et
al., 2015). Nevertheless, the machines and the materials are expensive and the time of
constraction of the objects can be low, as it is affected by “the energy the resin requires to
initiate polymerisation, because the power of the laser is more or less constant” (Bibb et al.,
2015, p.76).
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Table B.1 The seven categories of AM and their application in the area of prosthetic limbs
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Fused Deposition Modeling (FDM) is a material extrusion technique that uses thermoplastic
material, which is heated and deposited layer by layer through a heated nozzle (ASTM
International, 2013; Bibb et al., 2015). The objects that are created by FDM are strong and
durable; however, the surface finish, as well as the accurancy present lower quality that
those of SL (Bibb et al., 2015). Nevertheless, as the objects are solid, they can be sterilised
(Bibb et al., 2015). In material jetting technology, the material is ejected as liquid and
becomes solid when it comes into contact with another solid material (Bibb et al., 2015).
Recent technologies of material jetting have enable the use of multiple materials, such as
rubber-like materials, to be combined with more rigid materials, e.g. plastic (Bibb et al.,
2015). Additionally, the objects that are constructed with material jetting techniques
present high resolution and good accurancy (Bibb et al., 2015). Sheet lamination technique
is the process during which different flat sheets of material are cut and bonded in order to
create an object (ASTM International, 2013; Bibb et al., 2015). The objects that are
constructed by using a sheet lamination technique present reasonable accurancy and
surface finish and they can be used in order to build large solid models (Bibb et al., 2015).
Herbert et al. (2005) analysed how four different techniques of AM; those of
Stereolithography (SL), Selective Laser Sintering (SLS), Fused Deposition Modeling (FDM)
and 3D printing, have been used in the construction of prosthetic sockets for people with
lower limb-loss. According to Herbert et al. (2005), SL was slow and the strength of the
socket was limited. As a result of the hours that the machine needs to operate in order to
build the socket, as well as the high cost of the machines, SL is considered to be unsuitable
for the manufacture of prosthetic sockets (Herbert et al., 2005). Regarding SLS, Herbert et
al. (2005) point out that the investigations that researchers conducted offered more
capabilities and helped them design sockets that could adjust the rigidity of different areas
in order to make them more comfortable for users. Nevertheless, SLS also presented
various disadvantages such as the adjustment of the rigidity made the design complicated,
the sockets were heavier than one which has been manufactured using the traditional
techniques, and their construction required many hours of work (Herbert et al., 2005). In
order to reduce the time and the cost of the fabrication process of prosthetic sockets with
FDM, and by taking into consideration that prosthetic sockets for people with below knee
limb loss do not require a high level of dimension accuracy, researchers developed the
Rapid Manufacturing Machine, a customised machine that could built sockets faster due to
the wider extrusion nozzle and the higher temperatures (Herbert et al., 2005). However, as
Herbert et al. (2005) mentions, at that time, the sockets that have been made by using the
Rapid Manufacturing Machine were still under clinical and biomechanical testing. Finally,
although the capabilities of 3D printing regarding accuracy and mechanical properties are
less than the one of SL and SLS, the low cost and the easily settlement of 3D printing made
it suitable as a modeling system that is both fast and economic (Herbert et al., 2005).
However, AM, and its material properties, have developed through the last decade. In the
next section, the fabrication processes of prostheses will be analysed based on examples of
prosthetic limbs that have been manufactured by using AM techniques.
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Applying Additive manufacturing in prostheses
One of the most important factors in the design process of medical products is the good fit
of the product to the patient’s body (Paterson et al., 2010). Poor fit usually leads to the
rejection of the product by the users (Herbert et al., 2005; Jin et al., 2015) and in some
cases, it can cause serious health problems to them; for instance, in the case of prostheses,
the poor fit of the socket can create blisters on the user’s stump limb. The compatibility of
RP with 3D scanners induced new capabilities which changed the design process of medical
products since experts could scan a patient’s body and create products with forms based on
a patient’s unique anatomy (Bibb et al., 2015). In their research regarding the design and
manufacture of custom-made splints with the use of AM for patients with rheumatoid
arthritis, Paterson et al. (2012) highlight that in addition to the high level of fit and comfort
that custom design splint offers, 3D-printed orthotics can also be light-weight, aesthetically
appealing and present higher levels of hygiene, as the materials that are used do not
absorb bacteria or other microbes. There are various methods that can be used in order to
collect data regarding the skin surface topography and the form of patient’s limbs, such as
Magnetic Resonance Imaging (MRI), anthropometrics, Computed Tomography (CT) and 3D
laser scanning (Colombo et al. 2010; Paterson et al., 2010). Although it is not clear which
method is the most appropriate, as each one has advantages and disadvantages, a review
on the acquisition of data for the design of splints shows that optical-based methods may
appear to be the most appropriate concerning the accuracy of data, speed, resolution and
patient’s safety (Paterson et al., 2010). Jin et al. (2015) point out that orthoses constructed
by AM have the same performance as the one made with the traditional techniques, whilst
Herbert et al. (2005) highlight that the patients who tried the prosthetic sockets that were
constructed by using AM processes stated that they were as comfortable as the one which
have been fabricated by using the traditional techniques.
Figure B.2 illustrates the design and production process of a prosthetic socket for people
with lower limb-loss with the use of AM. The process starts as the practitioner scans
patient’s residual limb, by using Computer Tomography (CT), laser scanning or Magnetic
Resonance Imaging (MRI), in order to capture patient’s residual limb anatomy (Colombo et
al., 2010). After acquiring digitally the data, practitioners need to generate the model of the
residual limb in computer-aided design software (CAD) and to create the shape of the
socket, based on the model of patient’s residual limb (Colombo et al., 2010). CAD software
also allows to test how different materials perform in different occasions (e.g. standing,
walking), based on the loads from patient’s body (Colombo et al., 2010). As a result, the
areas of pressure can be identified and modified in order to improve users’ comfort.
However, as each AM process uses different materials, the practitioners need to know
beforehand the process they will use, in order to choose materials. Usually, the final format
of the 3D model is ‘stl’ file. After, the ‘stl’ file is sent to a 3D printer which finally builds the
physical object (Colombo et al., 2010).
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FigureB.2 Stagesfortheproductionofprostheticsocketwith theuseof AMprocesses forpatients with lower limb loss basedon
Colomboetal.(2010).Theimageshave beenadjusted bya:Krassentein(2015);b:Sculpteo (2018).

The design and manufacturing process of prostheses with AM techniques follows almost
the same basic principles with those of the prosthetic sockets. As it can been noticed from
Figure B.3, the process starts by scanning patient’s non-affected limb- with the use of
Computer Tomography (CT), laser scanning or Magnetic Resonance Imaging (MRI)- in order
to acquire the exact size, form and shape of patient’s limb anatomy. It is also necessary to
scan patient’s residual limb as well; in the case of the design of a prosthetic cover (fairing),
the patient’s artificial limb also needs to be scanned. After acquiring digitally the data,
practitioners/ designers mirror the non-affected limb, and combine the data of the nonaffected limb with the one of the residual limb and the artificial limb, in order to create a
prosthetic limb or cover that will exactly fit to patient’s unique body anatomy. The creation
of the digital model is carried out in computer-aided design software (CAD). In that stage,
patient can collaborate with the practitioners/ designers so as to design a prosthetic limb or
cover that will express their personality. Therefore, patients can choose the patterns,
materials and colours that they want. However, as each AM technique requires different
materials, it is important for the practitioners/ designers to know beforehand the AM
technique that they will be used. As with the design of sockets, CAD helps practitioners/
designers to test the way that the materials will perform under different loads and in
different circumstances. In case of the design of prosthetic covers, the test of loads does
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not need to be conducted, as covers are not affected by body loads. After the necessary
modifications, the model is saved as ‘stl’ file and is sent to the 3D printer.

FigureB.3 Stagesfortheproductionofprostheticlimb with theuseof AMprocessesforpatientswith lower limb loss. The
imageshavebeenadjustedby a: Krassentein(2015);b:Bagariaetal.(2015,p.3, Figure 7);c:Top for 3D Printed (2014);d:Khaled
(2018);e: Sculpteo(2018)

Richard Van As and Ivan Owen, Evan Kuester (Krassentein, 2015), Zuniga et al. (2015),
Stephen Davies and Drew Murray (UnLimbited, 2015), as well as Strömshed (Koslow, 2016)
design inexpensive 3D-printed prosthetic hands made out of PolyLactide (PLA) or
Acrylonitrile Butadiene Styrene (ABS) plastic. As it can be noticed from Table B.2, the design
of K-1, Cyborg Beast, Raptor Reloaded, and UnLimbited present similarities with the design
of Robohand. These prostheses are body-powered, they are appropriate for people with
transcarpal or transphalangeal limb-loss, as they operate through the motion of the wrist.
However, as Gretsch et al. (2016) point out, this design presents two limitations; the first
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one is relevant to the users- it can only be used by people with a functioning wrist- while
the second one is related to the functional limitations of its design- all the fingers open and
close simultaneously. As an effort to eliminate these disadvantages, they developed the
‘Robohand 2.0’ (Table B.2) which is made of ABS plastic (Gretsch et al., 2016). The socket is
custom-made in order to fit precisely to each user while the fingers have microservo
motors in order to operate with the movement of the shoulder (Goldfarb, 2014; Gretsch et
al., 2016).
In 2014, Albert Manero (Griffiths, 2014) from UCF University built an affordable 3D-printed
prosthetic arm for a child. The prosthetic arm operates with a battery and Manero’s aim
was for the arm to be available to more people through E-Nable, a network of volunteers
who create 3D-printed prostheses which people can download for free and print
themselves. Two years later, Rishabh Java (Davies, 2016) designed a bionic arm that is
controlled by electroencephalography and can execute tasks such as shaking hands and
picking up objects. Inspired by his son, Ben Ryan (Griffiths, 2017) designed a prosthetic arm
for infants (Table B.2), as myo-electric prosthetic arms are unsuitable for children under
three years old. The arm is 3D-printed, inexpensive, lightweight and body-powered, as it
works with users’ muscles (Griffiths, 2017). By focusing again on children with upper limb
loss, but now for those with shoulder limb loss, Zuniga et al. (2017) designed a low-cost, 3Dprinted shoulder prosthesis (Table B.2). The prosthetic limb is “body-powered and manually
adjustable”, while its appearance has been inspired by superheroes’ limbs, in order to make
the prosthesis more attractive to children (Zuniga et al., 2017, p.206).
The affordability of 3D-printed prosthetic limbs is highlighted by all designers and
researchers. Although some prosthetic hands, such as the Dextrus, or the prosthetic arm
from Open Bionics cost more than $1,000, they are still much cheaper compared to other
commercial myoelectric hands, which cost $25,000-$75,000. Beyond the affordability, Slade
et al. (2015), Davies (UnLimbited, 2015) and Ryan (Griffiths, 2017) point out another
advantage of 3D-printed prostheses compared to the conventional electric or bodypowered prosthetic limbs, the light weight. As Slade et al. (2015) analyse, the prosthetic
limbs where the mass is close to the mass of a human hand (around 400g) are perceived as
heavy by users. That it is, due to the fact that the mass of the prosthesis in not distributed
from the skeletal system, as happens in the case of human hands, but from the softer
tissues. This creates intense pain to users’ residual limb, shoulder and back and they usually
reject the prostheses (Smith, 2007; Slade et al., 2015). Zuniga et al. (2017) also make a
reference on the importance of the weight of prostheses by saying that participant’s spinal
deviation appeared a small correction, probably due to the counterbalance weight of the
prosthesis, as the weight of the prosthetic arm was calculated based on the weight of the
shoulder, arm and hand of the non-affected side. The alteration on participant’s spinal
deviation can be explained by Smith (2007) who supports that when people with upper
limb amputation use prostheses, they bend their muscles in order to support the weight of
the prosthetic limb and as a result, this can cause a postural asymmetry, as well as
problems to their back and neck. Thus, if the weight of the prosthetic limb is correct and
based on user’s body, this can help them obtain a balanced posture.
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Table B.2 3D-printed prosthetic hands and arms that have been designed since 2013 and the
characteristics they have. The characteristics that are mentioned on the table (in bullet points)
derive from the description of the characteristics that the designers or the companies have
mentioned, and they do not intend to create a comparison between the prostheses.
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Beyond the functional advantages, Davies (UnLimbited, 2015) analysed the importance of
the appearance of prostheses to children’s psychology and says that he decided to focus on
prostheses as a result of his dissatisfaction with the appearance of the prosthetic arm that
he got from NHS. By choosing the colours and the patterns they want, children feel
confident about wearing their prostheses. The importance of aesthetics is also highlighted
by Manero (Griffiths, 2014) who says that children want to express themselves through
their prostheses and not to wear artificial limbs that try to look like normal limbs.
As Tables B.2 and B.3 depict, the majority of 3D printed prostheses for people with upper
limb-loss have been manufactured with FDM techniques and they are made of ABS or PLA
plastic. This statement is also supported by Leddy et al. (2015) and ten Kate et al. (2017).
However, ten Kate et al. (2017) also states that other AM processes that have been used for
the fabrication of upper prosthetic limbs are SLS and SLA. However, the reason that most
prosthetic limbs have been made by using FDM is due to the low cost of the equipment
(e.g. especially in comparison with SLS) and the fact that the manufacturing process is
easier (ten Kate et al., 2017). Nevertheless, in case of FDM, small details are difficult to
achieve (ten Kate et al., 2017). SLS is better technique for the production of small details;
however, SLS leads to rougher surfaces (ten Kate et al., 2017). Beyond the characteristics
of the various processes of AM, ABS and PLA plastic help in the creation of prosthetic limbs
which have good mechanical characteristics as they are strong, and their properties do not
change with the passage of time. Nevertheless, the properties of 3D printed ABS and PLA
plastic are not the same as those of the bulk material (ten Kate et al., 2017).
Although the literature indicates that the use of 3D-printing is more widely in the design
and manufacture process of artificial limbs for upper limb users, the advantages of 3Dprinting were first used in the design process of covers (fairings) for prosthetic legs. The
combination of 3D-scanning with 3D-printing led in 2008 by the industrial designer Scott
Summit to start designing prosthetic fairings for amputees that could be placed on their
existing prosthetic legs and increase their well-being by highlighting their unique identity.
By scanning the amputee’s healthy leg, and mirroring the virtual model, Summit (2011)
creates 3D-printed prosthetic covers that fit exactly to the wearers’ prosthesis and as a
result, recreates the symmetry of the body. Designers such as William Root (Thimmesch,
2014) and companies such as the Art4Leg (2015) use the same process as Summit’s in order
to create prosthetic covers or legs (Table 3.3). Additionally, users have the ability to
participate in the design process by choosing the pattern and the colours they prefer, in
order that the prosthetic cover or leg expresses their identity. As Summit (2011), Root
(Thimmesch, 2014) and Sebastian Giede (Davies, 2017) declare, these technologies reduce
the time of the manufacturing process and make prostheses affordable and personalised,
without losing their functional characteristics.
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Table B.3 3D-printed prosthetic covers and legs that have been designed since 2008 and the
characteristics they have. The characteristics that are mentioned on the table (in bullet points)
derive from the description of the characteristics that the designers or the companies have
mentioned, and they do not intend to create a comparison between the prostheses.
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B.1.3 Comparison between traditional and conventional fabrication
techniques
Bagaria et al. (2015), Jin et al. (2015) and Seminati et al. (2017) point out that the
traditional techniques that are required in order to fabricate the socket are laborious, time
consuming, expensive and wasteful of materials, while with the use of 3D scanners,
designers and prosthetists can create the exact shape of user’s residual limb and then
design the socket without the production of molds. This leads to a more sustainable
process, as it wastes fewer materials (Huang et al., 2013). Although the sustainability of AM
in the manufacturing process of prostheses is not analysed in depth by researchers, the
analysis of the traditional fabrication process shows that during these techniques many
materials are wasted; the initial wrap cast that prosthetists make is destroyed and the
plaster mold of the residual limb also needs to be destroyed as it is removed from the
socket (Herbert et al., 2005). Additionally, the excess thermoplastic material of the test
socket is removed and the test socket is useless after the fabrication of the final socket
(Ossur Academy, 2013). Beyond the waste of materials, the destruction of the plaster
model leads to the loss of valuable information, which otherwise would help researchers,
prosthetists and clinicians to gain information regarding alternations on patients’ residual
limb. Nevertheless, the use of the new technological means allows people to save this
information and gain valuable knowledge regarding patients’ bodies.
Bagaria et al. (2015) also point out that the traditional fabrication processes are time
consumig and uncomfortable for the patients who need to be present during the casting
process and for the test socket. Furthermore, these require meetings with the prosthetists
and equipment which is not available to all people, as there are people who live in remote
areas or developing countries where they do not always have them (Zuniga et al., 2015).
For that reason, Zuniga et al. (2015) proposed a methodology by which designers can
measure the dimensions of the hands (both the hand with the limb loss and the nonaffected hand) through pictures in order to design and manufacture the prosthesis. The
distance-fitting process that they proposed, in addition to the low-cost and easy fit that 3Dprinting offers may help children in developing countries to get prostheses (Zuniga et al.,
2015).
However, as it can be noticed from Tables B.2 and B.3, the fabrication processes of
prosthetic legs with the use of AM techniques are still in a prototyping phase, while the
function and mechanical abilities of 3D printed prosthetic hands are not as good as those
that body-powered or myoelectric hands offer. Leddy et al. (2015) also point out that the
characteristics of the ABS plastic, as a material with high impact resistance, toughness and
light weight, as well as the advantages of Fused Deposition Modeling (FDM) as a process
that can help the fast customisation of the shape and size of prostheses have strengthen
their use in the area of open-source prostheses. Nevertheless, as they highlight, 3D printing
cannot offer to prostheses the durability and strength they need in order to be practical.
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Thus, they propose the creation of 3D printed molds that can be used in multi-material
(carbon-fiber, foam and urethane surface) molding process of prostheses.
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C. Study I: exploring prosthetic users’ preferences towards prostheses
C.1 Study I: questionnaire in English
(Link of the Greek questionnaire: https://repository.lboro.ac.uk/s/7d19b4ad6ee61b38eed5)
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C.2 Recruitment of participants: contacts in the UK
Name
Blesma
Limbless Association
Limb Care
The Douglas Bader Foundation
Derby Amputee Club
Limb Power
Deloitte Parasport
England Amputee Football Association
IWAS
Super and Harge Paralympics GB
P H Centre Loughborough University
Blatchford
Proactive Prosthetics
Disability Support Team Loughborough University
Disability Support Centre University of Nottingham
Disability Sport Centre University of Nottingham
Amputees & Associates Newcastle & Northern Regions
Harold Wood Limb User Group
A Step in the Right Direction
Nottingham Limb User Group
Thornbury Amputee Group
ACSIL Liverpool Limb User Group
Airedale and Bradford Out on a Limb Support Group
Brighton Limb User Group
Bristol Limb User Group
Cardiff ALAS Limb User Group
Amputee Football Association Scotland
Cleveland Limb User Group
CollyPUG Colchester Prosthetic User Support Group
Dorset-Bournemouth Limb User Group
STEADY Support Group
Gillingham Limb User Group
High Wycombe Limb User Group
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Hull Limb User
Isle of Man Limb User Group
Seacroft User Group
Leicester Limb User Group
Luton and Dunstable Limb User Group
Manchester Limb User Group
Northampton Limb User Group
North Manchester Limb User Group
Oldham Limb User Group
Oxford Limb User Group
Portsmouth Limb User Group
Preston Limb User Group
Roehampton Limb User Group
Southampton-ACSIS
Swindon Limb User Group
The Association for Limbless in Fife and Dundee
Wirral Limb User Group
York Limbless Support Group
Wrexham Limb User Group
Dorser Orthopaedic Company
Ability Matters
Ledbrook Orthotic and Prosthetic Clinic
Limb Solution
Dream it, Believe it, Achieve it
West Midlands Rehabilitation Service
Individual
Limbless and Amputees Carer UK
Newcastle Amputees
Amputees UK
Amputees
Amputees in Action
AMPUTEES
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C.3 Recruitment of participants: contacts in Greece
Name
Rehab Line Αθήνα
Πανελλαδικός Σύνδεσμος Παραπληγικών και κινητικά αναπήρων
Σύλλογος ατόμων με κινητικά προβλήματα Ν. Ροδόπης και Φίλων Περπατώ
Σύλλογος Κινητικά Αναπήρων Ν. Σερρών
Σωματείο Κινητικά Αναπήρων Μαγνησίας Ιππόκαμπος
Σύλλογος Ατόμων με Κινητικά Προβλήματα Ν. Ξάνθης
Σύλλογος Διαβητικών Ν. Κοζάνης Διαβητική Πορεία
ΠΕΑΝΔ
ΠΑΣΚΑ
Εθνική Συνομοσπονδία Ατόμων με αναπηρία
Σύλλογος ΑΜΕΑ Αθλητών Θες/νίκης
Αθλητικός Σύλλογος Θες/νίκης Άρης
Αθλητικό Σωματείο ο ΔΡΟΜΕΑΣ
Αθλητικό Σωματείο Πήγασσος Κυψέλης
ΤΥΡΤΑΙΟΣ
Αθλητικός Όμιλος Πύρρος Ατόμων με Αναπηρία Ιωαννίνων
Αθλητικός Σύλλογος Ατόμων με Αναπηρία Νομού Κιλκίς ΚΟΥΡΟΣ
Νομαρχιακό Αθλητικό Σωματείο ΤΑΛΩΣ
Σύλλογος Προσαρμοσμένων Αθλημάτων ΠΡΩΤΟΡΟΙ
Σύλλογος Ατόμων με Αναπηρίες ΝΙΚΗ
Ειδική Ολυμπιάδα Ελλάδας
Αθλητικός Σύλλογος Κινητικά Αναπήρων το ΜΑΡΟΥΣΙ
Αθλητικός και Πολιτιστικός Σύλλογος ΑμεΑ ΑΡΓΩ
Εθνική Ομάδα Ποδοσφαίρου Ακρωτηριασμένων
Αθλητικός Όμιλος Ζωοδόχος Πηγή
Αθλητικός Σύλλογος ΣΠΑΡΤΑΚΟΣ
Αθλητικός Σύλλογος ΑμεΑ ΕΛΠΙΔΑ
Αθλητικός Σύλλογος ΑμεΑ Λάζαρος Στεφανίδης ο Μακεδόνας
Αθλητικός Σύλλογος ΑΜΕΑ Ό ΦΙΛΙΠΠΟΣ’
Αθλητικός Όμιλος Ζωγράφου ΑμεΑ Ο ΑΙΟΛΟΣ
Αθλητικό Σωματείο ΑμεΑ Ο ΔΙΑΓΟΡΑΣ
ΟΛΥΜΠΙΑΚΗ ΦΛΟΓΑ
Νομαρχιακό Αθλητικό Σωματείο Ατόμων με Ειδικές Ανάγκες ΟΙ ΙΩΝΕΣ
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The Care
Ψυχολογικός Φάρος
Πανελλήνιος Σύλλογος Παραπληγικών
Rehab Line Θεσ/νίκη
Ομοσπονδία ΑΜΕΑ
Orthopaedics Κυφίδης
ΜΑΝΕΛ
ΟΣΕΚΑ
Vesalius
Wheelchair Basketball
CRC Centre
Παπαδάτος Centre
Πειραικός Σύλλογος Κινητικά Αναπήρων
Χλαμίδης Hellas
Ομάδα Βόλλευ
Σύλλογος Πόρτα Ανοιχτή
Αντωνίου Θες/νίκη
Κλινική
Κλινική
Ατομικά
Ατομικά
Ατομικά
Ατομικά
Ατομικά
Ατομικά
Ατομικά
Ατομικά
Έλληνες Ακρωτηριασμένοι

C.4 Advertising Study I: poster in English
(Link of the Greek poster: https://repository.lboro.ac.uk/s/0a26f725a1a2c39ce543)
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C.5 Completion of Study I: the process of recruiting participants
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C.6 Participant Information Sheet: in English
(Link of the Greek Participant Information Sheet:
https://repository.lboro.ac.uk/s/d179e0a1d5421f13fa1b )
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C.7 Informed Consent Form: in English
(Link of the Greek Informed Consent Form:
https://repository.lboro.ac.uk/s/d179e0a1d5421f13fa1b)
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D. Study II: exploring the effects of emotionally-driven design of prostheses
on users’ everyday lives
D.1 The mobile application: in English

349

D.2 Instructions of the mobile application in English
(Link of the Greek Instructions: https://repository.lboro.ac.uk/s/53803392450c8ee85b02)
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D.3 Booklet as probe in English
(Link of the Greek Booklet: https://repository.lboro.ac.uk/s/530ea32c4ee507c48f59)
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D.4 Questionnaire for QoL in English
(Link of the Greek Questionnaire for QoL:
https://repository.lboro.ac.uk/s/ef548de3cb8a3a0dac00)
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D.5 People had been contacted to take part in Study II
Participant’s
Code

Age

Gender

Area of
residence

Area of
limb-loss

Cause of
limb-loss

Prostheses
Own

UK#4*

45-59

Male

City

LLL

Disease

FP

UK#5

45-59

Female

City

LLL

Birth

RP

UK#9

45-59

Female

Town

LLL

Disease

FP

UK#14*

45-59

Female

C/s

LLL

Trauma

EP

UK#24

45-59

Female

Town

LLL

Trauma

FP

UK#26

18-29

Female

Town

LLL

Disease

RP

UK#28

45-59

Female

Town

LLL

Trauma

FP

UK#31

45-59

Female

Village

LLL

Trauma

FP

UK#47

30-44

Female

Hamlet

LLL

Disease

FP

UK#59

18-29

Female

City

LLL

Trauma

EP

UK#61

30-44

Female

City

LLL

Disease

EP

UK#66

45-59

Male

City

LLL

Disease

FP

UK#67*

45-59

Male

City

LLL

Trauma

EP

UK#29*

18-29

Female

City

LLL

Disease

RP

UK#13*

30-44

Female

Town

ULL

Congenital

EP

UK#58*

45-59

Female

Village

LLL

Trauma

RP

UK#30*

45-59

Female

Village

LLL

Trauma

RP

GR#1*

30-44

Male

City

LLL

Trauma

FP

GR#4*

45-59

Male

City

LLL

Trauma

FP

GR#22*

18-29

Female

City

ULL

Disease

RP

GR#27

45-59

Female

City

LLL

Disease

FP

GR#8*

45-59

Male

City

LLL

Trauma

FP

GR#9*

45-59

Male

City

LLL

Trauma

RP

GR#55

45-59

Male

City

LLL

Trauma

FP

GR#18*

30-44

Female

City

LLL

Trauma

FP

Participants who presented with * answered they will participate in Study II. Those whose row is
colloured are the participants who completed all the stages of Study II.
C/s: Countryside
LLL: Lower Limb-Loss; ULL: Upper Limb-Loss
RP: Realistic Prostheses; FP: Functional Prostheses; EP: Expressive Prostheses
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D.6 Participant Information Sheet: in English
(Link of the Greek Participant Information Sheet:
https://repository.lboro.ac.uk/s/57a766f74457c9ebaf1e)
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D.7 Informed Consent Form: in English
(Link of the Greek Informed Consent Form:
https://repository.lboro.ac.uk/s/57a766f74457c9ebaf1e)
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D.8 Emerged themes resulted by the analysis of the interviews based on the
Interpretative Phenomenological Analysis (IPA)

1. Interaction between user and others
1.1 Stigma
1.1.1 Others are not familiar
1.1.2 Need for educating people
1.2 Influencing personality
1.2.1 Setting goals as a factor of acceptance
1.2.2 Self-esteem
1.2.3 Need for redefining identity
1.3 Family
1.3.1 Oppression by family
1.3.2 Cooperation with family
1.4 Affecting bonds
1.4.1 Opportunity of creating new bonds
1.4.2 Destroying bonds
2. Existing limb
2.1 The real self
2.2 Interaction of the limb with family or friends
2.2.1 Security provider
2.2.2 Giving a personality
2.3 Hiding the amputation
2.4 Feelings towards the limb
2.4.1 Connection of good feelings with the limb
2.4.2 Connection of bad feelings with the limb
2.5 Facilitates activities
2.6 Creating problems
2.6.1 The mask of happiness
2.6.2 In social interactions
2.7 Body image concerns
2.7.1 Casual vs Formal occasions
2.8 Being more than prostheses
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3. Desirable limb
3.1 Showing the real self
3.2 Nothing more than an accessory
3.3 Improving body image
3.4 Functional characteristics
3.4.1 Better movements
3.5 Emphasising user’s identity
3.6 Effects on others
3.6.1 Starting point of conversations
3.6.2 As social statements
3.6.3 Affecting social interactions
4. Absence of limb
4.1 Interaction with others
4.1.1 Positive effects
4.1.2 No change on others’ attitudes
4.1.3 Negative effects
4.2 Decision of not using it
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D.9 Participants’ profiles
^ĞďĂƐƚŝĂŶ͛ƐWƌŽĨŝůĞ
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:ĂŵĞƐ͛ƐWƌŽĨŝůĞ

366

>ƵĐǇ͛ƐWƌŽĨŝůĞ
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ZĂĐŚĞů͛ƐWƌŽĨŝůĞ

368

ŶĚƌĞǁ͛ƐWƌŽĨŝůĞ

369

DĂƌŐĂƌĞƚ͛ƐWƌŽĨŝůĞ

370

^ĂƌĂŚ͛ƐWƌŽĨŝůĞ
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D.10 Participants’ narratives
Link of Participants’ Interviews (quotes) based on IPA:
https://repository.lboro.ac.uk/s/0bef1490842ca6abe959
Link of Participants’ Interviews (quotes) based on SSEHPI:
https://repository.lboro.ac.uk/s/c915b2a163ee5194e7b5

^ĞďĂƐƚŝĂŶ͛ƐEĂƌƌĂƚŝǀĞ
Sebastian is forty-seven years old and he
had his leg amputated below the knee when
he was ten because of an accident he had.
In his daily life, Sebastian gives lectures to
people with disabilities and able-bodied
people (e.g. students) about his situation
and his EP, and he owns a company which
designs and manufactures expressive covers
for
people
with
lower
limb-loss.
Additionally, he had participated in the
Paralympic games few decades ago.

The last seven years, Sebastian wears
expressive cover on his functional
prosthesis. As he said, the previous
prostheses he had made him very conscious
with his appearance and evoked insecurity
in him. For that reason, he always used to
hide them by wearing long trousers.
͚͙ǇŽƵĂůƐŽŶŽƚŝĐĞƐŽŵĞƚŝ
Nevertheless, this could not reduce the going out for dinner or anything like that,
experience of the negative emotions, as the
that sometimes you look down and the
interaction of his clothes with the FP evoked trouser leg had all caught at the back of the
dissatisfaction.
Furthermore,
the
leg and it was half away up and looked
appearance of the RP elicited disgust and
ĂǁĨƵů͟
worry. On the other hand, the EP elicits
pleasant emotions in him such as admiration
and pride and increases his confidence. This ͞/ĚŽŶŽƚƚŚŝŶŬƵŶƚŝů/Ɛƚ
is also in line with the data from the mobile ůĞŐĐŽǀĞƌƐ͙/ĞǀĞƌĨĞůƚĂƐ
application, which showed that he felt
because I used to go out wearing long
extremely happy with his appearance with
ƚƌŽƵƐĞƌƐ͙/ǁĂƐǀĞƌǇĐŽŶƐĐ
the prosthesis. As he claimed, one of the
ůŽŽŬĞĚĂŶĚŚŽǁŵǇůĞŐůŽ
reasons he wears shorts is because he wants
to show off his EP.
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Regarding the effects of his previous
prostheses on his social life, Sebastian
pointed out that the FP caused confusion
and doubt to people; although people could
understand he was an amputee, they did
not know how Sebastian felt towards his
limb-loss and whether he had accepted it
(confusion) and thus they did not know
whether they could talk to him or not
(doubt), which usually resulted to people
not talk to him. This reaction of others
elicited embarrassment and annoyance in
him. On the other hand, with the EP, people
can automatically see that he has a limbloss, but they look at him in a positive way
and always try to approach him and make a
positive comment about the design of the
covers. For that reason, Sebastian believes
that EP can send meanings to others about
him feel proud of himself and can act as
talking points through which he can educate
them. Furthermore, Sebastian highlighted
the positive effects of EP on children’s
attitudes by eliciting pleasant emotions in
them such as inspiration, amusement and
comfort, which can help them approach and
interact with amputees more easily.

͞ŶĚ/ŚĂĚŝƚŵĂŶǇŽĨƚŝŵĞ
sitting somewhere with your stem leg on
and people keep looking at you, and you
catch them looking and it becomes really
awkward. And very rarely will anyone ever
say something. But when you are walking
into the room when you have a set of
tĂůĞƐĨůĂŐŽƌDĂŶĐŚĞƐƚĞƌ͛Ɛ
on, or something like that, then people
automatically will look at it, they smile,
which is the first difference, and then they
ŐŽ͚KŚ͕/ŚĂǀĞƚŽƐĂǇƚŚĂƚ
ĐŽŽůůĞŐ͛͟

͞^Ž͕/ůŝŬĞƚŽƐƚĂŶĚŽƵƚ
ƉƌŽďĂďůǇƚŚĂƚ͛ƐǁŚǇ/ǁĞĂ
things like that, and having the leg cover
really gives me that ability to stand out the
ĐƌŽǁĚĂŶĚďĞŝŶŐƚŚĞƚĂůŬŝ

͞tŚĞŶ/ĚŽƚŚĞƚĂůŬƐƚŽƐĐ
you see the difference in the children from
when I first walked into the room, and I
ƐŚŽǁƚŚĞŵĂůĞŐƚŚĂƚŚĂƐŶ
try to not look at me, they are a bit
ƐĐĂƌĞĚ͙ŶĚǇŽƵƐĞĞďǇƚŚĞ
are very comfortable with an amputee, a
prosthetic leg and I am 100% confident that
if they them meet an amputee in a
supermarket or something, they probably
ůŽŽŬĂƚƚŚĞŵŝŶƚŚĞƌŝŐŚ
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JamĞƐ͛EĂƌƌĂƚŝǀĞ
James is 56 years old, married with
children and he had his legs below the
knee amputated 12 years ago, because
of septicaemia. As he said, he is very
active and the amputation doesn’t
prevent him of doing the activities he
wants, even if he has to find another
way of doing them, which may be
different of the one of ‘normal’ people.
However, he prefers to try find his way
than asking for help because he is
stubborn.

Because he is a bilateral amputee, who
͞/ŶĞĞĚƚŚĞŵƚŽďĞĂďůĞ
hates being in a wheelchair, the
ĨƵŶĐƚŝŽŶĂůŝƚǇ͘/Ĩ/ĚŝĚŶ͛ƚ
I
prosthetic limbs are the means that would be restricted because I would be in a
allow him being independent; so they wheelchair, so these are my sort of means
ƚŽĨƵŶĐƚŝŽŶĂů͟
are very important in his everyday life.
However, James feels disappointment
towards his prostheses, as he has the
͞/ƚ͛ƐǀĞƌǇĨƌƵƐƚƌĂƚŝŶŐŬŶŽ
very basic FP limbs that the NHS
are better products available and we have
provides; the fact that he has to live
to surface with the very simple, basic
with them and he cannot get better
ƉƌŽĚƵĐƚƐ͟
prostheses evokes frustration to him, as
he believes that he could do more
activities if he had better prostheses.
Nevertheless, he feels satisfied with the
limbs he has and especially by the way
they interact with him; the fit is great
͞/ũƵƐƚĚŽƚŚĞŵƚŚĞĂĐƚŝǀ
s] without
and therefore, he feels comfort and he
ƚŚŝŶŬŝŶŐŽĨƚŚĞƉƌŽƐƚŚĞ
doesn’t realise he wears prostheses.
As James says, he has fully accepted the
limb-loss and he doesn’t consider
himself as disabled (also supported by
the questionnaire), since he is able to
do all the things he wants. Therefore, he

͞zŽƵŐĞƚĂůůƚŚĞƚŝŵĞƉĞŽ
ŐůĂŶĐĞƐĂŶĚƚŚĞĐŚĂƚ͕ĨŽƌ
bother us, I just let them go over my head,
but the way here people stop us and
stare... but if someone stops I am quite
happy talk all of them. The thing that
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doesn’t have any problem talking to bothers me is when the parents drag the
people about the limb-loss and trying to child away. You know. Children are going
to be inquisitive or hosting different you
educate them about the causes of ŬŶŽǁ͚KŚŵŽŵůŽŽŬƚŚĞǇŵĂŶ
amputations and how people, and ůĞŐƐ͛͘,ŽǁƚŚĞŬŝĚƐƐƵƉƉŽƐĞ
ĚƌĂŐƚŚĞŵĂǁĂǇǇŽƵŬŶŽǁ
especially children, should react
towards people with disabilities.
͞dŚĞƐŬŝŶĐŽǀĞƌ͕ƚŚĞŚŽƐƉŝ
However, he clearly says that one of the that is absolutely rubbish [the RP cover he
ŐŽƚ͟
things that he doesn’t like is people’s
strange gazes and the whispers
regarding the prostheses which evokes
annoyance in him, although these do
not affect the way he feels.
Furthermore, he points out that when
he started using prosthetic limbs, he got
͞^Ž͕ƚŚĞĨŝƌƐƚƚŝŵĞǇŽƵĐŽ
from the NHS realistic covers which
point them [the RP covers] and I noticed
didn’t look like real legs because of the
ƚŚĂƚƋƵŝƚĞĂďŝƚ͟
material and colour they had; that made
him feel disgust, disappointment and
shame. As a result, he did not wear
these, as it was obvious to people that
they are prostheses and they also made
people look more the prostheses since
they were trying to understand what
was going on.

Consequently, he clearly declares that
pathetic
he prefers to wear the FP limbs without ͞/ĚŽŶ͛ƚǁĂŶƚĂůĞŐƚŚĂƚů
ƚŚĞZWĐŽǀĞƌƐ͕ƚŚĂƚ͛ƐĂ
the pathetic realistic covers, as he does
ƚŝŵĞ͟
for the last ten years, since he feels
more comfortable and confident with
his appearance when immediately
showing to people that he is an
amputee. Additionally, he explains that
͞/ƐƵƉƉŽƐĞŝƚ͛ƐƉŽƐƐŝďůĞĂ
it is not easy for amputees, especially but still for me was an acceptance think. I
new amputees, to stop using RP covers
think for a lot of other people, because I
know a guy, when you first become an
if they have not accepted their limbamputee, it is not an easy thing to accept.
loss, as they have the need to replace
And I suppose you want it to look like what
what they have lost, and he highlights
you have lost. It means to replace
375

that what people want from the
appearance of their prostheses is
relevant to acceptance of the
amputation and their personality.

ƐŽŵĞƚŚŝŶŐƚŚĂƚǁĂƐƚŚĞƌ

͞/ƚŚŝŶŬŝŶĂŐŽŽĚǁĂǇŚ

Although James doesn’t care about his
ĂĨĨĞĐƚƉĞŽƉůĞ͛ƐƌĞĂĐƚŝŽŶƐ
body image, something that is also in Because it makes the limb, although is an
amputee, it still makes the limb more
accordance with the results of the
attractive to look at, whilst I would say
mobile application, he clearly states
ƚŚĞƐĞƚǁŽƚŚĞ&WŚĞǁĞĂƌƐ
that he would like to use EP covers if he
ďĂƐŝĐ͕ƚŚĞǇĂƌĞũƵƐƚĂƉŝ
could afford them. As he says, EP covers
͞/ƚŚŝŶŬǁŝƚŚƐŽŵĞƚŚŝŶŐůŝ
look very nice and attractive to him and
the EP], it makes it more attractive yes. It
he considers them as accessories. He
makes it more attractive for the wearer
ďƵƚĂůƐŽĨŽƌŽƚŚĞƌƉĞŽƉ
maintains that their use wouldn’t
change the functions and performance
͞/ƚŚŝŶŬƉĞŽƉůĞǁŚŽĂƌĞŐŽ
of the limbs; they would just make the
ƚŚĂƚƚŚĞWǁŽƵůĚďĞǀĞ
limbs more attractive to others and that
͞>Ğƚ͛ƐƐĂǇ͕ƚŽŵĞƚŚĂƚƚ
would affect their reactions and
ĞŶŚĂŶĐĞƐƚŚĞƉƌŽƐƚŚĞƚŝĐ͙dŚ
attitudes, since it would be easy for covers] are great. They are brilliant. Really,
other people to look at them than
ƌĞĂůůǇŐŽŽĚ͟
looking two metallic pylons and
͞/ƐƵƉƉŽƐĞ/ǁŽƵůĚďĞĂ
therefore, it would help amputees’ ĐŽŵĨŽƌƚĂďůĞŝŶŵǇƐĞůĨŝŶŝ
acceptance. Additionally, although he
feels confident enough with the way he ͞/ƚƚŚĞƵƐĞŽĨWǁŽƵůĚ
ĚĞĨŝŶŝƚĞůǇ͟
looks and the fact that he is an
amputee, he points out that the use of
͞/ƐƵƉƉŽƐĞŝƚƚŚĞWĂůů
ŵĂŬĞĂƐƚĂƚĞŵĞŶƚŝĨŚĞǁĂ
EP would enhance his confidence and
comfort with his appearance. Finally, EP
͞ƵƚĂŐĂŝŶ͕ǁŚǇƚŚĞǇ
cannot be provided
also act as starting points of
ďǇƚŚĞE,^͍͟
conversations between users and
society as they can trigger people’s ͞ŶĚŝĨ/ĐŽƵůĚ͕ǇĞƐ͕/ǁŽ
WĐŽǀĞƌƐ͟
inspiration.
Finally, James feels disappointed that
the EP covers are not provided by NHS,
because his continuously repeats that
he would really like to use them if he
could afford them.
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>ƵĐǇ͛ƐEĂƌƌĂƚŝǀĞ
Lucy is 50 years old and she is a
bilateral below knee amputee who had
the amputation 15 years ago due to an
accident. Lucy is married, has children
and her favourite hobby is cycling. As
she says, she is very happy when she is
participating in various events and tries
to help others.

While she is participating in these ͙͞ŵŽƐƚŽĨƚŚĞƚŝŵĞ/ĂŵƵƐƵ
events and cycling races, Lucy shows people my legs as well, so I have always
my trousers rolled up or whatever so I
off her prostheses because she wants
show people that I am wearing
to show and prove to people that
prosthetics but I am still doing exactly
people with limb-loss are not disabled,
what
everyone else would do on a normal
but capable of doing many things, as
as if I were able-ďŽĚŝĞĚ͟
able-bodied people, when they have
the right pair of legs which do not
cause pain and other problems to ͙͞ďĞĐĂƵƐĞĂůŽƚŽĨŝƚŝƐŵĂ
them. Therefore, she is happy to talk
ƚŚĞĨƵƚƵƌĞŐĞŶĞƌĂƚŝŽŶƐĚŽŶ
with children and adults about her legs separately not knowing what a disabled
and the amputation; through this she is
ƉĞƌƐŽŶůŽŽŬƐůŝŬĞ͙ŽƌĨĞĞů
trying to educate society that people ƐĞĞĂĚŝƐĂďůĞĚƉĞƌƐŽŶ͙ďĞĐĂƵ
young children, it hits them if someone
with disabilities are capable and active
has metal legƐ͟
people and as a result, make others
more comfortable being around
disabled. From the analysis of the
͞DĂŬĞƚŚĞŵŽƚŚĞƌƐĨĞĞůĐ
interview, it appears that for her, the
about talking to me as a person, seeing
prostheses are not just the means that
me as the person and not as the disabled
allow her being active and doing all the
ƉĞƌƐŽŶǁŚŽĐĂŶ͛ƚĚŽĂŶǇƚŚ
things she wants in her everyday life,
but they are also the means that help
her show to others that she is
confident with herself and the
amputation, energised, independent
͙͞ũƵƐƚŐĞƚƚŝŶŐƐŽĐŝĞƚǇŵŽƌ
and pride, as she can do almost the
people who are out there but also
same things as able-bodied people.
showing them positively that it is
Therefore, for her, the prosthetic limbs
absolutely no problem to do exactly what
are the means that can alter the
ƚŚĞǇĚŽŝĨǇŽƵŚĂǀĞƚŚĞƌŝŐ
negative attitudes of society towards
people with limb-loss into positive, as
they let them being active.
Although she feels confident with
herself and her abilities, and she has
been adjusted to her new self to the

͞KďǀŝŽƵƐůǇĂŶǇƚŝŵĞƐŽŵĞƚŚŝŶ
any dramatic event, it takes time to sort
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point that her new self (the self as an
amputee) is her real self now, and she
cannot remember herself before the
amputation, she points out that it is
very difficult for someone to overcome
the shock of the amputation and she
highlights the importance of redefining
identity and setting realistic goals to
the acceptance of the amputation.

ŽĨƌĞĂůŝƐĞƚŚĂƚŝƚ͛ƐŚĂƉƉĞ
because it is different to elective
amputation where you decide for
ǇŽƵƌƐĞůĨ͟

͞KŶĐĞǇŽƵĚŝƐĐŽǀĞƌƐŽŵĞƚŚŝŶ
to tackle and want to master then that
helps, helps you overcome any, any sort
ŽĨŶĞŐĂƚŝǀŝƚǇĂďŽƵƚƉƌŽƐƚ

͞dŚŝƐŝƐŚŽǁǇŽƵĂƌĞ͘ŶĚƚ

The existing limbs she has are simple
that it was ever an issue. So like for me
ŶŽǁůŝƚĞƌĂůůǇŝƐ͚ƌĞǇŽƵƐ
functional limbs from NHS and
ƚŚŝƐǁĂǇ͍͟
sometimes she covers the limbs with a
realistic silicon cover. As she says, the
limbs do not create any problems to
her. The only problem she has is the
shrinkage of the residual limbs but this
is not relevant to the function of the
limbs. Additionally, she highlights that
for her, the most important thing is the
prostheses to perform well, and don’t
be heavy in order to be able to be
more active.

Lucy states that she does not care
about her appearance, because she
͞/ĂŵŽƵƚ
of that age where things are
considers herself as old for that since
worn either for work, housework, gum or
being married and having children, and
ĐǇĐůŝŶŐ͙'ƌŽǁŶŽƵƚŽĨĨĂǀŽƵ
for that reason she does not have body
ƐŚŽĞƐ͕ŚĂŶĚďĂŐƚǇƉĞŽĨƚŚ
image concerns. To her, the prostheses
are extensions of her body and the
͞/ƚƚŚĞƵƐĞŽĨƉƌŽƐƚŚĞƐĞƐ
means that offer her a normal-able lead a nearly normal able-bodied life. If I
bodied life. However, she considers the ĚŝĚŶ͛ƚŚĂǀĞŵǇƉƌŽƐƚŚĞƚŝĐƐ
Ŷ/͛ĚďĞŝŶ
prostheses as extension of her body ƚŚĞǁŚĞĞůĐŚĂŝƌǁŚŝĐŚ/ĚŽ͙
that makes life much more
only regarding the functionality, not
ĚŝĨĨŝĐƵůƚ͙ǁŚŝůĞƐƚŚĞƉƌŽƐƚŚ
the appearance.
ŝŶĚĞƉĞŶĚĞŶƚ͟

Although she is not concerned about
her appearance, she likes the
prostheses with an emotionally-driven
design and she highlights their
importance in the life of young
amputees. As she states, expressive
prostheses can help youngsters accept
easier their limb loss and highlight their

͞dŚĞǇŚĞƌƉƌŽƐƚŚĞƐĞƐĂƌĞ
ŵĞ͙ƚŚĞǇĂƌĞŶŽƚƐĞƉĂƌĂƚĞ͕ƚ
ĂƌĞĂŶĞǆƚĞŶƐŝŽŶŽĨŵĞ͟

͞/Ĩ/ǁĂƐůŝŬĞƐĂǇĂƚĞĞŶĂ
would want to be able to have those
different sleeves which I can put on
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identity and personality to others; as
youngsters are more active, and
socialising is important to them they
can be easier accepted by society if
they wear prostheses that look like
accessories. Additionally, she says that
expressive
prostheses
can
be
important to people who are fashion
conscious and can help them show that
they feel confident and pride with
what they are, as social statements.
Therefore, if someone wants to use
expressive prostheses depends more
on his personality.

ƚŚĞŵ͙ŵĂŬĞƚŚĞŵŵŽƌĞůŝŬĞĂ
ĂĐĐĞƐƐŽƌǇ͙ƐŽƚŚĞǇůŽŽŬĚŝĨ

͞ŝƚǁĞĂƌŝŶŐWŚĞůƉƚŚĞŵ
legs a lot better because I think if you lost
ǇŽƵƌůĞŐƐǁŚĞŶǇŽƵĂƌĞƋƵŝƚ
ŵŽƌĞĚŝĨĨŝĐƵůƚ͙ƚŚĞǇŶĞĞĚƚ
their friends and partying so they are
generally more active so they need to feel
ďĞƚƚĞƌĂďŽƵƚƚŚĞŵƐĞůǀĞƐ

͞&ŽƌǇŽƵŶŐƐƚĞƌƐďĞĐĂƵƐĞƚŚ
ŵŽƌĞƐŽĐŝĂůůǇĂĐƚŝǀĞ͙͘dŽ
look to the world that you are fun exciting
person and to feel good about yourself,
you are happy with whom you are, what
ǇŽƵĂƌĞ͟

However, she would want to be able to
wear covers which design would be
inspired by cycling as this is her hobby
and she loves it and these covers
would
express
her
identity.
͞ůŽƚŽĨŝƚŝƐďĞĐĂƵƐĞǁĞ
Nevertheless, she points out that using
the general public feel a bit better. Not
expressive
prostheses
is
more
particularly because we need to feel
important for others as the purpose is better about the fact that, you know. So if
not to make users feel better with ŝƚ͛ƐĂŚŝƉĂŶĚƚƌĞŶĚǇ͕Ăďŝ
your legs, then people feel a bit more
themselves, but to make society feel
better for them and accept them ĂĐĐĞƉƚŝŶŐŽĨƚŚĂƚƌĂƚŚĞƌƚŚ
ďŽƌŝŶŐŽĚĚĂďŝƚŽĨƉůĂƐ
easier. So for Lucy, expressive
prostheses can affect society’s
͞/ƚŚŝŶŬƚŚĞǇ
others] be more receptive to
attitudes, restrict negativity and help
ƚŚŝƐďĞĐĂƵƐĞŝƐǀĞƌǇĂƌƚ
people with limb loss to be more
acceptable as they can elicit positive ͞:ƵƐƚĂƐĂŶǇĨĂƐŚŝŽŶƐƚĂƚĞ
emotions to others such as inspiration,
ƚŚĞŵƐŽƌƚŽĨĨĂƐŚŝŽŶƐƚĂƚ
joy, amusement, and acceptance.
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ZĂĐŚĞů͛ƐEĂƌƌĂƚŝǀĞ
Rachel is 29 years old. She is engaged
and she had her left leg amputated two
years ago due to bone cancer. The
prosthesis she has is a RP that she got
from NHS.

͞/ĂŵĐůĞĂƌŶŽǁ͘/ĚŽŶ͛ƚŚ

As only two years have been passed
anymore. The amputation was suggested
since the amputation, she has not (RC: it seems like she is ready to cry, her
accepted it yet, and talking about her
voice changed) by my now fiancé and,
illness and the amputation makes her
ĂŶĚŵǇĐŚĞŵŝĐĂůŽŶĐŽůŽŐŝƐ
feel sad and angry. Additionally, she ͞ŶĚŝƐǀĞƌǇĚŝĨĨŝĐƵůƚƐƵďũ
ĨŽƌŵĞƚŽƚĂůŬĂďŽƵƚ͟
considers herself as disabled (it is also
supported by the questionnaires).
͞/ŐƵĞƐƐ͕/ĂŵĚŝƐĂďůĞĚ
However, the analysis shows that she
makes a clear distinction regarding
body image concerns and self-esteem
͞/ĚŽŶŽƚůŽŽŬůŝŬĞ/ƐŚŽƵů
physical
as she repeats that she is physically
ĚŝƐĂďŝůŝƚǇ͙͟
disabled, but she clearly points out that
͙͞ŵǇ
physical ĚŝƐĂďŝůŝƚǇ͟
emotionally and intellectually is still the
same person.
Although the amputation was the only
way to survive the cancer, there was a
strong denial towards it; she clearly
says that she did not want to amputate
and that the amputation was
suggested by her doctor and fiancé.
Additionally, she refers to that as ‘the
decision’ she was making. Therefore,
the feelings she had after the
amputation were negative; fear,
offense, disappointment, anger. From
the interviews it seems that the
negative feelings and her concerns
regarding the amputation was relevant
with how her life, as disabled, will be
after the amputation and how her

͞dŚĞĂŵƉƵƚĂƚŝŽŶǁĂƐƐƵŐŐĞƐ
͙͞ƚŽƚĂůŬƚŚƌŽƵŐŚƚŚĞ
decision I was
ŵĂŬŝŶŐ͙͟

͞/ǁĂƐŶŽƚŽŶĞŽĨƚŚĞĂŵƉƵƚ
glad to amputate; I was very much on the
opposite side”

͞/ǁĂƐ
really well supported by my really
ĐůŽƐĞĐŝƌĐůĞ͟
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close environment will react. This
derives by the constant repetitions and
use of words, such as ‘extremely’,
‘very’, ‘really well’, to describe the way
that her close environment reacted
after the amputation.

͞/ǁĂƐ
really, I was extremely supported͟
͞,ĞŝƐĂůǁĂǇƐ
encouraging ŵĞ͟
͞ŵǇĨƌŝĞŶĚƐŚĂǀĞďĞĞŶ
very considerable͟
͞dŚĞǇǁĞƌĞĂůǁĂǇƐ
very mindful ŽĨŵĞ͟

͞dŚĞǇƐƚƌĂŶŐĞƌƐŶĞǀĞƌĞǀ
response that satisfies the question that
ƚŚĞǇ͛ǀĞĂƐŬĞĚ͕ƐŽƚŚĞǇũƵƐƚ
͚ŽŚƚŚĂƚ͛ƐĂƌĞĂůůǇďŝŐƐƵ
ŚĂĚŶ͛ƚĂƐŬĞĚ͛ĂŶĚƚŚĞǇĂƌĞ
for asking but I have to deal with, I have
to deal with the response͟
͞dŚĞĨĂĐƚƚŚĞǇƐĞĞŵĞǁĂůŬŝ
ŵĂŬĞƐƚŚĞŵƐƚĂƌĞĂƚŵĞ͟

The fact that she hasn’t accepted the
amputation yet and that it is very hard
for her to talk about cancer makes her
feel very uncomfortable, angry and
annoyed, when strangers ask her what
has happened to her leg. She also feels
embarrassed and insecure when
people look at her physical disability.
͞/
really ƐƚƌƵŐŐůĞǁŝƚŚƐƚƌĂŶŐĞƌƐ
Additionally, the fact that she uses a
upon, you know, my, my physical
stick or she struggles when she has to
ĚŝƐĂďŝůŝƚǇ͟
sit down or to go into the car, attracts
͞/ƐƚƌƵŐŐůĞĚƚŽƐŝƚĚŽǁŶĂŶ
the attention of people to her limb and
ŵǇƉƌŽƐƚŚĞƐŝƐ͙/ƚǁĂƐƌĞĂůů
this makes her feel embarrassed.
basicallǇ͟

However, since she concerns a lot
about her body image appearance
(also in agreement with the
questionnaires), she does not feel
comfortable going out without her
prosthetic limb. Thus, her prosthesis
evokes confidence in her with respect
to her appearance as it can hide the
amputation.
Although it is appeared that she still
has not completely accepted the
amputation, her attitude towards her
situation becomes more positive, as
she has started adjusting to it, getting
used to her new life and by using the
prosthetic limb, she believes that she

͞/Ĩ/ĂŵŐŽŝŶŐŽƵƚƐŝĚĞƐŽ
ŵĞ͕/ŚĂǀĞƚŽǁĞĂƌĂƉƌŽƐƚŚ
ůŝŬĞďĞĞŶƐĞĞŶǁŝƚŚŽƵƚŵǇƉ

͞/ƚƌŝĞĚƚŽŐŽŶĞƚŚƌŽƵŐŚƚ
ƐŽŵĞŽŶĞďĞŝŶŐĂŶĂŵƉƵƚĞĞ͙
͙͞ĂŶĚŽǀĞƌƚŝŵĞŝƚƚŚĞƐŝ
an amputeĞďĞĐŽŵĞƐĞĂƐŝĞƌ͟
͞/ůĞĂƌŶĞĚŶĞǁǁĂǇƐĚŽƚŚŝ
ŝŵƉŽƌƚĂŶƚƚŽŵĞ͟
͞tŚĞŶ/ǁĂƐůĞĂƌŶŝŶŐĂďŽƵƚ
ĂŵƉƵƚĞĞ͟
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can go back to some activities. This ͞ŝƚƚŚĞƉƌŽƐƚŚĞƐŝƐĚŽĞƐƉ
evokes satisfaction in her. Therefore, functionality that allows you to walk kind
ŽĨĂŶĚƵƐĞŵǇŚĂŶĚƐĨƌĞĞ
her prosthesis becomes from just a
ƚŚĂŶĂƉƌŽĚƵĐƚ͕ŝƚ͛Ɛ
product, an inevitable part of her body ͞&ŽƌŵĞŝƐŵŽƌĞ
integral to my life now I need my
and life. Nevertheless, she clearly
ƉƌŽƐƚŚĞƐŝƐƚŽďĞĂďůĞƚŽ
points out that the prosthetic limb that
she uses creates many problems to her
and regarding the interaction that she
has with it, the emotions that it creates
to her is mainly negative; she hates it
and it makes her feel uncomfortable,
discomfort, insecurity, disappointment,
annoyance,
embarrassment
and
disgust.

͞tŚĞŶ/ǁĂƐůĞĂƌŶŝŶŐĂďŽƵƚ

Rachel points out that when she
amputee I saw lots of devices which you
started searching about prostheses,
could cover your hard wear like the naked
she saw the expressive prosthetic
prosthesis with case, I seriously
covers. Although she liked them and
considered getting one, but I have not
she considered to get one of those, to come across any amputee who uses them
use her prosthesis better and as
ŝŶƚŚĞh<ŝŶĞǀĞƌǇĚĂǇůŝ
accessory, she does not feel confident
enough with her situation and ͞/;ƉĂƵƐĞͿŝŶŝƚŝĂůůǇĐŽŶƐŝĚ
consequently, she is not ready yet to of those case covers to be able to use my
ůĞŐďĞƚƚĞƌ͕ďƵƚĂĐƚƵĂůůǇ͕
make a statement or to use it as
starting point of conversations. want to draw attention to my prosthesis
ŝŶƚŚĂƚǁĂǇ͟
Additionally, she mentions that she has
never seen an amputee, in the UK, to
͞/ŚĂǀĞŶ͛ƚƌĞĂůůǇĚĞĐŝĚĞĚ
wear these prosthetic limbs and it is
ƐƚĂƚĞŵĞŶƚŽƌĂƚĂůŬŝŶŐƉŽŝŶ
closer to an American trend. This
strangers to come up to me and start
shows that she cares about others’
ƚĂůŬŝŶŐƚŽŵĞ͟
opinion and she feels insecure and
uncomfortable with wearing something ͞^Ž/ƚŚŝŶŬ͕ĂƐ/ŐƌŽǁ͕ĂƐ
that would make her distinguish from user, my ideas on what the ideal artificial
limb is will change, and I can imagine
the mass. However, she points out that
myself getting into a stage where
as she grows up as a prosthetic limb
user and get used to her situation, ĂĐƚƵĂůůǇ͕/ĚŽŶ͛ƚǁĂŶƚĂůĞ
ĂůĞŐ͙͟
maybe her point of view towards
prostheses change and want to use FP
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or EP.

ŶĚƌĞǁ͛ƐEĂƌƌĂƚŝǀĞ

Andrew is 49 years old, married with
two children. He lives in a Greek island
and he had this leg above the knee
amputated thirty years ago, because of
a car accident. He works in a
demanding job where he needs to
stand and move around all day.
Additionally, he loves sports and
͞WĞŽƉůĞǁŚŽƵƐĞǁŚĞĞůĐŚĂŝƌ
participates to various organisations mental problems are not the only people
which support athletes with disabilities.
with disabilities. There are other
So, he is a very active person. Although disabilities as well. But always there are
he has accepted the amputation, he ƉĞŽƉůĞǁŚŽƐĂǇ͚/ĐĂŶŶŽƚƐĞ
classifies himself as disabled and he ďĞĐĂƵƐĞƚŚĞƉƌŽƐƚŚĞƐĞƐĂƌĞ
highlights that the only way for
someone to accept the amputation is
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to have goals.
The prosthetic limb that he has is a FP;
however, it is covered with a RP cover.
The socket makes him feel discomfort
and annoyance; the bad fit of the
socket and the hot weathers creates
wounds to his residual limb which
cause him pain. Furthermore, the RP
cover that he wears creates further
problems to the function of the limb; as
it consists of one piece, which
continues behind the knee, it doesn’t
let the knee to bend properly, as it
would in case it had a gap. As a result,
Andrew needs to put more energy and
effort to bend the knee, something that
makes him feel tired more easily.
Andrew does not worry about his body
image, however, he never shows off his
leg when he goes out in public because
he doesn’t want to bring his children in
an awkward situation, mainly due to
the fact that he lives in a small society,
where the attitudes of some people are
still negative and therefore people with
disabilities as well as their families can
experience
stigma
(stigma
by
association). Therefore, this creates
anxiety to him and make him worried
about what other people or children
may say. Nevertheless, he points out
that young people’s attitudes are
different which implies that the
attitudes of the society have changed
and are better. Additionally, he says
that he doesn’t like the appearance of
the RP cover that he wears and that is

͞/ƚďŽƚŚĞƌƐŵĞƚŚĞƐŽĐŬĞƚ
ďƵƚ/ĐĂŶƚŽůĞƌĂƚĞŝƚƚŚ

͞dŚĞƌĞƐŝĚƵĂůůŝŵďƐƚĂƌƚƐƐ
the socket and the friction will create
wounds. It is sure that will create
ǁŽƵŶĚƐ͟

͞EŽ͕/ĚŽŶ͛ƚĨĞĞůĐŽŵĨŽƌƚĂď
ďĞĐĂƵƐĞĨŝƌƐƚŽĨĂůů͕/ĚŽŶ
my children in an awkward situation.
The other children may say something,
ƐŽ/ƚƌǇƚŽďĞĚŝƐĐƌĞĞƚ

͞/ƚƐĂƉƉĞĂƌĂŶĐĞŝƐƵŐůǇŚ

͞ƵƚŝŶƚŚĂƚĐĂƐĞŝĨŚĞŚ
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another reason that he feels
embarrassed to show off to people his
prosthesis. The only occasions that he
wears short trousers are when he is
playing sports and he is with other
athletes.
Regarding the use of an EP prosthesis,
Andrew says that in the case of using
EP, he may be more confident to wear
short trousers, since their appearance
is nice and he points out the
contribution that EP can have in new
amputees and the way they can help
them accept easier and faster the limbloss, since EP can affect their
psychological condition in a positive
way.

ǁŽƵůĚǁĞĂƌƐŚŽƌƚƚƌŽƵƐĞƌ

͞/ƚǁĞĂƌŝŶŐĂŶWǁŽƵůĚ
psychological situation for sure. It is like
ǁĞĂƌŝŶŐĂĐĐĞƐƐŽƌŝĞƐ͟

͞^Ž / ǁŽƵůĚŶ͛ƚ ďĞ ƐŽ ƚŝƌĞĚ
ŚĂƐŶ͛ƚ ƐŽŵĞƚŚŝŶŐ ďĞŚŝŶĚ ƚŽ
demand more energy]. Because when
you can have energy for the rest of the
day, after all the things you have to deal
with in your job, is better for you. It
ŝŵƉƌŽǀĞƐǇŽƵƌƋƵĂůŝƚǇŽĨůŝ

Apart from the benefits that the
appearance of EP covers can have,
Andrew points out some advantages of
EP on the functionality of the
prostheses. As he explains, the design
of EP covers, as separated pieces create
a gap behind the limb which gives the
opportunity to user to bend his knee
easier and with less energy. Therefore,
it helps user feel less tired and that
improves his quality of life as it helps
him save energy for doing other things.
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DĂƌŐĂƌĞƚ͛ƐEĂƌƌĂƚŝǀĞ
Margaret is nineteen years old and had
her right arm amputated when she was
at the age of three, due to disease.
Therefore, she learned to use only the
left hand in order to perform everyday
activities and since she grew up with
the limb loss, she does not consider
herself as disabled and she cannot
compare herself with the self before
the amputation.

The existing limb that she has is a
passive realistic limb. The limb creates
many problems to her; it is heavy, it
slips, she doesn’t like its appearance
and the way it ties. These problems
also create difficulties to her social
interactions, as they affect her mood
and make her feel sad and tired. From
the interview it is clear that she
subconsciously connects all the bad
feelings and thoughts that she may
have, and may not be related to the
limb, with the limb, as it is something
that causes pain to her.
Although the limb creates problems to
her, she wears it when she goes out.
The analysis revealed that she is
concerned a lot about her body image
appearance (also in line with the
questionnaire) and for that reason, she
uses the limb as with the limb, the
clothes look better on her. Additionally,
there was a strong distinction between
the way she dressed up and whether

͞/ĂůǁĂǇƐƌĞŵĞŵďĞƌŵǇƐĞůĨ
one limb. Although I remember my
ŽƚŚĞƌ Ăƌŵ͙ŝƚ
ĂƐŶ͛ƚ ĨƵŶĐƚŝŽŶĂů͕
ǁ
Ɛ
was doing all the movements with my
ůĞĨƚŚĂŶĚ͟
͞/ ƚŚŝŶŬ ƚŚĂƚ / ĚŽŶ͛ƚ ŶĞĞ
facilitate my daily life. Because I had
the amputation from a very young age,
I believe that I get used to my daily
ůŝĨĞ͟

͞tŚĞŶ ǇŽƵgƐƚĂƌƚ
pain on your ĨĞĞůŝŶ
ƐŚŽƵůĚĞƌ ǇŽƵ ĐĂŶ͛ƚ ĚŽ ƚŚŝ
ǇŽƵĐĂŶ͛ƚďĞĂƐŚĂƉƉǇĂƐƚ
your company, and you feel that they
ĚŽŶ͛ƚǁĂŶƚǇŽƵ͟

͞tŚŝůĞ ƚŝŵĞ
understand
ƉĂƐƐĞƐ ĂŶĚ /
ƚŚĂƚ/ĨĞĞůƉĂŝŶ͙͟
͞tŚĞŶ
catch /
myself to feel bored or
to not join the conversation of my
friends, I start thinking my prosthetic
ůŝŵď͟

͞tŚĞŶ/ŚĂǀĞƚŽŐŽĨŽƌĐŽĨ
friends or later in the evening,
generally when I want to dress up
formally, I wear the limb. Either in
summer or wiŶƚĞƌ͟

͞ƐŚĞƚŚŝŶŬƐ͞zŽƵĐŽƵůĚĂ
ŝƚ ĂŶĚ Ɛƚŝůů ĐŚŽŽƐĞ ŶŝĐĞ
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she wears the limb in casual and formal
occasions, by pointing out that in
formal occasions, she always wears the
limb,
regardless
the
weather
conditions, because she wants to look
nice. Although she may want to take it
off, something keeps her wearing it.
Furthermore, being in a place with
people who don’t know her very well
makes her feel insecure and therefore,
she prefers using the limb in order to
hide the amputation. Regarding her
family, Margaret pointed out that her
family is overprotective, and they do
not want her to go out without the limb
mainly for security reasons, as it is
something that concerns her mother.
Nevertheless, she highlighted that her
grandmothers are more concerned
about stigma and social reasons and
they put much pressure to her in order
to wear the limb when she is out.

The analysis of the study showed that
Margaret feels her ‘real-self’ when she
does not wear her prosthesis. This was
appeared when she used the verbs
choose and decide in order to answer
when she does not wear it, which
shows that in these situations she feels
‘free’. As Margaret said, when she goes
out without her limb people may look
scared or in a strange way and goggle
their eyes; however, she also described
some occasions that people reacted in
a very kind and polite way and that
made her feel happy. Finally, she
highlights that there is an important

there is something inside me that
ŬĞĞƉƐŵĞĂŶĚ/ĚŽŶ͛ƚƚĂŬĞ
ĨŽƌŵĂůǁĂůŬƐ͟

͞tŚĞŶ / ŐŽ ƐŽŵĞǁŚĞƌĞ ĨŽƌ
time, I have this embarrassment. I am
shy anĚ / ǁŽŶ͛ƚ ĞĂƐŝůǇ ƐŚŽǁ ƚ
ǁŚŽ/Ăŵ͘͟
͞ƚƚŚĞƵŶŝǀĞƌƐŝƚǇƚŚĞƌĞĂ
ƚŚĂƚ/ ƚŚŽƵŐŚƚ ƚŽĚŽ ŝƚ ĂŶ
ŐŽ ǁŝƚŚŽƵƚ ŵǇ ƉƌŽƐƚŚĞƚŝĐ
ĚŝĚŶ͛ƚǁĂŶƚƚŽ͟

͞^ŚĞ ǁŽƌƌŝĞƐ ĂďŽƵƚ ŵǇ ƐĞĐ
thinks that I am more vulnerable
ǁŝƚŚŽƵƚƚŚĞůŝŵďŽŶƉƵďůŝĐ

͞KŶůǇ ŵǇ ŐƌĂŶĚŵŽƚŚĞƌƐ ƚĞů
your t-shirt because the socket is
ŽďǀŝŽƵƐ͛Žƌ͚ƌŝŶŐǇŽƵƌŚĂ
ƚŽŚŝĚĞƚŚĞƐŽĐŬĞƚ͛͘͟

͞dŚĞ ĨŝƌƐƚ
decided ƚŝŵĞ
to go out /
ǁŝƚŚŽƵƚŵǇƉƌŽƐƚŚĞƚŝĐůŝŵď
͞/
decide ƚŽŶŽƚǁĞĂƌŝƚƚŚĞůŝŵ

͞tŚĞŶ/ĚŽŶ͛ƚǁĞĂƌƚŚĞůŝŵ
is a huge differentiation. People look in
a strange way, they goggle their eyes.
Some of them do that fake critical
thing, that they pretend they are not
ůŽŽŬŝŶŐ͟
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difference on people’s reactions when
she wears the limb compared to when
she goes out without the limb, as in the
first case, people cannot realise she is
an amputee.
As Margaret stated, she would like to
use a prosthetic limb which would have
colours or patters because she feels
confident with her amputation and she
does not care to hide the limb-loss.
Therefore, she could show to people
her ‘real-self’ all the time, as she could
not be able to hide the limb loss
something that she can do now when
she wears her RP limb. Additionally, by
using a limb with more design she
would improve her body image
appearance and make her feel more
confident with her image, as the limb
would be an accessory.
Regarding the way the prosthetic limb
would affect the social interactions,
Margaret believes that people would
look at her and they will react in the
same way as when she does not wear
the limb. Nevertheless, she points out
that it may constitute a starting point
of conversations with people who are
more open minded, as this limb would
make them feel more confident and
comfortable to go closer to her and
start talking. Therefore, by also making
statements (that she has accepted her
identity and feels confident and pride
to show off the amputation) the limb
can help her talk to people about her
situation and try to ‘educate’ them.

͞/ ĚŽŶ͛ƚ
to hide
ŶĞĞĚ
something
ďĞĐĂƵƐĞ/ǁĞĂƌĂŶĂĐĐĞƐƐŽƌ

͞dŚŝƐƉƌŽƐƚŚĞƚŝĐůŝŵďƚŚĞ
me to show to all people, always, that I
ĚŽŶ͛ƚŚĂǀĞĂŶĂƌŵ͘/ǁŽƵůĚ
opportunity to do what I am doing now
at the university, where I mainly hide
it. Ƶƚ / ĚŽŶ͛ƚ ƚŚŝŶŬ ƚŚĂƚ Ă
ďĂĚ͟

͞/ƚ ƚŚĞ W ǁŽƵůĚ ŝŵƉƌ
psychological condition. I believe that I
ǁŽƵůĚďĞŵŽƌĞĐŽŶĨŝĚĞŶƚ͟

͞/ ƚŚŝŶŬ ŝƚ ŵĂǇ ŚĞůƉ ƉĞŽƉ
more open-minded on that part to feel
comfortable to open themselves to
otheƌƐǁŚŽƉƌĞƐĞŶƚĂĚŝĨĨĞƌĞ

͞ďǇ ǁĞĂƌŝŶŐ ĂŶ W ƐŚĞ ĐĂ
ƉĞŽƉůĞdŚĂƚ/ĚŽŶ͛ƚĚĞŶǇ
ĚŽŶ͛ƚƚƌǇƚŽŚĂǀĞĂŶŽƚŚĞƌ
ƚŚĞŽŶĞ/ĂůƌĞĂĚǇŚĂǀĞ͟

͞/ ĚŽŶ͛ƚ ŚĂǀĞ ĂŶǇ ƉƌŽďůĞŵƐ
about it because I can understand that
it is normal for someone to not face a
situation like that very often, so to not
ŬŶŽǁŚŽǁƚŽŚĂŶĚůĞŝƚ͟

͞/ƚ ƐŽŵĞŚŽǁ ĂĨĨĞĐƚĞĚ ŵĞ ď
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ǁĂƐ ƚŚŝŶŬŝŶŐ ͚tŚǇ ƚŚĞƐĞ
The need to ‘educate’ people regarding ĐŽŶĨƌŽŶƚ ŵĞ ůŝŬĞ ƚŚĂƚ͍͙͛ƚŚ
the way they interact with others, and ŵǇůŝĨĞĂŶĚŵĂĚĞŵĞĐƌƵĞů͙
regarding their attitudes towards introvert and I am trying to change it
ŶŽǁ͟

people with limb loss, has also been
emerged by the fourth theme, since the
way people reacted towards her when
she was a child affected her personality
in a negative way. The distinction
between her attitude towards her
situation and the way other people
react is also emphasised in other parts
of the interview by using ‘I’ and by
pointing out that the way people react
when they realise she is an amputee is
relevant to their education.

͙͞ǁŚĞŶ / ǁĞŶƚ ƚŽ ƐĐŚŽŽů͕
that people considered this as a
ƉƌŽďůĞŵ͘/ŚĂĚŶ͛ƚƌĞĂůŝƐĞĚ
I have a problem. I just thought that I
ĚŽŶ͛ƚŚĂǀĞĂŶĂƌŵ͙͟
͞
I was trying to show them that I feel
ǀĞƌǇĐŽŵĨŽƌƚĂďůĞ͙͟
͞
I was trying to show that there is no
ƉƌŽďůĞŵ ĂŶĚ / ĚŽŶ͛ƚ ŚĂǀĞ
ǁŝƚŚƚĂŬŝŶŐƉŝĐƚƵƌĞƐ͟
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^ĂƌĂŚ͛ƐEĂƌƌĂƚŝǀĞ
Sarah is thirty-two years old and she
had her leg amputated when she was
twenty-six because of a car accident.
She has an AK amputation. She said
that her life is very simple, she goes to
work, then to the gym and after she
likes going out with friends. She also
takes part in an organisation with
people with disabilities which organise
many activities. She said that she is a
very active person who likes helping
others and therefore, her limb helps
her with facilitating many activities.

“I am leaving from one place and I am
going to the next one”

The existing limb that she has is a
functional prosthesis (C-leg) which is
covered with a cosmetic realistic cover
made from silicon. Sarah wears the
limb for many hours during the day,
͞/ůŝŬĞŵǇůŝŵďǁŝƚŚŽƵƚƚŚ
(the app shows that she wears it for 16
hrs) and she does not have any
problems with showing it off. She said
that she does not have any problems
with the limb, and she is very satisfied
with it. The only problem that she has
is with the socket. As she has skin
problems, sometimes the socket
creates problems to her, especially
͞zĞƐ͕/ǁŝůůĨĞĞůƉĂŝŶǁŚŝů
during summer due to the hot weather.
[on the residual limb because of the
However, although she may feel pain
socket], I will think of it, but I will
she will pretend that she is fine, as she
ĐŽŶƚŝŶƵĞ͕/ǁŝůůŶŽƚƐƚŽ
does not want this to prevent her from
continuing her activities. This shows
that she is stubborn and she does not
like giving up, probably because she
doesn’t want to feel defeated by the
amputation or to feel that the
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amputation prevents her from doing
what she wants. The results from the
app also support this as she said that
amputation prevents her from doing
what she wants only to a small degree.

Sarah has fully accepted the
amputation and she does not feel any
depression, or any body-image “Because I lived my accident, the fact
concerns (also in accordance with the that I am alive is a miracle. So it didn’t
app) because she ‘lived her accident’. affect me at all regarding my daily life”
Therefore, the fact that she is still alive
makes her happy and grateful and the
amputation has not changed her life.
Although she feels the prosthesis as
almost her limb, she knows very well
that is a prosthesis, something external
on her body, and she doesn’t like trying
to pretend that it is her ‘old limb’.
Therefore, she wants to show her real
self and she doesn’t try to replace her ͞^ŝŶĐĞ/ŚĂǀĞŝƚƚŚĞƉƌŽƐƚ
lost limb. For that reason, she does not would like it as it is. Not to make it as it
ǁĂƐŵǇůŝŵď͟
want to cover the prosthesis with
cosmetic covers, and she prefers to
show it off, in order for people to know
that she wears a prosthetic limb.
͞ĞĐĂƵƐĞǁŚĞŶƚŚĞǇƉĞŽƉůĞ
Additionally, she said that she likes a lot
something that is covered, they try to
the appearance of her functional
understand what was happened. I
prosthesis (satisfaction, attraction),
prefer them seeing it directly, rather
because it has a nice shape and colour
ƚŚĂŶůŽŽŬŝŶŐĂƚŵĞŝŶĂǁĞ
and the emotions that she has towards
her prosthesis are mainly positive.
͞dŚĞĐ
-leg that I have is nice as
prosthesis. It has a nice design. It is not
a simple metallic pylon. It has a nice
ĚĞƐŝŐŶ͟

Although Sarah liked a lot the
expressive prostheses she saw, and she
also found the one that she would like
to have (desire), she said that these
prostheses can also have an impact on
͞/ǁŝůůƚĞůůǇŽƵĂŐĂŝŶƚŚĞ
people’s attitudes as they can

ƚĂƚƚŽŽƐ͘DĂŶǇƉĞŽƉůĞƐĂǇ͚ů
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stigmatised the amputee (e.g. people ĂƚĂƚƚŽŽ͛͘dŚĞǇƐƚŝŐŵĂƚŝƐĞ
may think that the amputee is trying to not saying that they are the majority
but there are also these people for
overshow that he has accepted the
amputation). So it may affect social sure. And for sure they will also people
ǁŚŽǁŝůůƐĂǇ͚>ŽŽŬǁŚĂƚŚĞ
interaction in a negative way
ŽƌĚĞƌƚŽƐŚŽǁƚŚĂƚŚĞŝƐĂŶ
(annoyance). However, she also
dŚĞƌĞŝƐĂůƐŽƚŚĞŶĞŐĂƚŝǀ
mentioned that she would like to have
one if it was easy to place it on the limb
and take it out, in order to wear it in
summer when the limb is visible and
she also pointed out that expressive ͞dŚĞƐĞƚŚĞWĂƌĞƉĞƌĨĞĐƚ
dŚĞǇĐĂŶďĞƵƐĞĚĂƐƐŚŽĞ
prostheses are nothing more than
accessories and for that reason, they
are more appropriate for women as
they can be like shoes.
Although she said that sometimes
people look in a strange way, this
happens mainly by older people (she
lives in an island); she pointed out that
younger people’s behaviour is different
because now, there are many disabled
people around, so people are more
familiar with that. I was wondering
whether there are more disabled
people now, or if it has just increased
the number of those who go out in
public. Additionally, she said that
people’s behaviour does not change
when she goes out without her
prosthesis and she believes that people
will treat you as you treat yourself.
Therefore, if she does not behave as
she is a disabled, less people will
consider her disabled.

͞/ƚǁĂƐĂǁŽŵĂŶ͕ĂƌŽƵŶĚϲϬƐ
the light below the trousers and she
ĐŽƵůĚŶ͛ƚƵŶĚĞƌƐƚĂŶĚǁŚĞƌĞ
from and as she was looking at her, she
wears her glasses and she bends
towards the limb to see it better and
she was touching the trousers to see
ĨƌŽŵǁŚĞƌĞƚŚĞůŝŐŚƚĐŽŵĞ

͞DŽƐƚ ŽĨ ƚŚĞŵ͕ ƚŚĞǇ ĚŽ ŶŽ
ĚŝƐƚŝŶŐƵŝƐŚǇŽƵ͙/ůŝŬĞƚŚĂƚ

Finally, Sarah’s personality shows that
she is a person who likes bonding with
other people and she creates strong
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emotions not only with people around
her, but also with the objects that she
uses. As she said, through the
organisation she works, she has created
new and real friendships which show
the importance of having real people in
her life that she can trust and they
support her. Additionally, she describes
the relationship that she has with her
prostheses as the relationship that she
would have with a person. The
prosthetic limb for her is a friend (love);
she has given it a name and she calls it
by its name and she also like to speak
to it and her friends are doing the
same.

͞tŚĞŶ / ĞŶƚĞƌĞĚ ƚŽ ƚŚĞ ĨĂ
ƉĞŽƉůĞǁŝƚŚĚŝƐĂďŝůŝƚŝĞƐ͙͟

͞/ŚĂǀĞŵĂŶǇŶĞǁĨƌŝĞŶĚƐǁŚ
friends. They are always next to me, to
ƐƵƉƉŽƌƚŵĞ͟

͞DĂŶǇ ƚŝŵĞƐ / ƚĂůŬĞĚ ƚŽ Ś
prostheses]. I am yielding to him if he is
not a good boy. I call him Robocop. A
ĨƌŝĞŶĚŽĨŵŝŶĞŐĂǀĞŚŝŵƚŚĂ
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E. Study III: Exploring prosthetists attitudes towards the effects of
emotionally-driven prostheses on users’ lives and society’s attitudes
E.1 Participant Information Sheet: in English
(Link of the Greek Participant Information Sheet:
https://repository.lboro.ac.uk/s/92e5a0e56a5b2051b9f5)
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E.2 Informed Consent Form: in English
(Link of the Greek Informed Consent Form:
https://repository.lboro.ac.uk/s/92e5a0e56a5b2051b9f5)
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E.3 Emerged themes from the analysis of the interviews

1. Prosthetic provision process
1.1 Patients’ characteristics
1.1.1 Willingness
1.1.2 Weight
1.1.3 Cost of prostheses
1.1.4 Causes of limb-loss
1.1.5 Area of amputation
1.1.6 Age
1.1.7 Activities
1.2 Appointments
2. Perception
2.1 Towards patients’ needs
2.1.1 The limb
2.1.2 Fit of the socket
2.1.3 Aesthetics
2.2 Towards patients
2.2.1 Users’ uniqueness
2.2.2 Not as disabled
2.2.3 Need of psychological support
2.2.4 Afraid/ denial
3. Acceptance
3.1 Prosthetic fit
3.2 Patient’s character
3.3 Others behavior
3.3.1 Society
3.3.2 Family
3.4 Affected by patients’
3.4.1 Gender
3.4.2 Cause of amputation
3.4.3 Age
4. Interaction of prostheses and society
4.1 Stigma
4.2 Change of view
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F. Study IV: exploring the effects of emotionally-driven design of prostheses
on society’s attitudes
F.1 Pilot: Questionnaire

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

F.2 Participant Information Sheet: in English
(Link of the Greek Participants Information Sheet:
https://repository.lboro.ac.uk/s/021d29b9e1c02bc83c07)

414

415

416

417

F.3 Informed Consent Form: in English
(Link of the Greek Informed Consent Form:
https://repository.lboro.ac.uk/s/021d29b9e1c02bc83c07)
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F.4 Study IV: the questionnaire in English
(Link of the Greek Questionnaire: https://repository.lboro.ac.uk/s/733fd95083bc39c286fd)

419

420

421

422

423

424

425

426

427

428

429

430

431

432

F.5 Homogeneity of the two samples: residence and education
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F.6 Test data normality: Kolmogorov-Smirnov test
Table 2. Normality of attractiveness (dependent variable) of each type of prostheses in the UK
and Greece
Kolmogorov-Smirnova

NATION
A-LITY

Statistic

df

Shapiro-Wilk

Sig.

Statistic

df

Sig.

Average_

UK

.101

406

.000

.959

406

.000

Mean_RP

GR

.170

401

.000

.868

401

.000

Average_

UK

.048

406

.024

.992

406

.036

Mean_FP

GR

.065

401

.000

.969

401

.000

Average_

UK

.064

406

.000

.986

406

.001

Mean_EP

GR

.057

401

.003

.983

401

.000

a. Lilliefors Significance Correction

UK

GR

Average_
Mean_
RP

Average_
Mean_
FP

Average_
Mean_
EP
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