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Abstract

The aim of this research is, “to investigate how the sports design process can be used to
improve inclusive design practice”. Sports design (or sports engineering) is the design of
sports equipment and/or products that support the athlete (or user) in improving their
overall sporting performance (Jenkins, et al., 2010) and (Muller, et al., 2007). In sport, the
equipment and the athlete must work together to facilitate sporting performance. Despite
limited work being undertaken into the sports design process, sports design is evidently
highly user centred. However, there is no design process model that captures the

characteristics of sports design as a whole (from project initiation to project sign-off).

This research captures the sports design process as a whole, using an iterative process of
investigation, data collection, development, evaluation and validation, involving industry
designers and sports design students. The outcome and contribution to knowledge is the
first design process model to capture the sports design process as a whole. The
characteristics of sports design captured in the model include user involvement throughout
the design process, designer interaction with the user and iterations within design process

stages.

To address the overall aim of the research, this thesis investigates whether the user centred
nature of sports design is applicable in other design disciplines. Given the urgent global
issue of the ageing population, this research explores the applicability of the sports design
process model to inclusive design — another highly user centred design approach. This
research takes a qualitative approach to understanding how the sports design process
model could be applicable to inclusive design practice, involving both inclusive designers
from industry and inclusive design experts from the Helen Hamlyn Centre for Design. An
iterative approach of concept generation, development and evaluation was followed, with
the outcome and further contribution to knowledge, an interactive framework that
facilitates designer-client communication within the inclusive design process. This research
will impact client engagement within the inclusive design process, increasing client
awareness of inclusive design and encouraging the uptake of an inclusive design approach
within industry. The inclusion of a diversity of users within the design process will result in a
product that not only meets the needs of more diverse users, but will also be usable to

those with greater capabilities.
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Glossary

Sport: sport involves the participation of one or more athletes in an activity involving
physical exertion that can be primarily physical, mind, motorised, co-ordination or animal-
supported, or a combination of these, with an element of competition, where the
equipment acts as an extension of the athlete’s body to facilitate the sporting action. This

IM

thesis will focus specifically on sports that fall under the “physical” category.

Sports design: the design and development process undertaken by the designer, with the

outcome being sports equipment.

Sports equipment: the artefact that is used by the athlete to undertake participation,

training of safety in their sport.
Sports engineers: the designers who design sports equipment.

Inclusive design: a design approach which aims to take into account the diverse needs and

capabilities of the whole population during the design process.

User centred design: a design approach where the user is a central part of the design

process and engaged throughout that process.

XViii



Chapter 1: Introduction

The aim of this research is:

To investigate how the sports design process can be used to improve inclusive

design practice.

Sports design (or sports engineering) is the design of sports equipment and/or products
that support the athlete (or user) in improving their overall sporting performance (Jenkins,
et al.,, 2010) and (Muller, et al., 2007). The output of the sports design process (the
equipment) should enable the athlete or user to participate in their sport, with the
interaction between the athlete and the equipment facilitating that sporting performance
(Stefanyshyn & Wannop, 2015). It is therefore apparent that usability is a core aspect of
sports design — if the equipment does not facilitate sporting performance, it cannot be
regarded as a successful product, regardless of its engineering. If the outcome is user
centred, it can be argued that the sports design process itself must be user centred too.
Sports design (engineering) is a young and evolving design discipline (Jenkins, et al., 2010)
and (Medwell, et al., 2011) with limited published work relating to the sports design
process. This research will build on existing work in the field of sports design in addition to

providing new insights into the sports design process.

User centred design is defined by Clarkson et al. (2003) as a “design approach that places
the user at the heart of the design process and often involves and engages with users in
ways that make them part of and integral to the process itself”. This research suggests that
sports design is a highly user centred design discipline due to the performance
requirements of the athlete and how this translates into the design of the equipment. It is
argued that to ensure the outcome is user centred, the user must be considered
throughout the design process (McGinley & Macredie, 2011). The outcome of a user
centred design process should be a product that is taken beyond being purely functional
and improves the overall user experience of the product (McGinley & Macredie, 2011).
Given the anticipated user centred nature of sports design, it is suggested that principles of
sports design and its process may be transferrable between other user centred design

disciplines. This research will focus specifically on the area of inclusive design.



The philosophy of inclusive design is to include users with diverse needs and capabilities
within the design process and is defined by Foresight (2000) as: “a process whereby
designers and manufacturers ensure that their products and services address the needs of
the widest possible audience”. Inclusive design differs from user centred design as it
encourages the inclusion of a diversity of user groups within the design process. Like sports
design, inclusive design is a highly user centred discipline, with the needs of the user central
to the design process. This research will investigate whether user centred design principles
that are currently followed within sports industry practice are applicable and transferrable
to inclusive design practice, with the intention of improving inclusive design uptake in

industry.

1.1. Motivation for the research

Participation in sport is increasing. Sport England reported that 15.8 million people
participate in sport at least once a week — an increase of 1.75 million people from 2005
(Sport England, 2016) as shown in Figure 1.1. This trend is representative of many Western
countries, where participation in sports has increased since the mid-1900s (Muller, 2011).
The sports industry itself is estimated to be worth between $480-620 billion (AT Kearney,
2011) with this figure expected to grow — Forbes predict an increase in the size of the sports

market from $60.4 billion in 2014 to $73.5 billion in 2019 (Forbes, 2015).

Given this rise in sports participation and the size of the global sports market, it is surprising
that there is a lack of research to date that focuses specifically on the design process within
sports design as a discipline. The Journal of Sports Engineering documents extensive work
undertaken within engineering and technology in sport. However, there appears to be a
lack of work examining the sports design process as a whole and what characterises sports
design as a discipline. Given the increasing size and value of the sports industry, there is a
need to understand fully the process behind designing sports equipment. There are
extensive reports of the benefits of following a design process — these include financial
benefits and more successful products, in addition to identification of areas of
improvement. This research therefore suggests that a better understanding of the sports

design process will allow improvements to be made within the sports design industry.
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Figure 1.1 — Participation in sport from 2005-2016 (Sport England, 2016)

In addition to the motivation to improve sports design practice, there are also current
drivers for the uptake of inclusive design. While inclusive design is not limited to the older
adult, the ageing global population is one of the most pressing global issues that inclusive
design can address. However, it is acknowledged that a change in physical capabilities can
occur at any age and the inclusion of all users with reduced capabilities is vital when
adopting an inclusive design approach. While the global ageing population is a motivator
within this research for inclusive design, the benefits of inclusive design for younger, less-
able user groups is acknowledged and remains vital to adopting an inclusive design

approach.

The global population is ageing, with population ageing set to become one of the most
significant social transformations of the twenty-first century (United Nations, 2015a). Life
expectancy is increasing globally from 67 to 70 between 2000-2005 and 2010-2015 (United
Nations, 2015b) with the global population aged over 60 increasing at a rate of 3.26% per
year (United Nations, 2015b). Between 2015 and 2030 the number of people aged over 60
is expected to grow by 54% (United Nations, 2015a). This figure is higher for more

developed countries — Figure 1.2 illustrates the predicted growth in the percentage



population aged 60 years or over by region between 1980 and 2050 (United Nations,
2015¢c).

More details on the impact of population ageing are provided within this thesis. In
summary, population ageing results in a change in physical capabilities of the population,
with older adults often experiencing problems completing activities of daily life. People are
working longer, but also find themselves excluded from many products and services. There
is therefore a need to address this ageing population in the design of products and services.
Design exclusion occurs when the capability demand of a product exceeds the capabilities
of the user. It is therefore critical that the older user is fully integrated into the design

process to ensure products meet their needs.
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Figure 1.2 — Projected growth of population aged 60 or over from 1980-2050 (United Nations, 2015c)

1.2. Field of research
This research will cover four main areas of the literature: sports design, design processes,
user centred design and inclusive design (illustrated in Figure 1.3). As will be discussed

within the literature review, sports design is a young and evolving design discipline, with



limited published work so far relating to the sports design process as a whole. However,
much work has already been carried out into design processes in general, with multiple
representations of the design process across a range of design disciplines. This research will
focus specifically on the sports design process. Both user centred design and inclusive
design have received large amounts of research interest. However, there is evidence that
many products do not take into account a broad range of human capabilities. There is
therefore scope to further improve the uptake and practice of inclusive design in industry.
Given the user centred nature of both sports design and inclusive design, this research will
assess parallels between both to establish if aspects of sports design practice are applicable

to inclusive design.

Inclusive Design

Field of Research

User Centred Design

Sports Design

Design Processes

Figure 1.3 — Field of research

1.3. Research aims and objectives

To address the research aim (to investigate how the sports design process can be used to
improve inclusive design practice) a practical approach was adopted, involving design
companies within the research to ensure the research outcomes would be applicable to

industry practice. Both sport and product design companies, in addition to product



designers from industry with experience in user centred and/or inclusive design and
inclusive design experts, were involved within this research to determine the applicability
of the sports design process to inclusive design practice. To address the research aim, the

following research objectives were identified:

1. To understand what differentiates the sports design and traditional product design
processes in practice.

2. To determine what characterises the sports design process and to capture that
process in a design process model.

3. To investigate the applicability of the sports design process to inclusive design
practice.

4. To investigate how to improve the uptake of inclusive design in industry.

5. To validate the outcomes of the research.

All developments and refinements made to the research outcomes were made based on
findings and recommendations from the designers themselves. Final year university student
projects were also utilised in the validation of findings. The final outcome of this thesis
should be a means of facilitating inclusive design practice within industry constraints and
the resources available to designers, based on insights gained into the sports design
process. The research will take into account current barriers to an inclusive design approach

and will address the needs of the designers themselves.

This research will address three research questions, which will be presented within the
context of the literature review (Chapter 2), where they originated from. The research
approach (Chapter 3) provides detail on the structure and methodology of the overall thesis
including each of the research questions and the studies undertaken to address them. The

research questions that this thesis will address are:

1. What differentiates the sports design process from the product design process in
practice?
2. What is the sports design process?

3. How is the sports design process applicable to inclusive design?

The rationale for each of the research questions is provided within the literature review.



1.4. Scope of the research

This research focuses on what characterises sports design practice, primarily the user
centred nature of the discipline. Although much work has been conducted into the sports
equipment itself, with the aim of enhancing safety and/or performance, there is a lack of
published work into the process behind designing that equipment. In addition to sports
design, this research will also address the issue of inclusive design. While there are many
methods and tools that exist to aid the uptake of inclusive design, there are many designers
and companies that do not adopt an inclusive design approach. This research will focus on
the barriers to that approach and what can be done to address these barriers in design

practice.

The outputs of this research are the first design process model to capture the sports design
process as a whole and an interactive framework to facilitate designer-client
communication within the inclusive design process. The sports design process model is
descriptive of industry practice, while the framework intends to aid inclusive design uptake

in industry, addressing some of the identified barriers to an inclusive design approach.

The research was conducted within the time and resource constraints of a PhD. Interviews
were conducted and analysed by the researcher, which was a time consuming process — all
interviews were recorded and transcribed, and analysed using a general inductive approach
(Thomas, 2006) to identify core themes within the data. This research adopted a practical
approach, involving design companies within each of the studies conducted to ensure the
outcome is applicable within industry practice. Validation methods utilised with the
research included a triangulation approach and respondent validation to ensure credibility
in results. The outputs of the research were validated by the intended end users — the
sports design process model was validated by practising sports designers, while the

inclusive design framework was validated by both industry designers and design clients.

1.5. Structure of this thesis
Figure 1.4 illustrates the structure of this thesis. Chapter 2 presents the literature review,
discussing existing research into sports design practice and design processes in general. The

nature of user centred design will be discussed, as it is this approach that links both sports



and inclusive design practice. Inclusive design is discussed, focusing on existing methods
and tools to support its implementation and barriers to the approach. The literature review
will also present the three research questions that this research will address, as outcomes

of their respective sections.

Chapter 3 provides an overview of the research approach used within this research and
discusses the structure of the research, research philosophy, theoretical positioning and
research strategy and provides an overview of the research framework for each of the four
studies conducted as part of this research. More details of the methodology for each of the

four studies will be provided within the relevant chapters.

Chapter 4 addresses the first research question and presents the study conducted to
identify the similarities and differences between the sport and product design processes in
practice. The study utilises a triangulation approach involving interviews with sports and
product designer companies, analysis of final year sports student university projects and

validation of these findings against the literature.

Chapter 5 presents the iterative process of development, evaluation and validation of the
first process model to capture the sports design process as a whole. The outcome of the

chapter (the sports design process model) addresses the second research question.

Chapter 6 is the first step in addressing the third research question using interviews with
industry designers and a workshop with inclusive design experts from the Helen Hamlyn
Centre to discuss the potential of the sports design process model to aid inclusive design

practice.

Chapter 7 presents the iterative process of concept generation, evaluation and
development of an interactive inclusive design framework. The framework is based on
requirements identified in Chapter 6 and undergoes multiple cycles of evaluation and

development to ensure the outcome meets the needs of the designers.

Chapter 8 presents an interactive framework that facilitates designer communication with
the client within the inclusive design process to fully address the third research question.
The outcome is validated within the chapter through interviews with product designers and

clients. The final interactive framework is presented here.



Chapter 9 provides a summary of the research as a whole, discussing the findings and

conclusions, in addition to identifying limitations in the research and further work.

Chapter Contents

1 Introduction

Literature Review
Identification of

Sports Design User-centred Inclusive Research Questions
design processes design design
3 Methodology
Comparison of sport and product Addresses
4 . — )
design processes Research Question 1
Development and presentation of Addresses
5 : —> .
the sports design process model Research Question 2

Potential application of sports
process model in inclusive design practice

Development of a framework to Addresses
74 : it ; 2 ; — .
aid inclusive design practice Research Question 3
Validation and presentation of a framework to
8 A ; ; ; —>
aid inclusive design practice
9 Discussion, conclusions, limitations,

further work

Figure 1.4 - Structure of thesis and research questions



Chapter 2 - Literature Review

This thesis will address the research aim presented in the introduction, “to investigate how
the sports design process can be used to improve inclusive design practice?” through
examination of the sports design process and the potential impact this process will have on
inclusive design practice. There is therefore a need to understand work that has been
completed within the relevant research areas and what has been done (if anything) to link

these areas.

This section will present and discuss the literature relevant to the research conducted in
this thesis. The literature covers four broad topics, which follow a sequential path to
addressing the research aim. The structure of this chapter is illustrated in Figure 2.1. The
introduction will provide a brief overview of the topics that will be discussed in the chapter
and is followed by the methodology that was followed in undertaking the literature review.
The literature itself has been organised according to the four high level research topics —
sports design, design processes, user centred design and inclusive design, as illustrated in
Figure 2.1. Each section contains a Venn diagram illustrating the breakdown of the
literature discussed in that section. This is intended as a guide only to help the reader
follow each section of the literature. A discussion section at the end of the chapter will
provide a link between the four areas and consolidate the key findings from the literature

review. The chapter findings will present the knowledge gap that this research will address.

Introduction

|

Literature Review Methodology

|

Sports Design Design Practice User Centred Design Inclusive Design
Literature Literature Literature Literature

|

Chapter Findings

Figure 2.1 — Structure of Chapter 2
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To understand the impact the sports design process can have on inclusive design practice,
the sports design process itself must first be understood. Section 2.2 presents the literature
relating to sports design practice. As will be discussed, this area of the literature is small,
but presents an overview of what distinguishes sports design as a discipline and the work
that has been completed regarding the design process specific to sports design. There is
also a need to understand existing work that has been completed regarding design
processes and the potential application of design processes across design disciplines.
Section 2.3 presents the literature surrounding design processes in general and discusses

the implementation of those design processes in industry.

As will be discussed in the literature review, sports design is a highly user centred design
discipline. Existing research into user centred design practice will therefore be discussed in
Section 2.4, which focuses on the importance of user centred design — specifically user
information and user involvement within the design process. To address the research aim,
there must also be an understanding of current inclusive design practice and the associated
research. Section 2.5 provides an overview of current inclusive design practice, the tools
and methods associated with the approach and the barriers to the uptake of inclusive
design in practice. This will highlight areas within inclusive design research where there is

work to be done to improve the uptake of inclusive design in practice.

At the end of each of the four main sections, a summary box is included to highlight the
main findings from the literature discussed in that section. Three research questions were
identified as a result of the literature review and are presented within the discussion of the

relevant literature from where they originated.

2.1. Literature Review Methodology

The purpose of the traditional literature review is to explore issues, develop ideas and
identify research gaps (Jesson, et al.,, 2011). The research conducted within this thesis
explores the nature of the sports design process and the potential application of this design
process within inclusive design practice, therefore a traditional approach to the literature
review is applicable to the research presented here. The literature review conducted as

part of this research is a scoping review (Jesson, et al., 2011) — aiming to “set the scene for
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a future research agenda. The review documents what is already known and then using
critical analysis of the gaps in the knowledge, it helps to refine the questions to point a way

to future research”.

Key papers relating to each of the four main research areas discussed in the introduction to
this section (sports design, design processes, user centred design, inclusive design) were
identified using online search engines, located based on key words in the title and abstract
as well as the number of citations — all papers came from peer reviewed sources. This
identified several of the main contributors to the field. The references from these papers
were then found and assessed for relevance to the research. Relevant papers were read
and the reference lists from these papers were used to identify further literature. This
process was repeated until a point of saturation — where no new relevant literature was
found. The process followed in the literature review is illustrated in Figure 2.2. An
additional search was carried out to search for existing inclusive design methods and tools.
Not all of these were from peer reviewed sources but were considered relevant to this

research and are therefore included in this literature review.

Initial paper search

Criteria: key words
number of citations

l

Key papers identified

l

Relevant papers from
reference list identified

Vi | ™~

Relevant papers from Relevant papers from Relevant papers from
reference list identified reference list identified reference list identified
POINT OF SATURATION

! !

Search for inclusive  Additional papers from
design methods journals located
and tools

Figure 2.2 - Literature review methodology
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To ensure new publications were included in the literature review, several key journals and
conferences relevant to the field were identified — from the sources of relevant literature
found during the initial search. Journals included in this search were Journal of Engineering
Design, Design Studies, The Design Journal and Research in Engineering Design while
conferences that were searched included the International Conference on Engineering
Design and DESIGN. The volumes for each of these journals and conferences were searched
for relevant papers — focussing on the last 10 years, with some new papers found from this
search. This helped to ensure that new, relevant material was included in the literature
review. The majority of the literature included in this review comes from peer reviewed
journals and conference papers. However, key work in the area of design process models
cannot be overlooked and must be included in the literature review. Several of these design
process models are published in books and company/organisation reports (for example: the

Design Council published the Double Diamond process model in their own report).

An initial systematic literature review was started using key words to identify relevant
literature within the research areas identified in Figure 2.1. However, due to the size of the
sub topics being covered, some sub-sections of the literature identified in Figure 2.1,
resulted in tens/hundreds of thousands of related papers being found. As identified by
Randolph (2009) an “exhaustive” coverage of the literature to consider all relevant research
on a topic can be impractical given the time available. It would also be difficult to identify
exclusion criteria for a systematic literature review — this research aims to be state of the
art, but excluding literature before, for example 2000, would exclude a number of key
foundation papers that are relevant to this research (for example — Pugh’s Model of Total

Design).

2.2. Sports Design Literature

This section of the literature review discusses what differentiates sports design from other
design disciplines and provides an overview of studies that have been conducted into the
design of sports equipment — in practice, research and education. The core areas of the
sports design literature have been broken down, as illustrated in Figure 2.3 — the main
research area of sports design is discussed in relation to its sub-sections of sports

equipment, characteristics of sports design that differentiate it from other design
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disciplines, skills specific to sports designers and a review of existing processes and models

specific to sports design.

The complexity and specialisation of high quality sports equipment is increasing, with the
quality of the equipment becoming more and more important in all domains of sport
(Krueger, et al., 2006). There is an abundance of research that has been undertaken into
improving performance factors across all sporting domains, as reported in publications such
as the Journal of Sports Engineering. This research is focused on both the equipment itself
and the performance of the athlete. Sports design is a young and evolving discipline of
engineering (Medwell, et al., 2011) and (Jenkins, et al., 2010). As stated by Jenkins, et al.
(2010), it is only recently that the sports industry has seen the uptake of modern
engineering techniques and methods into the research and development and
manufacturing processes that are well established in other engineering disciplines, such as
the aerospace and automotive industries. However, despite the recent growth in sports
design as a field, there is a distinct lack of literature on the subject (Medwell, et al., 2012).
This is in agreement with Muller (2011) who reported a lack of literature relating

specifically to the design and manufacture of sports equipment.

Sports
Equipment

Characteristics of
Sports Design

Sports Designher
Skills

Sports Design

Sports Design
Processes and
Models

Figure 2.3 - Breakdown of key areas within the sports design literature
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2.2.1. What is sports design?
“The major problem in defining sport is that the sport reality, that means what is

perceived as sport by the society, is evolving” (Muller, 2011, p.9).

The terms ‘sport technologies’, ‘sports equipment’, ‘sports design’, and ‘sports engineering’
are discussed throughout the literature with varying definitions provided. Krueger, et al.
(2006) uses the terms ‘sports equipment’ and ‘sports technology’ synonymously to “include
all goods for the use in sports”. In order for an artefact to qualify as ‘sports equipment’
there is the requirement that at least one athlete be involved (Krueger, et al., 2006). Muller,
et al. (2007) provides an alternate definition, where the term ‘sports technologies’ takes
into account the artefact used to practice sport (the equipment), the materials used to
build that equipment and the technologies used to produce the equipment. In later work,
Muller (2011) discusses that the term ‘sports equipment’ may have become outdated due

to the diverse applications and the increasing importance of technology in sport.

Wodehouse, et al. (2011) recognise sports engineering as an emerging cross-disciplinary
industrial and academic field, with Muller, et al. (2007) stating that the term ‘sports
engineering’ is “the area of research and design that ultimately generates knowledge to
build and support sports technology”. Jenkins, et al. (2010) defines sports engineering as:
“involving trained professionals interacting with sports equipment manufacturers to
develop new and better products”. Within that paper, sports engineering is described as
the link between classical engineering, sports science and medicine and the sports
equipment, as illustrated in Figure 2.4. The outcome is a sports technology that is user

friendly and will support the athlete in improving their performance (Jenkins, et al., 2010).

Sports engineers are defined as the people who “work with the sports equipment
manufacturers to design and develop technology to solve the user’s problems or to

enhance the user’s performance” (Jenkins, et al., 2010).
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Figure 2.4 - Sports engineering within the context of classical engineering, sports science and medicine and
sports equipment. Adapted from Jenkins, et al., (2010)

It is vital that the terminology used in sports design research is standardised to allow
comparison between works and to provide a benchmark allowing those from other
disciplines to understand the applicability of sports design research. This research proposes

the following definitions, which will be used throughout the remainder of this thesis:

- Sports equipment refers to the artefact that is used by the athlete to undertake
participation, training or safety in their sport.

- Sports design is the design and development process undertaken by the designer,
with the outcome being sports equipment.

- Sports engineers (designers) are the designers who design the sports equipment.

It should be noted that within this thesis, the term sports equipment refers specifically to
equipment that the athlete will interact with physically (for example, running shoes or a
tennis racquet). Within this thesis, the term does not apply apparatus used in traditional
sports that is viewed as an opponent to the athlete (for example, the bar in the high jump)

(Muller, 2011).
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2.2.2. Sports equipment

Following on from the definition of ‘sports equipment’ provided in the previous section, the
utilisation of that equipment will be discussed here. Sports equipment is regarded as “an
extension of the athlete’s body, enabling a fusion of human and object and allowing the
spontaneous generation of new movements” (Muller, 2011). Sports equipment
development is an important part of improving athletic performance (Stefanyshyn &
Wannop, 2015) and should enable the athlete to undertake their sport, by facilitating

performance through the interaction between the equipment and the athlete.

As technology has advanced, there is a growing requirement from athletes for equipment
that will enable them to improve their sporting performance, resulting in an increasing
need for sports engineering (Jenkins, et al., 2010). In recent years, technological advances
in sports equipment have substantially transformed athletic competition due to
enhancements in athletic performance, an increase in the durability of the sports
equipment due to the introduction of composite materials and a reduction to the risk of

injury to the athlete (Stefanyshyn & Wannop, 2015).

“A flawlessly engineered mechanical piece of sport equipment can still fail if the
athlete-equipment interaction is not properly addressed in the design process”

(Stefanyshyn & Wannop, 2015, p.191).

It is noted that sound engineering does not guarantee the desired interaction between the
equipment, the athlete and the action (Stefanyshyn & Wannop, 2015). Stafanyshyn and
Wannop (2015) view the equipment (on its own a purely mechanical system) interacting
with the athlete as a biomechanical system. The sporting activity is performed by the
athlete (regardless of the equipment used) and it is the way in which the athlete uses the
equipment that results in the skilled execution of the sport (Muller, 2011). As such, the

usability of sports equipment is vital to the athlete and to the overall sporting performance.

2.2.3. Characteristics of sports design
Characteristics are features that differentiate sports design from other design disciplines.
Muller, et al., (2007) proposes that for sports equipment, characteristics specific to their

design include form, function and materials. For context of use, characteristic features
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include social aspects and interfaces. As a result, sports equipment differs from other types

of products and is unique in terms of their design task (Muller, et al., 2007).

An example of the feedback that is unique to sports engineering is provided by Krueger, et
al., (2006): the sound of a tennis racquet at the point of impact with the ball enables the
athlete to gain information concerning technique. However, side effects should also be
considered in the design process as they can have an undesired effect, such as the vibration
of the tennis racquet. When developing sporting equipment, it is vital that sports designers
understand this interaction between the athlete and the equipment in order to allow the

athlete to perform to their full potential (Stefanyshyn & Wannop, 2015).

In a more recent study (Muller, 2011), 61.2% of athletes that were questioned regarding
the characteristics of sports technology replied that specific functionality was the most
important characteristic of their equipment. Muller (2011) also states that the emphasis on
the athlete’s (user’s) behavioural aspects is of unique importance compared to that of the
design of other technological products. It is apparent that sports design is a highly user
focused discipline, where the equipment must aid the athlete in the completion of their
sport. Stefanyshyn and Wannop (2015) anticipate that the future of sports engineering is
likely to progress to designing for the individual athlete in order to create a solution unique

to each individual to maximise sporting performance.

Four types of intended effects have been identified for the function of sports equipment:
improvement of athlete performance, improvement of athlete training, improvement of
safety, supply of information, or a combination of these (Krueger, et al., 2006). In
competitive sports, the effect of ‘improvement of athlete performance’ is vital in gaining a
competitive advantage and ultimately, better results in competitions (Krueger, et al., 2006).
Examples given within the paper include the optimised swim suits as a means of gaining
better results in competition and a cycling helmet, which provides protection and reduction

of wind resistance.

In addition to the intended effects of sports equipment, there are a number of subjective
effects that can affect an athlete. Perception, emotion, status symbol and trend-setting are
included as subjective effects and can have a large impact on sales volume (Krueger, et al.,
2006). It is therefore necessary to take these into account during the design process,

particularly for performance orientated sports products. However, these aspects are harder
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to define in terms of requirements as subjective factors vary between users. Krueger, et al.,
(2006) recommend that precise requirements should be considered in all phases of the
design process, particularly during product planning and the conceptual and embodiment
design phases. These can then be used as criteria to evaluate the quality of the design

proposal and evaluate the concept or prototype.

2.2.4. Sports designers

Despite a lack of literature into the process of sports equipment design, there are several
studies (discussed here) that present the core skills of sports designers/engineers and the
make-up of their educational background. Sports engineering is a specialised field, with
programs typically made up of a combination of existing courses in broad fields of
mechanical and electronic engineering (Medwell, et al., 2012) with a number of other
courses and skills added to the program. These findings are in agreement with Wodehouse,
et al. (2011), who state that sports engineers can also bring an understanding of physiology,
anatomy and biomechanics to the design of sporting products. As previously discussed,
Jenkins, et al.,, (2010) report that sports engineering is the link between classical
engineering, sports science and medicine and product design. Core elements from each of

these subject areas that combine within sports engineering are summarised in Table 2.1.

Sports Science and

Classical Engineering Medicine Product Development
Math Sports Creativity
Science Athletes Innovation
Problem Solving Functions of the body Customer service

Table 2.1 - Core components of sports engineering. Data taken from Jenkins, et al., (2010)

Medwell, et al., (2012) state that sports designers must have developed core fundamental
skills in both mathematics and dynamics to enable them to apply the equations of motion
in a sporting context. Sports designers must also have the ability to interactively process

and analyse data, which is not always covered in traditional engineering subjects (Medwell,
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et al., 2012). Another skill that is unique to sports designers is the ability to interact directly
with athletes and coaches. Biomechanics testing also plays a major role in many sports
engineering university programs (Medwell, et al., 2012) — before developing sporting
equipment, sports designers must have a good understanding of the biomechanical
variables that can influence sporting performance (Stefanyshyn & Wannop, 2015). As
discussed by Wodehouse, et al. (2011), participation in sports by sports designers is

encouraged, with the insights gained as a result beneficial within the sports design process.

In an educational context, sports engineering courses are intended to train future designers
of sports equipment. A paper by Medwell, et al., (2012) discusses the development of
sports engineering education. While the paper focuses on Australia, the courses specific to
the sports engineering degree are unlikely to vary significantly in other countries. Core
subject areas include biomechanics, sports design and testing, sports materials and the
structure and mechanics of the musculoskeletal system, in addition to the development of

computer graphical user interfaces (Medwell, et al., 2012).

2.2.5. Sports design process

As is discussed within the sports design literature, there is a lack of literature into the sports
design process. To identify literature relevant to the sports design process specifically, a
systematic literature review was conducted using combinations of key words to search
internet databases and identified key papers relating to the research. Key words used in the
search included ‘sports design’, ‘sports engineering’, ‘design processes’, ‘process models’,
‘sports equipment design’ used in a variety of combinations. The search resulted in 626
results once filters were applied within the data bases. This was reduced to 25 articles once
duplicates were removed and titles and key words were read to identify potential relevant
papers. Of the 25 articles, 9 were found to be of direct relevance to the research. The
reference lists for these relevant papers identified additional literature and this process was
repeated to a point of saturation. Key journals and conferences to the sports engineering
field (for example: the Journal of Sports Engineering) were also searched to identify existing
work into the sports design process. No date was used for exclusion criteria as the core
purpose of the search was to identify the existence of a sports design process model,

regardless of publication date. In addition to searching for work specific to sports
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engineering, the literature reviewed a range of design process models across various design

disciplines.

Following the literature review there was no evidence found of the whole design process
behind sports equipment having been studied. This is surprising on two counts. Firstly, with
the increasing demand in the world of sport to continually improve sporting performance, it
would be expected that more interest would have been taken into the process of designing
sports equipment and secondly, from the increase in awareness in inclusive and user
centred design it could be expected that lessons could be learnt from what is also a highly
user focused discipline. Although no study has been found that investigates the sports
design process as a whole, there are a small number of studies that have investigated
certain areas of sports equipment development. These will be discussed here and provide

an insight into what differentiates the sports design process.

A PhD thesis (Muller, 2011) proposes a prescriptive model that illustrates the relationship
between sport activity and sport context instances. It is developed based on earlier
research within the thesis with a leisure sports research perspective, focusing on sports
activity and the functional aspect of sports technology. The model, illustrated in Figure 2.5,
is intended for use in clarifying input parameters for new design work and for the

evaluation and comparison of existing products.
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Figure 2.5 - Sports model illustrating the relationship between sports activity and sports context instances
(Muller, 2011)
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The model in Figure 2.5 is intended to aid in task clarification, determination of functions,
design of separate modules and design of the entire product, which are illustrated in darker
shading in Figure 2.6 within the context of the design process. Although the model may be
of use to sports designers in their understanding of sport and sports technology, there is no
evidence of validation of the model within an industry context or of what its benefit may be
to designers (in terms of costs, time, design outcome, etc.). While the model may be of use
within certain phases of the design process, it does not illustrate the sports design process

as a whole — rather it highlights areas of focus within a generic design process.

Task or problem

i

Task clarification
and concretization
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Determination of functions
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and structuring
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design modules

i

Design of
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Design of
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Documentation
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(production, marketing, etc.)
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Figure 2.6 - Impact of Muller (2011) research on areas of the design process

An older study into the interaction between the athlete-sports equipment-system (Krueger,
et al., 2006) aimed to produce a model that would assist sports designers involved in the
design of performance orientated equipment. This is in contrast to the study undertaken by
Muller (2011), which focused only on leisure sports. The model describes the interactions
between the athlete, the sports equipment and the environment, as shown in Figure 2.7

and is modified according to the VDI guideline 2242 (VDI 1986).
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Figure 2.7 - A model for the interaction between the athlete-sports equipment-system and the environment
(Krueger, et al., 2006)

The model shown in Figure 2.7 is applied to illustrate an athlete-shoe system within the
paper (Figure 2.8) to demonstrate the practical application of the model. When the athlete
uses the shoe to run, there is a mechanical load placed on the shoe — the input effect.
Dampening of the shoe softens the heel strike, providing cushioning (safety) and improves
energy return (performance), which are the two intended effects of the shoe. Sensory
information is also returned to the athlete concerning technique. Side effects of the
product in competition could be time loss due to over-dampening. However, the while the
authors claim that the paper has “shown that the model can be used to assist the designer
of performance orientated sports equipment and thus to support a systematic product
design process in sports,” there is no evidence in the paper of the practical implementation
of the model in industry. Like the model presented by Muller (2011), which is intended to
aid task clarification, determination of functions, design of the product at specific stages of
the design process, this model provides a representation of the athlete interacting with the
equipment in the sporting environment/context, which may again aid designers at certain
stages of the design process. However, neither model is representative of the sports design

process as a whole.
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Figure 2.8 - Interaction between the athlete, shoe and environment (Krueger, et al., 2006)

The impact of the characteristics of sports equipment on the design process is summarised
by (Muller, et al.,, 2007) and is illustrated in Figure 2.9. The characteristics of sports
equipment provide a pool of information between the initial design process steps of ‘new
product ideas’ and ‘design tasks’ and the later stages of ‘task clarification” and ‘conceptual
design’. The paper states that the benefits of knowing the characteristics of sports

equipment on the design process would include:

- Estimation of testing to assess design parameters (e.g. biomechanical loads).
- Assessment of boundary conditions or limiting factors (e.g. legal restrictions).
- Supporting task clarification with specific facts.

- Astructured overview of relevant design aspects for embodiment design.

The paper documents the process undertaken to create the model. However, there is no
record of implementation of the model to aid in a design task. The model in Figure 2.9
illustrates the effects of sports specific characteristics on the early stages of the design
process but does not illustrate the effect of these on later stages. It could be expected that
sports specific characteristics would play a key role throughout the later stages of the
design process, although there is no justification given within the paper to explain why only

the initial stages of the design process were included in this model.
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Figure 2.9 - Impact of the characteristics of sports equipment on the design process (Muller, et al., 2007)

There are variations in the models presented here, with the Muller (2011) model focusing
on leisure sports, while Krueger, et al. (2006) describes a performance sports model. The
model described by Muller, et al. (2007) does not indicate which aspect of sports design the
model is targeting — it appears to be a general overview of sports engineering as a
discipline. The sports design process is described as being user centred (Kranz, et al., 2007).
From the models described in this section, it is apparent that the athlete’s interaction with
their equipment is a core characteristic of sports design. However, none of the models
presented here illustrate the sports design process as a whole. As stated by lelegems, et al.
(2015), “every design aspect needs a different approach, specific to its characteristics, scale

and timing throughout the process” (lelegems, 2015, p.4).

2.2.6. Discussion

This section has presented the findings from the literature review undertaken into the field
of sports design. It is acknowledged that this is a small, but emerging field within the design
discipline as a whole. However, with the growth of the sports design field discussed in
Chapter 1, it is essential that the research associated with it continues to expand. The

terminology used within sports design research shows some variation, which has been
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standardised within this section. These definitions will now be applicable throughout the

remainder of this thesis.

This literature review has identified characteristics that are specific to sports design and
differentiate it from other design fields. This includes a combination of usability and
performance of the equipment, the interaction between the athlete and the equipment as
a system, and other areas such as perception and emotion associated with the product.
Testing plays a key role in the sports design process in practice to enable designers to gain
feedback that would not be achievable without athlete involvement, in addition to sports
designers engaging directly with coaches and athletes and an ability to understand
biomechanical analysis in relation to athlete performance. There is therefore a differing skill
set between sports designers and product designers that facilitate a deeper understanding

of the athlete (user).

The models presented in this literature review, which illustrate areas of the sports design
process, lack validation regarding the applicability of the model to industry and the benefits
the sports designers themselves would gain from using such a model (with the exception of
Muller (2011), where the model was demonstrated within an example design application).
As identified in this research, there is an absence of a study that has assessed the sports
design process as a whole. It is vital that any model of the sports design process is
representative and applicable to industry to ensure that there is value in the output of the
work. This lack of a sports design process model indicates a knowledge gap that this
research will aim to fill and introduces the first of the research questions that this thesis will

address — what is the sports design process?

The next section will present the literature on design process models, emphasising the
importance of a defined design process to business success, and provides a summary of a

number of published design process models.

Section summary:

- Sports design is an emerging field within the design discipline as a whole.
- Terminology relating to sports design is defined within this section.
- Sports design possesses characteristics that differentiate it from other design
fields.
e The athlete and the equipment operate together as a system.
e Sports designers deal directly with coaches and athletes.
- There is no study that has investigated and defined the sports design process as
a whole.
- Research question: what is the sports design process?
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2.3. Design Process Literature Review

The literature relating to the design process has been identified as falling into several key
areas as illustrated in Figure 2.10: an introduction to design and the design process, an
overview of a range of existing design process models (across a range of disciplines) and the
application of design process models in industry. As identified in Section 2.2 there is a lack
of a design process model specific to the discipline of sports design. This section will make
the case for the importance of companies following a design process model in terms of
business success and will review a number of design process models, focusing on the
foundation process models for the design discipline as a whole as well as new, proposed

process models that are of relevance to this research.

Industry
Application of
Design Processes

Existing Design
Process Models

Design
Processes

Product
Design

Figure 2.10 - Breakdown of key areas within the design process literature

2.3.1. What is design?

Design is concerned with problem identification and solving (McGinley & Macredie, 2011),
with total design defined by Pugh (1990) as, “the systematic activity necessary, from the
identification of the market/user need, to the selling of the successful product to satisfy

that need”. Haik (2003) identified three levels of design:

1. Adaptive design: the adaption of existing designs.
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2. Development design: the designer starts from an existing design but the final
outcome may differ markedly from the initial product.

3. New design: only a small number of designs are new designs.

The field of design is broad — people are now associating the word ‘design’ with the
experience of using a product rather than just the physical product itself (Formasa, 2009).
As stated by Formosa, (2009), for a product to be successful, it must now exceed
expectations rather than simply meet them. The inclusion of user requirements and
concerns has added to an already extensive list of factors that designers must consider
when developing a product (Margolin, 1997) making the job of the designer far more
complex than before. The designer now has the task of meeting user needs that the user

themselves may be unaware of.

Designers often work within a company or for a design consultancy. Within a company,
product development projects are typically undertaken by multi-disciplinary teams,
including members from design, marketing, engineering, manufacturing and other fields
(Formasa, 2009), although this is often dependent on company size. In contrast, designers
within a consultancy receive the design brief from an external client, and as with large

companies, consultancy designers can also work in teams.

Few products are new designs — the majority of design work focuses on the redesign of
existing products (Margolin, 1997). This already highlights issues with current design
processes as many support new product development rather than the development of
existing products. This research aims to be reflective of real-world design, ensuring that

findings are relevant to current design practice.

2.3.2. What is the design process?

The design process is defined as “a rigorous, cyclical process of enquiry and creativity...
consisting of a series of methods that are put together to suit the nature of each design
project” (Best, 2006). It is made up of a series of stages that are undertaken in order to
design and commercialise a product (Ulrich & Eppinger, 2012). The design process should
highlight which methods and activities are critical to companies and how they interact
(Unger & Eppinger, 2011). They can be used to prescribe core activities and outputs that

need to be achieved at each stage to allow planning, scheduling, resource allocation and
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monitoring throughout the process (Tahera, et al., 2015), in addition to supporting problem
solving, aiding decision making, providing a common platform for communication and for

use in project visualisation, planning and execution (Maier & Storrle, 2011).

The activities of the design process should be brought together in a way that meets the
requirements of a problem or a project (Design Council, 2007a). It is therefore difficult to
standardise the design process as the process is reflective of the designer and adapted to
suit the individual needs of the design project. However, Best (2006) found that although
there is no best practice design process that is applicable to all problems, there are a series
of core activities that can be adapted to fit individual problems. Gericke and Blessing (2012)
studied design processes from across a number of design disciplines and found similarities
in the core stages and the stepwise, iterative process. Core stages of existing design process
models include need recognition, task analysis, conceptual design, embodiment design,
detail design and implementation (Gericke & Blessing, 2012). Problem structuring occurs
mainly in the beginning of the design process but also reoccurs periodically as the design

activity progresses (Restrepo, 2004).

There are reports throughout the literature that emphasise the advantages associated with
implementing a design process — “companies that follow a reference process are usually

|II

more successful” (Costa, et al., 2015). This is evidenced by reports of product successes and
failures that are linked to the use or absence of a design process. Haik (2003) stated that: “a
successful design is achieved when a logical procedure is followed to meet a specific need”.
While it cannot be guaranteed that following a design process will result in a successful
design solution, there is evidence to suggest that the more time and effort an engineer
spends on articulating the problem definition and understanding the needs statement, the

less need there will be for frequent iteration (Haik, 2003).

The Design Council (2007a) reported that there is a direct correlation between business
success and the use of a formalised design process, which is in agreement with earlier case
studies carried out by Cooper (2001), where it was found that companies that implemented
a design process were more successful. Pugh (1986) found that the Total Design model has
enhanced understanding, improved teaching and practice and has resulted in better
designs. Howard et al. (2008) state that a full understanding of the design process is of
great interest to individuals and organisations. However, case studies (Cooper, 2001) based

on industrial projects show a lack of consistency in the design processes followed by
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companies in practice — in some cases no process was followed at all — resulting in the
failure of new products in the market. It is therefore apparent that an accurate
representation of the design process is needed to aid the continuous improvement of

design practice.

“Fierce competition has put pressure on companies to develop cheaper products of
higher quality in less time and to fulfil specific and rapidly changing customer
needs... This has drawn much attention to the management of design processes”

(Shapiro, et al., 2015, p.2).

When designing complex products, it can be difficult to assess inefficiencies and specify
improvements in the design process (Pepe, et al., 2011). “Engineering design processes are
central for product development and design,” (Gericke & Eckert, 2015) therefore without a
design process that is reflective of company practice, it is challenging for businesses to
highlight areas of improvement. Modelling the design process allows clear identification of
areas for improvement, ensures the design team understands the decision process and
improves the overall efficiency of the company to allow scheduling of people, procedures,
methods and tools. In the product development process, the knowledge of the problem is
limited in the initial stages, only growing as the project progresses. However, there is less
scope to implement design changes as the project progresses. A comprehensive
understanding of the design process will also allow for unexpected challenges to be
accommodated, although it is recommended (Bruseberg & McDonagh-Philp, 2000) that
there is a need for more flexible design methods due to the diversity of design practice.
Although it can be argued that there is no single model of the design process that is
universally accepted, it is apparent that the continual development and refinement of
design process models will further aid and improve current design practice within design

disciplines.

2.3.3. Existing design process models
“Despite the extensive research undertaken since the 1950s, there is no single model

which is agreed to provide a satisfactory description of the design process” (Clarkson &

Eckert, 2005, p.35).
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There has been extensive work carried out by design methodologists to map and illustrate
the design process since the 1960s (Cross, 2000), (O'Donnell & Duffy, 2001), (Roozenburg &
Cross, 1991) and (McGinley & Macredie, 2011), resulting in many representations of the
design process — a study by Gericke and Blessing (2012) found 124 design process models
in the literature. The quantity of design process models presents the challenge for
organisations of how to select the most appropriate model — however, to make an
appropriate selection, a good understanding of the available models is required (Costa, et

al., 2015).

The average age of a design process is around 24 years (Gericke & Blessing, 2012) with
many newer processes based on existing models. It is surprising that with the
developments in product design in recent years there have not been similar developments
to the overall structure of design practice. There is therefore a need to continue research
into the design process with the aim of improving current practice. As stated by Pugh
(1986) a new design process must not only critique existing models, but must also provide

an alternative that will aid the communication and understanding of the design process.

Design process models can be descriptive or prescriptive. Descriptive models represent
how design actually takes place — in particular the studies that focus on successful
processes and products are relevant to the aim of improving design practice (Blessing,
1996). Prescriptive process models are considered to represent effective and efficient
practice and often provide a systematic sequence of stages or activities and recommend
certain methods for specific stages in the process (Blessing, 1996). However, prescriptive
models tend not to be based on extensive descriptive studies — they are usually based on

the practical experience of the authors (Blessing, 1996).

Many design process models share similarities in their structure and appearance. Early
representations of the design process suggested a linear progression between stages
suggesting that design problems are solved progressively in one go. It is proposed
(Lindemann, 2003) that the design process could be split into three basic elements: clarify
the target, find solutions and select the solution. However, there is much overlapping
between each of these elements. Most design process models follow a step-wise, top-
down, iterative approach to allow monitoring of the design process and ensure that the
problem is understood before developing solutions (Blessing, 1996), although it can be

argued that over-complicating the process alienates many practitioners and limits
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creativity. Pugh (1996) identified that many assume the design process to be linear with
iterations between stages when in reality there are regularly overlaps, with many stages
often running concurrently. This is supported by more several more recent studies. A study
by Maier and Storrle (2011) found that experts emphasised the iterative nature of the
design process as it would be impossible to find the optimal design solution first time and
design requirements were constantly updated. An earlier study (Bruseberg & McDonagh-
Philp, 2000) reported similar findings following interviews with five designers to understand
the design methods used in practice — designers emphasised the iterative nature of design
due to repeated generation and evaluation of concepts. Sims (2003) also reports on
continuous iteration of prototyping, testing and evaluation used to improve the design
while Tahera, et al. (2015) states that the product development process is not a linear
process of ‘design-build-test’, but that the design and testing stages are closely integrated.
Studies conducted by Lawson (2006) and Choueiri (2003) are less conclusive regarding the
structure of the design process, finding that the way in which designers work in practice is
often unclear, with overlapping phases. The studies discussed above used different
approaches, including questionnaires and face-to-face interviews. While it can be argued
that the results of a survey may be too general, the interview-based approach used in other
studies would gain more detail. It is therefore concluded that the design process in practice
is highly iterative, consisting of activities that are often less well-ordered than is indicated

within process models.

Table 2.2 presents an overview of a combination of some of the more well-known design
process models, including foundation process models on which many newer models are
based (e.g. Pugh’s model of Total Design). In addition, some more recent models that are
directly relevant to the field of research discussed in this thesis are included. This list is not
exhaustive and there are many more design process models that are not discussed here.
For the processes discussed here, it is noted that the sequence of core activities shows little
variation between models although there are some differences in the terminology of
naming the core stages. The major differences between design process models are the
emphasis on the problem or product, the level of detail (Blessing, 1996) and the linear,
sequential nature of some models compared to the spiral, cyclical nature of the others
(Roozenburg & Cross, 1991). Table 2.2 is adapted from a table produced by Howard, et al.

(2008) and allows a comparison of the core stages of the design processes with some
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differences noted in breaking down of some sections (predominantly the implementation

phase) into sub-sections.

Table 2.3 is adapted from Gericke and Blessing (2012) to describe the activities carried out
during each stage of the design process. The name of each stage is taken from the column
headings in Table 2.2 to allow standardisation of the process. As stated by Clarkson and
Hamilton (2000) the main activities of the design process can be broken down further into a

series of tasks that must be completed in order to progress through the design process.

Stage Description

o Initiation of the design process by a product idea, or the
Problem definition i T
identification of a need or problem.
. . Detailed analysis of the initial description of the task, need,
Formation of the brief ) N ] )
idea. Additional information gathered.

. Development of abstract/principle solutions (concepts) which
Conceptual design
solve the problem.

. . Assessment of progress in relation to objectives and
Design review . . L
specification targets with key stakeholders within the company.
Design development Detailing the conceptual solution.

Integration of sub-solutions, refinement and finalisation of the

Design refinement solution. Formal communication of documents for
manufacture.
Implementation Productions, selling and marketing of the new product.

Table 2.3 - Breakdown of the core stages of the design process. Adapted from Gericke and Blessing (2012)

More detail on the individual characteristics of the models discussed in Table 2.2 is
provided in Table 2.4, which presents the key features of the models and their associated
strengths and weaknesses. For some of the well-known, established design process models
presented here, many have been implemented and evaluated extensively. Some of the
newer models are fairly obscure and are yet to be implemented and validated. All the
design processes presented here are high level processes — it is noted that none illustrate a

user centred approach throughout the design process within the model itself.

34



13

Process Model

Features

Strengths

Weaknesses

Process Diagram

Cross (2000) Design
Process

Boehm’s (1988) Design
Spiral

Double Diamond
(Design Council, 2005)

Simple four step
process, representing
the iterative nature of

generation and
evaluation of concepts.

“Aims to determine the
order of the stages
involved in software
development and
establish the criteria for
progressing from one
stage to the next”
(Boehm, 1988).

lllustrates the
convergent and
divergent nature of the
design process.

The basic nature of the
process provides a
foundation for designers
to construct their own
process.

Represents the
cumulative costs
throughout the project
and is flexible,
incorporating iterations
across different stages
of the process.

The process can be
skewed to reflect the
needs of the project.
Offers flexibility as a

foundation to designers
to construct their own
process.

The model lacks
sufficient detail to
provide an accurate
representation of the
design process.

Although the process
represents iterative
loops of the process,
building multiple
prototypes can raise the
development cost
significantly.

Difficult to follow and
interpret by those
unfamiliar with the

process. Unclear where
methods feed in, when
iterations occur and how
feedback and evaluation
shape the process.

Exploration

¥

Generation
=
Evaluation

¥

Communication

Define Develop
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Process Model

French (1985)
Design Process

Product
Development
Process Model
(Tahera, et al.,

2015)

Pahl and Beitz
(1984) Design
Process

Features

Circles represent
outputs and
rectangles represent
activities.

Illustrates the
sequence of
activities from
analysis to virtual
and physical testing,
showing iterations
and progression of
work leading to
product
improvements.

Focus is on
mechanical
engineering and
developed in line
with the VDI
guidelines. Emphasis
is on layout and
production.

Strengths

Evaluation is
carried out
continuously with
feedback on
solutions key to
the model.

The model is
based on case
studies from
industry.

Provides a
prescriptive step-
by-step approach,

focusing on the
output in relation

to the design task.

Weaknesses
Model stops with
the output of design
drawings — no
manufacture or
production stages.
No indication of user
involvement or
focus on meeting
customer needs.

Not intended as a
prescriptive model —
only to encourage
consideration of
product testing
throughout the
process. No
evidence of process
implementation.

Prototyping is not
illustrated within the
process. No
indication of
customer
involvement — due
to mechanical
engineering
emphasis.

Process Diagram

Feedback

Analysis of
problem

Planning
Requirement
analysis

Virtual Testing
Physical Testing

Selected T 7
schemes | |

Conceptual
design

Concept Design

Demonstration verification

of Task

Design

Preliminary Layout

Solution

~«—— Optimisation of Principle —

| Detail | EmbodmentDesign |Gonceptal| Clarification |
Design

Embodiment
of schemes

—_—

Optimisation of
Layout +Form

-—

Product
validation

Detailing

Production
Release
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Process Model

Pugh’s (1990)
Model of Total
Design

Stage Gate
Model (Cooper,
2001)

Ulrich and
Eppinger (1995)

Features

Consists of the six
core stages of the
design process —
different versions of
the model provide
alternative
representations of
process details.

“Intended as a
blueprint for
managing the product
innovation process to
improve effectiveness
and efficiency”
(Cooper, 2001). The
gates provide quality
control.

A wide range of
concepts are created
in the early stages,
and narrowed down
until the product can
be reliably and
repeatedly
manufactured.

Strengths

The process
appears linear but
arrows between
stages represent
the iterative
nature of the core
stages.

Provides a
controlled and
rigid structure for
developing new
products. Aims to
decrease time to
market and
product failures.

Emphasis is on
early planning to
save time and
money later by
identifying
potential faults
early.

Weaknesses

Gives a false
impression of only
moving between
consecutive steps.
Not apparent from
the model that user
involvement is a
core aspect of the
process.

Few products are
new product
developments. Not
apparent from the
process model that
it is customer
focused and where
these need fit into
the process.

Not apparent from
the model the
process is intended
to be sequential
with overlap and
iterations between
stages. Designers
are not encouraged
to play an active role
in user research.

Discovery

Stage Scoping Case
OGO

Idea
Screen

=
I\
7

Second
Screen

]

Process Diagram

Build
Business
Development

Goto Goto
Development Testing

3
=a
g

Testing +
Validation

SO

Go to
Launch

Launch
Q
Post Launch
Review

= H T =)
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Process Model Features Strengths Weaknesses Process Diagram
The scientific
Provides a Emphasis on the foundation to the T o ]

VDI 2221 Guideline
(Beitz, 1985)

V-Model for More
(lelegems, et al.,
2015)

methodology for
design of technical
systems and products
to ensure a more
efficient way of
working.

The model aims to
analyse how the
inclusive design

process can address

and anticipate practical
constraints.

iterative nature of the
process and the output
of each stage. Emphasis
on company-orientated
rather than individual
thinking.

Emphasises the
implementation of user
information as an equal

and continuous task.
The process is flexible in
terms of managing the
process.

design process will not
be applicable to all
projects. Not reflective
of real-world practices
where few designer
have an understanding
of the literature.

Difficult to initially
interpret. Although
focus is on inclusive

design, diversity of
users is not apparent.

mmmmmmmm

Fulfiland adapt requiremeres

Table 2.4 - Summary of key features of design process models



Despite the advantages to following a design process, there are a number of problems that
have been highlighted with existing models. Maffin (1998) states that a more detailed
design process model is needed as many designers do not have a more than a basic
understanding of published models. This is supported by Pugh (1996) who added that few
design processes are self-descriptive, making them difficult to use without experience.
Although there is often supporting discussions of design process models, it is apparent that
many design practitioners may never read this and much of the detail is not visually
represented in the models. Choueiri (2003) states that drawings of the design process allow
a more complete understanding of the process, whereas verbal expression of the design
process are much more imprecise. Although a design process cannot reflect every designers
individual methods, a structured process should allow flexibility for individual project and

designer needs.

It is also noted that many design process models are intended for new product design,
which is in contrast to the reality of most design projects (Gericke & Blessing, 2012) and
(Pepe, et al., 2011). In development projects requiring only minor changes to existing
designs, there is often little or no conceptual design stage required. The Design Council
(2007b) found differences in the approach to new product design or development design,
with higher risk involved in the development of new technology and a greater need to
understand how user requirements are fed into the design process. Tahera, et al. (2015)
state that most process models represent testing activities at the end of the design process
as part of product validation. The study claims that many current design processes in the
literature do not reflect the importance of testing and recommended that product testing
should be integrated throughout the design process in parallel with other design activities.
These findings are in agreement with Isa, et al. (2015), who found that designers who used
physical modelling to understand problems with ideas and concepts in the early stages of
the design process were able to gain a much clearer understanding of the form, function

and construction compared to designers who did not.

2.3.4. Design process in practice
“Design practice in industry is clearly in sharp contrast with the abstract definition
of requirements recommended by most of the engineering design models” (Maffin,

1998, p. 319).
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It is difficult for designers to describe their own design process — partly because it varies
from project to project, but mainly because intuitive processes are difficult to articulate and
analyse, as they happen largely subconsciously (Bruseberg & McDonagh-Philp, 2002).
Design processes also vary substantially between different design disciplines, product
types, design tasks and individual approaches due to experience and training. It was noted
by Maffin (1998) that most design practitioners in industry develop their own procedure to
deal with design projects as many design processes do not take into account constraints
such as time, resources and management. There are also reports (Costa, et al., 2015) that
many published design approaches have not been adopted in practice, due to a lack of
guidelines and support to implement them. A study by Choueiri (2003), interviewed
industry designers and students to understand their representation of the design process.
Although a theoretical approach to the design process is taught in the academic setting, in
practice it is more flexible and subjective. One designer reported: “there are theoretical
steps in the design process that we teach in an academic setting... Once actually designing,

the process becomes more loose, more subjective, more inter-looping” (Choueiri, 2003).

It is apparent that design processes in practice are made up of much iteration, showing
continuous design evaluation and improvement until a viable solution is found. This
iterative approach allows several ideas to be considered together (Design Council, 2007a).
It is suggested (Sims, 2003) that designers arrive at their final solution by new insight,
redeveloping existing designs, utilising previous experience, or by trying various possible
solutions until the best is found. This approach to design is clearly based on designers own
ways of working and is dictated by the timescales of the project and individual project

requirements.

In a case study (Goodman-Deane, et al., 2010) it was found that all the companies
interviewed structured their design process using stages including idea and concept
generation, design development and manufacturing or production, similar to the core
stages of the published models discussed in Section 2.3.3. However, there was variation in
how the design process was implemented with reported differences in focus and the level
of detail followed in each of these steps. Some companies used a formal approach made up
of main stages and smaller steps, which were reported to be flexible in practice and used as
a general guide. However, the degree of flexibility was limited by constraints — particularly

by timescales and client involvement — with designers reporting that they would prefer a
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more flexible approach than is allowed in practice. It is noted that these findings are only
applicable to design consultancies — in-house design companies were not involved in the
study. The study also only involved one expert from industry, therefore the views expressed
are of limited scope. However, the key findings from the study are evidenced by other

research, discussed earlier in this section.

2.3.5. Discussion

The design process models presented here show similarities in terms of the core stages of
the process. However, based on the findings of the sports design literature review, there
are a number of characteristics that differentiate sports design practice from traditional
product design, including the emphasis placed on the performance output of the
equipment and the interaction between the athlete and their equipment. While none of
the design process models discussed in this section are specific to sports design, there are
none that communicate within the design process model itself those characteristics that

were identified in Section 2.2 as representative of sports design practice.

The results from the literature review highlight that there is a substantial difference
between existing models of the design process and what actually occurs in practice. The
core stages of many theoretical design process models do not show much variation and
appear to be reflective of the core stages of design practice. However, it is reported that in
practice, designers rarely follow a structured approach with their design process being
highly flexible and imprecise. The design process is also reportedly different between
companies, designers and projects, making it difficult to precisely map. It is therefore
apparent that there is still much to be learnt about design processes in practice. There is
also a need for design processes that are not only reflective of design practice, but have

their foundations in design practice, rather than based on “best practice”.

Section 2.2 highlighted that sports design has many characteristics that differentiate it from
other design disciplines. This section of the literature review has highlights the evidence to
support the benefits of implementing a design process in practice and has identifies that
many existing design process models are not reflective of everyday design practice in
industry, or of sports design practice. There is therefore a need to understand exactly what

differentiates sports design practice from product design practice in industry. This proposes
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the second research question for this thesis: what differentiates the sports design process

from the product design process in practice?

In order to further investigate the research aim presented in the introduction (“to
investigate how the sports design process can be used to improve inclusive design
practice?”) the following sections of this literature review discuss the nature of user
centred design, which is directly applicable to the sports design discipline being entirely
focused on the athlete, and the area of inclusive design by identifying how sports design

can be used to aid inclusive design practice.

Section summary:

- Existing design process models show similarities in terms of core stages.

- No design process model has been found that communicates the characteristics
specific to sports design practice as a whole.

- There are key differences between design process models and what occurs in
everyday design practice.

- Thereis a need to understand what differentiates the sports design and
product design processes in practice.

- Research question: what differentiates the sports design process from the
product design process in practice?
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2.4. User Centred Design Literature Review

This section of the literature review presents work relating to the field of user centred
design. The literature is spilt into the following key areas, as illustrated in Figure 2.11: what
is user centred design, the importance of user understanding, user information and user
involvement within the design process, designer involvement in the design process and the
design brief. As discussed within the sports design literature, sports design is highly user
centred — if the equipment and the athlete do not interact properly, then the equipment
will fail, regardless of how well it has been designed. The athlete (or user) is therefore
central to sports design practice. User centred design will be discussed here specifically in
relation to product design, to highlight the potential for aspects of the sports design

approach to be transferred to the product design discipline.

Within this section, the term “user centred design” is defined and the case for the approach
is made. This section also covers the importance of user understanding to ensure that the
needs of the user are met, the use of user information with the design process and
specifically the involvement of the users themselves within the design process. The level of
designer involvement (within typical product development processes) is also discussed in
relation to designer understanding and empathy for those they design for — in particular,

diverse user groups — in addition to designer preference for the presentation of user data.

Design Briefs Designer
involvement in the

design process

User information in
the design process

User Centred
Design

Importance of user
understanding

User involvement in
the design process

Figure 2.11 - Breakdown of key areas within the user centred design literature
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2.4.1. User centred design

User (or human) centred design is defined by Clarkson et al. (2003) as a “design approach
that places the user at the heart of the design process and often involves and engages with
users in ways that make them part of and integral to the process itself”. In order to be
people-centred, the user must be considered throughout the design process, from the
initial identification of the problem to refinement to the final solution (McGinley &
Macredie, 2011). Design for usability aims at improving the user’s operating experience
with a product (Li & Gunal, 2012) —in ISO 9241-11 (1998) usability is defined as “the extent
to which a product can be used to achieve specific goals of a user effectively, efficiently and
satisfying”. Human factors engineering is aimed at improving interactions between the
user and the product interface (Li & Gunal, 2012). User centred design can be applied as an
approach to inclusive design (Keates & Clarkson, 2003), on condition that the user to be
addressed is the widest possible diversity of people and not merely as one specific target

group (lelegems, et al., 2015).

“Even a user centred approach to design is no longer focused on issues of usability

alone, but on the overall experience being created” (Pullin, 2009, p.137).

Competition between products and brands is increasing with customers becoming more
selective, therefore it is essential that design satisfies the root of the design problem — “to
serve the user with the best performance and superior experience” (Li & Gunal, 2012). All
users are different and can be categorised by any number of variables. It is important that
the designer understands the needs of those they are designing for so they can create a
product that will be in demand. Figure 2.12 illustrates the three design dimensions that
should be covered within user centred design (design alternative, user category and usage
context) with the aim of finding a product with optimal usability performance by a specified
user category within a given context (Li & Gunal, 2012). However, there is also a wariness
towards user research as it can be considered a limiting factor to creativity (McGinley,
2012). A lack of financial resources and tight time-scales has resulted in too much focus
being placed on the end product over the end user (McGinley, 2012). While barriers to user
involvement are touched on in this section, a more comprehensive overview of a range of
barriers to inclusive design uptake specifically are discussed in Section 2.5.4.1, many of

which will also be applicable here. It should be noted that while user information is a vital
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part of the design process, there are many other factors in design that need to be

considered and communicated throughout the process.

A
Design
Alternative

Interaction
Space

»
>

Usage
Context

User
Category

Figure 2.12 - Interaction space in user centred design (Li & Gunal, 2012)

2.4.2. Importance of user understanding

A user centred design approach can enhance user experience, taking a product beyond
being purely functional. Supporting designers in their use of and reflection on human
information can help them to design in more innovative and people-centred ways
(McGinley & Macredie, 2011). A recent study (Dong, et al.,, 2015) states that there is
potential for designers to gain a more detailed understanding of those they design for
through using a wider variety of sources to aid in a user centred design approach. In the
past, industrial designers have focused on the functionality of the product. Pugh (1996)
highlights that many design processes are mechanically orientated making them unsuitable
for the design of many consumer products. However, the future of design rests on

understanding people (Formasa, 2009). This has resulted in a need to understand the wider
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environment in which the product is used and the characteristics and needs of those who
use it. Human information has to sensitise designers to a range of varied users that are
representative of global demographic shifts such as increasing ethnic diversity, multi-
cultural societies and ageing populations (McGinley & Macredie, 2011). As designers
increase their understanding of how products contribute to the social and environmental
problems of the world, the question of what users do with products becomes more
important (Margolin, 1997). It is important that designers are aware that users do not
consider a product in isolation but are influenced by their own environment and
experiences. Designers have to design products that are in-keeping with these
environments and will improve or aid the everyday lives of the user, rather than becoming

too advanced and limiting user satisfaction.

Design practice is flexible and varies greatly between projects, companies and designers,
therefore designers cannot be expected to have a thorough understanding of every user
they design for (Bruseberg & McDonagh-Philp, 2001). However, the importance of user
involvement in the design process has been highlighted consistently throughout literature —
as stated by Haik (2003): “the most important step of the design process is identifying the
customer need”. lelegems, et al. (2015) also note that user information from a range of

different sources would significantly enrich the design process.

Understanding people is increasingly vital to design (Formasa, 2009) as it ensures
companies maintain a competitive advantage and are able to gain entry into more lucrative
markets (McGinley & Macredie, 2011). Companies aim to increase customer value through
new product design, which is created when the benefits of the product to the customer
exceed the products life-cycle costs to the customer (Slater & Narver, 2000). Although value
to the customer is difficult to quantify or measure, it is becoming more apparent that
usability is dictating the success or failure of a product on the market (Bruder, 2000). Users
have a choice between available products, therefore it is important that user needs are met
and exceeded to ensure a product stands out from the competition. Failure to consider the
user during the design process can cause discomfort, frustration and even injury (Sims,
2003). It was found (den Ouden, et al., 2006) that one of the main causes of customer
dissatisfaction was due to a product failing to meet user requirements, rather than the
product failing to meet the functional specification. Customers often make assumptions

regarding the performance or functionality of a product based on its appearance (Mugge &
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Schoormans, 2012). Companies with proactive approaches to understanding users’ needs
benefit from better products and therefore profitability and customer loyalty (Topalian,

2005).

Many designers base their work on intuition and observations. However, the typical
designer in the UK is mid-thirties, Caucasian and male (McGinley & Macredie, 2011),
therefore this can result in a limited understanding of diverse users. The designer is clearly
not representative of the UK population as a whole and many designers will never have
encountered the problems faced by those they are designing for or have experienced their
everyday lives. However, Goodman-Deane, et al. (2010) found that designers can consider
themselves to be representative of the target market, therefore would design for someone
with physical and skill capabilities similar to their own, without coming into contact with
other potential end users (Crilly & Clarkson, 2006). This therefore makes it difficult for
designers to empathise with user needs (Sims, 2003). It is important that designers verify
what the customer expects in terms of product performance as this may not align with the
designers predictions (Mugge & Schoormans, 2012). Designers also tend not to notice poor
designs as they are often assessed by fellow designers who again are not typical end users,
therefore are unable to identify problematic features of a product. Significant room
therefore remains for designers to improve their understanding of the user (McGinley,

2012).

It is apparent that as awareness and uptake of user centred design increase, the awareness
and understanding of the user themselves has to also develop. Those practicing user
centred design have to accommodate a broad diversity of users rather than cater for the
mainstream. It can be argued that the term “user” is too broad, and should be more
specific to those targeted by a product. The design of products for older adults and the
disabled needs to be based on a thorough understanding of the population needs and
expectations with user centred approaches (Lee & Coughlin, 2015). A study by Wilkinson
and Angeli (2014) found that wheelchair users were aware of the problems associated with
existing technology and that including these people in the early discussion and design
stages facilitates new concept generation. It is therefore vital to the success of the product,
particularly for diverse user groups that the needs and abilities of the user are understood

by the designer.
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2.4.2.1. User information within the design process

User needs should be considered as early in the design process as possible (Bruseberg &
McDonagh-Philp, 2000) where they will have a more effective influence (Warburton, 2003)
— design changes later in the design process can be expensive and time consuming (Sims,
2003). Considering the user in the early stages of the design process allows the greatest
potential for user-based information to shape the project (McGinley, 2012). However, if
designers are not provided with appropriate user data in the design brief, the needs of the
user are often left underexplored (McGinley & Macredie, 2011). It can often be difficult to
know what to ask and how to involve the customer in the early stages of the design
process, although the way in which the user reacts to existing products can be translated
into product requirements that will direct the design process. Van Kleef, et al. (2005)
highlights that involving users too early in the process can kill creativity although it can also
be argued that understanding user problems can stimulate creativity and identify potential

projects and solutions.

The need for user information moves though peaks and troughs over the course of a design
project (McGinley & Dong, 2009) as illustrated in Figure 2.13. It is common for a high level
of user information to be required during the initial discovery phase, with this information
becoming more specific as the project progresses and user needs are understood.
However, this decrease in the amount of data required does not mean that users are any
less important throughout the remaining stages of the design process. Important design
decisions are made throughout the design process that affect the direction the project will
take and the final outcome. It can be argued that user input at these decision making stages
is vital to ensuring that user needs are met by the final product. Lindemann (2003) notes
that when little is known about the target user, the design process can often be reversed,
with a solution found early on and then analysed in order to learn more about the problem
and market. However, this can be expensive and time consuming if the solution is found

not to satisfy the problem as redundant actions are frequently carried out.
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User Involvement

Discover Define Develop Deliver

Figure 2.13 - The Double Diamond design process highlighting levels of user data input (McGinley &
Dong, 2009).

There appear to be similarities between the suggested approach for user centred design
(with user involvement throughout the design process) and the findings from the sports
design literature review in Section 2.2, which indicated that the athlete was often involved
extensively throughout the sports design process. However, no published work that has
been found that studies the similarities between the sports design and user centred design

approaches and whether lessons are transferrable between the two.

Despite the emphasis on the importance of considering user needs within the design
process, there are reports throughout the literature of a lack of user involvement in the
design process as a whole in design practice (Bruseberg & McDonagh-Philp, 2002). A recent
study (Li & Gunal, 2012) found that many design activities are not primarily user focused,
with user evaluation undertaken too late in the design process, often during prototyping
and testing. Continuation through the design process without considering the needs of the
end user can result in a prototype or final design having to be altered late in the design
process (Sims, 2003), which is often an expensive and time-consuming option. Wilkinson
and Angeli (2014) state that the lack of user involvement in the design and evaluation
stages of the product development process may be responsible for excluding elderly and

disabled users from many modern technologies. Maffin (1998) lists some of the most
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commonly used methods within the product design process — user needs were mentioned
in the early market research stages but were otherwise not considered within the list of 50
methods. Pugh (1996) also lacks emphasis on the importance of the user early in the
process and the inclusion of the designer in collecting this data, while Bruder (2000) reports
that ergonomic factors are frequently left out of the design process. There are variations in
the literature as to whether user information in the design brief comes directly from the
client (Goodman-Deane, et al., 2010) or from an external agency (Bruseberg & McDonagh-
Philp, 2002) and (Crilly & Clarkson, 2006). Figure 2.14 is taken from Wilkinson and Angeli
(2014) (original text Wilkinson 2011, unpublished PhD thesis), and illustrates the cycle of
design oversight that results in a lack of appropriate designs to accommodate older and
disabled people. The paper discusses the concerns that are raised by designers assuming
that all users have the same capabilities as themselves, resulting in the design of products

that exclude many users.

Inappropriately Users reluctant to
designed products engage with products
and services and services

Designers fail to

- Users views not sought
recognise users needs

Figure 2.14 - Cycle of design oversight. Adapted from Wilkinson and Angeli (2014)

It is surprising that there appears to be a lack of inclusion of the user at all stages of the
design process when it is well documented that users provide a source of primary

information that can lead to commercial success (Bruseberg & McDonagh-Philp, 2001). It is
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becoming more apparent that consideration of user needs is required earlier in the design
process. In practice, it has been found that information about end users is used too late in
the design process (Sims, 2003) for changes to be made without excessive costs in time and
money. 81% of those interviewed by Sims (2003) felt it was possible to consider the end
user earlier in the design process. The same study found that user trials were the most
popular method of user involvement. This is in agreement with McGinley and Macredie
(2011) who state that human information plays a key role from the outset in anchoring the
constraints of the design problem. During the early analysis stages of the problem, it is
often beneficial to observe users as they interact with existing products in real and novel
situations to find out how users currently interact with products and what problems they
have with them (Kahmann, 2000). In order for the solution to be truly user centred, user
information should be available early on rather than added in as an afterthought once
other main principles of the design are in place (McGinley, 2012). It should be noted that
while it is highly beneficial and inspiring for designers to involve the user during the design
process, this approach is not always feasible in everyday design practice (Cardoso &

Clarkson, 2012).

2.4.2.2. User involvement in the design process
“Common development practice promotes user consideration once in the
requirements list. This normally happens at the very beginning of the product
development process and then the developer sticks to this information. There is
hardly any product developer integration in the user characterisation process, which
is commonly carried out by third parties. It seems quite obvious that this does not

always lead to an adequate result” (Kett & Wartzack, 2015, p.3).

The user has to be considered continuously throughout the design process (Kett &
Wartzack, 2015) as designers cannot rely on their own skill sets or experiences to design for
the wider population (Wilkinson & Angeli, 2014). It is stated (Kahmann, 2000) that user
involvement in the early stages of problem analysis can give the designer inspiration.
Throughout the concept evaluation stage, user involvement can be used to aid the
evaluation of concepts and prototypes. A final evaluation can be undertaken by comparing
the developed product to existing products in the intended environment of use — “critical

users are the starting point to test or evaluate products” (Kahmann, 2000).
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It is critical that there is information about the end users available, particularly when
designing user centred or accessible products (Goodman, et al., 2007). However, the level
and nature of user involvement within the design process will be dependent on the nature
of the project. As stated by lelegems, et al. (2015), “direct user involvement generates new
data. Indirect user involvement relies on available knowledge to gain more insight”.
Designers typically consult a variety of information sources to gain an understanding of the
design problem. In relation to criteria of the end-user this can involve (McGinley &

Macredie, 2011):

- Client provided data (brief, internal reports).
- Internal knowledge (tacit knowledge, previous work).
- Primary findings (experiment, testing).

- Secondary data (anthropometrics, marketing reports).

Customers are now more informed than ever before (Ramaswamy, 2008) and (McGinley &
Macredie, 2011). As a result, leading companies are starting to engage customers in the co-
creation of value in order to gain a competitive advantage. The assessment of existing
products by customers can provide a platform on which to base new product development

(Bruseberg & McDonagh-Philp, 2001).

“Smart firms now recognise that customers are a source of competence which they

can tap into” (Ramaswamy, 2008, p.12).

While clearly beneficial to include the user within the design process, it is not up to
designers to ask the user what product they want or how their life could be made easier.
Often, the users themselves have become so accustomed to making allowances for poor or
complex products that they are unaware of the potential for new products and the benefits

they could gain (Leonard & Rayport, 1997).

“Traditional design approaches have been accused of failing to engage with users in
the design process, compromising commercial opportunity and the interactional

experience of users” (Wilkinson & Angeli, 2014, p.614).

There are a number of barriers that limit user involvement within the design process in
practice. Timescales and resources are often cited as the main barriers to user involvement

within the design process (McGinley, 2012) — with time constraints and customer
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demands, the product development process is required to be shorter (Eckert, et al., 2015).
Many commercial projects are run on the basis of launching products quickly, ahead of the
competition, resulting in little emphasis placed on reflecting on the users themselves
(McGinley & Macredie, 2011). Designers are often set strict project deadlines, limiting the
time allocated to allow the designer to interact with the user and allocating resources to
other areas of the process. In practice, there are often several projects running
concurrently, meaning little time to reflect on what has been learnt about the user
(McGinley, 2012). This is in agreement with Warburton (2003), who state that in reality, the
level of user involvement in design projects is dictated by the availability of time and
money. It can also be difficult to recruit user groups (Bruseberg & McDonagh-Philp, 2002)

therefore they are not used as often within the process.

Clients are generally responsible for providing the design brief and for commissioning any
user research, with McGinley and Dong (2011) stating that although direct interaction
between the designer and the user allows a greater understanding, it is often not possible
due to time and money constraints — “you need a reasonably enlightened client to allow
user research to happen” (Goodman-Deane, et al., 2010). Although designers appreciate
the importance of understanding the user, this view does not appear to be shared by the
client. There is a perception that consulting external users drains expensive resources and
involves skills out-with the remit of designers (Warburton, 2003), with client and
management expectations that the project time allocated to designers is spent designing
(McGinley & Macredie, 2011). However, without adequate knowledge of the end user and
their requirements, the process of designing can often become lengthy, with designers
relying on prior knowledge which may not be reflective of those they are currently
designing for. The challenge is therefore convincing clients of the value of user centred

design.
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2.4.3. Designer involvement
“Designers need to be knowledgeable about the broad range of user types whom they

are tasked to design for” (McGinley & Macredie, 2011, p.4).

As discussed in the previous section, the designer is rarely representative of those they are
designing for, therefore often has a limited understanding of diverse user groups (McGinley
& Dong, 2011). McGinley and Macredie (2011) question how closely the designers’
perception of the user matches up to the reality of those they are designing for. Many
designers are trained as problem solvers rather than problem definers (Margolin, 1997).
They are highly visual by the nature of their profession (McGinley & Dong, 2011), often
prefer to gather their own primary data through exploration, and depend highly upon
intuition and tacit knowledge (McGinley & Macredie, 2011). Designers continuously learn
on the job, broadening their skills and expanding their emphatic horizon (Bruseberg &
McDonagh-Philp, 2001), gaining more knowledge as they complete more projects (Lawson,
2006). This allows them to tackle future problems by drawing parallels from previous
experiences (McGinley, 2012). Designers must know how to design, but they must also

know for whom they design and why (Margolin, 1997).

The importance of the designer conducting their own user research must be emphasised.
Designers cannot be expected to be knowledgeable about every user they design for,
therefore it is essential that the designer engages with the user to enhance their
understanding and experience. It is apparent that the best way for designers to get to know
those they are designing for is to interact with them in their own environment. Observing
the user interacting with a product in a natural environment can highlight previously
unknown product difficulties and coping mechanisms that were unknown to the designer

and can spark creativity.

Despite evidence already reported in this literature review of the benefits of using primary
user data, it is common practice for the designer involvement in user research to be limited
(Bruseberg & McDonagh-Philp, 2001). Goodman-Deane et al. (2010) found that designers
often place a high reliance on clients for user information, although the study also reported
that user data can often be based on supposed trends, making it highly erroneous. In
practice, the collection of user information, including the identification of the context of
use of a product and the needs of the target users, is often undertaken by the sales or

marketing division (Bruder, 2000), with reports (Formasa, 2009) of designers and marketing
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teams working together with users. However, the benefits of this practice are questionable
due to differences in the role of the designer and the marketing team. While both
departments could work with the same group of users independently, both should be
allowed their own time with the user in order to gain the understanding and information
that is relevant to their own field of work. Designers receiving secondary data from the
marketing department will lack the raw details and creative spark that could be observed
by the designers themselves. Designers need to have empathy with those they are
designing for — as stated by Marshall, et al. (2010); “abstract representations of people
based information does not inspire designers”. A study by Goodman-Deane, et al. (2010)
interviewed designers on user consideration in design practice and found that user research
was often not considered part of the designer’s role. Sims (2003) added that only 34% of

designers involved the end user if the client had not requested it in the brief.

Designers are aware of the shortcomings of designing for users without specified end user
requirements (Sims, 2003), although often rely heavily on intuition and prior knowledge to
guess at what user requirements might be (Restrepo, 2004), (Goodman-Deane, et al.,
2010). While designers can build up experience, this is only beneficial when designing for
those they already have an in-depth understanding of. However, even within known

groups, customer preferences can change.

Figure 2.15 (adapted from McGinley, 2012) illustrates how designers experience moves
outwards to consider colleague’s experiences, external relationships and then onto new
and unfamiliar user domains. This process widens the designer’s knowledge of potential
users. Goodman-Deane et al. (2010) also found that designers are more likely to involve the
target user selected by the client or those within easy reach, such as relatives or

neighbours.
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Figure 2.15 - Designer’s field of experience. Adapted from McGinley (2012)

The benefits of involving designers closely in the user research stage include (Design

Council, 2007b):

- Designers creative skills can be used to identify problems and potential solutions as
user research is undertaken.

- Having designers involved directly with other teams in the analysis of data involves
multi-disciplinary working, giving other teams an insight into the skills that
designers bring to the process.

- Multi-disciplinary working helps to clarify project objectives at an early stage.

2.4.3.1. Design briefs
“Most designers regretted that they lacked detailed user information as it is often
not provided by the client or market research departments” (Bruseberg &

McDonagh-Philp, 2000, p.5).

Early research often forms the initial stage of the design process with findings feeding into a
design brief document, which defines the problem or opportunity to be addressed

(Goodman-Deane, et al., 2010) and usually specifies the target user (Bennett, 2002). The
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design brief is frequently a dynamic document, negotiable between the designer and the
client. The designer can use their skills and insights to modify the brief in a way that they
believe will best benefit the client and target customer (McGinley & Macredie, 2011). The
content and format of the brief varies between projects and companies (Cross, 2000), with
the level of detail of information provided varying between clients (McGinley & Dong,
2009). Goodman-Deane, et al. (2010) found that the project brief could contain detailed
information such as design constraints, the desired look and feel of the product, branding,
legislation and the results from market research, with Bruseberg and McDonagh-Philp
(2002) adding that market and user research is often included. McGinley and Macredie
(2011) found that client data accompanying the brief could also vary immensely, although
this was sometimes due to the nature of the data, influenced by the project. It was stated
(Pugh, 1996) that a project brief constructed by the client often lacked detail of user
research and competitors. This results in a poor foundation for the project, with effects
seen in the overall outcome. As stated by Choueiri (2003), “the importance of trying to
define the problem that needs solving cannot be overstated.” However, there is no
suggestion of how to collect missing data or how the design process could be altered to

emphasise the need to focus on these inputs in the early stages of the design process.

Goodman-Deane et al. (2010) found through interviews with designers that it was rare for
designers to challenge the design brief. However, it was reported that designers would
sometimes modify the brief to improve it. It was also found that the client was often a
major information provider and many designers relied primarily on the brief for
information, which was not always reflective of actual user needs. Sims (2003) interviewed
a number of design professionals and found that for many of them, the client was the first
reference point for additional information. It was also found that designers frequently rely
on secondary data sources (Bruseberg & McDonagh-Philp, 2000). However, designers
complain that abstract data gives them no inspiration or feeling for the users’ situation and
experience (Marshall, et al., 2010). It is therefore apparent from the literature that the
majority of user data is found within the design brief, with little primary user data gained

and limited contact between the designer and the user.
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2.4.4. Discussion

This section has highlighted that while user centred design is highly important and should
be aimed for in practice, there are also barriers that have to be overcome in order to adopt
the approach. There is a need to raise awareness that user involvement should play a key
part in the designers’ role within the design process. Secondary data from clients or
marketing teams does not provide the creative setting for a designer to work in and it
should be acknowledged that nothing will give user feedback in a more beneficial way than
by interacting directly with the user. Most design process models appear to focus on
mechanical function, the product and in some cases the wider business issues. However,
none place the user at the heart of the design process and represent this within the design
process model. It is apparent that a user centred approach is vital to product success as it
focuses on improving user experience rather than the purely functional aspects of the
product. However, there is a gap in the literature as to how to address the need for greater
user/designer involvement. Before user centred design is more widely adopted, the barriers

to the approach have to be overcome.

The findings from the user centred design literature review draw parallels with many of the
characteristics identified within the sports design literature. Sports designers are required
to consider the system that is formed between the athlete (user) and the equipment
(product) and the resulting sporting performance. As a result, sports design is clearly a
highly user focused design discipline, with the user central to the design process. This
emphasis on the user and the evident interaction between the designer and the athlete
within the sports design process appears to represent potential “best practice” for user
centred product design. As identified from the sports design literature review, there is a
lack of a formalised sports design process model. This research suggests that if this sports
design process is defined, capturing the characteristics that are central to sports design
practice, there is the potential for other user centred design disciplines to benefit from that
process. The conference report from the Royal Academy of Engineering’s “How can sports
drive engineering innovation?” conference (2012) indicates that there is the potential for

the innovation found in sports engineering to have a wider application.

Inclusive design is a highly user centred design approach, which considers the needs and
capabilities of a diversity of users throughout the design process. Given current population

ageing (a pressing global issue that inclusive design can address), this research will focus
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specifically on inclusive design, as a prominent area of user centred design. The final section
of the literature review presents research relating to the field of inclusive design, focusing
specifically on the drivers and barriers to the approach, with a view to identifying how the
approach to sports design could improve inclusive design uptake in industry. It should be
noted that while similar in many respects, user centred and inclusive design are separate
design approaches. While user centred design aims to place the user at the heart of the
design process, there is no stipulation on which user group is targeted or whom that would
include. The inclusive design approach also aims to place the user at the heart of the design
process, but goes further in that the target user group aims to address as wide a range of
user capabilities as possible. More detail on the inclusive design approach is provided in the

next section.

Section summary:

- User centred design is vital to ensure user needs are met in the design process.

- Designers require user information to enable them to understand and
empathise with the target user.

- User involvement and information should occur early in the design process and
be continued throughout, drawing parallels with sports design.

- There are a number of barriers to user involvement with many coming from the
client. As a result, designers are often only provided with secondary user data.

- There are apparent similarities between the sports design approach and user
centred design.
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2.5. Inclusive Design Literature

As discussed in the previous section, there is a need to ensure that the user is central to the
product design process to ensure that user needs are met. However, as will be discussed in
this section, there is an increasing drive for inclusive design, which is a prominent area of
user centred design. The literature relating to inclusive design is split into key areas as
shown in Figure 2.16 that include the drivers for inclusive design, the inclusive design
process, methods and tools available to aid its implementation in practice, the uptake of
inclusive design in industry and a discussion of some of the barriers to inclusive design

practice.

Drivers for
Inclusive
Design

Industry
Application

Inclusive

Barriers to
Inclusive Design

Tools and
Methods

Figure 2.16 - Breakdown of key areas within the inclusive design literature

“It is no longer an individual’s quest to be able to take part in everyday living and be
integrated into society, but rather the other way around. Our living environment is
obliged to allow us to be different... In dealing with the claim for a stronger
integration of people with all kinds of abilities and needs, user centred approaches

in product development need to be better established” (Kett & Wartzack, 2015, p.2).
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2.5.1. What is inclusive design?
Inclusive design is a design philosophy with the aim of considering the needs and
capabilities of the whole population during the design process (Johnson, et al., 2010),

(Persad, et al., 2007). It is defined by Foresight (2000) as a process where:

Designers should ensure that their products and services address the needs of the

widest possible audience” (Foresight, 2000, p.21).

Inclusive design is seen as a progressive and goal-orientated process, combining business
strategy and design practice (Clarkson, et al., 2003) that aims to design products that are
accessible to as wide a spread of the population as possible without the need for
adaptation or compromise of aesthetics (Persad, et al., 2007), (Dong, 2004). It concentrates
on ensuring that decisions made during the design process maximise the success of the

product in a specifically selected target market population (Waller, et al., 2013).

“Where inclusive design is concerned, the underlying philosophy considers the needs
of those that are often overlooked in the design process” (McGinley & Dong, 2009,
p.116).

A range of capabilities must be accounted for in good product design and inclusive design
aims to increase awareness of the diversity of user capabilities (Johnson, et al., 2010). As a
result of considering a greater range of diversity of potential users, it is likely that the final
product will be improved as all users will benefit from the enhanced usability. Inclusive

design can therefore be considered as good product design.

Mainstream products are often targeted the younger, able-bodied market, while existing
segmentation models often omit the older market (Waller, et al., 2013). Figure 2.17 shows
an extension to the Population Pyramid model, which was developed to illustrate the full
range of ability variation within the population and aims to “challenge the designer to
address user needs from higher echelons of the pyramid rather than the average target
user group” (Clarkson & Coleman, 2015). The pyramid acts as a sliding scale — those with
almost full capabilities are shown as the broad base of the pyramid with the level of
capability deteriorating moving up the pyramid. Johnson, et al. (2010) defines user
capability as “an individual’s level of functioning, along a given dimension from very high
ability to extreme impairment, which has implications for the extent to which they can

interact with products”. It is expected that if a product is designed to be usable by a

61



particular layer of the pyramid, then it will also be usable (without difficulty) by those in the

layers below.

Target for
Specialist Products

EXTEND

25% /

Severe difficulties

Target for
Inclusive Design

37%
Mild difficulties

16%
Minimal difficulties

21%
No difficulties

Figure 2.17 - The population pyramid (Waller, et al., 2013)

“Inclusive design does not suggest that it is possible to design one product that
addresses the needs of the entire population. A strategy of targeting specific
products to particular market segments is a commercially successful approach for

satisfying conflicting user needs” (Waller, et al., 2013, p.3).

It is accepted that specialist solutions will be required to satisfy the needs of those at the
very top of the pyramid, who have severe capability limitations. It is the aim of inclusive

design to ensure a greater understanding of diversity to ensure mainstream products
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satisfy the needs of a greater number of people (targeting a larger proportion of the

pyramid shown in Figure 2.17).

Inclusive design, universal design, design for all, gerontechnology and transgenerational
design are all terms that describe the inclusion of the disabled community within
mainstream consumer society (Clarkson & Coleman, 2010), (Goodman, et al., 2006) and
encourage the consideration of the needs of older and disabled people. The terms
“universal design” and “inclusive design” are often used interchangeably and relate to a
design approach that implies equality and social justice in design (Ostroff, 2011). Unlike
transgenerational design, inclusive and universal design focus on social inclusion. “Design

|"

for all” is a design philosophy which aims to produce products, environments, services and
systems that are usable by everyone, whatever their age, size and abilities (Sims, 2003). It is
a holistic and innovative approach that aims to give all people equal opportunities in all
aspects of society. Inclusive design differs from user centred design in that it goes beyond
designing for specific user groups and focuses instead on meeting the needs of the wider
population. For the purposes of this literature review, the terms “universal design” and

“inclusive design” are used interchangeably, with the terminology taken from its original

context. The remainder of this thesis will use the term “inclusive design”.

2.5.2. The need for inclusive design
“In addition to those excluded from using a product, many more people will experience
difficultly or frustration, so reducing the number of people excluded can improve the

experience for a wide range of users” (Waller, et al., 2008, p.3).

Disability can create problems in people’s lives, either directly or indirectly (Pullin, 2009) — it
has been suggested that people are disabled by the design of the environment around
them, which does not take into account the full range of human capabilities (Clarkson &
Coleman, 2010). Despite motivators for the use of inclusive design and the appropriate
design approaches and methods that exist, many older and disabled people continue to
find products difficult to use (Goodman-Deane, et al., 2010). The elderly and disabled form
two distinct groups outside the able-bodied population. However, it is argued that a change
in physical abilities is experienced by all at some point in our lives (Huppert, 2003), which

can be as a result of old age, illness or an accident. In some cases this may only be
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temporary, but it introduces new challenges in everyday life. This change in physical ability
can make everyday tasks more challenging and many products become inaccessible. Design
exclusion occurs when a product requires certain capabilities that the user is unable to
meet (Clarkson, et al., 2003). No one is fully able, as everyone will experience some
activities that they have difficulty with or cannot accomplish as well as others. Ability is a
broad scale, from the almost fully able at one end to the severely disabled at the other
(Sims, 2003), as illustrated in the Population Pyramid (Figure 2.17). However, many
products fail to take into account the capabilities of all potential users. The consumer is the
ultimate judge of how successful a product is, therefore a good product has to meet the
needs of as wide a range of users as possible to improve the overall product experience. It
should be the aim of designers to reduce the frustration caused to all users, improving the

overall product experience.

Changing attitudes have created a framework for a more inclusive society, moving away
from specialist solutions and increasing inclusivity in mainstream design — for example, the
Queen Elizabeth Olympic Park in London. Usability is defined as the extent to which users
can achieve goals with the product with effectiveness, efficiency and satisfaction in real
world situations (Waller, et al.,, 2013). However, many design approaches aimed at
improving usability focus on the disabilities of the target user group — the primary concern
for a designer should be the physical capabilities of the user rather than disability (Keates,

et al., 2000a).

It is common practice for designers to accommodate users within the 5" and 95" percentile
of ability (Johnson, et al.,, 2010). This can exclude up to 5% of the population for each
capability requirement of the product. As many products require multiple capabilities
(strength, vision, hearing), such products will exclude an even greater range of potential
users (Johnson, et al., 2010). Many everyday products are designed and marketed primarily
for young, able-bodied users, despite their potential to improve older people’s quality of
life (Dong, 2004). However, Clarkson, et al. (2003) found that many consumer products
exclude those with both moderate and severe disabilities, while Microsoft (2004) reports
that 57% of working age Americans are likely to benefit from the use of accessible
technology. Special needs products that focus on narrow markets with low turnover and

profits do not justify investment (Clarkson, et al., 2003). There is therefore a need to focus
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on designing for a wider spread of user capabilities rather than designing for smaller,

specialist target groups.

When designing for non-mainstream groups, designers often design for stereotypes and
emphasize function over style (Naess & Oritsland, 2005). Designers are also reported to
often design for themselves (Coleman, et al., 2003) as a result of typical design challenges
imposed by limited time, budget and logistical requirements which are common of most
design projects (Cardoso & Clarkson, 2012). Increasingly practitioners regard inclusive
design as part of good design practice (Clarkson, et al., 2003), with the subsequent output
being a product that is more successful in the market. There is therefore a need for

designers with research skills who are able to design for user experience (Dong, 2010).

2.5.2.1. Ageing population
“We live in a world increasingly shaped by human intervention where design can
enable or disable people. It is imperative that we design a world that best matches

the diversity present within the population” (Clarkson & Coleman, 2015, p.2).

During the 1990s, there was an increase in awareness of design for disability due to an
increase in both the ageing population and the desire of the disabled community for
inclusion within mainstream consumer society (Clarkson & Coleman, 2010). This claim is
evidenced by Goodman-Deane, et al. (2010) who state that there is an increase in
awareness of the importance of considering the older and disabled users and increasing
their inclusion in society. A recent study, (Clarkson & Coleman, 2015) notes that there has
been a shift from a medical model where people were seen as disabled by physical and

mental limitations to a social model where people are disabled by poor design.

Global population ageing is highlighted throughout this chapter as a key driver for inclusive
design. Life expectancy is increasing, which has resulted in the possibility of many people
working well in to their 70s (Bouma, 2013). Various sources report on the ageing of the UK
population specifically — the United Nations (2015a) predict that the number of people
aged over 60 will grow by 54% by 2030, while the Office of National Statistics (2015)
anticipate that the number of people aged 80 and over in the UK is expected to more than
double to 6 million by 2037. Figure 2.18 illustrates the current population (for 2014) for

males and females across age categories in the UK (shown in the shaded horizontal lines).
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The black line highlights predicted trends by 2039, showing an ageing population. The trend
is similar globally, particularly in developed countries. The past 20 years have seen a
worldwide movement towards design for inclusion where, in most countries, ageing was

identified as the key driver for change (Dong, et al., 2004).
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Figure 2.18 - Predicted UK population growth (Office for National Statistics, 2015)

Old age is associated with a decline in physical performance (Langley, et al., 2005). From
the age of 30, there is a gradual decrease in speed, force and endurance (Bouma, 2013).
Some cognitive processes slow as a person grows older (Fisk, et al., 2009), making the
learning process more difficult (Bouma, 2013). This makes it difficult for older users to carry
out simultaneous tasks. As a result of ageing, human capabilities start to decrease from
around the age of 60 (Bouma, 2013) and (Fisk, et al., 2009), with the term capability
referring to an individual’s level of functioning. Heterogeneity also increases with age — as
the population gets older, the needs and capabilities of the user become more diverse

(Johnson, et al., 2010).

An interview survey conducted by Sims (2003), which included 50 older and disabled

people, found that nearly all experienced problems completing basic activities of daily life
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and that improvement to existing design could improve quality of life. A more recent study
by Combe, et al. (2012) investigates the usability and exclusivity of digital thermostats and
concludes that the difficulties found in programming the heating controls were more
apparent within the older user group tested. Feedback from those involved in the study
indicated that the users would not choose to buy products that placed demands on the
mental process, often resulting in frustration. Without an appropriate response to the
issues faced by an ageing population there is likely to be an increase in the dissatisfaction
and frustration associated with everyday products. There is therefore a need for products
that are designed to cater for a wider diversity of user needs (McGinley, 2012). Those that
accommodate a greater range of user capabilities are more likely to be successful in the
market with inclusive design seen as a possible strategy to address social sustainability in

society (lelegems, et al., 2015).

In addition to global population ageing, inclusive design should also address the needs of

less-able users, irrespective of age.

2.5.2.2. Market potential
“The business case for inclusive design challenges the myth that it is targeted at a
minority of little economic significance, rather it serves older and less able people
who effectively constitute a majority with considerable spending power” (Clarkson

& Coleman, 2015, p.2).

The inclusive design philosophy has clear commercial benefits (Clarkson, et al., 2003). As a
result of changing demographics, older adults and the disabled now form a large (and
expanding) proportion of the population with considerable spending power (Goodman, et
al., 2006), creating financial incentives for expanding the market to include them. Design
for disability is also under pressure to be universal due to the strong business case not to
further fragment the potential market (Pullin, 2009). Understanding the user is becoming
more important to designers in an effort to gain a competitive advantage and entry into
more lucrative markets (McGinley & Macredie, 2011) as the “age shift” will result in a large

percentage of the population who have difficulty using or cannot use existing products.

“Developing products that cater more effectively for a larger demographic widens

the commercial market, benefits a larger cross-section of society and makes both
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commercial and ethical sense... Products designed in this way will be capable of
being used by people with the widest possible range of abilities, reaching most if not

all potential end users” (Wilkinson & Angeli, 2014, p.615).

Other developed countries, such as the US, Canada, Australia and those in Western Europe
show similar age demographics, therefore opening up a large international market place. If
British companies choose to neglect these new markets and potential customers, they are
likely to be over-taken by international competitors. Figure 2.19 (Preiser & Ostroff, 2001)
shows in the shaded area the market size that the data normally used by designers takes
into account. By including less abled users, shown above the dotted line, the potential

market size will increase.

Original target market

Increased market size from
implementing inclusive design

Number of potential users

Figure 2.19 - Potential market size as a result of adopting inclusive design. Adapted from Preiser & Ostroff
(2001)

It was found through a survey of UK companies (Goodman, et al., 2006) that 69% of the
companies that took part felt demographic and consumer trends were a key driver of
inclusive design. The study also found that social responsibility and brand enhancement
were other factors that promoted inclusive design. Key commercial benefits came from
increasing customer satisfaction and producing innovative products. Further evidence of
the market potential of inclusively designed products includes the BT Freestyle 700 series,

which has seen a 20% increase in sales since its launch in 2008 with a reduced number of
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product returns, resulting in an increased profitability despite higher manufacturing costs
(British Telecommunications, 2010). Other benefits of inclusive design can be found in the
workplace where inclusively designed products can enable the possibility of older and
disabled people working for longer and therefore, extend independent living (Clarkson &
Coleman, 2015). This brings further advantages in the form of lowering care costs and

benefitting the economy.

2.5.2.3. Legislation

There is new legislation requiring companies to consider older and disabled users when
designing (Goodman, et al., 2006), which are outlined briefly in this section. Current British
legislation concerning the needs of disabled people includes the Disability Discrimination
Act (DDA) 1995, modelled on the Americans with Disabilities Act (ADA) 1990. Both these
legislations have been successful in raising awareness and consideration of user’s needs
(Goodman, et al., 2006). The UK Disability Discrimination Act (2005) includes items on
locomotion, reach and stretch, vision, hearing, communication and intellectual functioning.
However, it has been indicated by Sims (2003) that the DDA focuses primarily on disabled
people with respect to architectural design and employment discrimination, with little

reference made to the design of products.

The Equality Act (2010) defines disability as a “physical or mental impairment that has a
‘substantial’ and ‘long-term’ negative effect on the ability to do normal daily activities”
(Equality Act, 2010) and has updated, simplified and strengthened previous legislation
(Clarkson & Coleman, 2015). The Disability Follow-up Survey 1996/97 (Department of Social
Security , 2000) offers the widest range of capability data of all the existing databases
(Johnson, et al., 2010). However, some age brackets are known to be underrepresented
and the data is not in a format that is accessible to designers. It was also found (Goodman,
et al., 2006) and (Dong, et al., 2004) that government regulation was considered more
effective in the US and Japan than in the UK. More recently, advances have been made in
Japan, the US and Europe that are embedding inclusive design thinking in industry and
education, including the introduction of BS 7000-6 on inclusive management and the launch
of a Knowledge Transfer program in inclusive design under the UK government-funded

EQUAL program (Clarkson & Coleman, 2010). The BS7000-6 (2005) aims to provide a
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framework that designers can use to aid their understanding and response to the needs of

diverse users.

In a survey aimed at understanding company position of inclusive design and the barriers
and drivers for it (Goodman, et al., 2006), it was found that only 47% of responses agreed
that legislation was a driver for inclusive design. The same study states that 24% felt that
British Standard BS7000-6 specifically was a driver for the approach. In contrast, over two
thirds of those who responded felt that social responsibility, demographic/consumer trends
and brand enhancement were drivers for inclusive design. Although legislation plays a role
in the uptake of inclusive design, it is apparent from the above findings that responding to
the needs of customers and the ageing population trends are the key drivers for inclusive
design in UK businesses. This is likely due to the financial incentives of maintaining

customer loyalty and competitive advantage.

2.5.3. Inclusive design process

Inclusive design is a process, not an end product (Vanderheiden & Tobias, 2000). That
process is iterative, consisting of gaining new knowledge, which leads to continuous design
improvement, increased customer satisfaction and brand loyalty (Clarkson & Coleman,
2015). Inclusive design thinking should play a key role in the decisions made throughout the
design process (Waller, et al., 2013) — good inclusive design practice should be used to
inform design decisions made in the early stages of the design process to minimise changes
later in the process, which can be expensive to implement. To implement good inclusive
design practice, user testing should also occur early in the design process. This process of
continuous user testing is highly valuable and can significantly reduce the need for re-
design (and the associated costs) compared to only carrying out user testing in the later

design stages (lelegems, et al., 2015).

In order to produce an inclusively designed solution, it is necessary to adopt user centred
design throughout the design process (Keates, et al., 2000a). Keates, et al. (2000a)
describes two approaches that can be used when designing. The first is adaptive — to design
for a specific application and to then adapt that solution to different users. The second is
proactive — to define the user with a wider range of capabilities at the start of the design

process and to design for that wider user group. It is important that the user is placed at
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the centre of the design development process rather than adapting existing technologies to
certain user groups (Bechtold & Sotoudeh, 2013), which is in line with Keates, et al. (2000a)
proactive approach. As stated by lelegems, et al. (2015), in order to realise an inclusive
design process, it is vital to continuously generate user information throughout the design
process. This link between the designer and the user is essential for inclusive design to
provide an iterative process of analysis and synthesis of user information (lelegems, et al.,
2015). It is therefore apparent that the level of inclusivity of the final solution is dependent

on the level of inclusivity of the design process itself.

Given the importance of incorporating the end user in the design process, there is a lack of
literature outlining the specific inclusive design process. Clarkson, et al (2000) state that
given the increasing ageing population, there is surprisingly little industry awareness of the
benefits of inclusive design. The paper recommends that there was an “urgent need for
design methods based on a better understanding of age and ability related factors, which
will lead to a minimising of impairments and thereby extend quality of life” (Clarkson, et al.,
2000). A more recent paper (Clarkson & Coleman, 2015) states that in order to design
inclusively, a range of practical tools are required to aid the designer and design managers
in understanding design issues and to follow an inclusive design process — the Inclusive
Design Toolkit (University of Cambridge, 2013), launched in 2007, intends to meet those
needs. However, while addressing the needs of the designers and design managers, there
appears to be a lack of tools available that address other barriers to inclusive design.
lelegems, et al. (2015) reports that although there are an abundance of existing design
process models that highlight the importance of integrating the end user into the design
process, there is a lack of guidance on the interaction between the designer and the user
information. In addition, there is a lack of solutions to aid inclusive design implementation,
with prior research primarily focusing on developing specific solutions for specific problems

(Clarkson, et al., 2000).

There are a number of practical studies that report findings into the inclusive design
process. Herriott and Jensen (2013) investigated student responses to inclusive design and
found that in an inclusive design project, it was vital to gain feedback from users on ideas
and to validate solutions throughout the design process. It was concluded that the inclusive
nature of the problem resulted in greater integration of users into the students design

processes. A study by Goodman, et al. (2007) investigated formats of user data and found
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the design process to be “variable, informal and flexible, with diverse activities and stages
of design mixed together” (Goodman, et al., 2007). An earlier study investigating critical
user forums (Dong, et al., 2005) found that the design process described by designers as
part of the study showed little variation from a normal design process — receiving the brief
from the client, interpreting the brief, developing concepts, selecting a concept,
implementing the design. However, it was stated that designers may not count user
involvement as a factor within a ‘normal’ design process. A recent study by Dong, et al.
(2015) found that designers perceptions of tools were influenced by the visual presentation
of the tools — visually attractive tools were perceived as easier to use and more useful. This
should be taken into account when developing further tools and processes to aid inclusive
design uptake — something that is familiar and well-presented will be better received by
designers. It is recommended that “in developing such tools, an inclusive design research
methodology should be adopted — involving users (designers) throughout the process”

(Dong, et al., 2015).

A paper by Dong (2010) discusses several inclusive design case studies within an
undergraduate student environment. It is briefly discussed within the paper that an
inclusive design process was produced as an outcome of one of the case studies, showing
user involvement throughout the design process. However, this process has not been
illustrated nor has it been found in any follow-up papers. It should also be noted that the
process was based on undergraduate projects, therefore is not fully representative of

industry practice.

2.5.3.1. Inclusive design methods and tools

The remainder of this section will provide an overview and discussion of a number of
common (although not exhaustive list of) inclusive design methods, processes and tools.
The Inclusive Design Toolkit (University of Cambridge, 2013) will be discussed in detail as it
has been identified in this literature review as the main tool available to aid inclusive
design. This is identified as a result of number of citations and being one of the most
current and up to date methods. However, there are a number of other tools and methods
designed to aid inclusive design practice, which will be discussed in this section. Although

not exhaustive, a list of several of these methods and tools is shown in Table 2.5.
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While each of the tools discussed in Table 2.5 aid designers in many ways — highlighting the
potential target market, increasing designer awareness of the diversity of user capabilities,
methods on gaining empathy with users, etc. — there is a lack of an overall process model
that fully incorporates the user within the inclusive design process. From the range of
methods and tools available to designers, it is apparent that there is a clear awareness of
inclusive design within the research community. However, from the studies that will be
discussed in Section 2.5.4 regarding the uptake of inclusive design in industry, there is a
clear gap between the awareness of its theoretical importance and its implementation in

industry.
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1ZA

Tool What it does

Features

. . . Answers the questions:
Inclusive Design Toolkit o . .
. . . 1. Whatis inclusive design?
(University of Cambridge,

2. Why do inclusive design?
2013)

3. How to get started?
Exclusion Calculator Used to estimate the number of people potentially
(University of Cambridge, excluded from a product (included in the Inclusive
2013) Design Toolkit).
Illustrates the full range of ability variation within the
Population Pyramid

(Benktzon, 1993)

population and challenges designer to address the
needs of those higher up the pyramid rather than the
average target user.

Aims to provide a framework so designer can
Inclusive Design Cube understand and recognise the benefits of inclusive
(Keates, et al., 2000a) design and give guidance to those who manage design

on how to implement the approach.
Inclusive Design Waterfall ) ) ) o
. . Outlines the design process of transforming an initial
Model (University of
Cambridge, 2013)
Knowledge Loop (Clarkson &
Coleman, 2015)

Critical User Forums (Dong,

et al., 2005)

need into a solution that satisfies the need.

Asks questions about the knowledge needs and
characteristics of knowledge users.
Involves direct interaction through small focus groups
between designers and disabled users.

Provides tools to assist inclusive design and aid
understanding of variations in user capabilities.

Takes into account capabilities including vision, hearing,
dexterity, thinking, locomotion, reach and stretch.

The approach claims that if a product is designed to be
usable by a higher layer of the pyramid, it should therefore
be usable by those from lower layers.

The cube is an extension of the population pyramid by more
fully representing the whole population and proposes three
related design approaches, which combined can address
the needs of the whole population.

Part of the Inclusive Design Toolkit. lllustrates the process
stages — need, understanding, requirements, concepts,
solutions.

Aids knowledge transfer and maps the scope and scale of
inclusive design.

Interactions with critical user groups forces designers to
think differently, triggering creative solutions.




SL

Tool

What it does

Features

Usability, Safety,
Attractiveness Participatory
(USAP) Model (Demirbilek &

Demirkan, 2004)

7 Principles of Universal
Design (North Carolina State
University, 1997)

IDEO Methods Cards (IDEO,
2017)
Field Guide to Human

Centred Design (IDEO, 2015)

Norwegian Design Toolkit
(2010)

Aims to develop safe and functionally appropriate
products to aid the elderly.

Helps to guide the design process, educate designers
and evaluate the final design result.

“A tool to showcase methods used to inspire great
design and keep people at the centre of the business”
(IDEO, 2017). Intended as a tool to allow designers to

explore new approaches and gain new perspective.
A book guide discussing how and why human centred

design can impact the social sector. The human
centred design process is broken down into three main
phases: inspiration, ideation and implementation.

An online resource providing practical tools to aid in

the implementation of inclusive design.

4

Based on a quality function deployment system to
determine the relationship between user requirements in
the concept development phase and technical design
specifications.

7 Principles: equitable use; flexibility in use; simple and
intuitive use; perceptible information; tolerance for error;
low physical effort; size and space for approach and use.

Includes 51 cards, each describing a method and how and
when to use it. Addresses needs from clients, students and
teachers.

Presents 57 design methods and case studies, focusing on
the mind-set of the designer.

Includes education on inclusive design “myths”, checklists,
definitions

Table 2.5 - Summary of inclusive design methods and tools



2.5.3.2. Inclusive Design Toolkit
One of the more comprehensive of the inclusive design methods and tools discussed in
Section 2.5.3.1 is the Inclusive design Toolkit, created by the University of Cambridge

(2013). The Toolkit aims to answer the following questions (University of Cambridge, 2013):

1. Whatis inclusive design?
2. Why do inclusive design?

3. How to get started?

It provides additional tools to assist designers in implementing inclusive design and to aid
understanding of variations in user capabilities. The Inclusive Design Toolkit includes
population data taken from the Disability Follow-Up Survey, which represents the UK
population. However, as noted earlier in the literature review, some groups are known to
be under-represented in the Survey. Figure 2.20 is taken from the Inclusive Design Toolkit
and is intended to aid the concept generation stage of the design process. The design
process checklist asks fundamental questions of conceptual design and lists principles of
inclusive concept generation. It also lists key activities for inclusive concept generation that
should be undertaken at various points of the design process. While Figure 2.20 can be
used to aid designers as specific points of the design process, is not representative of the
design process as a whole. As stated by Waller, et al. (2013) the Toolkit represents a

minimum of what is required to design inclusively.

The Inclusive Design Toolkit includes the Exclusion Calculator, which is used to estimate the
number of people potentially excluded by a product (Combe, et al., 2012) and takes into
account capabilities including vision, hearing, dexterity, thinking, locomotion, reach and
stretch. The output is a quantifiable measure of the overall population excluded, which is of
great benefit when user testing. Other tools available within the Toolkit include simulation
gloves, glasses and software, intended to demonstrate the physical effects associated with
ageing. Additional information is provided regarding user capabilities, including vision,

hearing, thinking, communication, reach and stretch, dexterity and locomotion.

While the Inclusive Design Toolkit provides a range of tools and methods to support
designers in inclusive design practice, it is apparent from the literature cited in this review
that it has not been sufficient on its own to significantly increase the uptake of inclusive

design practice.

76



Stimulate

;F’ Describe ideas
4.9 user N\anage
*Q journeys
‘q Ensure
COMmMon
Generate
under-

rSonas i
pe standing

Ohserve
users

Refine
product
goals

Build
business
case

progress &
Plan next
steps

Create
stakeholder

Prasent
avidence

Test with
ONPOFTS

Estimate
axclusion

Evaluate

Figure 2.20 - Inclusive Design Toolkit (University of Cambridge, 2013)

2.5.4. Implementation of inclusive design

Despite the introduction of new legislations, financial incentives and the existence of many
appropriate inclusive design approaches, many companies are not adopting an inclusive
approach to design (Goodman, et al., 2006). As discussed earlier in this review, this results
in a large number of everyday products that cannot be used easily by older and disabled

users and can also be difficult or frustrating for able bodied users.

Vanderheiden and Tobias (2000) investigate current practices and perceptions of designers,
interviewing 26 companies. A key driver for inclusive design was accessibility regulations,

although some of those interviewed argue that regulations would set industries at
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achieving a minimum level, with no incentive to exceed targets. However, others argue that
when the benefits of inclusive design are realised, companies will move beyond regulation

criteria.

In a study by Sims (2003) a survey of 32 design professionals found that 72% of those
interviewed were aware of the philosophy of “design for all” but rarely considered the
approach due to perceived time and financial costs. It was also found that designers are not
always fully aware of the benefits of end-user consideration. 84% involved the end user in
the design process — however, the majority where involved in the later modelling and
prototyping stages: “testing at this stage allows for limited changes to be made to the
design if problems arise and if trials are only carried out using finished products, the scope
for change is almost negligible” (Sims, 2003). There was no comparison made between
barriers in different industry sectors. The study also acknowledged that designers
themselves may also play a role in influencing clients to consider the end user — however,

only 34% of the designers interviewed had tried to influence the client.

These findings are backed up by a more recent study by Goodman, et al. (2006), which
investigates 101 UK companies to examine their awareness of inclusive design and identify
the barriers and motivators for it. This includes large organisations and SME’s from the
design, manufacture and retail sectors and included a range of companies, including those
in the telecommunications, IT, consumer electronics and household durables sectors. The
study found that 76% of companies had heard of inclusive design, with the majority of the
companies involved having a good understanding of what inclusive design was. 16% of
companies had not heard of inclusive design, universal design or design for all. Although
there has been an increasing awareness of inclusive design in recent years, this could be

improved further as 39% of companies still showed low levels of awareness.

However, awareness alone is not enough to increase the uptake of inclusive design practice
and a greater understanding of the barriers to inclusive design is needed before a new
approach can be proposed. Half the companies that responded (Goodman, et al., 2006) felt
that their company was not investing enough effort into inclusive design and a large
proportion reported that they were not interested in inclusive design. It is therefore
apparent that while the majority of companies are aware of inclusive design, few are taking
the steps necessary to implement it. There is also a need to understand why designers and

companies are reluctant to undertake an inclusive design approach and why existing
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inclusive design approaches are not widely used. Although the Goodman, et al. (2006)
study provides good insight into the uptake of inclusive design within UK industry, it is
worth considering that as surveys were used in this study, the response may be biased as
those who adopt inclusive design are more likely to respond to the survey than those who

do not.

In a third study (Goodman-Deane, et al.,, 2010), two of the six companies interviewed
reported that they had little prior experience of inclusive design, one had little experience
in inclusive design through their everyday work, one often had to consider accessibility and
the remaining two were experienced in inclusive design as part of their everyday work.
Although a smaller sample size than the other studies discussed here, this agrees with the
findings of previous studies that although companies are aware of inclusive design (the six
companies involved in this study were taking part in the 2005/06 Design Business
Association Inclusive Design Challenge) there is a limited uptake of an inclusive design
approach in industry, with only half the companies involved in this study using inclusive

design principles regularly in their everyday work.

A recent study (Kett & Wartzack, 2015) aims to contribute to an improved practicability of
inclusive design throughout established product development processes. The work looks to
improve inclusive design uptake in product development practice by extending existing
design process models to integrate inclusive design principles. However, the work focuses
on new product design rather than product development and is purely based on theoretical
methodologies — there has been no implementation or validation of the approach in

practice.

The three studies discussed here — (Sims, 2003), (Goodman, et al., 2006), (Goodman-Deane,
et al., 2010) — highlight that the majority of companies that took part in the studies are
aware of inclusive design. However, it is apparent from the studies found here and noted in
other, recent research (lelegems, et al., 2015) that more work is needed to take into
account the difficulties faced by designers regarding inclusive design practice to ensure that
a new inclusive design approach is adopted. As stated by Clarkson and Coleman (2015):
“embedding this in a company requires inclusive design champions at all levels of the
organisation, including board members, decision makers, design managers and
marketeers”. It is apparent that a lack of awareness of inclusive design is not the main issue

behind the failure to adopt an inclusive design approach, therefore this research study will
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not focus on increasing awareness of inclusive design, but will focus on ways to aid the
implementation of inclusive design throughout the design process, taking into account the

barriers to the approach.

2.5.4.1. Barriers to inclusive design

This section will discuss some of the main barriers to the uptake of inclusive design in
industry, focusing on education, perception barriers, the use of inappropriate methods,
client barriers, time and cost constraints and the role of the designer. The barriers

discussed in this section are summarised in Table 2.6.
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Inappropriate

. Perception . . . .
Paper Education Barriers Methods Client Barriers Time and Cost Designer
Designers should
know who they
Bruseberg & - Not prepared to pay .
. are designing for — . Not confident
McDonagh-Philp conductin for additional user talking to people
(2000) ) g. research. g to people.
research is a sign
of weakness.
The client is unlikely Desiener too
to fund further user . 8
. reliant on user
. research — will not . .
. User research is . information
Lack of designer . duplicate .
. considered out- . . - . provided by the
understanding of . . information already Limited time to .
. with the remit of . . client; user
appropriate . provided to involve users. .
Bruseberg & methods the designer by designer: clients involvement
McDonagh-Philp ' the client. gner; ¢l methods are not
assume designer )
(2002) ) considered part of
understanding of the . ,
the designer’s role.
user.
Self-observation Time consuming
Cardoso & approaches fail to and expensive

Clarkson (2012)

Clarkson &
Coleman (2015)

identify less
obvious problems.

Designers do not
engage well with
conventional data
presentation
formats which they
find hard to
interpret.

Designers have to
work within
company
constraints;
designers are people
orientated while
companies are profit
orientated.

methods are
hard to finance.

Design
constraints focus
on cost, novelty
and brand
positioning.

Designers are
happiest when
solving clear cut
problems with
small user groups
they can engage
with emphatically.
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Paper Education

Crilly & Clarkson
(2006)

Lack of awareness;
lack of
organisational

policy.

Dong, et al. (2004)

Dong, et al. (2005)

Dong, et al. (2015)

Perception
Barriers

Consumer
research is not
cost-effective;

consumer research
can stifle
creativity.

Difficulty in
changing business
culture to support

the approach;
sacrifice of
aesthetics.

Not feasible for
commercial
projects.

Inappropriate
Methods

Designers carry out
self-observation,
believing they are
representative of

the target user.

Lack of resources.

Lack of user
involvement in the
design process.
Marketing data
lacks inspiration
and understanding
of the user; lack of
tools to support
effective use of
user data.

Client Barriers Time and Cost

Clients do not
perceive inclusive
design adds value to
the final product;
clients promote own
aesthetic
preference.

Increased
product
development
time; lack of time
to learn inclusive
design practice,
inclusive design is
expensive, the
process is
complex.

Lack of business
case.

Time and budget
constraints.

Designer

Reluctance to ask
for funding to carry
out user research.

Lack of guidance,
interest,
motivation.

Appropriate users
are difficult to
identify.
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Paper

Education

Perception
Barriers

Inappropriate
Methods

Client Barriers

Time and Cost

Designer

Goodman, et al.
(2006)

Goodman-Deane,
et al. (2010)

Lim & Nickpour
(2015)

Mival (2004)

Lack of awareness;
confusion over
terminology.

Designers lack
knowledge, tools
and experience;

resistance to
change.

Limited
understanding of
inclusive design
principles among
stakeholders.

Inclusive design
not perceived as a
need of the end
user; compromises
aesthetics.

User research is
not considered
part of the
designer’s role.

Negative response
to existing
standards and
tools.

Data delivered in a
definitive way —
not suitable for the
way designers
work; limited levels
of user
involvement and
too late in the
process.

Designers rarely
receive first-hand
information;
summary
information lacks
contextual
elements.

Client sets
constraints and is
the primary source
of information —
data not always
accurate; clients
provide feedback
on concepts.

Lack of time,
money and

appropriate tools

and knowledge.

Lack of time and
budget
constraints;
budget is set by
the client.

Designers rely on
self-experience
and self-modelling;
acceptance of
vague target user
specifications; high
reliance placed on
data from clients.

Junior designers
are more
concerned with
aesthetics and
engineering than
final user
experience.




8

Paper

Education

Perception Barriers

Inappropriate
Methods

Client Barriers

Time and Cost

Designer

Sims (2003)

Vanderheiden &
Tobias (2000)

Lack of awareness
of potential market.

Lack of awareness
of increasing ageing
population.

Inclusive design is
too specialised.

Inclusive design
training is critical
but not available;

no expert
assistance within
the company

Lack of client
backing.

Disabled market is
not a big motivator.

Lack of time and
money.

Increased time to
market; increased
design and
manufacturing
costs.

Designers have to
accommodate
those they have
never had to
consider before;
34% of designers
don’t involve the
end user if not
requested by the
client.

Table 2.6 - Barriers to inclusive design uptake



Lack of inclusive design education

A study by Sims (2003) found that in a survey of 29 design professionals, many were aware
of and understood design for all, but very few practiced it — reasons for this included a lack
of awareness of the potential market. Dong, et al. (2004) found a lack of awareness and
motivation to be key perception barriers to inclusive design uptake. In a survey (Goodman,
et al., 2006), it was found that only a third of the London FTSE100 companies were aware of
universal design and reported confusion regarding what the term universal design actually
meant. A more recent biomechanical study by Carse, et al. (2010) found although 90% of
packaging designers interviewed could define inclusive design, few knew how to implement
the approach in practice, as many had never designed inclusively before. This statement
was backed up by Lim and Nickpour (2015), who state that the limited understanding and
knowledge of inclusive design principles among stakeholders is an issue in the uptake of

inclusive design.

The studies cited above indicate that there is a lack of knowledge regarding how to
implement inclusive design in industry. However, the time progression of the studies
indicates that awareness of the principle inclusive design is perhaps increasing. While
awareness of inclusive design must be increased, awareness alone will not see the desired
rise in inclusive design uptake in industry. Dong (2004) states that there is a current lack of
organization policy on inclusive design, emphasising that it is not only the designers
themselves who must take on a more inclusive approach to design but organisations as a
whole need to adopt a more inclusive culture. There is therefore a need to increase the
education of both the designer and the client: designers must have an increased
understanding of user involvement methods and how to implement them. In addition, the
client must be educated on the value of adopting an inclusive design approach, both in

what inclusive design means and the value the approach has from a business perspective.

Perception barriers

Inclusive design is often perceived as design for disabled people only, rather than designing
for all people (Keates, et al., 2000b). Goodman, et al. (2003) found that companies viewed
inclusive design as compromising product aesthetics — they felt there was a stigma

associated with inclusive design, which would have a negative effect on their branding.
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However, other companies that took part in the same survey saw inclusive design as having
the potential of enhancing the brand. This is in agreement with a study by Dong (2004),
who notes that one of the most significant barriers from manufacturers is a “perceived
sacrifice of aesthetics”. If inclusive design is applied properly, the final product should not
be identifiable as a product designed for a specific target group. There is therefore the need

for good, effective implementation of inclusive design that will enhance product branding.

An earlier study (Bruseberg & McDonagh-Philp, 2000) reports that clients often assumed
that by interacting with users, the designer will only produce what the customer visualises
rather than something new and innovative. Another study from the same vyear
(Vanderheiden & Tobias, 2000) found perception barriers within the designer population
where many thought that inclusive design was too specialised, with many unaware of the
increasing age of the population and the effect this would have on the market. Goodman,

et al. (2006) found that inclusive design was not perceived as a need of the end user.

The perception that time and cost would be significantly affected by adopting an inclusive
design approach is common throughout the literature. Vanderheiden and Tobias (2000)
investigate current practices and perceptions of designers, interviewing 26 companies and
found that many considered inclusive design as being too specialised, increasing time to
market and design and manufacturing costs. Sims (2003) and Dong (2004) also found that a
main reason for companies failing to implement inclusive design was a lack of time and
budget. A more recent study (Goodman, et al., 2006) conducted a survey of 101 companies,
which found that the most frequently identified barriers to inclusive design were a lack of
time and money. Goodman-Deane, et al. (2010) also found that the main reasons for
company’s not practising inclusive design were a lack of budget and time constraints. It is
apparent that in the last 15 years, there is an ongoing perception that inclusive design

practice will significantly increase the time and budget of a design project.

There is a general perception among retailers that inclusive design is more expensive and
the process is complex (Dong, 2004). Although user involvement can be a useful and
inspiring approach, it is not always feasible in everyday practice — user trials can be time
consuming and expensive, which clients may find difficult to finance (Cardoso & Clarkson,
2012). Dong, et al. (2004) found that, in addition to a perceived increase in the time of the
development process, the inclusive design approach would also take time to learn with a

lack of resources/guidance on inclusive design practice. However, Keates, et al. (2000b)
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found that most industrial participants stated they would be willing to implement inclusive
design providing it was easy to do and did not increase the cost of the product, indicating
that companies would be open to adopting an inclusive design approach provided it was

feasible.

Inappropriate methods

Goodman-Deane, et al. (2010) found that many designers did not have the knowledge,
tools or experience to implement inclusive design. There is a need to tailor design methods
to suit the needs of the project, which can be time consuming with designers less likely to
adopt new approaches they are not familiar with. There is also a lack of awareness of

available methods.

It has been identified that one of the key reasons for failing to implement inclusive design is
a lack of user involvement in the design process (Dong, 2004). Designers observing the user
themselves are more likely to lead to more creative thinking to address the issues faced by
users rather than receiving information from an independent researcher. User observation

is vital, particularly in the inclusive design process as users may (Waller, et al., 2013):

- Have poor awareness of their own behaviour.
- Struggle to articulate their needs.
- Find it difficult to imagine what is possible.

- Say what they think the interviewer wants to hear.

Despite the need for user involvement in the inclusive design process, it was found
(Goodman-Deane, et al.,, 2010) that designers often refer to self-experience, talking to
experts, imagining user scenarios and putting themselves in “someone else’s shoes”. The
use of past experiences and self-modelling is often thought to be an adequate way of taking
into account the needs of the final user. Self-observation approaches may fail to identify
the less obvious problems people with capability loss may struggle with (Cardoso &
Clarkson, 2012). As a result, the designer ends up designing for a user of similar capabilities
to themselves, disregarding the needs of other, less-abled users. Designers have to be
educated in other ways of gaining direct access to the end user and gaining a deeper

understanding of user needs based on the user and not themselves. This will have a major
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impact on the success of inclusive design as products will start to address the needs of a

wider range of users.

Designers tend to use informal, low-cost methods (Goodman-Deane, et al., 2010) to assess
the end user and the products’ environment of use. Emphatic design can be useful at
simulating the effects of age or disability without the time involved in recruiting a user
group. However, it does not give designers the understanding of what it is like to live with
and compensate for the disability (Cardoso & Clarkson, 2012). Focus groups can also be
used by designers to incorporate users into the design process. However, Bruseberg and
McDonagh-Philp (2000) found that using focus groups could constrain ideas as the designer
would end up designing what the user had in their imagination, and not pushing for further

creativity.

“The literature suggest that raw data is used more productive than more abstracted
data, with designers tending to reject abstracted models of user behaviour in favour

of richer user stories” (Goodman, et al., 2007, p.5).

There is variation in where the information used by designers comes from (Goodman-
Deane, et al., 2010). Designers refer to the internet, books, experts, their own experiences
and users. In cases where formal information is supplied to the designer, vital details can
often be lost by summarising results (Bruseberg & McDonagh-Philp, 2000). It was reported
(Dong, et al., 2015) that designers often complain that marketing data they are supplied
with often comes from the project manager in a bullet-point list and lacks inspiration,
understanding of the user and rich, contextual elements. It was found (Goodman-Deane, et
al., 2010) that a main source of information is other people — this may be due to designers
preferring easily available, flexible information sources that are visual and stimulating,

open-ended, and relate clearly and concretely to design issues (Goodman, et al., 2007).

Client barriers

A study by Goodman-Deane, et al. (2010) interviewed two designers and found that client
influence plays a major role in the uptake of inclusive design within industry — “you
sometimes need a reasonably enlightened client to allow user research to happen”. The
client sets the constraints, time and resource allocation, the target user group and the

design brief, which details the problem to be addressed, meaning that there is not time or
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funding allocated to further user research if inclusive design has not been addressed by the
client. The client can also influence the design process through feedback on concepts and
their own aesthetic preferences (Crilly & Clarkson, 2006). The study (Goodman-Deane, et
al., 2010) concludes that there is a need for materials to educate the client in the value of

inclusive design and user consideration.

The client is often the first point of reference for the designer and is relied on as the
primary source of information rather than designers conducting their own user research
(Goodman-Deane, et al.,, 2010). Similar findings are also reported by (Bruseberg &
McDonagh-Philp, 2002), who add that the use of focus groups is almost impossible as the
client is unlikely to fund further user research and often assume that the designer already
has an understanding of the target user. However, the study reports that designers
regretted the fact that they lacked more detailed user information. Sims (2003) found that
only 34% of designers had ever involved the end user if it had not been requested by the
client. This is in agreement with (Goodman, et al.,, 2007) who found that there was
reluctance from designers to carry out additional information searches themselves.
However, when too much information is provided the time and costs needed to search for

information can be prohibitive.

Bruseberg and McDonagh-Philp (2002) found that designers rely too much on second hand
user information from the client (which is not always accurate) and recommend that there
should be emphasis placed on designers conducting their own user research on top of what
has been provided by the client to fully understand how the user will interact with the
product, problems encountered and the environment of use of the product. For larger
design projects, it was found (Goodman-Deane, et al., 2010) that user information is often
supplied by independent research companies, although this data is delivered in a definitive

way and does not suit the way in which designers work.

The findings of these studies are supported by Dong (2004) where interviews conducted
with design consultancies found that the client and the design brief were the most
significant barriers to inclusive design. The study also reports that the design brief often

lacked inclusivity due to the lack of user involvement in the design process.
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Role of the designer

Designers are critical in promoting inclusive design (Dong, et al., 2015) and the information
needs of the designer must be understood to ensure effective uptake of inclusive design.
The approach to inclusive design can be challenging for designers who often rely on
assumptions made regarding potential users based on their own experiences (Dong, et al.,
2005). Designers are also reported to “design for themselves”, which raises problems as
designers cannot anticipate the variety of backgrounds, knowledge and capabilities of the

wider population (Cardoso & Clarkson, 2012).

“Designers tend to focus on the individual user and are often happiest when solving
clear-cut problems identified from interactions with small numbers of users whom
they can engage emphatically. They do not readily engage with conventional data
presentation formats, which they find hard to interpret” (Clarkson & Coleman,

2015, p.7).

Many consultant designers are reliant on the client for user research information — this
makes it difficult to build empathy with the user (Dong, et al., 2005) as they often have to
consider problems and empathise with the needs of individuals that they have never had to

consider before (Sims, 2003).

2.5.5. Discussion

This literature review has emphasised the importance of inclusive design, primarily due to
the ageing population in many countries. In addition to the moral argument for inclusive
design (that designers should include everyone) there are also legal and business incentives

for the approach which have been discussed here.

There are many methods and tools intended to aid the implementation of an inclusive
design approach, a selection of which are presented here. However, there is clearly a lack
of inclusive design uptake in mainstream design practice. Many of the barriers to this have
been discussed here. It is apparent that many of these barriers (time and cost constraints,
availability and quality of user information within the design brief, the target user group,
user involvement within the design process) often stem from the client, rather than the

designer. It is vital that designers have an awareness of how to design inclusively, for the
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widest user group possible, and that they have the supporting tools and methods to do this,
indicating that there is still a need to address designer education. However, there is also a
need to address another source of many of these barriers — in many cases, the client. The
tools and methods discussed here, which are some of the more common within inclusive
design, often target the designer and aid them in implementing inclusive design. However,
there appears to be a lack of tools to support the client in raising awareness for the

importance of inclusive design and how to implement the approach.

As discussed in Sections 2.2 and 2.4, sports design is another highly user focused discipline,
where the sports equipment must work together with the athlete to enhance sporting
performance. This section has identified the need for inclusive design, highlighting that the
approach is both iterative and user centred. For an inclusive product to be successful, it
must be usable by the target user groups in the same way sports equipment must be usable
by the athlete to improve sporting performance. There are therefore apparent similarities
between both sports design and inclusive design. Based on the findings from earlier in this
literature review, there is a need to define the sports design process, capturing what
characterises the discipline. Many design industries have design processes that are specific
to their requirements — e.g. the design spiral for ship design (Rawson & Tupper, 2001).
These models can then be applied across other design disciplines — for example the design
spiral, intended for ship design, has evolved and is now used in the design of aircraft and in
mature product architecture (Clarkson & Hamilton, 2000). There is therefore scope for a
design process model that represents sports design practice to be applicable across other
design disciplines with similar characteristics. Given the user centred nature of both sports
design and inclusive design, this proposes the third and final research question: how is the

sports design process applicable to inclusive design?

Section summary:

- Ageing populations are a main driver for inclusive design.

- Inclusive design should be incorporated within the design process — it is not a
standalone activity.

- Thereis limited published work that discusses the inclusive design process
itself.

- There are many barriers to inclusive design, many of which stem from the
client.

- Research question: how is the sports design process applicable to inclusive
design?
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2.6. Chapter Findings

This literature review has highlighted that sports design is a highly user focused design
discipline, where the biomechanical system formed between the athlete and the
equipment is vital to sporting success. While several studies have been identified that focus
on specific areas of the sports design process, a systematic approach to reviewing the
sports literature did not identify any published work that has investigated and defined the

sports design process as a whole.

The research discussed in this chapter has highlighted that design processes are linked to
business success. It is therefore in the interest of companies to follow a design process that
is reflective of their design practice. As noted in the literature, sports design has
characteristics that are specific to that discipline. This research therefore proposes that a
design process that reflects these characteristics would be of value to the sports design

community.

There are reports in the literature of design processes being transferred across disciplines.
This research suggests that the sports design process, which reflects the highly user focused
nature of sports design practice is discussed here and highlights the importance of user
information and involvement throughout the design process to enable designers to
understand and build empathy with the user. It is also critical that the designers themselves

are involved directly with the user and does not rely solely on secondary user information.

There appears to be a link between what is recommended for the implementation of user
centred product design and what characterises the sports design discipline. This thesis
hypothesises that the user focused nature of sports design practice will be reflected in the
sports design process. Based on the findings of what characterises the sports design
process, this research will assess the potential for that process to aid other user centred
areas of design — this research will focus specifically on inclusive design. While this thesis
does not argue that user information is of a greater importance than other design needs,
the case will be made for the importance of user understanding, the benefits it brings to
design and why user centred design should be given more consideration throughout the

design process as a whole.

There are a number of drivers that have been discussed in this chapter that promote the

value in an inclusive design approach. As a result of changing population demographics and
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advancing technology, there is a need for products that are designed to cater for a wider
diversity of user needs. Understanding the user is becoming more important to designers in

an effort to gain a competitive advantage and to gain entry into more lucrative markets.

“Overall, everyone benefits from inclusive design and in an era of a rapidly ageing
population it is imperative that we design for the whole life course, rather than for a

full bodied minority” (Clarkson & Coleman, 2015, p.2).

This literature review indicates that more has to be done to develop a method/tool that
designers can work within that will lead them towards a more inclusive outcome. Inclusive
design is not more challenging than following a normal design process — it simply adds
additional constraints into the specification and requires a deeper understanding of the
intended users by the designer. It is recommended (Goodman, et al., 2006) that there is a
need for better tools and methodologies that take into account the barriers to inclusive
design and improve knowledge and implementation of the approach. However, barriers
and drivers vary between companies, therefore it is important that the solution is flexible

and can be implemented by all.

This research will be of value to the sports design discipline as it aims to capture the first
model of the sports design process. However, as discussed here, there are possibilities to
expand the reach of this research to the wider user centred design community. Inclusively
designed products benefit not only the older and disabled population but able-bodied users

as well.

Two knowledge gaps have been identified from this literature review that this research will

address:

1. The first is the lack of a design process specific to the discipline of sports design.
Chapters 4 and 5 of this thesis will identify what differentiates the sports design
and product design processes in practice and will present a design process model
that is descriptive of sports design practice in industry.

2. The second is the potential to improve inclusive design practice by transferring
applicable lessons from the sports design discipline to inclusive design. While there
are a number of tools and methods that currently aim to improve inclusive design
practice and uptake, these are primarily focused on the designer and either do not

take into account or do not represent the inclusive design process as a whole.
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Chapter 6 will present the results from a study which investigates the potential of the
sports design process model to aid inclusive design practice. Chapter 7 will detail the
development of a framework based on the sports design process model and
recommendations made by designers in Chapter 6. Chapter 8 will present the final

framework and its validation.

This research will address both knowledge gaps by answering the following research

guestions that were identified from the literature review:

1. What differentiates the sports design process from the product design process in
practice?
2. What is the sports design process?

3. How is the sports design process applicable to inclusive design?

It is noted that while research questions 1 and 2 were presented in reverse order within the
literature review, there is a need to first establish what characterises and differentiates
sports design practice before mapping the sports design process to ensure these

characteristics are captured within the sports design process model.
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Chapter 3: Research Approach

The literature analysis in the previous chapter identified the lack of a sports design process
model that captured the sports design process as a whole. It was also recognised that there
is a need for better tools and methods that take into account the barriers to inclusive
design and improve knowledge and implementation of the approach in practice. The
following chapters (Chapters 4-8) will present the four studies undertaken as part of this
research to firstly identify and capture the sports design process and secondly to assess the
potential of that design process model to aid inclusive design practice. This chapter will
provide an overview of the research reported within this thesis and the structure of the
research. The research philosophy is presented, in addition to the adopted research
approach. This chapter will provide an overview of each of the four studies conducted
within this research, with further detail of each study being provided within the relevant

chapters.

3.1. Overview of this research

“The central aim of research is understanding” (Robson, 2011, p.24).

Research design is defined by Kumar (2014) as, “the road map that you decide to follow
during your research journey to find answers to your research questions as validly,
objectively, accurately and economically as possible”. During this journey a process is
followed to complete the various tasks required by the research to gain understanding of

the area of interest.
The research aim, as presented in Chapter 1 is:

To investigate how the sports design process can be used to improve inclusive

design practice.

To address this aim, the following research questions were proposed as a result of the

literature review:
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What differentiates the sports design process from the product design process in
practice? (Addressed in Chapter 4)

What is the sports design process? (Addressed in Chapter 5)

How is the sports design process applicable to inclusive design? (Addressed in

Chapters 6, 7 and 8)

Figure 3.1 illustrates the path of the research process followed in this thesis. The literature
review was conducted to establish existing work into the fields of sports design and design
processes in general and identified the link through user centred design to inclusive design
practice and the barriers to the inclusive design approach. The outcome was the
identification of the three research questions, which informed the conceptualisation of the
research design and the methodology for collecting appropriate data. Pilot studies were
conducted where appropriate (shown within Figure 3.1 as “field testing the research tool”).
Data was then collected, analysed and conclusions were drawn. To answer the three
research questions, four studies were conducted, as discussed in the next section. The
research process was therefore repeated four times between points A and B, as illustrated

in Figure 3.1. The result of the final stage (“write research report”) is this thesis.
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Figure 3.1 — Path of the research process — adapted from Kumar (2014), P36
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3.2. Structure of the research

Figure 3.2 illustrates the structure of the research carried out in this thesis. The research
aim addressed in this research is as stated in the introduction — to investigate how the
sports design process can be used to improve inclusive design practice. As discussed, the

literature review identified the three research questions that this research will address.

Research Question 1 PART 1 - Descriptive Study

Study 1
- What differentiates sports - What i Sport + product design company interviews
i : t differentiates sports + : :
design from product design? a 2 Final year student project analysis
: : = gesion fromyproducticiesignin Validation against literature analysis
practice?
Chapter 4
Research QUEStiOﬂ 2 Study 2 Sports company interviews

Re-analysis of sports designer interviews

i ' Whatis the sports design process? Implementation in final year student projects
What is the sports design il Féctus group qter\\/elomtnent )
aliation interviews with sports companies
process? Chapter 5

Research Aim

PART 2 - Prescriptive Study
Study 3
To investigate how the sports )
Is the sports design process model

desian process can be used to = = 3 . A Inclusive designer interviews
o 9 p o o 5 applicable’toinclusive design? Inclusive design expert workshop
improve inclusive design practice

Research Question 3

Chapter 6
. . Study 4
How is the sports design Concept generation
-> process applicable to Development of the Concept evaluation + development
e e dean? —> inclusive design framework. Piloting of framework
IDEIESIVE CESIOTIE Presentation + discussion of developed framework
Chapter 7

Inclusive designer validation interviews
Client validation interviews
Presentation + discussion of final framework

Validation and presentation of the
inclusive design framework.

Chapter 8

Figure 3.2 - Structure of the research

To address each of the research questions, this thesis is split into two distinct parts as is
shown in Figure 3.2. Part 1 addresses the first two research questions, identifying what
differentiates the sports design process from the traditional product design process in
practice (Study 1) and what is the sports design process model (Study 2). The identification
of the sports design process falls under basic research (Sim & Wright, 2000), which aims to
shed new light on the theoretical processes within a particular body of knowledge. Part 1 of
this research details two descriptive studies which assess the differences between the sport
and product design processes practice and capture and describe the sports design process

within a model. These studies are described in Chapters 4 and 5 respectively.
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Part 2 addresses the third research question — how is the sports design process applicable
to inclusive design? The application of the sports design process within an inclusive design
setting is applied research (Sim & Wright, 2000), where particular issues are addressed and
a solution is provided. Part 2 details two prescriptive studies that were undertaken to
assess the potential of the sports design process model to aid inclusive design practice and
the development of a framework to facilitate communication within the inclusive design
process. Study 3 is described in Chapters 6, while Study 4 is presented over Chapters 7 and
8.

Four studies were carried out within this research to provide the necessary data to develop
and validate both the sports design process model and the inclusive design framework.
Where participant involvement was required, signed consent forms were gained with
participants agreeing to participation in the study and (where relevant) recording of the
interview/workshop. More detail on the exact nature of the studies conducted within this
research is given within the relevant chapters of this thesis. A summary of each of the four

studies is provided below, with more detail given in each of the appropriate chapters.

Study 1 — What differentiates the sports design process from the product design process

in practice?

Study 1 addresses the first of the research questions through the comparison of sports
design and product design processes in practice, and followed a triangulation approach
using three methods. The first conducted interviews with sports and product design
companies to identify differences between the design processes of each in practice. These
results were validated through analysis of final year university sports engineering student
projects and the findings from the sports design literature review (conducted and discussed

in Section 2.2).

Study 2 — What is the sports design process?

Study 2 addresses the second research question with the sports design process
investigated, identified and captured following an iterative process of detailing and

evaluating the sports design process model. The study was made up of five steps —
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interviews with sports design companies, re-analysis of those interviews, implementation
of the sports design process model within final year sports engineering university student
projects, focus group development and respondent validation through further interviews
with sports design companies. The outcome is a design process model that is descriptive of

sports design practice in industry.

Study 3 - Is the sports design process model applicable to inclusive design practice?

Study 3 is the first step in addressing the third research question by determining the
applicability of the sports design process model to inclusive design practice. Within this
study, interviews were conducted with product designers, with an additional workshop
carried out with three inclusive design experts at the Helen Hamlyn Centre to gain a
detailed understanding of “best practice” inclusive design and how the sports design

process model could aid this within industry.

Study 4 — Development of the inclusive design framework.

Based on the recommendations of the designers interviewed as part of Study 3, a
framework was developed to aid inclusive design uptake in practice. Study 4 documents the
iterative process of concept generation and evaluation of the inclusive design framework,

the piloting of that framework and presents the framework prototype that was developed.

Study 4 (continued) — Evaluation and presentation of the inclusive design framework.

Chapter 8 reports on the continuation of Study 4 and concludes the research by completing
the response to research question three. Respondent validation was utilised within this
study, with a final set of interviews carried out with the product designers that had been
involved in Study 3. Further interviews were conducted with design clients to ensure the
inclusive design framework was applicable to the intended user. Based on the results of
those interviews, final developments were made to the framework, which is presented at

the end of Chapter 8.
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3.3. Research philosophy

The understanding of philosophical issues is important as it can help to clarify research
designs, recognise which designs will work or not, and to create new designs that may be
outside the researchers experience (Easterby-Smith, et al., 2012). The relationship between
data and theory is critical to the quality of research (Easterby-Smith, et al., 2012). Each
research approach adopts a particular philosophical perspective on reality and the way in
which knowledge is gained, based on a specific epistemological perspective adopting a
structure where inferences are drawn from the data (Sim & Wright, 2000). Any research
that involves the collection of data from the surrounding physical world is empirical, with
data being either qualitative or quantitative. The empiricism philosophical view
understands that only knowledge that is observed first hand is valid (Sim & Wright, 2000).

This view is therefore reflected in the practical approach followed throughout this research.

Ontology is the nature of reality and existence (Easterby-Smith, et al., 2012). There are four
different ontologies, which are summarised in Table 3.1. This work will adopt a relativism
position, which suggests that different people hold different views to which there may
never be a definitive answer. As such, a variety of participant groups are involved in this

research to ensure many of these viewpoints are captured.

. Internal L. L
Ontology Realism . Relativism Nominalism
Realism
) Truth exists but There are many )
Truth Single truth ) , , There is no truth
is obscure truths
Facts are
Facts exist and concrete but Facts depend on
) ) Facts are all human
Facts can be cannot be the viewpoint of )
creations
revealed. accessed the observer
directly

Table 3.1 - Four different ontologies (Easterby-Smith, et al., 2012).

Epistemology concerns the best ways of enquiring into the nature of the physical and social

world (Easterby-Smith, et al., 2012). Within epistemology, the role of the researcher must
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be considered in terms of their degree of engagement with the subject of the research. The
researcher can either maintain independence and objectivity or can fully engage with the
subject (Easterby-Smith, et al., 2012). Due to the nature of qualitative research, the
researcher themselves must collect and interpret the data, making them a part of the
research process itself, to the same extent as the participants and their data (Corbin &
Strauss, 2015). Within this research, the data collected is qualitative, with the researcher

fully engaged in the collection and interpretation of the data.

There are two main views regarding how research should be conducted: positivism and
constructionism. Table 3.2 summaries both these views. Based on the selection of a
relativism position, the epistemological approach followed by this research will be that of
constructionism. Constructionism is a view where social properties are constructed through
interactions between people, rather than having a separate existence (Robson, 2011). The
approach focuses on the way in which people make sense of the world around them
through the sharing of their experiences. As such, the ‘reality’ is determined by people
rather than by objective, external factors (Easterby-Smith, et al., 2012). Constructionist
approaches are sometimes referred to as interpretivist, as they focus on how the world is

interpreted by those involved in it (Robson, 2011).

The constructionist approach adopted within this research takes the assumption that there
are many different realities, leading the researcher to gain multiple perspectives (Easterby-
Smith, et al., 2012). It is the task of the researcher to understand the multiple constructions
of meaning and knowledge — as such, interviews are often used as a research method to
allow the researcher to understand multiple perspectives (Robson, 2011). The benefits to
the approach include that it can incorporate multiple data sources — a triangulation
approach is often used within constructionism and its adoption within this research will be

discussed later in this chapter.
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Internal

Ontologies Realism Relativism Nominalism
realism
Strong Strong
Epistemology Positivism Constructionism
positivism Constructionism
Aims Discovery Exposure Convergence Invention
Starting points Hypothesis Propositions Questions Critique
Large surveys; Cases and Engagement and
Designs Experiment
multiple cases surveys reflexivity
Numbers and Numbers and Words and Discourse and
Data types
facts words numbers experiences
Analysis/ Verification/ Correlation Triangulation Sense-making;

interpretation

Outcomes

falsification
Confirmation

of theories

and regression
Theory testing

and generation

and comparison
Theory

generation

understanding
New insights and

actions

Table 3.2 — Methodological implication of different epistemologies (Easterby-Smith, et al., 2012).

3.4. Adopted research approach

The theoretical perspective adopted in this research is both an inductive and deductive
approach, as shown in Figure 3.3. An inductive approach involves planning for data
collection, which is then analysed to determine if patterns arise that indicate relationships
between variables (Gray, 2014) and applies to Part 1 of this research, where the first and
second research questions are addressed. Part 2 of this research will follow a deductive
approach where a pre-existing idea or concept is tested (Robson, 2011) — in this case,
whether the sports design process is applicable to inclusive design practice. Based on the
philosophical perspectives detailed earlier, this research will conduct a number of practical
studies within real world scenarios to ensure that findings are applicable to industry

practice.
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Hypothesis / Related theory Working

theory testing theory
A
) Deductive
Inductive .
- reasoning
reasoning
Accumulation Experimental
of data design

Figure 3.3 - lllustration of combined inductive and deductive methods. Adapted from Gray (2014)

3.4.1. Theoretical Positioning

Grounded theory comes from a constructionist approach (Easterby-Smith, et al., 2012) and
is a means of generating theory from data that has been systematically gathered and
analysed (Corbin & Strauss, 2015). Glaser and Strauss (1968) view the role of the researcher
as that of developing theory using a comparative method — by assessing the same process
in different ways. There are different ways to adopt a grounded theory approach. This
research will adopt the view taken by Corbin and Strauss (2015) where the researcher takes
the time to become familiar with prior research and takes a detailed and structured

approach to analysing data, allowing the theory to emerge from the data.

The aim of grounded theory research is to construct theory rather than describe or apply
existing theories. Based on the nature of this research, where there is a lack of evidence of
the sports design process having been studied, in addition to the potential of the sports
design process to aid inclusive design practice, it is concluded that grounded theory is
applicable to, and will be adopted within this research. Grounded theory is an approach of
qualitative analysis (Bryman, 2012) in which the researcher develops inductive theoretical
analyses from the collected data, with more data then gathered to confirm these analyses —
within grounded theory, there is a close relationship between the data collection, analysis
and theory (Corbin & Strauss, 2015). The data is analysed using a process of coding and

analysis, with the data collection stopping when a point of theoretical saturation has been
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reached — where no additional data is found (Glaser & Strauss, 1968). The phases of

thematic coding analysis as outlined by Robson (2011) are summarised as follows:

Familiarisation with the data.
Generating initial codes.
Identifying themes.

Constructing thematic networks.

vk wonoRe

Integration and interpretation.

A general inductive approach (Thomas, 2006) is followed in this research as the method of
data analysis as it allows the raw data to be condensed, establishes links between the
research objectives and findings and reveals the underlying structure of the processes
found in the raw data (Thomas, 2006). The analysis is an iterative process of identifying
emerging themes in the raw data and refining those categories based on new observations,
with a framework developed to illustrate the results. The process of analysis ends when
theoretical saturation has been reached (Flick, 2011) — the point where further coding and
analysis will not gain any new knowledge with no new categories emerging from the raw
data. An inductive approach is associated with grounded theory, making it applicable to this

research, where the outcome of the research is new theory (Bryman, 2012).

3.4.2. Research strategy

A research strategy is a plan of action designed to achieve a specific goal (Densombe, 2010).
Qualitative research is associated with seeing things in context (Densombe, 2010). As a
result, qualitative data allows a range of factors and relationships to be taken into
consideration, making it a holistic approach that is suitable for use within this research
project. A qualitative research approach is generally linked with constructionism, research
strategies such as case studies, grounded theory and research methods such as interviews,
documents and observation (Densombe, 2010). This approach places emphasis on the role
of the researcher in the construction of the data (Densombe, 2010). In the case of this
research project, the researcher will carry out the interviews and the analysis of the
interview transcripts for each of the studies. Four essential features of qualitative research
are identified as: “the correct choice of appropriate methods and theories, the recognition

and analysis of different perspectives, the researchers’ reflections on their research as part
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of the process of knowledge production, and the variety of approaches and methods”
(Flick, 2009). According to Flick (2011), qualitative research “selects participants purposively
and integrates small numbers of cases according to their relevance”. Qualitative data is
appropriate for the research conducted here as it provides rich, detailed data with a

tolerance for ambiguity and contradictions (Densombe, 2010).

Qualitative researchers tend to observe the reality (Silverman, 2013). The analysis of
qualitative data is an iterative process (Densombe, 2010), which evolves as the data
collection and analysis of that data happen at the same time. During this research, the
transcribing and analysis of one interview often occurred before the next interview took
place — it does not wait for all interviews to be conducted before the data is analysed. This
is typical of qualitative data analysis. To ensure standardisation between the analyses of
interview data, coding was used as a means of systematically analysing the qualitative data

gained from this research, as discussed in Section 3.4.1.

Different researchers evaluating the data independently may produce differences in
findings. However, the trustworthiness of the results can be assessed using other
techniques. Reliability comes from the approach being based on straightforward scrutiny,
data reduction and category refinement (Goodman-Deane, et al., 2010). Silverman (2013)
identified the following weaknesses with the qualitative, in-depth approach to

ethnographic studies:

1. Researchers rarely provide the criteria or basis that was used to include certain
instances and not others. It is therefore difficult to determine the typicality or
representativeness of instances and the findings they generate.

2. Research reports are often presented in a tabular form which does not preserve the
original material from which the analysis was conducted. As a result, the original
form of the data is lost as the researcher tries to summarise their findings, making
it difficult to address whether alternative interpretations could have been taken

from the data.

Within Studies 1, 2 and 3, a multi-method strategy was adopted to investigate current
design practices, evaluate findings and explore the potential for a new approach to aid
inclusive design practice. These methods included interviews, questionnaires, focus groups

and workshops. Study 1 (presented in Chapter 4 of this thesis) utilised a triangulation
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approach where a range of methods are used, which are capable of producing independent
results (Goodman-Deane, et al., 2010). The approach “produces knowledge on different
levels, meaning they go beyond the knowledge made possible by one approach and thus
contribute to promoting quality in research” (Flick, 2009). A triangulation approach can be
used in the context of various research strategies, including grounded theory (Thomas,
2006). The use of multiple methods is common across many practical-based research
projects (Grey & Malins, 2004) as it allows the researcher to understand more fully the
complexity of issues by examining them from different perspectives, improving the quality
of qualitative research and providing a more holistic view than a single method alone
(Thomas, 2006). A triangulation approach was appropriate for answering the first research
question (what differentiates the sports design process from the product design process in
practice?) to ensure that correct conclusions were made regarding the sports design
process, which shows variations between companies and projects. This would ensure the

remaining three studies conducted within this research were based on strong foundations.

3.4.3. Validity and reliability
“Data are said to be valid when they represent what they purport to represent and
meaningful inferences can therefore be drawn from them” (Sim & Wright, 2000,

p.123).

Validity is concerned with the integrity of the conclusions generated by the research
(Bryman, 2012). Sliverman (2013) identified two ways in which the validity of qualitative

data can be assessed:

1. A multi-method approach — triangulation of methods.

2. Respondent validation.

The use of multiple methods as a means of validation is based on the assumption that
individual methods have different patterns of error associated with them (Sim & Wright,
2000). While every effort is made in this research to reduce methodological error, a
triangulation approach incorporating various methods is used to ensure validity and overall
reduce the error associated with individual methods. As illustrated in Figure 3.2, a
triangulation approach utilising three methods was used to validate the results of Study 1.

Studies 1, 2 and 3 also utilised a mixed-methods approach to ensure validity in results.
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Within Studies 2 and 4, respondent validation was utilised. This process involved the return
of conclusions based on the initial results to interviewees for validation of findings and to

allow refinements to be made.

“Reliability refers to the degree of consistency with which instances are assigned to the

same category by the same observer on different occasions” (Silverman, 2013, p.302).

In order for data to be reliable, it must be repeatable and consistent (Sim & Wright, 2000)
with the analysis procedure documented in a way that ensures future researchers can
repeat the same study and gain the same results, interpretations and claims (Silverman,
2013). To ensure that data is reliable, Silverman (2013) states that it must meet the

following criteria:

1. The researcher must ensure that the research process is transparent through a
detailed description of the research strategy and the data analysis methods.

2. The researcher must make clear the theoretical stance from which any
interpretations are made, including how particular interpretations were made and

why others were excluded.

3.4. Summary

The research approach followed by this research is summarised in an adaptation of the
research onion (Saunders, et al.,, 2016), shown in Figure 3.4. The research philosophy
followed is that of relativism, with the epistemological view taken as constructionism. An
inductive approach was followed in Part 1 of the research, with Part 2 following a deductive
approach. In order to ensure reliability and validity in results, a multi-method approach for
collecting qualitative data was used. This research adopts a grounded theory strategy, with
the aim of constructing theory. Due to the time-scales of the research, the time horizon is
that of a cross-sectional study. The methods of data collection and analysis within each of

the studies carried out are described in detail within each of the respective chapters.

The development of the sports design process is a descriptive study, utilising designers
from industry to capture the sports design process model. The outcome of Part 1 (Chapters

4 and 5) is the first representation of the sports design process model as a whole, which fills
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the first gap in the knowledge identified from the literature review — the lack of a design

process model specific to the sports design discipline.

The development of the inclusive design framework is a prescriptive study, aiming to
implement a user centred approach from sports design practice into everyday inclusive
design practice. To ensure the framework is applicable to industry practice and meets the
needs of those who are intended to use it (the designer and the client) both stakeholders
are involved in this research to ensure their needs were met. The outcome of Part 2
(Chapters 6, 7 and 8) is a framework based on the sports design process model that is
intended to improve the implementation of an inclusive design approach within product

design in industry.

Philosophy
Approach

Methodological Choice

Strategy

Time Horizon

Cross Induction
Sectional

Study

Data Collection
+
Data Analysis

Grounded
Theory

Multi-Method
Qualitative

Relativism

Deduction

Figure 3.4 — Summary of the research approach followed. Adapted from the research onion (Saunders, et al.,
2016)
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Part 1

Part 1 of this thesis presents the descriptive studies undertaken to understand and capture
the sports design process in industry. Part 1, Study 1 (Chapter 4) addresses the first
research question — what differentiates the sports design process from the product design
process? The triangulation study undertaken is presented along with overall findings to the
research question. Study 2 (Chapter 5) addresses the second research question — what is
the sports design process? The multi-method process of identifying, capturing and
validating the sports design process is presented along with the first design process model

to capture the sports design process as a whole.
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Chapter 4 — Comparison of the sport
design process and product design

Process

Following on from the overall research approach discussed in Chapter 3, this chapter
presents the first of two descriptive studies to investigate and understand sports design
practice in industry. This chapter presents Study 1 and will address the first research
question taken from the literature review: what differentiates the sports design process
from the product design process in practice? This chapter reports on a practical study that
aims to identify the similarities and differences between the design processes followed by
sports design and product design companies in practice, looking in particular at the stages
of the design process and levels of user involvement within the design process. The
outcome of the study is a discussion on what differentiates the sports design process from
those of traditional product design companies, focusing on the design process itself in

addition to the nature of user involvement within the design process.

The study follows a triangulation approach to ensure validity in the findings (Silverman,
2013). This approach was selected to eliminate respondent and researcher bias that could
result from using a single method. Chapter 4 discusses the interviews conducted with
designers from both sports design and product design companies to compare the sport and
product design processes in practice. Past sports engineering university student projects
are analysed to validate the findings of the interview results. The findings from the sports
design literature review, conducted in Chapter 2 are used to provide a comparison between
the work completed as part of this research and existing, published work to validate results

and identify the contribution to knowledge.

Chapter 2 identified that sports design is a design discipline with its own characteristics that
differentiate it from other design disciplines. However, it is also a discipline that has
received little attention in terms of research into its design process. Having recognised that
there is no design process model that captures these characteristics specific to sports
design practice as a whole, this study aims to identify what characteristics differentiate

sports design from product design practice.
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This chapter is structured as illustrated in Figure 4.1. Each of the three methods used is
discussed separately with their own detailed methodologies, results and discussion
sections. The chapter concludes with an overall discussion of the chapter findings and
conclusions from the chapter, including the contribution to knowledge that has been made.

Scope for further work resulting from the findings of the chapter is also discussed.

STUDY 1
Sport and product Analysis of past Analysis of literature
designer interviews student projects review findings
Introduction — Chapter Further
Methodology Methodology Methodology == Findings ™ Work
Results Results Results
Discussion Discussion Discussion

Triangulation Approach

Figure 4.1 - Structure of Chapter 4

4.1. Sport and product designer interviews

This section reports the findings from a set of 12 semi-structured interviews with designers
from both sport and product design companies to provide an understanding of design
practice in industry and how this informs the design processes followed by each. Interviews
were fully transcribed and analysed, as detailed in this section with results indicating
similarities with existing work discussed in the literature review in addition to providing

new insights, which will be discussed more fully at the end of this chapter.

4.1.1. Methodology

The first research objective is to understand what differentiates the sports design process
from the traditional product design process in practice. From the literature review, it was
found that Goodman-Deane, et al. (2010) reported on differences that exist between
published design process models and the design processes that are followed in industry

practice. Based on those findings, it was concluded that it would be invalid to compare
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sports design (as observed in practice) to existing published design processes models of the
product design process. To ensure a valid comparison between the sport and product
design processes, this study involved both sport and product design companies to allow
conclusions to be drawn regarding the design processes followed by each discipline in

practice.

It was unclear whether the design processes followed in practice would be influenced by
company size, therefore both large and small companies were interviewed in this research.
Company size was determined using The Companies Act (2006), which defines a small
company as “meeting two of the following: annual turnover of £6.5 million or less, the
balance sheet total must be £3.26 million or less, the average number of employees must
be 50 or fewer”. A large company is defined as being larger than the criteria listed for a
medium-size company — “an annual turnover or £25.9 million or less and an average of 250
employees or fewer” (Clarkson, et al., 2003). All the large companies involved in the study

were multi-national, while the small companies were all based within the UK.

The following criteria were used to select the companies involved in the study:

- Sports design companies: The literature review (Chapter 2) defined sports
equipment as the artefact used by an athlete to undertake their sport. As such,

|”

sporting products such as rehabilitation devices and “traditional” sports equipment
such as a high jump bar were considered out-with the boundaries of this research.
Purely mechanical products such as race cars were also out-with the scope of this
research. Sports companies involved in this research developed products that
required direct interaction with the athlete, including football shoes, running shoes,
tennis racquets and golf clubs.

- Product design companies: To ensure product companies were comparable to the
sports companies involved in this research, criteria used to select product
companies was kept similar (where possible) to that of the sports companies.
Companies included in the research designed products that required direct user

interaction with the product — this included consumer products such as home

appliances, domestic sound systems and printers.

12 companies were interviewed as part of this study (see Table 4.1) — six sport and six

product design companies, with three large and three small companies of each. The names
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of the companies involved will remain confidential — the companies will be referred to
throughout this section using the naming convention included in Table 4.1. E.g. LSA refers

to Large Sports Company A.

Semi-structured interviews were conducted with designers from each company to gain a
first-hand account of the design processes followed by each company in practice. The
approach allowed the designers the freedom to develop their thoughts further on relevant
topics without restriction, resulting in the exploration of topics not anticipated, therefore
not included in the interview questions. A similar approach has been followed in several
previous studies, which also conducted research into design methods and processes —
(Bruseberg & McDonagh-Philp, 2000), (Goodman-Deane, et al., 2010). Each interview lasted
around 40 minutes, providing sufficient time to ensure key points were covered and the
clarification of relevant information. Nine questions were asked and covered topics
including the design process followed by the company, the methods used and the levels of
designer and user involvement within the design process. The complete set of interview
guestions is included in Appendix 1. Open ended questions were utilised to encourage a

more detailed response from the designers.

Sports Design Companies Product Design Companies
Large Sports Company A LSA Large Product Company A LPA
Large Sports Company B LSB Large Product Company B LPB
Large Sports Company C LSC Large Product Company C LPC
Small Sports Company A SSA Small Product Company A SPA
Small Sports Company B SSB Small Product Company B SPB
Small Sports Company C SSC Small Product Company C SPC

Table 4.1 - Naming convention used for companies interviewed

Figure 4.2 illustrates the approach taken for the designer interviews. The literature review
(discussed in Chapter 2) identified the lack of a model representing the sports design
process as a whole and proposed the first research question this thesis will answer. This

study addresses that research question by identifying what differentiates the sports design
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process from the traditional product design process in practice. To assess the suitability of
the interview questions, an initial set of questions were piloted with three design
researchers and five final year sports engineering university students. A final pilot was
carried out with three small design companies (one sport and two product companies) that
were not included in the final sample. Following the piloting, modifications were made to
the questions to ensure they would be understood by the designers and the desired output
would be gained to allow the design processes of sport and product design companies to be

compared.

Interviews were conducted, where possible, in person with designers from each company.
For two sports companies and one product company, Skype was used due to designer
location. Designers that were interviewed had worked within their company for several
years, therefore had an understanding of their company’s design process and supporting
methods. During the face to face interviews, designers sketched out the design process
their company followed. For the interviews conducted via Skype, the researcher sketched
the design process following instructions from the designer. The interviews were recorded
and were completely transcribed, generating 12 transcripts, each of around 4000-5000
words. All interviews were completely transcribed and analysed using a general inductive
approach (Thomas, 2006), where a framework was used to interpret and compare
significant themes emerging from the interview data. More information on the analysis
approach followed is provided in the research approach in Chapter 3. The analysis of the
data was completed when a point of saturation was reached — where no new themes were
identified within the data. Following the analysis of the interview transcripts, further
information was added to the design process diagrams drawn out at the time of the
interview. These updated design process diagrams were returned to each company via
email for validation to ensure each company’s design process had been accurately captured
and the additional information added to the processes was correctly interpreted. In some
cases additional information was asked for to ensure standardisation of content for all the

design process diagrams.
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Sport Companies

Product Companies

4.1.2. Results

The results section is split according to the four key findings as follows: the design process
stages, iterations in the design process, user involvement within the design process and

levels of designer involvement throughout the design process.

Design process stages

All designers provided a linear representation of their design process despite no guidance
for how to illustrate the process being given. The core stages of the design process for each
of the companies interviewed are shown in Figure 4.3. The terminology used to refer to the
core stages of the design process were standardised as a result of analysing the interview
data, based on the key activities carried out at each stage. Each of the 12 companies
interviewed is listed on the left of the table using the anonymous coding (shown in Figure
4.2), with shading illustrating the design process stages that were present within the design

process for each company. Sports companies are shown in darker shading, with product

KEY: Stages present within the design process: Sport Companies
Product Companies

Design Conceptual Concept Design Concept Design Concept Pre- Product
Research Brief Specification Design Review  Development  Review Refinement Review Production ~ Production Launch

LSA
LSB
LSC
SSA
SSB
SsC
LPA

LPB
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SPB

SPC

companies shown with lighter shading.

Figure 4.3 - Standardised design processes for companies
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All large companies were able to provide a detailed explanation of their design process —

LPC stated:

“In terms of an overall process, we do have quite a structured approach we follow”.

All large companies reported multi-disciplinary working with good communication between
teams involved in the design process. LPB was the only large company not to have a
formalised design process. However, the stages followed throughout the design process
were clearly identified and did not vary between projects. Of the smaller companies, only
SSA followed a structured, formalised design process and was the only company
interviewed that reported following a published design process — the Lean 6 Sigma DMEDI
methodology. The remaining small companies described their design process as “ad-hoc”.
Small sports companies showed more consistency and structure than small product

companies — a designer from SSB reported:
“It’s much more ad-hoc with us, but there is some structure to it (the process).”

This was in comparison to the small product companies that reported greater variations
within their design process between projects, although many of these variations are likely

due to variations in the scale of the project.

Timescales for the design process were consistent for large sports companies, taking 1 % - 2
years from project initiation through to product launch, while large product companies and
all small companies showed more variation between project timings, ranging from weeks in

product update projects to 2 years or longer for new design projects — LPC stated:

“There’s a fair degree of variation... things that affect the length of time are

complexity of the product, type of product”.

All companies produced their own design briefs and/or specification with the exception of
SPC which was a design consultancy, although some communication was reported between
the designer and the client depending on the project. The designers themselves were only
involved in the formation of the brief within the small sports companies, where data
informing the brief was collected by the designers. All large companies produced a written
design brief, with product companies providing an additional specification, although LPB
reported lacking the detail in the specification that was reported by other large companies.

None of the small companies reported producing a detailed brief, with communication
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being predominantly verbal. All small product companies added that their design briefs

lacked detail:

“We get a Power Point with maybe 6 bullet points on it” (SPA).

Data included in the design brief varied between companies but market need, competitors,

technology and performance targets were often included.

All large companies carried out a pre-production stage to assess quality before mass
production — an initial batch was produced to ensure quality was consistent when
producing in high quantities. Although SPB and SPC showed a pre-production stage within
their design process, this was for the purpose of building one complete working prototype

rather than batch producing parts to test for quality.

Iterations in the design process

All companies reported iterations within design process stages — typically two to three
iterations were common within each design process stage and were predominantly
reported in the design development and design refinement stages. Figure 4.4 illustrates
iterations within the design processes of each company. Shading represents the design
process stages present within each company (as shown previously in Figure 4.3), with
darker hatching illustrating reported iterations within design process stages. For sports
companies, it was emphasised that iterations within the design development and design
refinement stages were due to repetitive prototyping, user testing and evaluation to ensure
that the product met the performance requirements of the athletes. Product companies
also reported iterations within these stages of the design process where designs were
refined and tested — in the case of product companies, testing was often mechanical rather
than focusing on usability. Small product companies reported that the number of iterations

within design process stages was often inconsistent between projects.

Sports companies reported that iterations between design process stages were extremely
rare — no backwards iterations between design process stages were reported by any of the
sports companies. In contrast, product companies reported that in some projects, problems
could result in significant back-tracking through the design process. These backwards

iterations within the design process are represented with arrows in Figure 4.4. Backwards

118



Sport Companies

Product Companies

iterations were found to be more common within small product companies compared to
large (only LPB showed iteration between the first concept review stage and concept

generation for large product companies).

All large companies included a fixed number of design review stages within their design
process, where project progress was reviewed and stakeholders within the company
(management, clients, designers, etc.) were involved in making major design decisions.
These formalised review stages were uncommon in small companies. SPA and SPC reported
occasional review meetings with management although these were not a formalised part of
the design process and occurred infrequently and irregularly. As a result, last minute design
changes were common due to a lack of communication with clients and were often

problematic — SPB reported:

“You’ll be quite far down the road when management say, what if we add this?

Well we don’t really have space any more”.

These changes were reported to result in projects running over-time with additional costs
incurred, resulting in the backwards iterations within the design process for the product

companies.
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Figure 4.4- Iterations in the design processes for companies
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User involvement

Figure 4.5 illustrates user involvement within the design process for each company, with
shading highlighting areas of physical user involvement reported by the designer — darker
shading represents the sports companies, while lighter shading represents the product
companies. It should be noted that there were other areas within the design process where
the results gained from user involvement were highly influential in design decisions made,
particularly at the design review stages. These are not shown within Figure 4.5 as the users

themselves were not physically involved.

KEY: Physical user involvement in the design process: Sport
Product
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Figure 4.5 - User involvement in the design processes for companies

User needs played a key role throughout the design process for sports companies. User
feedback, focus groups with athletes and coaches and observations were commonly
adopted in the research and early conceptual design stages by all sports companies. More
formal product/user testing was carried out extensively during the later design
development and refinement stages to test products for durability, wear, comfort, fit and
performance, with user testing key in determining the performance success of the product.
Assessing the performance of the equipment when in use by the athlete was central to the
sports design process, rather than testing the equipment alone in isolation. All sports

designers regarded the equipment and the user as a system, emphasising that the user and
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equipment had to work together to ensure sporting success. One sports designer

commented:

“You don’t touch the equipment alone — you touch the system that you and the

equipment build together”.

Consideration of competitor products was also essential for sports companies in the early
stages of the design process to assess performance characteristics and customer

preferences.

In contrast, user needs were not as dominant a consideration within the design process for
the product companies. User information was often collected in the early research stage
with most product companies not involving the user again until feedback was received on
the finished product. User involvement methods reported by product companies included
focus groups and feedback on the company’s own previous products and competitor
products, with this information often provided to the designer as secondary data, collected
by marketing departments or external companies. Only LPB reported physical interaction
between the designer and the user in the research stage to provide feedback to the
designer on previous products. However, this was not carried out at the start of every
project, with LPB stating that designer interaction with the user was typically carried out on
an annual basis. Secondary user information was used for the remainder of the company’s
projects. LPA and LPC both reported involving the user at design refinement — however, this
was reported to be at the end of the design refinement stage once a near-finalised
prototype had been developed and did not occur in every project. Only SPC reported
involving the user during design development, but this varied depending on the project.
LPC stated that the user was at the heart of their design process although this was not
reflected in the level of user involvement within their process — designers and technicians

often simulated product use themselves rather than involving the user.

Figure 4.6 illustrates the levels of user involvement within the sport and product design
processes with the sports companies reporting user involvement within process stages
shown in red and product companies shown in blue. There is a significantly higher level of
user involvement shown throughout the sports design process compared to that of the

product design companies. The most significant difference in the levels of user involvement
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is within the design development stage, where sports companies reported early

prototyping to allow user testing to occur earlier in the design process.
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Figure 4.6 — Comparison of user involvement within the sport and product design company processes

Prototyping early was important in all sports companies to allow user testing to occur early,
resulting in two to three iterations within design process stages. Many sports companies
reported producing mock ups in the early conceptual design stage, with extensive user
testing of these prototypes beginning in the early stages of design development. In
contrast, the product companies focused mainly on early CAD work with physical
prototyping carried out later in the design process, often during the design refinement
stage. LPC was the only product company to report producing functional prototypes early
at the conceptual design and design development stage, although this was reported to
assess product functionality rather than usability. Other product companies prototyped
individual mechanisms during design development to test functionality, with full product
prototyping occurring towards the end of design refinement or into the pre-production

stage.
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Designer involvement

Designers within all sports companies had an extensive understanding of the sports they
were designing for (many participated in their sport to a high recreational level) with all
reporting that this aided their understanding of the performance requirements that their
products should meet. Design decisions within all companies were mainly subjective, with

designers often relying on their own experience and intuition to progress the project.

As discussed earlier in this section, user needs played a key role in the design processes for
all sports companies with designers directly involved with users throughout the design
process. Sports designers were regularly involved with athletes (both recreational and
professional) as well as coaches. This primary data was reported to provide them with
valuable insight into the requirements of sporting equipment. In contrast, the user data
received by designers within the product design companies was often secondary. In
reference to user data which was often collected by the marketing department, the

designer from SPA reported:

“Nothing goes directly to me at all”.

Data received by product designers was often mechanical or functional, stating
performance requirements, with little data regarding the user or product usability. LPB was
an exception, where designers were involved in some informal discussions with customers
during the research stage, although as previously reported, this occurred on an annual basis

rather than on every project.

Designers within the small sports companies were involved in all stages of the design
process and all aspects of the company due to company size. This involved creating and
defining the design brief, interacting with athletes and coaches, and meetings with

suppliers and manufacturers.

4.1.3. Discussion

This section discusses the results of the interviews conducted with designers from sports
and product design companies in response to the research question — what differentiates
the sports design process from the product design process in practice? This section firstly

discusses the similarities observed between the sports and product design processes before
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discussing the differences that were observed. Sections 4.2 and 4.3 within this chapter
present and discuss the results gained from the two other methods within the triangulation

approach.

Similarities

Only SSA reported following a published design process — the Lean 6 Sigma DMEDI
methodology. None of the other companies interviewed in this research reported following
a published design process model, which is in agreement with Costa, et al. (2015), who
reported on a lack of uptake of many published design models due to a lack of guidelines
and support to implement them. The remaining companies interviewed in this research
adopted many of the same common core stages of the design process, with the design
process tailored to the needs of the company and the nature of the design project. This
aligns with findings by Maffin (1998), who reported on many design practitioners
developing their own processes that take into account company constraints and highlights
that within industry there is a lack of a formalised design process specific to sports design

being implemented.

Figure 4.3 illustrates the core stages of the design processes for each company, which show
little variation between companies. This is in agreement with findings by Gericke and
Blessing (2012) who concluded that design processes have similarities across disciplines in
terms of their core stages. The standardised terminology of the core stages of the design
process also aligns with many of the design process models discussed in Section 2.3.3 of
Chapter 2. All companies included a concept generation stage, although the time allocated
to this stage was dependent on whether the project was a new product design or existing
product development — in many cases, companies reported their projects to be existing
product development, which is in agreement with findings from Margolin (1997), who
reported the majority of design work to be the redesign of existing products. It is therefore
concluded that the sports design process follows the same generic high level design process

as many other design disciplines.
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Differences

As both large and small companies were involved in this study, differences between the
two are briefly discussed here. The remainder of this section focuses on answering the
research question, identifying the differences between the sport and product design

processes.

Large v small companies

All large companies followed similar structured design processes where designers were
aware of the design process and their role within it. It is anticipated that this is due to large
companies being more established, with a need for structure due to company size. The
literature also reports on the benefits of following a design process, with companies that do
so often being more successful (Costa, et al.,, 2015). Although SSA also reported a
formalised design process, it lacked the detail of the larger companies. The remaining
smaller companies did not adopt a formalised design process, potentially due to the

perceived time and resources required to do so.

Notable differences between the companies involved in this study include the use of
formalised design review stages within large companies, which were not formalised within
the design processes of small companies. Review stages were reported throughout the
design process by large companies, occurring after conceptual design, design development
and design refinement stages where stakeholders within the company were involved in
making design decisions. It is expected that review stages were found in larger companies
due to a greater number of people involved in the design process, therefore increasing the
need to ensure communication throughout the design process between teams. Infrequent
review meetings were discussed by some small companies when making design decisions,
particularly when management and production were based out with the design
department, although these meetings were rare. It is suggested that more frequent,
structured review meetings would likely reduce the number of issues raised later in the
project (as discussed in the previous section, suggestions raised by management late in the
design process were difficult to accommodate), reducing costs and preventing projects

running over-time as was observed in many of the small product companies.
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It was reportedly common practice for designers within the same company (for small
product companies) to follow different design approaches. This resulted in an increased
number of unplanned iterations, duplication of work and poor communication. It is
recommended that to improve efficiency within small design companies a more structured
approach to the design process is needed and should be understood by stakeholders
throughout the company. However, it can be argued that the design processes followed by
large companies are not appropriate for use within small companies, due to limited
resources, smaller teams and as observed in this study, a lack of structure. Maffin (1998)
highlighted that many design processes do not consider variables such as quality and
availability of resources, designers and managers. It is therefore suggested that there is a
need for more research into the design processes of small companies to develop a greater
understanding of their design processes and reasons for not following a more structured

approach.

A pre-production phase was present in all large companies to determine moulds and refine
the factory process. This was not observed within smaller companies, with the exception of
SPC and SPB who reported one test manufacture run at the end of design refinement.
However, all small companies reported communication with manufacturers prior to

production, during the design refinement stage to select tooling, etc.

Sport v product companies

There were three distinct differences observed between the sport and product design
processes — user involvement, iterations in the design process and designer involvement

throughout the design process — which are discussed here.

User involvement

Figure 4.5 illustrated areas of physical user involvement within the design process
highlighting a greater inclusion of the user within the design process by sports companies
compared to product companies. It should be noted that these results illustrate user
involvement as indicated by the designer, rather than formalised company practice. With

the exception of SPA, all companies considered the user within the initial research stage,
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although with considerably less emphasis on user needs and abilities within product
companies compared to sports companies. Considering the user in the early stages of the
design process allows the greatest potential for user information to inform the project
(McGinley, 2012). This lack of emphasis on understanding the user by the product
companies therefore risks the needs of the user being left underexplored in the design

process.

Within sports companies, the user was often heavily involved throughout the design
process. User involvement methods varied within the early stages of the design process for
sports companies but included athlete observation and feedback, game analysis, surveys
and focus groups. Only SSB included the customer in the conceptual design stage to aid the
selection of concepts, which were then developed further by the company with changes
made to style, materials and aesthetics. User input played a key role during the design
development and refinement stages for sports companies with methods including field
testing, play testing, observations and biomechanical analysis. Physical prototyping was
important for all sports companies, with the emphasis on producing prototypes early to
allow user testing to be carried out early, resulting in two to three planned iterations within
the design development and refinement stages. It is argued that without extensive user
testing and prototyping occurring early and throughout the design process, it would
become increasingly difficult for sports designers to ensure that products were meeting the
performance requirements of the athlete. Sports companies viewed the user and the
product as a system — both had to work together in order to be successful. All sports
companies emphasised that a product producing good test results in isolation would not
necessarily be a viewed as a “good product” when being used in context by the customer.
This agrees with findings from the sports design literature review, where the interaction
between the athlete and the equipment is discussed extensively. Sports companies
interviewed as part of this research agree with these findings, in addition to adding detail

on how and when this user testing occurs within the design process.

In contrast, product companies reported low levels of user involvement throughout the
design process with the designer rarely collecting primary user data. User involvement
methods within product companies included focus groups, feedback on the company’s own
previous products and feedback on competitor products, with this information often

provided to the designer as secondary data — only LPB reported direct interaction between
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the designer and the user, on an annual basis rather than per project. The benefits of user
involvement throughout the design process are discussed in the literature review of this
thesis, as designers themselves are unlikely to have the skill set or experience to design for
the wider population (Wilkinson & Angeli, 2014). User involvement at the start of the
design process can inspire the designer but this requires the designer to be actively
involved with the user — the product companies interviewed as part of this research
reported a significant lack of designer engagement with the user. Instead, most product
companies focused mainly on early CAD work with prototyping predominantly assessing
mechanical functionality rather than usability. Although both LPC and SPB included the user
at the design refinement stage to test developed prototypes, there was little scope for
design changes at this late stage without impacting project costs and timescales. In
contrast, sports companies placed emphasis on the user earlier in the design process and
received continuous feedback, resulting in few issues raised in the later stages. While there
are many factors that affect product success, it is likely that in some cases where backwards
iterations were reported in the product company design processes, this may occur as a
result of the product failing to meet user needs, with these problems only identified in the

later stages of the design process.

Sports companies received additional input from professional athletes throughout the
design process, particularly during early research and design development stages. This
professional input was considered to be separate from that of the standard user as the
professional athlete has a deeper understanding of the sport, the equipment and the
performance requirements needed to improve their game. However, it should also be
noted that the professional athlete is not a paying customer, therefore while their input
was highly beneficial in terms of performance requirements, the recreational user should
also be included to inform design decisions. In contrast, there was no “professional”
involvement in the product development process to influence design decisions relating to
user/product interaction. Although it can be argued that everyday consumer products do
not have the same performance requirements as sports products, there is still the need to
develop a product that is compatible with the user that will improve overall usability and
product experience. It is suggested that many consumer products will have an equivalent of

a “professional” user, who would use the product more often and with more experience

than the standard user.
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Although no sports company reported involving the user at the design reviews themselves,
all sports companies stated that user requirements were central to these reviews, with
results from user testing discussed extensively and informing decisions made. The results of
user testing were also key to the small sports companies in terms of decision making
throughout the design process although unlike the lager sports companies, the small sports

companies did not formalise these review stages.

Iterations

The design process for large sports companies included a fixed number of review stages
and typically two/three planned iterations within process stages with additional iterations
reportedly rare for all sports companies. Additionally, sports companies also only reported
iterations within design process stages, with backwards iterations rarely occurring between
stages. While it can be argued that there are many factors which could influence this
forwards only progression through the design process, this research suggests that the
continual involvement of the user throughout the design process and the use of early
prototyping and testing, may play a role in ensuring that a project progressed with minimal
disruption. It is also suggested that the continual reviewing of project progress against user
needs and performance demands ensured that sports projects iterated within process
stages to ensure design requirements were met and would not progress onwards until all

stakeholders were satisfied.

In contrast, the product companies reported iterations both within and between design
process stages. There are extensive reports on the costs associated with making design
changes later in the design process — as discussed by Sims (2003) design changes later in
the design process can be expensive and time consuming. As previously discussed in this
section, there is also an apparent lack of user involvement within the product design
process compared to the sports design process, with user testing and feedback informing
the decisions made at review stages and prototyping and testing occurring much earlier in
sports companies compared to product companies. While there are many factors that could
influence iterations within the design process which were not studied here, it is suggested

that a lack of user involvement (and as a result a lack of user information on which to base
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design decisions) may result in some of the re-work between design process stages that

was reported by the product companies.

Designer involvement

With the exception of the small sports companies, designers were not involved in the
formation of the design brief. Within the small sports companies, designers were involved
in all aspects of the business from formation of the brief to designing, marketing and sales.
It is suggested that this was due to company size, resulting in designers playing a multi-
functional role within their company. In contrast, designer involvement within large sport

and all product companies was predominantly focused on designing.

Sports designers were far more involved with the user throughout the design process
compared to product designers. While the users themselves were physically more involved
throughout the sports design process than the product design process, when sport
companies did report user involvement, the sports designers themselves were often
involved. In contrast, where the user was involved within the product design process, the
product designer was rarely in contact with the user. It is argued that this involvement with
the user will give the designer a more informed view of the project, performance
requirements of the product and user demands as designers receiving primary data can
question, interpret and observe the user in context — lelegems, et al. (2015) argues that
direct user involvement with the designer helps to generate new data, with Dong, et al.
(2013) adding that designers who receive a wide variety of user information sources are
able to gain a more detailed understanding of those they design for. It is likely that
continual designer involvement with the user will result in reduced design alterations later
in the design process, explaining the lack of backwards iterations in the sport design
processes. In contrast, the user information provided to product designers was often
secondary making it harder for designers to understand the initial problem in its context of
use and to fully test the usability of the product. While it can be argued that some product
designers did complete rigorous product testing involving themselves and technicians,
there is still value to be gained from receiving primary user feedback on a product in its

intended environment of use.
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Additionally, all sport designers played the sport they were involved in and had an in-depth
knowledge of their sport. This experience was reported by all sports designers to play a
major role in influencing design and decision making, in addition to information gained
from the users themselves (both recreational and professional). However, one sports
designer reported, “we are not consumers, we are not normal anymore,” emphasising the
need for the designer to continue to take into account the paying customer who would

need reason to spend money on the new product.

4.2. Analysis of student projects

This section details the analysis of final year sports engineering university student projects.
While the findings of the interviews conducted in Section 4.1 reported some similarities
with results discussed in the literature, there were deeper insights gained here into the
sports design process which have not been discussed before in published work — the sports
design process itself, iterations within that design process, the level of user involvement
within the design process and the involvement of the designer with the user. This section
provides a means of validating the findings of the interviews conducted with the sport and
product design companies to ensure that appropriate questions were asked of the
designers and the correct conclusions had been arrived at regarding the characteristics of
the sports design process. As the students documented all aspects of their project work
within reports and folios, this provided a platform to assess an entire sports design project
and would complement the results of the sports design processes discussed by the sports

designers in Section 4.1.

4.2.1. Methodology

The second stage of the triangulation approach involved the analysis of final year sports
engineering university student individual projects. The projects reported the development
of an innovative piece of sports equipment from the early research stages through to a
finalised product (final prototypes and manufacturing drawings were produced for each
project). A total of 17 projects were analysed in this research. Projects were included based

on the selection criteria used to select the sports companies for the interviews conducted
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in Section 4.1 — projects must detail the design of a piece of sporting equipment that will be
used directly by the athlete to undertake their sport. Projects that were included in the
study covered a range of topics, ranging from the design of a shoe that simulated bare foot

running, a training aid for rugby, a badminton training aid and an adaptive snowboard boot.

It is noted that this study intended to assess differences between sport and product design
processes in practice — however, students were considered to be representative of the
designer population as all were final year students with projects conducted over a 9 month
period and contributing towards 25% of final year grades. Students involved in the research
had experience working on industry projects (a core part of the course) and were
encouraged to undertake industrial placements, therefore had an understanding of sports

design practice in industry.

Fundamentally, the outcome of this method was used as a means of validating the
observed differences between the sport and product design processes reported in Section
4.1 rather than to identify further characteristics of the sports design process. As this
chapter reports on a study that is descriptive of industry practice, changes were not made
to the key characteristics of sports design practice identified in the initial set of company
interviews based on the analysis of the student projects. If differences had been observed
between the results, the designer interview transcripts would have been re-analysed and

more work potentially undertaken.

The analysis of the student projects involved a number of stages to analyse the results
presented in the student reports and folios. This included developing descriptions of the
design processes followed, identification of the justification provided by the students for
using the selected design process, details of the activities undertaken at each stage of the
design process and levels of user involvement throughout the project. The outputs of these
activities were then grouped according to the core themes identified from the analysis of
the transcripts from the initial company interviews discussed in Section 4.1 — iterations
within design process stages, user involvement and designer involvement within the design
process. No new relevant themes were identified — the exceptions (discussed in the next

section) were purely project dependent.
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4.2.2. Results

To allow a comparison between the student projects and company interviews conducted in
Section 4.1, the results section will be structured in the same way as before, according to
the main findings from the analysis — the design process stages, iterations in the process
and user involvement within the process. Levels of designer involvement in the design
process are not discussed here as all student projects were individual with activities carried
out by the students themselves, therefore are not representative of the levels of designer
involvement reported in industry (where designers work as part of a team) and will not be

involved in the comparison.

Design process stages

It was found that 10 out of the 17 sports student projects adapted existing design process
models to suit the needs of the project. Reasons given for this included: user involvement
throughout the design process was not clear in existing models; a clear, structured

approach was necessary; more emphasis on testing was required. One project reported:

“The (initial process model selected) did not consider the material testing and

analysis protocol that would be essential to the success of the project”.

That project then adapted the initial design process model to include an iterative cycle of
analysis, testing and prototyping. Another project, which combined two existing design

process models stated:

“These methodologies (combined) allow continuous consideration of the user at

each stage, which will be crucial in developing a user centred product”.

This was representative of many of the projects, where students felt the need to adapt
existing design processes to incorporate a user centred focus into the design process itself
to allow for user needs to be identified and met. Many of the students stated that they felt
the need to increase the emphasis on user integration in the design process, with all
projects stating that usability was a key design requirement and that the project itself

should be user centred:
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Student Projects

“A user centred design philosophy requires user centred research; lots of prototypes

are necessary”.

Continuous prototyping, testing and evaluation were prominent features for all the student

projects.

All the student projects provided an illustration of the design process followed and all again
adopted a linear representation. The core stages for each of the student projects are
illustrated below in Figure 4.7, with shaded areas representing stages that were present
within the design process for each project. It was noted that students were asked to
provide a separate design brief document in addition to a product design specification that
was included within the project reports. This was a project requirement and therefore not

representative of design practice in industry.

KEY: Stages present within the design process: -

Design = Conceptual Concept Design Concept Design Concept Pre- . Product
Research Brief Specification  Design Review  Development Review  Refinement  Review Production  Production Launch

O » O 2 2 X - —-— IO ™m™mMmON® >

Figure 4.7 - Standardised design processes for student projects

Design review stages were rarely formalised within the design processes followed in the
student projects. However, analysis of the reports and folios identified that areas of
decision making did occur at the end of conceptual design, design development and design

refinement — similar to that reported by the sports design companies. Similar activities
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occurred between the student projects and sports design companies — decision making was
based on user and expert feedback and evaluation against the specification. There were
also a number of formalised assessments reported by the students, which occurred at
similar stages in the process to the design reviews reported by designers in industry. At
these assessments, students were expected to present completed work, discuss future

work and justify design decisions made.

Production and commercialisation phases were included in 15 out of the 17 design
processes followed by the students. Although the projects themselves did not progress
beyond the design refinement stage, students produced a set of manufacturing drawings
and considered product production and manufacturing (including methods such as DFMA —
Design for Manufacture and Assembly), which were included in many of the projects.
Students also included details of business and marketing plans, detailing how the project

would potentially be commercialised.

Iterations in the design process

Student reports documented the project activities followed within reports and folios,
discussing the developments that were made at each stage of the project. Figure 4.8
illustrates the iterations reported within the design processes reported for each of the
student projects. The grey shading represents the design process stages within each project
(from Figure 4.7) with the darker hatching illustrating iterations within each stage. All
projects progressed forwards through the core stages of the design process — none of the

projects reported any major re-work.
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Student Projects

KEY: Stages present within the design process: -

Iterations within process stages: -

Design . . Conceptual Concept Design Concept Design Concept Pre- ' Product
Research Brief Specification  pesign Review  Development  Review  Refinement  Review Production  Production Launch

O » O 2 2 rmr X - =— I &6 m m O N ® >

Figure 4.8 - Iterations in the design processes for student projects

Iterations were reported to occur extensively in the concept generation phase for all
projects. Methods varied between projects but all reported several iterations of producing
large quantities of rough sketches, which were evaluated, developed and reduced to a

select number of detailed concepts.

16 out of the 17 projects reported iterations at the design development stage where the
chosen concept was developed further, with early prototypes made, tested and evaluated
in an iterative process. 12 of the 17 projects reported iterations within design refinement,
where prototypes were again developed, tested and evaluated with the user themselves
often involved. It is anticipated that the reduction in the number of projects reporting
iterations in the later stages of the process is likely due to a lack of time to complete further
work — students only had 9 months to complete the project. However, the majority of
projects did report on some iteration within the design refinement stage to assess the final

prototype.
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Student Projects

User involvement

As with sports design companies, the student projects reported high levels of user
involvement throughout the project, with design decisions and developments often based
on user recommendations and testing results. Figure 4.9 illustrates areas of physical user
involvement within each of the student projects, with darker shading representing areas of

user involvement within the design process.

KEY: Physical user involvement in the design process: -

Design . . Conceptual Concept Design Concept Design Concept Pre- . Product
Research Brief Specification Design Review  Development  Review Refinement Review Production ~ Production Launch

O ©® 0O 2z 2 m X -« — I O M MO N ® >

Figure 4.9 - User involvement in the design processes for student projects

All projects reported extensive user involvement in the early research phase, which was
used to inform the design brief and specification. Methods varied between projects, but
observations, surveys and interviews with elite athletes and coaches were common in many
projects. Some early biomechanical analysis was also reported to improve designer

understanding of the performance requirements of the athlete and equipment.

It was noted that the students often involved the user at the conceptual design stage — this
was in contrast with the sports companies interviewed where conceptual design saw the
lowest levels of user involvement. It is anticipated that this is partly due to the design
methods taught to the undergraduate students in which some concept generation methods

encourage group participation, rather than just the designer themselves. All student
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projects were new designs, therefore had greater emphasis on the concept generation
stage compared to the sports companies. Three of the projects reported physical user
involvement within the concept review stages, which was not reported by the sports
companies. In the case of these projects, this involvement was in the form of one or two
elite athletes/coaches who were involved in the decision making process of which concept

should be progressed.

The majority of the student projects reported user involvement throughout the design
development and/or refinement stages. No project reported zero user involvement during
the design development and refinement stages. Methods of user involvement again varied
between projects, but were more performance focused in these later stages — activities
typically involved performance testing of the product and biomechanical or motion
analysis. No user involvement was reported after the design refinement stage as the

projects did not progress through the commercialisation and product launch phases.

4.2.3. Discussion

It is noted that none of the students followed a design process specific to sports design,
highlighting again the lack of such a design process. As part of the project requirements,
students were required to select a design process to follow — students were familiar with
several existing published design process models prior to the project but were also free to
choose an alternative design process. There were no stipulations regarding the design
process to follow, allowing students’ flexibility to find one that best suited their project
needs or to develop their own. The adaptation of existing design process models by a
number of students emphasises the need for a design process model that captures the
characteristics of sports design. It is apparent that the sports design process is highly user
focused, with students showing a need to illustrate this within the design process followed

in their projects.

In addition to identifying the lack of a sports design process model, the analysis of the
student projects also served as a means of validating characteristics that differentiated the
sports design process, identified from the sports company interviews. Student projects
involved the user throughout the design process, which was highlighted in the discussion of

the user centred nature of the design processes the students followed. The design methods
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used varied between projects but showed similarities to those carried out by sports
designers in industry — in the early stages of the projects, students utilised observations,
focus groups and interviews, while in the later stages, testing was more focused on product
safety and performance in use. Students made use of the resources available at the
university, with the use of biomechanical analysis more prominent within the student
projects as a result. Students were limited by the resources and timescales allowed to them
and it is noted that while full working prototypes were often developed, these were not
built to the same standards and quality possible in industry. Unlike the sports design
companies, student projects did not involve the user at the end of the process for
evaluation, as the projects did not progress into the commercialisation and product launch

phases.

It is thought that the emphasis placed on assessing user needs early in the design process
and continually referring back to the user for feedback and validation, enabled the projects
to progress linearly through the core stages of the design process. It should be noted that
given the timescales of the student projects there was not scope for students to carry out

the same level of work and detail as reported by sports designers in practice.

It was concluded that levels of designer involvement are not comparable between student
projects and industry practice, therefore this will not be discussed in detail. As students
worked alone on their projects, all user involvement was carried out by the students
themselves, therefore this was determined by the nature of the project and not necessarily

reflective of the characteristics of sports design practice.

A number of similarities were observed between the student projects and the results of the

designer interviews reported in Section 4.1:

- Similar core stages of the design process (research, conceptual design, design
development and design refinement) represented in a linear manner within project
reports.

- Like the sports companies, student projects showed iterations within design
process stages rather than between.

- The user was vital to all student projects, with emphasis on user involvement
throughout the design process — many of the student projects emphasised that the

approach followed was user centred. User related activates included initial
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interviews, questionnaires and focus groups with extensive prototype testing later
in the process, which aligned with many of the methods reported by the sports
design companies.

- Product testing was a core part of the student projects, validating the design
solution in terms of improvement to performance. Students prototyped early to
allow user feedback on design ideas. Sports companies also reported early
prototyping and an iterative process of prototype development, testing and

evaluation.

A number of differences were also observed:

- Student projects did not progress beyond the design refinement stage (although
consideration was given to manufacturing processes and product promotion) due
to the nature of university student projects.

- Design review stages were not formalised within the student design processes
although key activities (reference back to the design specification and justification
of design decisions) in addition to some formalised assessments were recorded at
the end of conceptual design, design development and design refinement that
were in line with the activities of the design reviews undertaken by sports
companies at the same stages in the design process. It is also noted that student
projects were individual and not completed as part of a design team.

- Greater emphasis was placed on the conceptual design stage in student projects, as
all were new product development projects. In practice, very few projects are new
product developments (Margolin, 1997), with many being developments of existing

products, resulting in less emphasis on conceptual design.

The differences observed between the sports student projects and sports design companies
are a result of the specific nature of the student projects rather than differences in the
characteristics of sports design practice observed between the two methods. The core
similarities between the projects and industry practice (the core stages of the design
process, the iterations between stages, high levels of user involvement throughout, and
emphasis on early prototyping) were observed within both studies conducted here,

indicating that these characteristics are representative of sports design practice.
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4.3. Analysis of the literature

This section documents the analysis of the sports design literature findings against the
results from the studies conducted in Sections 4.1 and 4.2. This forms the third part of the
triangulation approach followed within this chapter of the thesis, using the results of the

three studies to validate the findings from each.

4.3.1. Methodology

Having validated the results of the company interviews with the findings from the analysis
of the sports design university student projects to determine the similarities and
differences between the sport and product design processes, these results were compared
to the findings from the sports design literature (detailed in the literature review in Chapter
2) to allow further validation of the work undertaken within this research and to identify
similarities with existing, published work in addition to the contribution to knowledge

provided by this research.

Although no research was identified from the literature review that directly compared the
sports and product design processes, there is work that indicates characteristics specific to
the sports design discipline in addition to what differentiates the sports engineering degree
from more traditional engineering subjects — for example: (Muller, et al., 2007) and
(Medwell, et al.,, 2012). These findings from the literature were analysed against the
findings from the previous methods conducted in this study to allow validation of the
identified characteristics that differentiate the sports design process from the traditional
product design process. It was vital that correct conclusions were drawn at this stage to
ensure that any further work regarding the sports design process was based on solid

foundations.

Results from the literature review were analysed and grouped according to identified
categories. These included the aim of the studies, participants involved, key findings and
conclusions. The results from the company interviews and student projects were added to
these categories (where relevant) and additional categories were identified to
accommodate the work carried out in this chapter. This process was repeated with new
categories identified and duplicates combined up to a point of saturation. The process

allowed identification of areas of overlap between this research and previous work — the
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identification of areas where the research agrees or disagrees with previous conclusions
was a basis for validating the results. New categories that emerged from this research that
were not identified from the existing literature indicated new knowledge that had been

gained from this work.

4.3.2. Results

Following the sports design literature review detailed in Chapter 2, key themes identified
from that literature were combined in a table format. The literature was organised
according to paper and the themes identified from each of the papers, as shown in Table
4.2. The literature was organised according to the aim of the paper, the contribution, the
sample group within the study (where applicable) and the key findings and conclusions that

were gained from the papers.

The overall findings from the sports design literature review are detailed in Chapter 2. This
section focuses on the literature relevant to characteristics of sports design and the sports

design process, which are summarised as follows:

- The aim of the papers reviewed varies significantly between studies, including the
incorporation of biomechanical analysis in the sports design process, the
educational needs of the sports engineering degree and identification of criteria
that impacts the sports design process.

- Contributions within the literature that are relevant to this research include the
definition of various sports design related terminology, the identification of some
of the characteristics of sports design and the proposal of several models that
illustrate various aspects of, and interactions within, the sports design process.

- None of the papers reviewed within this literature propose a sports design process
model, which captures the sports design process as a whole.

- A combination of both recreational and elite athletes was studied within the
literature.

- Key findings that are relevant to this research and were consistent across the
literature include:

o The sports equipment and the athlete must work together to achieve

sporting performance.
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The sports equipment (however well designed) can still fail if it does not
interact properly with the athlete.

The development of sports equipment is key to improving sporting
performance.

Sports engineers require a diverse skill set that is specific to sports design
and not fully covered in more traditional engineering subjects.

The sports design process is highly user centred.

143



vl

Key Findings

Conclusions

. o Sample
Paper Aim Contribution
Group
To describe the
aspects of the
K athlete-sports 1. A model of the athlete, equipment
rueger, . . . .
X gl equipment-system and environment interactions. Performance
etal.
(2006) and to model the 2. Definition of the term "sports athletes
interaction between equipment".
athlete, equipment
and environment.
. 1. lllustrates the impact of
To find measurable . .
. characteristics of sports equipment .
Muller, et criteria that have an . Leisure
. on the design process.
al. (2007) impact on the . \ . o sports
) 2. Definition for "sports engineering
design process. R Y
and "sports technology".
1. Sports engineering brings together
. . skills from a range of disciplines.
Jenkins, Introducing the UCD . Sports
: . 2. Students have a chance to design . .
etal. Sports Engineering . . engineering
. . research projects that require
(2010) university program. . . students
integration of fundamentals from
several disciplines.
The development of
P The skills that are introduced in this
Medwell, aGUIlto . . Sports
. . paper may readily be applied to a . .
etal. interactively present . . engineering
. range of other sports engineering
(2011) the trajectory of a students

applications.
lawn bowl.

1. For high quality sports equipment it is important to know
the general characteristics, the interaction between athlete,

sports equipment and environment and to take this into
account at all phases of the design process.
2. The intended effect “improvement of the athlete's
performance" is often desired in competitive sports to
achieve an advantage.

3. Feedback effects are the functional relationship due to the
action of the sports equipment on the athlete and used to

evaluate the quality of a design proposal.
5. The precise requirements should be considered in all
phases of the design process particularly concerning the
product planning, conceptual and embodiment design.

Characteristics regarding design and context of use
distinguish sports equipment from other products, making
them unique in terms of the design task.

1. Sports engineering involves interacting with athletes,
trainers, sports organisations and equipment manufacturers
to develop new and better products.

2. Sports engineering is a link between classical engineering,
sports science and medicine and sports equipment.

3. Sports engineers design and develop technology to solve
the user's problems or to enhance the user's performance.
4. As athletes have searched for improved technology and
equipment to better their performance, the need for sports

engineering has grown.

1. There are skills that are specifically required for sports
engineers - sports engineers deal directly with athletes and
coaches.

1. All effects have to be
considered during the
design process of
performance orientated
equipment.

2. The model can be used to
assist the designer of
performance orientated
sports equipment and
support a systematic
product design process in
sports.

Identification of
characteristics specific to
sports equipment.

1. Sports engineering brings
together skills from a range
of disciplines.

2. Students gain practical
experience to address the
design of sports materials,
equipment and technology.

The paper aims to
incorporate skills in GUI
development in to
undergraduate sports

engineering programs.




SYT

Paper Aim

Contribution

Sample
Group

Key Findings

Conclusions

To enrich the
technological approach
of product design in the

field of leisure sports
with the potential to
quantify selected
aspects of human
behaviour and motion
tasks.

Muller
(2011)

Challenges of
developing a cross-
departmental
curriculum for an
integrated sports
engineering degree.

Wodehouse,
etal. (2011)

The suitability of sports
literature for
educational purposes is
not clear - sports
engineering requires a
clearer definition and

Medwell et
al. (2012)

examples of suitable
teaching material.

1. A model that identifies
understands and describes the
different instances of sport and their
interrelations.

2. A prescriptive model that includes
various aspects of the nature of
sport in connection with the
characteristics of sport technology.
3. Definition of "sports technology".

1. Skills required by undergraduate
sports engineers.
2. Example of Sports Engineering
degree structure at University of
Strathclyde.

Examples of teaching material used
in Australia's first Sports Engineering
degree program.

1. Sports technology can be viewed as an extension
of the athlete's body, enabling a fusion of human and
object, allowing for the spontaneous generation of
new movements.

2. Compared to the design of other technological
products, the emphasis on the athlete's behavioural
aspects is of unique importance in the context of
sports technology.

3. Sports equipment should facilitate and/or
increase performance - the fusion of the human body
and sports technology is integral to these sports.

4. Despite the advances in sports technology, the
sports activity is still performed by the athletes
themselves and it is the athlete who utilised sports
technology in the mastery of his sport.

1. Sports engineering is an emerging cross-
disciplinary sector.

Leisure sports

Sports . s . .
on iFr:eerin 2. Sports engineers cover skills including physiology,
sfudentsg anatomy, biomechanics, product development,
mechanical, manufacturing, production operations
and management techniques.
1. Sports engineering programs typically incorporate
aspects of existing courses in the broad fields of
mechanical and electronic engineering, with other
skills that are specifically required for sports
Sports .
. . engineers.
engineerin
& = 3. The specialised field of sports engineering requires
students

a diverse range of skills to be developed, including
some unique to this discipline.
5. Despite the recent growth of sports engineering as
a field, there is a distinct lack of such reference texts.

1. Functionality is the most
important characteristic of
sports equipment. Usability
of products is important in
the athlete's point of view.
2. Little information has
been published referring to
the design process of sports
technology manufacturers.
3. The main objective in the
development of sports
technology for competitive
sports is to increase
performance.

Sports engineering is
increasing in popularity and
courses should provide
students with a balanced
curriculum.

Students will benefit from the
development of computer
graphical user interfaces,
which are seldom taught in

other subjects.

Table 4.2 - Summary of literature review findings



The results from the literature review were combined with the findings from the sports
company interviews and sports engineering university student projects discussed earlier in
this chapter to identify similarities and differences in the findings. The results were linked
according to the core themes and categories identified from the sports design literature
analysis, with additional themes added from the analysis of the results of the work
undertaken within this chapter. The complete analysis of the results of this triangulation
approach is shown in Table 4.3 — a visual breakdown of two selected areas outlined in red

are shown in Tables 4.4 and 4.5.

There were a number of similarities observed between the sports design literature and the

work carried out within this study, which are summarised as follows:

- There is no evidence of a sports design process published within the literature. In
addition, none of the sports design student projects identified a specific sports
design process, with many modifying existing design processes to suit the needs of
their project. None of the companies interviewed reported following a specific
sports design process — the design processes used had been developed over time to
suit the needs of the company and individual projects.

- Findings were consistent that sports equipment should aim to improve sporting
performance and/or reduce the risk of injury.

- There was agreement across all three methods that the athlete and the equipment
must work together to improve sporting performance. The equipment must
therefore be tested with the athlete to assess usability and performance — it cannot
be tested alone in isolation.

- Findings from this chapter, in addition to the findings of the literature, agree that
usability is a key requirement of sports equipment. Student projects reported
iterative processes of prototyping, testing and evaluation, while the company’s
interviewed stated that they prototyped early to allow user testing to be carried

out earlier in the design process.
Differences that were observed between the methods included:

- The findings reported in the sports design literature and the student projects
focused on both the recreational and elite athlete (although the majority of the

student projects focused on performance sports). In contrast, all the sports design
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companies that were interviewed focused on designing performance-orientated
sports equipment.

Only the published literature discussed the specific skill set of sports designers from
an educational perspective and concluded that the range of skills possessed by
sports designers differed from traditional engineering subjects. However, details of
those skills that are identified and discussed in the literature are corroborated by
the company interviews and documented within the student projects. For example:
Medwell, et al. (2012) discusses the ability of sports designers to engage directly
with coaches and athletes as a skill set possessed by sports designers. The designers
from sports companies interviewed within this research spoke extensively of their
direct involvement with athletes, while the student projects documented the
student’s observations and discussions with both coaches and athletes. However,
this research focuses on the characteristics of sports designers in relation to the
sports design process, rather than in an educational context.

There are no specific details of the sports design process discussed in the literature
— only the lack of it. However, there was agreement across the literature that the
sports design process is highly user centred. In this research, both the student
projects and sports companies reported a highly user centred design process but
additional detail of that process was gained — all followed similar core stages of the
design process, reporting iterations within process stages and user involvement

throughout the design process.
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4.3.3. Discussion

The triangulation approach involving the comparison of the sports design literature findings
against the results from the methods undertaken in Sections 4.1 and 4.2 provides a means
of validation of the research findings and highlights the contribution to knowledge gained

from the research undertaken in this chapter.

The literature review identified that sports equipment and the athlete must work together
to achieve sporting performance. There were multiple reports of this in various papers:
Jenkins, et al. (2010); Kreuger, et al. (2006); Muller (2011), which indicates that these
findings are valid and a common theme throughout the sports design literature. The
methods discussed in this chapter corroborate these findings further. The sports designers
interviewed in Section 4.1 all discussed the importance of the athlete and equipment

working together as a system:

“You don’t touch the equipment alone — you touch the system that you and the

equipment build together”.

All sports designers regard the success of the sports equipment as resting on how well it
works with the user (athlete). The student projects provided further evidence of this as all
tested the product in context with the athlete rather than the product in isolation. This
research goes further than the existing studies discussed in the literature by identifying that
in order to ensure the desired interaction between athlete and equipment is achieved, the
athlete is involved throughout the sports design process in a series of iterative prototyping,
testing and evaluation. While previous studies have hinted that the sports design process is
user focused, Section 4.1 is the first to study the sports design process as a whole and

highlight levels of user involvement throughout that design process.

Previous studies have highlighted the importance of the development of sports equipment
to improving sporting performance. While this research did not focus on the performance
outcome of sports equipment, designers interviewed in Section 4.1 all reported that
improvements in performance and/or safety were the desired outcome of sports design
projects. This was evidenced by the student projects, where the majority focused on
improvements to sporting performance. Those that did not, focused on maintaining current

performance levels, while improving safety.
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The work conducted in this chapter highlights that the sports design process is highly user
centred. This was a key finding observed in the sports design literature and is apparent
from the findings of the sports company interviews. The sports design company’s provided
greater detail than the published literature on the nature of the sports design process,
highlighting constant user involvement throughout the design process and the importance
placed on meeting user needs at points of decision making in the design process. The
student projects also noted the user centred nature of sports design, with the majority
stating early on in the project reports that the project would be “user centred”. Those that
adapted existing design processes did so as they did not feel the level of user involvement
and focus on performance were emphasized strongly enough in existing design process

models.

A key finding of the triangulation approach discussed here is that none of the work carried
out in this chapter identified a design process model specific to sports design practice. As
discussed in the literature review (Chapter 2), a systematic literature review was conducted
to identify if any such process model had previously been published. Although some papers
had published models of aspects of the sports design process, there was no model found
that illustrated the sports design process as a whole. None of the sports design companies
interviewed in this research reported their company following a sports specific design
process. In addition, none of the student projects identified a design process model specific
to the design of sports equipment with many feeling the need to adapt existing design

process models to represent the sports design process.

4.4. Chapter Findings

This chapter addresses the first research question — what differentiates the sports design
process from the product design process in practice? The triangulation approach followed
in this chapter allows a deeper understanding of the sports design process from a variety of
sources and provides validation of results as the input from different perspectives offers a
more holistic view than if a single method was used. The result of each method has been
discussed separately within this chapter. This section discusses the findings from the three

methods together in relation to answering the research question outlined above.
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Section 4.1 reported on the interviews carried out with sports and product design
companies to identify similarities and differences between the design processes of each in
practice. Section 4.2 analysed sports engineering university student projects to validate the
findings from those interviews. Section 4.3 collated the results from the previous two
methods and compared the findings against published sports design literature. Similarities
that were observed validated findings in addition to identifying areas where this research
has gone further, specifically by offering new insights into what differentiates the sports
design process to the traditional product design approach. The triangulation approach used

here ensures validation of the results from the three sources.

There are a number of similarities between the work carried out here and past studies —
predominantly the conclusion that sports design is a highly user centred discipline, with
user testing and feedback central to evaluating the product. It is apparent that the athlete
and the equipment must work together to form a biomechanical system in order to achieve

sporting performance, which is a characteristic central to the design of sports equipment.

A number of areas were also observed where the findings from this study go further than
the existing literature, highlighting that the work carried out in this research is a
contribution to knowledge. This research has investigated what differentiates the sports
design process from the product design process in practice — an area that has not been
discussed before. This research has provided further evidence that the sports design
process is highly user centred but also that the user themselves is physically involved
throughout the design process and directly involved with the designer. User needs and the
results from performance testing are also central to the design decisions made throughout
the sports design process. It was found that the sports design process focuses on
prototyping early to allow earlier user testing and feedback. It is suggested that this
contributes to the lack of re-work and iteration between design process stages in the sports
design process, as continuous user testing reduces design errors occurring later in the

process.

This research has also highlights apparent differences in the structure of the sports design
process, with sports design showing iterations occurring within process stages but rarely
between processes stages. It was noted that there were two to three iterations occurring
within stages of the sports design process, to ensure that user and performance needs

were met before progressing to the next stage of the design process. In contrast, product
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companies showed iterations both within and between design process stages with re-work
noted as standard practice. This is a further contribution of this research towards what
characterises and differentiates the sports design process from the product design process

in practice.

It is worth noting that this research highlights the direct involvement of the sports designer
with the user throughout the sports design process, while product designers rarely come
into contact with the end user in practice. This is in agreement with studies carried out by
Bruseberg and McDonagh-Philp (2001) and Goodman-Deane, et al. (2010), where it was
found to be common practice for product designer involvement in user research to be
limited, with the designer often relying on the client for user information. The literature
review (Chapter 2) discusses the benefits of the designer interacting with the user rather
than relying on secondary user information, highlighting that it is important for designers to
understand those they are designing for (Formasa, 2009) and that abstract, secondary user
data does little to inspire the designer (Marshall, et al., 2010). It is interesting that sports
companies are aware of the importance of understanding the user and are routinely
implementing this in practice throughout their design process, while product designers

continue to rely on secondary user data.

This chapter has highlighted the following key areas that answer the research question —
the sports design process differs from the product design process by extensive user
involvement throughout the design process, early prototyping and user testing, direct
designer involvement with the user throughout the design process and a design process
that only iterates within process stages rather than between. Based on these findings, the

final section of this chapter highlights recommendations for further work.
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4.5. Further Work

This chapter has provided the results and discussion to answer the first research question —
what differentiates the sports design process from the product design process in
practice? This has highlighted that there are key characteristics that differentiate the sports
design process from traditional product design — user involvement throughout the design
process, early prototyping to allow user testing, designer involvement with the user and
iterations only within rather than between design process stages. However, despite these

differences, there is a lack of a design process model that captures these characteristics.

The lack of a sports design process model was initially identified from the literature review
in Chapter 2 — none of the published literature reviewed in this research has conducted
extensive work into the sports design process as a whole or defined and captured that
process. This is evidenced further by the lack of a sports design process model reported by
sports designers across a range of sports design companies. Only one company reported
following a published design process model (the lean 6 sigma DMEDI methodology)
although not one specific to sports design. All others followed a design process that shared
core stages with many existing design process models but had been adapted and developed
over time to reflect the needs of the company and individual projects. The adaptation of
existing design process models by sports design students reiterates the need for a design
process model specific to the discipline of sports engineering as students were unable to
find a design process model that captured the needs of a sports design project. It is
therefore concluded that there is no existing published model of the sports design process
as a whole, although there is a clear need for one that captures the characteristics of sports

design practice.

Based on the findings presented in this chapter where the lack of a sports design process
has been verified and the characteristics that differentiate the sports design process have
been identified, the following chapter will build on these findings and address the second

research question: what is the sports design process?
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Chapter 5 — Development of the sports

design process model

Chapter 4 answered the first research question: what differentiates the sports design
process from the product design process in practice? The work undertaken within the
chapter identified that none of the sports companies interviewed followed a specific sports
design process, while none of the sports engineering student projects that were analysed
had identified a design process specific to sports design — although many had adapted
existing process models to meet the needs of the sports design project. The literature
review (presented in Chapter 2 and discussed further in Chapter 4) highlighted a lack of
published work regarding sports design and concluded that there was no published model
of the sports design process as a whole. It is therefore concluded that there is no existing,
formalised model of the sports design process as a whole although there is a need for one
that addresses the characteristics specific to sports design practice. The benefits of
following a design process have already been discussed in the literature review —
companies that do tend to be more successful (Costa, et al., 2015) and (Haik, 2003).
Chapter 4 concluded that the sports design process differs from the traditional product
design process by showing extensive user involvement throughout the design process, early
prototyping and user testing, direct designer involvement with the user throughout the

process and a design process that iterates only within process stages rather than between.

This chapter will present the findings of Study 2, which will address the second research
question: what is the sports design process? The study reports on the iterative approach
that was taken to identify, capture, evaluate and validate a design process model that is
descriptive of sports design practice in industry. The outcome of this chapter and
contribution to knowledge is a descriptive sports design process model. It is noted that all
developments made to the model throughout this chapter are based on findings of sports
design practice and recommendations from sports designers to ensure the characteristics

of sports design practice are clearly communicated within the design process model.

The chapter is structured as is illustrated in Figure 5.1 — following the introduction to the

chapter and overview of the methodology followed in the study, each of the five steps
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conducted in the identification, evaluation and validation of the sports design process
model are discussed separately, with their own relevant methodology, results and
discussion sections. The chapter concludes with an overall discussion of the chapter

findings and final conclusions in addition to the identification of further work.

STUDY 2

In!tlal lmplementatlon Re—anfaly5|s Focus group Valldiatlon

) designer in student of designer development designer

Introduction  interviews projects interviews interviews
+ Chapter — Chapter Further
Methodology Methodology Methodology — Methodology Methodology Methodology—> Findings_> Work

Results Results Results Results Results
Discussion  Discussion Discussion Discussion Discussion

Respondent Validation

Figure 5.1 - Structure of Chapter 5

This study follows a five-step rigorous approach of identification, evaluation and validation,
as illustrated in Figure 5.2. This approach ensures that the outcome is a descriptive design
process model, representative of sports design practice and in a format that clearly
communicates key characteristics of the sports design process, identified in Chapter 4. The
study involves the participation of six different sports design companies (commercially
practicing sports designers from each were interviewed) to ensure that the final model is
descriptive of industry practice. Companies involved in the study specialise in the design of
various sporting products including golf clubs, tennis racquets, running shoes and football
boots, targeted at the elite/semi-professional athlete. The academic community were also
engaged in the evaluation process to ensure the model was correctly communicated and
interpreted. All developments of the model are based solely on feedback gained from
sports designers at each stage. Studies involving sport engineering students are used to
evaluate the model — developments were made based on interpretations of the visual

representation of the process model rather than on student based design practice.
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(2) Implementation in
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(5) Designer validation
interviews

SPORTS DESIGN
PROCESS MODEL

Figure 5.2 - Research methodology for Chapter 5

5.1. Initial designer interviews

The findings of the company interviews described in Chapter 4 that investigated the
similarities and differences between sport and product design processes in practice is
represented as step 1 in Figure 5.2. Chapter 4 compared the sports design and product
design processes and identified characteristics that differentiate the sports design process,
in addition to the mapping of the sports design process, produced by each sports designer
at the time of the interview. The triangulation approach used in Chapter 4 validated the
findings of those interviews (what characterises the sports design process in practice) and
forms the basis for the development of the sports design process model, which is discussed
in this chapter. Further details of the company interviews are discussed in Chapter 4 — in
this chapter, the results of the sports design company interviews only will be discussed, in

relation to the development of the sports design process model.
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5.1.1. Methodology

Step one (of Figure 5.2) involved the completion of an initial set of semi-structured
interviews with six sports design companies and six product design companies to
understand the similarities and differences between the design processes of each. This
comparison between the sport and product design processes has been discussed in Chapter
4. This section discusses what characterises and differentiates the sports design process

specifically in the context of capturing the sports design process.

The interviews conducted with each of the sports design companies aimed to understand
their design process, with questions covering topics such as the stages and activities within
the design process, methods used and levels of user involvement. Designers were also
asked to sketch out their design process, which was used as a discussion point throughout
the interviews. Following the analysis of the interview transcripts using a general inductive
approach (Thomas, 2006), additional detail was added to the design process models for
each company. These processes were returned to the designers for validation to ensure the
design process had been correctly captured and interpreted. In some cases, additional
information was asked for to ensure the final design process models were consistent for
each company in terms of data included. This ensured that key attributes of the sports
design process discussed by the designers were captured within the graphical

representation of the design process.

The design process models for each of the sports companies were standardised in terms of
the terminology used. This formed part of the general inductive approach used to analyse
the interview transcripts, discussed in more detail in Chapter 4. The output was a
standardised design process model for each of the sports companies, using the same
terminology to refer to core stages of the design process. For each company, additional
activities and stages reported within that company were added with commonalities
identified. This process was repeated until a design process model was produced that was

representative of all the sports companies involved in the interviews.
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5.1.2. Results

The results discussed here are for the sports design companies only — focusing on what
characterises the sports design process. More details on the results from the company
interviews (and the comparison between sport and product design companies) are

provided in Chapter 4.

Following the coding and analysis of the interview transcripts, the key activities undertaken
at each stage of the sports design process were identified. These were used to identify the
core stages of the sports design process and allow standardisation of the terminology used
to refer to those stages. Figure 5.3 illustrates the core stages of the design processes for
each of the six sports companies interviewed. Shading is used to represent stages present
in the design process of each company, while darker hatching is used to represent

iterations within a stage.

KEY: - Iterations within stages

Design ; ; Conceptual Concept Design Concept Design Concept Pre- A Product
Research Brief ~ Specification  Design Review  Development Review  Refinement  Review  Production Production  Launch

Small Sports Large Sports
Companies Companies
n @ > N @ >

Figure 5.3 — Standardised design processes for six sports companies

None of the companies reported following a specific sports design process — all followed a
generic product design process that had adapted over time to suit the needs of the
company and the project. The three large sports companies followed almost identical
design processes. All included the same core stages and worked to similar time scales of 1 %
to 2 years. All included design review stages within the design process at points of key
decision making. One small sports company showed an unusual process, (small sports
company C in Figure 5.3) — it was concluded this was due to the nature of the product,
which was assembled from existing component parts. The remaining small sports
companies showed similar design processes to the large sports companies, with the

exception of second and third design reviews and pre-production stages.
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Following analysis of the interviews, it was concluded that the sports design process is
highly user centred with the user involved throughout the design process. User
involvement in the early stages (research and occasionally concept generation) was
typically through interviews, focus groups and observations while in the later stages (design
development and refinement), user testing involved more focused performance and wear
testing. The users involved in the design process were often elite athletes, performing at
the professional and semi-professional level of their sport, therefore they had a good
understanding of the performance requirements of their sport. User involvement and
feedback heavily influenced the design review process, where user requirements influenced
design decisions made. One company quoted in reference to elite athlete input in the early

stages of the design process:

“He’s got specific requirements that he likes... we try and build that into the

product”.

It is acknowledged by sports designers that the athlete has a high level of understanding of
the performance requirements of their sport (more so than the designer) and it is in the
interest of the designer to consult continuously with them throughout the design process
to ensure that their needs are met. Sports designers focus on the performance aspect of
the product, ensuring the product and the user work together to achieve optimal sporting

performance. One company reported:

“Our target is to improve the perceived performance of the product”.

This highlights that the emphasis is not just on the technical output of testing but on the
subjective feedback of the athlete. This results in high levels of user and product testing

throughout the process, with prototyping occurring as early as possible.

The results of the interviews also show that sports companies did not report iterations
between design process stages (no stages missed or back-tracking), although there were a
number of iterations within the stages themselves (typically two or three). In contrast, the
results reported in Chapter 4 found that product companies reported that it was standard
practice for iterations and often re-work, resulting in backwards iterations within the design

process.
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5.1.3. Discussion
An initial linear model of the sports design process (Figure 5.4) was generated based on the
standardised individual company processes shown in Figure 5.3. The model was generated

based on the following rationale:

- All companies produced some form of design brief or specification. The information
included in both showed little variation between companies, therefore both stages
were combined.

- All large sports companies reported design review stages after conceptual design,
design development and design refinement. Although smaller companies did not
formalise this stage, a decision making point was reported towards the end of these
core design stages.

- Iterations within design process stages were a feature of the sports design process.
Designers reported multiple planned repetitions (typically two or three) of the
conceptual design, design development and design refinement stages. However,
iterations between design process stages were rare, resulting in a linear
representation of the design process with iterations only within stages.

- A linear representation was adopted as a result of all the designers interviewed
choosing to represent their design process in this manner, despite no direction
being given by the researcher regarding how to represent the design process. It is
assumed that this is due to the format that many traditional design processes are

represented in, therefore is a format many designers are familiar with.

The linear model of the sports design process (shown in Figure 5.4) is based on the
standardisation of the design process terminology and the conclusions drawn above. The
square platforms represent the core stages of the process and highlights the iterations
within these stages. A design brief and design review stages provide a link between the

core stages of the design process.

Whilst there are some similarities between the linear process shown in Figure 5.4 and other
conventional product design process models in terms of core stages and representation,
there are key differences between the sports design process model shown here and other
representations of the design process, including the emphasis placed on user involvement

throughout the design process and the iterative nature within the design process stages.
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Figure 5.4 - Initial linear representation of the sports design process

5.2. Implementation within student projects

The initial linear model of the sports design process (Figure 5.4) was evaluated through
implementation within five final year sports engineering university student design projects
(step two of Figure 5.2), with the intention of receiving feedback from students within the
context of a design project. The student projects differed from those utilised within Chapter
4 — Chapter 4 analysed the design processes used by past university students. This study
focused on current students, implementing the linear sports design process model within
their projects. This process intended to evaluate whether the characteristics illustrated
within the linear sports design process model were representative of a sports design
project and indicate potential areas where the model could be refined to ensure it was

representative of, and communicated, sports design practice.
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5.2.1. Methodology

The linear design process model, constructed as a result of the initial sports company
interviews, was implemented within five final year sports engineering university student
design projects (stage two of Figure 5.2). As the model is descriptive of industry practice,
changes were not made to the model as a result — implementation of the model within the
student projects intended to evaluate whether the characteristics communicated within
the model were representative of a sports design project. Students were considered to be
representative of the designer population as all were final year students with projects
conducted over a 9 month period and contributing towards 25% of final year grades.
Students also had experience working on group industry projects (a core part of the sports
engineering course) and were encouraged to undertake industrial placements, therefore

had an understanding of sports design practice in industry.

Students were introduced to the linear sports design process model in the first week of
term — in the early project stages of research and formation of the design brief. At this
stage, students were required to select a design process model to follow — they were
familiar with a number of existing design process models but were free to choose one that
best suited the needs of their project. All the students (five in total) selected to use the
linear sports design process model shown in Figure 5.4. This design process model was then
followed by each student for the duration of the project. An initial briefing was provided
during which students were introduced to the model and the core characteristics of the
sports design process. Following the briefing, no further guidance was provided regarding
how to implement the model. Students were free to make their own interpretations and

adapt the process model where needed to suit the project.

The student projects showed the development of an innovative piece of sports equipment
from the early research stages through to a finalised product (final prototypes and
manufacturing drawings were produced for each project). Projects covered a range of
topics including: a golf training aid, badminton training aid, mountain bike handle bar
adjustable mechanism, a means of reducing concussion in rugby and the re-design of a hard

court tennis shoe.

Over the duration of the projects, the researcher observed progress meetings and made
notes regarding the design processes being followed, activities being undertaken and

rationale for decisions made. Students documented all aspects of their work through

164



extensive reports and folios, detailing the methodology followed, justification for their
choice, the activities undertaken throughout the project and a concluding reflection on the
project as a whole. On completion of the projects, the final reports and folio were analysed
using the same method used to analyse the past student projects (Chapter 4) to identify
any additional information relating to the design process. Core themes and categories were
identified from the analysis of the projects, focusing on rationale for selecting the linear
sports design process model, a comparison between the process model and the activities
carried out in the project, and on the students’ reflection on the appropriateness of the

model.

5.2.2. Results

Of the five sports engineering students that adopted the linear sports design process model
within their final year design projects, none made any modifications to the model, which
was recorded within the project reports and folios. All implemented the sports design
process model throughout the project, with positive feedback received from all students.
All five students commented that the sports design process model was selected due to the

emphasis on the user throughout the design process, as this was vital to the projects:

“The key reason is it being employed, is the constant focus on the user needs and

referral to the design brief”.

“This methodology has been selected due to the focus on the user’s needs, which is

highly important in my project”.

“This process is suited to sports engineering as the needs and requirements of users
remain important throughout. Whilst the core aim of a new sports product is to

enhance performance, it must also be designed with the end user in mind”.

During ‘stage 1’ of the student projects (the research and conceptual design stages of the
design process model), user and expert involvement formed a significant part of the
research stage, in helping students understand the problem and search for areas of
improvement. User focus groups and expert feedback were also reported in the generation

and evaluation of solutions during the conceptual design phase:
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“Steps have been carried out concurrent with the sports design process model to

keep user needs central to the project”.

‘Stage 2’ of the student projects reported on the design development and refinement
stages of the sports design process model. User involvement was again central to the

testing and evaluation of prototypes. One student reported:

“User feedback was the most useful mechanism in stage 1, providing analysis of
various areas of research and should therefore continue to be used in stage 2 to aid

in key decisions”.

Biomechanical analysis was used in three of the projects as a means of evaluating
performance improvements brought about by the product designed by the students.

Projects also relied heavily on evaluation from experts and professionals.

Students noted that the review process after each of the core stages of the process ensured
that the project remained on track in terms of user needs and the original design brief and

project aims:

“The process has the user as a major focus throughout, which is essential for this

project and has constant reviews of the design so it meets the original aim”.

“The review stages allow for user needs to remain the focus of the development

process”.

On completion of the projects, analysis of the project reports and folios showed that all
students had involved the user extensively throughout the project, as was indicated in the
sports design process model. It was apparent that the sports design process model had
aided in the project planning phase, highlighting the need for continual user involvement

and the time this would involve within the project:

“In constant relation to the sports design model, time is to be provisioned to obtain

user feedback”.
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5.2.3. Discussion

It was interesting to note that none of the students made any modifications to the sports
design process model, suggesting that the linear model of the sports design process was
more suited to the needs of a sports design project than other existing design process
models. This is in contrast to the analysis of the past student projects (Chapter 4), in which
10 out of 17 students changed existing design process models to fit the needs of their
project — the emphasis of the sports design projects was on user centred design and user
requirements throughout the design process. While Chapters 2 and 4 identified and
reported on the lack of a formalised sports design process, this chapter identified that there
is also a need for that sports design process, with students selecting to use the linear sports
design process model over other established design process models they were familiar

with.

It was found that students implementing the linear sports design process model felt that
the model indicated the appropriate level of user involvement throughout. All the student
projects included high levels of user involvement within the conceptual design phase to
generate and evaluate solutions. Although this falls in line with the sports design process
model, it is not anticipated that this exceptionally high level of user and expert involvement
at conceptual design would be practical in industry. The student projects were all new
development projects, therefore showed significantly more emphasis on the conceptual
design phase compared with most industry projects, which are typically product

development projects (Margolin, 1997).

No changes were made to the linear sports design process model as a result of analysing
the student projects as the model is intended to be descriptive of industry practice.
However, implementation of the model within student projects helped to validate the
conclusions reached following analysis of the sports design company interview transcripts.
Students selected the sports design process model due to the high levels of user
involvement illustrated within the model. The sports design process model also aided in the
planning of the student projects as it identified where time was needed and should be set
aside for user involvement and recruitment. Analysis of the student reports also highlighted
that all projects showed iterations within design process stages, in line with reported sports
design practice. None of the projects reported any rework resulting in back-tracking

through the design process.
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This section provided a means of evaluating the linear sports design process model, which
was found to be more applicable to the sports design student projects than other existing
models of the design process. The core characteristics of the sports design process gained
from the sports design company interviews (user involvement and iterations within process
stages) were applicable to the student projects with the integration of the user throughout
the design process a key driver for students selecting to use the sports design process

model.

5.3. Re-analysis of initial designer interviews

Following the construction of the linear sports design process model, it was concluded that
the key findings from the sports design company interviews (shown as stage one of Figure
5.2) — the integration of the user throughout the design process, designer involvement with
the user and the iterative nature within process stages — were not represented and visually
communicated strongly enough through this linear model. As a result, the following section
discusses the re-analysis of the sports design company interviews to ensure that all relevant
information had been extracted in order to illustrate key findings within the sports design
process model. The sports design process model was to be descriptive of sports design
practice, but also had to communicate visually within the model what characterises sports

design practice.

No new data was generated as a result of re-analysing the initial designer interviews (step
three of Figure 5.2) as the initial analysis had been completed to a point of saturation.
However, the output from step one (the linear model) did not appear to differ visually from
many traditional product design process models. The results from the interviews with sport
and product design companies indicated several characteristics that differentiated sports
design from product design practice. Based on findings by Pugh (1996) and Maffin (1998)
that designers lack more than a basic understanding of design process models and that
many design process models are not self-descriptive (see the literature review in Chapter 2
for more details) it was concluded that the sports design process model must visually
capture these characteristics. This section details the re-analysis of the designer interviews

and presents the next development of the sports design process model.
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5.3.1. Methodology

The initial interview transcripts were re-analysed (step three of Figure 5.2) using the same
general inductive approach (Thomas, 2006) as used in Chapter 4, to validate the
conclusions the linear model was based on and ensure that the key findings from the
interviews were visually communicated within the sports design process model. No new
themes or categories were identified — this was expected given the thorough approach
taken within Chapter 4. However, the re-analysis helped to re-iterate the key characteristics
that are central to the sports design process and that should therefore be illustrated within
the sports design process model. As such, the sports design process model was re-
illustrated to capture these findings — iterations within design process stages, user
involvement throughout the process and designer interaction with the user — rather than
based on the original linear representations of the sports design process provided by the

designers themselves.

5.3.2. Results

Further analysis of the sports design company interview transcripts confirmed conclusions
drawn previously that the sports design process is both highly user focused with the user
involved extensively throughout the design process and the designer engaged with the

user.

The core stages of the sports design process followed a linear route with a number of
iterations occurring within each of these core stages. This suggested a cyclic route through
the design process where stages were repeated before leading into the next iterative stage
in the process. These characteristics therefore had to be emphasised and visually

communicated within the sports design process model.

It is also noted that while designers had all included the pre-production and production
stages within the design processes drawn out at the time of interview, the designers
themselves were not extensively involved in these stages. The re-analysis of the interview
transcripts identified that although the designers were able to give in-depth detail
regarding their role and the activities carried out from the initial research stage through to
the end of design refinement, the production stages were included as high level activities,

lacking the detail of the other process stages.
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5.3.3. Discussion

The initial linear representation of the sports design process model was adopted based on
how the sports designers had illustrated their design process. However, it was felt that this
did not visually communicate within the design process model what differentiates the
sports design process from the traditional product design process. A cyclic representation
of the sports design process model allowing for iterations within a stage and forwards
movement between stages towards a central goal graphically illustrates these findings. This
cyclic model was generated by the researcher to capture and describe the iterative nature
of the sports design process reported by the sports designers — shown in Figure 5.5. The
cyclic process allows the designer to repeat stages if the appropriate solution is not found
or to move on to the next stage in sequence, but does not allow movement back to

previous stages.
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Figure 5.5 - Further development of the sports design process (initial cyclical model)

The re-analysis of the interview transcripts confirmed initial findings that user involvement
throughout was central to the sports design process. Designers interviewed (at stage one of
Figure 5.2) stated that “the customer is king” and “you don’t touch the product alone — you

touch the system that you and the product build together”, emphasising the importance
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sports companies place on improving the overall performance of the product and user
together. The horizontal line passing through each stage of the design process model in
Figure 5.5 represent this user involvement, ensuring that the user is fully integrated

throughout each stage of the process.

Sports companies reported that design reviews were completed at the end of each of the
core stages of the design process. This was formalised within the design processes of the
large sports companies but review-style activities were also undertaken by the small sports
companies. These design reviews are included in the design process model in Figure 5.5 as a
horizontal line that again must be passed through at each stage of the design process. It is
at this point that the decision is made to progress to the next stage of the design process or

re-iterate around the same stage again.

The central point of the process model was termed “product launch”, which follows on
from the design refinement stage. This “product launch” incorporates the production and
commercialisation phases of the design process. The output of this research is a design
process model that represents the design and development process only. The sports
company interview results indicated that the sports designers had little involvement
beyond the design refinement stage and were unable to provide an accurate breakdown of
what occurred during the production stages of the process. It was also apparent from some
of the interviews that the production and commercialisation process was often viewed as a
separate process. However, in-depth details of this process were out-with the scope of this
research. It was therefore concluded that as the sports design process model would be
targeted at the designers themselves, the production stages would not be included in the

sports design process model.

5.4. Development focus group

A focus group was carried out with four final year sport engineering students (step four of
Figure 5.2) to further refine the representation of the cyclic model to ensure it was
descriptive of sports design practice. The aim of the focus group was to ensure the visual
representation, descriptive of the sports design process, would be correctly interpreted by

sports designers. Changes were not made to the characteristics that were represented
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within the model. The focus group evaluated the sports design process model from a
designer perspective to ensure that the outcome was a truly representative description of
how sports designers viewed their design process. The initial linear and cyclic models were
based on the researcher’s analysis and interpretation of the company interviews and
student project results, therefore the focus group provided an opportunity to evaluate the
model from another perspective and improve the model representation further, based on

designer’s own experiences.

5.4.1. Methodology

The focus group was carried out with four final year sports engineering students and lasted
an hour, introducing participants to both the linear (Figure 5.4) and cyclic (Figure 5.5)
versions of the sports design process model. The aim of the focus group was to ensure that
the process model was a descriptive model of sports design practice and that the model
would be correctly interpreted by designers. A group discussion followed a structured
approach, with hard copies of the linear and cyclic design process models provided to all
participants. A questionnaire was also given to all participants, who were asked to fill it in
individually at the end of the session. Discussion questions that were asked included which
aspects of the model did participants feel was reflective of sports design practice and ease
of interpretation of the models. The focus group structure, including handouts, discussion

questions and participant questionnaires, is included within Appendix 2.

The focus group was recorded and analysed following the same general inductive approach
(Thomas, 2006) as used before in this research. Written comments made by the designers
on the hard copies of the design process models provided to them were collected and
analysed alongside the workshop transcripts, with notes categorised according to the core
themes identified. The feedback questionnaires were completed by all participants and

were analysed alongside the group discussion.
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5.4.2. Results

The group discussion highlighted that while the linear model was simple to follow and
would allow for good project structure, other characteristics including emphasis on
iteration, user involvement and performance were lost. It was observed that several
participants interpreted the arrows that represented user involvement within the linear
model as illustrating a decreasing level of user involvement as the project progressed
through the stages. This was not intended and was not representative of sports design

practice.

Feedback indicated that the cyclic model was visually attractive and best illustrated the
iterative nature of the sports design process. Whilst it was apparent that user consideration
and design review lines were central to the design process, designers felt it was not clear

from the lines that this was an activity to be undertaken — one designer commented:
“Doesn’t use a line — an activity box would show something has to be done”.

It was concluded that with small developments, the importance of user involvement within
the sports design process could be clearly represented within the cyclic design process

model.
The simplistic, high level nature of the sports process was well received:
“Emphasise the stages but leave the activities flexible to the designer”.

It was noted that the cyclic model could be improved further by moving the design process

stage names to the top of the model, to allow for a more natural flow when reading.

Results from the questionnaire showed that three out of the four designers felt that ease of
interpretability (of the process model without prior knowledge from background reading)
was the most important criteria. The fourth designer rated visual appeal as being the most
important. When comparing the initial linear model to the cyclic model, all designers felt
the cyclic model was the best representation of the sports design process and met those

criteria.

The focus group concluded that the cyclic model was most descriptive of the design process
followed by sports designers due to the visual representation of the iterative nature of the

design process. The model could be easily improved further to place greater emphasis on
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user involvement throughout the design process. Feedback gained from the focus group
emphasised that the model should be simple and flexible, illustrating a high level process.
This could then be adapted by designers and organisations to reflect the specific needs and
activities on a project to project basis. lllustrating too much information would result in the

model becoming too restrictive, discouraging designers from using it.

5.4.3. Discussion
The findings of the focus group acknowledged that the linear model provided a structured
approach that was easy to follow. However, there was confusion over the level of user

involvement at each stage and the iterative nature of the sports design process was lost.

Participants indicated that visually, the cyclic model best represented the characteristics of
the sports design process (user involvement throughout and iterations within process
stages). However, in its current state, there were difficulties in interpreting the meaning of
the horizontal lines. There were also aesthetic improvements that were recommended to
improve the flow and visual appeal of the model, which were ranked as high priority

requirements by the participants.

It was concluded that while the linear model provided a good structure as the basis for a
project, there was limited scope to develop the model further to ensure it visually
represented the characteristics of the sports design process. Therefore, the linear model
will not be progressed further within this research. The cyclic model better represented the
characteristics of sports design and could be improved further. Based on the feedback from
the focus group, the following improvements were made to the cyclic model to ensure it

was representative of industry practice.

- The horizontal lines in the model were confusing. As suggested, activity boxes were
added to the model to highlight that a task should be undertaken.

- There was a lack of flow between stages of the design process, therefore process
stage names were moved to the top of the model to allow for a more natural flow
when reading— from top to bottom.

- It was unclear that the requirements listed next to the design review were outputs
from each stage. These are now illustrated within the model as an output from the

design review process. E.g. the output of the design review following the research
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stage is an approved design brief. The output from the conceptual design stage is
an approved concept that will be taken forward to design development and the
output from design development is the near-completed product that proceeds to

the final design refinement phase.

The model was refined based on the above responses to the focus group feedback and is
illustrated in Figure 5.6. As a result of the initial designer interviews, implementation within
student projects and focus group discussions, it was concluded that the cyclic model best
captures and illustrates the characteristics of the sports design process. This model was
progressed to the final stage of this study, where it was validated by sports designers from

industry to ensure it was fully descriptive of sports design practice.
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Figure 5.6 — Further development of the sports design process (developed cyclical model)
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5.5. Final validation interviews

A final set of semi-structured interviews (step five of Figure 5.2) were conducted with
designers from sports companies to validate the model and ensure it was truly
representative of sport design practice in industry. This research utilised respondent
validation to ensure validity in the results. Minor refinements were made to the model as a
result of the designer responses and recommendations made. The final outcome is a

validated, descriptive process model of sports design practice in industry.

5.5.1. Methodology

Designers from five sports companies were interviewed to validate the final sports design
process model — from two large companies, two small and one medium. Of the five
companies interviewed, two were involved in the initial interviews discussed earlier in this
chapter (and in Chapter 4) and allowed for respondent validation based on their responses
to the sports design process model, which was developed based on their initial descriptions
of the sports design process that they followed in practice. Three of the companies were
new to the research. The interviews followed a semi-structured approach, each lasting
around one hour, which provided an in-depth analysis of the sports design process model

and aimed to identify the following:

1. Did the designer understand the model?

2. Was the sports design process model representative of the company’s own
practice?

3. What modifications would be needed to ensure the model was an accurate visual

representation of the sports design process in practice?

The sports design process model shown in Figure 5.6 was presented to the designers, who
were asked for their initial impression of the model before any explanation of the model
was given by the researcher. A description of the model and what it represented was then
provided by the researcher before the designers were asked a series of questions (see
Appendix 2 for interview questions, structure and overview provided of the sports design
process model), to address the three core interview areas. As before, the interviews were
recorded and fully transcribed, before being analysed using a general inductive approach

(Thomas, 2006) to identify core themes and categories. The analysis process was repeated
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to a point of saturation, where no new themes or categories were identified. Themes that
were identified from the transcripts included ease of interpretation, aesthetic appeal,

terminology and implementation of the model.

Following the analysis of the transcripts and designer recommendations, final
improvements were made to the sports design process model to ensure it was fully
descriptive of sports design practice and that characteristics of sports design practice were

evident within the process model itself.

5.5.2. Results

Designers were questioned on the following three areas:

1. Did the designer understand the model?

2. Was the sports design process model representative of the designer’s (or
company’s) own practice?

3. What modifications would be needed to ensure the model was an accurate visual

representation of the sports design process in practice?

In response to question one (before any explanation of the model was provided by the
researcher), all designers were able to understand the model and identify the core
characteristics of the process to the researcher. All commented on the visual appeal of the

model:

“I think it’s really attractive and easy to absorb”.

Ease of understanding was essential for the sports design process model, with positive
feedback received from all designers — all could understand the model and were able to

discuss the process with ease.

Following a description of the design process model by the researcher, designers did not
feel they had missed any key areas represented within the design process when viewing it

for the first time:

“I get it and instantly | was comfortable with it — | like how it just looks like it flows

really well”.
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In response to question two, all designers agreed that the sports design process model was
representative of their own practice in industry. The cyclic nature of the model was

considered by all designers to be representative of the nature of sports design:

“We’re constantly going round in circles, constantly going round the same check

points, but just at different points in the process”.

All designers thought the model had captured the sports design process, from the iterative
nature of design, to the emphasis on the user and the decision making process at the

review stages.

In response to question three regarding how the sports design process model could be
improved further, all interviewees indicated that the terminology used for “product launch”
implied the design process progressed from a fully developed product at the end of design
refinement straight to the launch of the product — in reality there was a full
commercialisation process that was not shown within the model. The sports design process
model presented here is intended to represent the design and development cycle,
therefore additional detail on the commercialisation phase it not shown. The term “product
launch” was re-named “project sign-off” indicating that the product is not in a state to be

‘launched’ but design work is completed.

Designers felt that the representation of “user consideration” shown in Figure 5.6 could be
interpreted as a “tick the box” activity and did not convey the high level of testing and user

integration within the sports design process. One company was quoted saying:

“The reality is that we’re constantly going round in circles... Testing dictates the

design — we make design updates based on the testing feedback”.

This emphasised both the iterative nature of the sports design process and the high level of
user involvement and testing throughout that was essential to sports design in practice.
The sports design process model was further modified to reflect the feedback of sports
designers regarding their everyday practice, as shown in Figure 5.7. This placed more
emphasis on user involvement and extensive testing within the model, showing a
breakdown of the nature of user centred design methods used from data gained from the

original set of sports design company interviews.
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Feedback from the designers indicated that additional levels of detail (such as the text next
to user consideration — performance, capabilities, and environment shown in Figure 5.6)
should not be shown within the model, as the more simplified version of the model was an
accurate representation of industry practice. One small sports design company reported
that it would be of benefit to allow designers to add to these considerations over time to
ensure that all potential requirements were met within a project. However, these
recommendations were not incorporated into the final model as feedback from all other
companies was to keep the model simple without over complicating it. One designer

reported:

“The more structured it would be, the less likely we would probably be to use it”.

This was due to the individual nature of design projects, resulting in designers preferring
flexibility in the sports design process model. Additional comments relating to the aesthetic
appeal of the model included that the arrows connecting the design process stages
together should have a more subtle curve, which would also improve the cyclical

appearance of the model.

Two of the companies interviewed as part of the validation process indicated an immediate
intention to use the sports design process model as a training tool within their design and
development team. It was stated that the model was representative of the design process
currently followed and was applicable to each of the companies. Although the companies
followed a similar series of activities within each project cycle, there was no formalised
design process used within either company at the time of the interview. Both designers
commented on the benefits of adopting the model within the company to provide an
overview of the company’s design process as a whole to enable designers to understand
where everyday tasks fit “within the bigger picture” and to inform those within the

company not from a sports design background of the sports design process.

5.5.3. Discussion

The final sports design process model is shown in Figure 5.7. The model illustrates a cyclic
process, moving round the model from one stage in the design process to the next,
conveying the iterative nature of the sports design process within stages. As it was noted

that iterations between the process stages themselves were rare (for example, between
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conceptual design and design development) the model does not allow for backward

iterations or the omission of stages.
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Figure 5.7 - The sports design process model

There are two activity boxes that must be passed through within each stage of the sports
design process — user involvement and design review. User involvement ensures that the
needs of the user are central to each stage of the design process. In sports design practice it
was noted that the users themselves were involved at all stages, with the exception of
conceptual design where there was less emphasis on user involvement. However, at the
conceptual design stage, the needs of the user were emphasised and considered when
generating and evaluating concepts, with users themselves at times involved in the

evaluation of concepts. At all other stages of the sports design process, the user was
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directly involved through a range of methods, ranging from evaluation and feedback of
existing products and competitors in the early stages of the design process, to user and
product testing in the design development and refinement stages. The large proportion of
the sports design process model given to user involvement emphasises the central role of
the user within the sports design process. A design review is completed at the end of each
design process stage to ensure that the project is on track to meet the design brief and
should include input from a range of stakeholders within the company, in addition to the

needs of the user.

The outcome of each stage of the design process is illustrated in the sports design process
model after the design review process. After the research stage, a design brief (or
specification) is produced. The outcome of the conceptual design stage is the approved
concept that will be progressed through to design development, while the outcome of the
design development stage is a developed concept. At the design reviews, the outputs are
assessed in terms of how well they meet the design brief in terms of performance targets
and user requirements and the decision is taken by the stakeholders to progress to the next

stage of the design process or repeat the stage again.

5.6. Chapter findings

The literature review conducted in Chapter 2 identified the lack of a published design
process model that captured the characteristics of the sports design process as a whole.
Following the triangulation study conducted in Chapter 4, the key characteristics that
differentiate the sports design process from the traditional product design process were
identified. Based on these findings the study reported in this chapter addresses the second

research question — what is the sports design process?

No company involved in the research reported having a formalised representation of their
design process that is published or reportedly in use. The literature review (Chapter 2)
produced no results in terms of an existing sports design process model as a whole and
from analysis of sports engineering student projects (Chapter 4), it was apparent that none
of the students found a design process model that was representative of the sports design
process. During the final validation interviews reported in this chapter, designers

commented that the sports design process model presented here was easier to understand
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and more applicable to sports design practice than other published design process models.
Following an iterative process of identification, evaluation and validation, the outcome of
this study is the presentation of the first design process model to capture the sports design

process as a whole.

The sports design process model differs from other design processes in that it is specific to
the design of sports equipment. While some features of the model presented here show
similarities with aspects of other design process models, the sports design process model is
unique in that it provides a visual representation of the core stages of the sports design
process, the iterative nature of that design process and the need for continual user
involvement throughout the design process, which have been identified as characteristic of
sports design practice. Other design disciplines have design process models specific to
them, as discussed in the literature review. The work carried out in Chapter 4 of this thesis
identified the need for a sports design process model as existing design processes do not
convey the characteristics of the sports design process. It is therefore concluded that there
is a need for the design process model presented here that illustrates the characteristics of

sports design practice.

This study is in agreement with other literature cited in Chapter 2 that reported sports
design as highly user focused, primarily due to the requirement of the athlete and
equipment working together to improve sporting performance. Designer involvement with
the coach and athlete is also cited as a core component of sports design practice. This user
focused nature of sports design practice is reflected in the sports design process model,

where user involvement is illustrated as a core requirement throughout the design process.

The sports design process model presented in this paper is a descriptive design process
model and has been validated as an accurate representation of the sports design process
followed in industry. As the first design process model to capture the sports design process
as a whole, the contribution of this chapter is of direct value to the sports design
community. As discussed in section 5.5.2, two of the sports companies involved in the final
validation of the model indicated an immediate desire to use the model within their
everyday design practice. It is expected that the model will be beneficial to sports designers
themselves, allowing them to visualise the design process as a whole and for small
companies to structure their process. There is also a clear need for the sports design

process model in an educational context, as all five students involved in section 5.2 chose
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to implement an early version of the sports design process model over other established
design process models they were familiar with. This re-iterates the need for a design
process model that captures the characteristics of, and is descriptive of, sports design

practice.

The study conducted in this chapter followed a thorough approach of continual evaluation,
development and validation of the sports design process model, ensuring that the final
design process model was both representative of sports design practice and presented in a
way that was beneficial to sports designers themselves. This rigorous process of developing
and validating the sports design process model will minimise any limitations due to sample

size.

5.7. Further Work

This chapter presents the first design process model to capture the sports design process as
a whole. It is apparent from the final representation of the sports design process model, in
addition to the findings from Study 1 (Chapter 4) and the literature review (Chapter 2), that
sports design is a highly user focused design discipline. The literature review also highlights
parallels between the user focused nature of sports design and other design areas, such as

user centred design and inclusive design.

Based on these similarities, it is anticipated that the sports design process model could
benefit the wider design discipline as a whole. The model presented here is descriptive of
sports industry practice and is therefore currently practiced within industry design
constraints. There is therefore scope for the sports design process model to be followed
within wider product design practice, where the sports design process may be able to
address some of the barriers that have been cited within the literature review to user
centred and inclusive design — primarily that the user is not engaged throughout the design
process and the designer is not directly engaged with the user. Based on the findings from
the literature review and the evident user focused nature of the sports design process, the
following chapters will address the third research question — how is the sports design

process applicable to inclusive design? Chapter 6 will determine the applicability of the
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sports design process model to inclusive design practice. Chapters 7 and 8 will present the

solution to the third research question.
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Part 2

Part 1 presents the descriptive studies undertaken within this research to identify what
differentiates the sports design process from the product design process in practice and to

capture the sports design process within a design process model.

Part 2 of this thesis presents the prescriptive studies undertaken to understand the
applicability of the sports design process model to inclusive design practice. Within Part 2,
the third research question of this research is addressed — how is the sports design process
applicable to inclusive design? Study 3 (Chapter 6) reports on a two part approach to
determining the applicability of the sports design process model to inclusive design
practice. Study 4 presents the development of an interactive inclusive design framework
based on the sports design process model (Chapter 7) and the validation of that framework

with industry designers and clients (Chapter 8).
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Chapter 6 — Application of the sports

model in inclusive design practice

Chapter 5 reported on the development of, and presented, the first design process model
to capture the sports design process as a whole. Based on evidence provided within
Chapters 4 and 5 (Part 1 of this thesis), in addition to the findings from the literature review
(Chapter 2), it is concluded that the sports design process is highly user centred, with the
user involved directly with the designer throughout the design process. The literature
review also highlights that a user centred design approach to product design requires user
involvement throughout the design process and that this user involvement is critical —
designers should not be left to rely on their own assumptions/experience. Based on this
need for user involvement throughout the design process within a user centred design
approach, it is anticipated that the sports design process could be applicable to other user

centred areas of design, broadening the impact of this research.

This chapter presents Study 3, which goes some way to addressing the third research
question: how is the sports design process applicable to inclusive design? The chapter
discusses the study undertaken to establish whether the sports design process is relevant
and applicable to inclusive design practice and how the user centred nature of the sports
design process can encourage user involvement throughout traditional product design
processes. While this study focuses specifically on the applicability of the sports design
process model to inclusive design, it is anticipated that the results will be applicable to the
wider product design discipline as inclusive design is widely regarded as being “good”

design practice (Clarkson, et al., 2003).

This chapter will be structured as illustrated in Figure 6.1. Following the introduction to the
chapter, the two stages of the study will be discussed — the interviews with product
designers from industry and the workshop conducted with the Helen Hamlyn Centre, who
specialise in inclusive design. Each stage of the study will be discussed separately with its
own methodology, results and discussion sections. The chapter concludes with an overall

discussion of the chapter findings and proposes how the sports design process model will
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be developed to aid inclusive design practice, as part of further work identified within this

research.
STUDY 3
Product designer Inclusive design

interviews expert workshop

Introduction — Chapter Further
Methodology Methodology B Findings 7 Work
Results Results
Discussion Discussion

Figure 6.1 - Structure of Chapter 6

To ensure the outcome of this research is applicable to industry, two practical studies were
undertaken. The first, conducting interviews with practicing product designers from
industry and the second, a workshop completed with inclusive design experts from the
Helen Hamlyn Centre. An overview of the research approach used in this study is illustrated

in Figure 6.2. More detail on the methodology of each study is provided within the relevant

sections of this chapter.
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Figure 6.2 - Research methodology for Chapter 6
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6.1. Product designer interviews

This section details the methodology, results and discussion from the interviews conducted
with five product designers, each with experience in user centred and/or inclusive design.
The interviews intended to identify characteristics of the inclusive design process currently
implemented in industry practice and to determine whether the sports design process
model was applicable within an inclusive design setting to facilitate the uptake of inclusive

design practice.

6.1.1. Methodology

Five product designers from industry were involved in the interviews, each from a different
design company and with experience in designing user centred and/or inclusive products.
Designers that participated included one that designed medical devices, one designing
headphones and three from design consultancies, which designed a range of products (as
illustrated in Figure 6.2). None of the designers interviewed in this study had been involved

in previous studies conducted within this research.

Individual semi-structured interviews were used to gain feedback on the applicability of the
sports design process model within an inclusive product design context in industry,
ensuring that in-depth data was collected. The interviews were initially piloted with two
additional designers from design consultancies, which were not included in the final data
that was analysed. Following the piloting, no changes were made to the sports design
process model itself although some changes were made to the introduction and briefing
given to the designers to ensure they understood what the sports design process model
represented and the purpose of the interview. Some minor changes were also made to the

interview questions.

The interviews lasted around an hour and interviewees were given freedom to develop
their thoughts on key areas. The structure of the interviews is outlined below. Seven core
questions were asked, which included a discussion of what characterised the inclusive
design process followed by each designer, methods used within that process, user
involvement within the inclusive design process, initial impressions of the sports design
process model and developments that could be made to implement the sports design

process model in inclusive design practice to promote inclusive design uptake. The full
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interview questions and additional prompts are included in Appendix 3. The interviews

were structured as follows:

Interview Structure:

1. Designers questioned regarding their own design process and inclusive design
practice.

2. Designers shown the sports design process model and asked for initial
impressions with no explanation of the model provided.

3. Designers questioned on the sports design process model in more detail

following a detailed explanation of the model by the researcher.

Designers were provided with a copy of the sports design process model, as illustrated in
Figure 6.3. Designers were introduced to the sports design process model by the researcher
— the transcript used is included within Appendix 3. An overview was given of the core
stages, the nature of user involvement throughout the design process, the iterative nature

of the sports design process and the design review process.

All interviews were completely transcribed and analysed using the general inductive
approach (Thomas, 2006), as used in previous chapters when analysing interview data. Data

was categorised into core themes, with the following section detailing the results drawn.
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Figure 6.3 — The sports design process model
6.1.2. Results

The results of the interviews with the product designers are presented according to the
three main topics used to structure the interviews — inclusive design within industry
practice, feedback on the sports design process model and discussion of the potential

development of the model to aid inclusive design uptake in industry.

Industry practice

Designers were questioned on their own companies design practice, focusing specifically on
identifying the inclusion of diverse user groups within the design process. Feedback from
the designers indicated that the term “inclusive design” was not commonly adopted within
industry. It was noted that while designers themselves were aware of inclusive design and
what the term meant, “inclusive design” was reported to be perceived negatively by the

client. The involvement of a diverse group of users within the design process was
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reportedly rare for all the designers interviewed — diverse user capabilities were only taken
into account if the project specifically required it (e.g. for products targeted specifically at

those with reduced capabilities).

The design processes followed by the designers in their everyday practice noted an absence
of user involvement generally, with diversity in those users even rarer. All designers
interviewed had experience working directly with users but all commented that the level
and diversity of user involvement within the design process was highly dependent on the
demands and funding from the client. All designers found that the client was often the main
barrier to user involvement within the design process as the client was responsible for
allocating funding for the project and was often directly involved in influencing the level of

user involvement:

“It depends on the project and it depends on the client and mainly their budget”.

One designer commented that projects which involved the user more often resulted in a

better product, indicating the value of including users in the design process:

“Where we were able to do (user) research, you make the product better from the

research”.

Designers often found it difficult to communicate to the client that user involvement was

important in the early stages of a project to educate the designer on the needs of the user:

“There’s a narrative to doing the first bit well and having user involvement — if you
don’t properly understand the need or the problem you’re trying to address, there’s

no point in moving on to the next bit because you’re more likely to fail”.

It was also found that when users were involved in the design process, clients were
unaware of how to recruit appropriate user groups and how long this recruitment process
would take — the greater the diversity in the user groups, the longer this process would
take. The client was often cited as the main barrier to adopting an inclusive approach to a

design project in practice:

“There are projects where the client has a really specific brief and we must design

exactly what they say and there isn’t any wiggle room to add an inclusive element”.
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It was noted that the client themselves was rarely from a design background and therefore

lacked knowledge of the design process:
“The client is quite often very ignorant to the design process”.

This created problems when designers were trying to communicate with the client — the
client often assumed the design process was a linear route with one concept selected from
the start and progressed through to the end. It was commented that clients often found the

concept of an iterative approach to design to be a daunting one:

“The idea of going round and round can be quite scary for clients... they want to see

value for money and tangible outcomes”.
“Clients often think it’s going to be a much more linear route”.

Iterations were viewed by the client as a sign something had gone wrong rather than an
essential part of the design process. The client focused on the value of design activities
carried out in the design process and wanted to see the output from each activity — “clients
want to see tangible outcomes” — rather than being concerned with the activities

themselves carried out within the design process.

Feedback on the sports design process model

Designers were asked for feedback based on their initial impressions of the sports design
process model, without any introduction from the researcher to the model itself. All

designers liked the sports design process model:
“It’s good because it shows you going round and round but also forwards visually”.

“I really do like this path though, there’s something there about making it a path

rather than a flow chart... It makes sense, it looks great”.

The designers were able to understand the model without an introduction by the
researcher — designers were asked to guide the researcher through the model to

understand their interpretation of it:

“When | look at it, it’s very understandable”.
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One designer commented on the size of the text, making some aspects of the model
difficult to read. However, this interview took place over Skype, so it was unclear the size
and quality of the image the designer was viewing. No other designers commented on the

size of the text.

Development of the sports design process model for application in inclusive design

Following a briefing of the sports design process model from the researcher, designers
were questioned on the applicability of the model to their everyday design practice,
focusing specifically on inclusive design practice. The concept of the cyclic design process
model was felt to be more representative of the iterative nature of inclusive design practice

compared to the traditional linear design process representation:

“I like the track where getting on or going round the wheel until | get what | think is

about right”.

Designers liked the simplicity of the model and felt that it should not become overly

complex:

“I wouldn’t complicate it more because it works well and if you complicate it, you

take away from the core stages”.

The designers all commented that the sports design process model would be of limited use
to product designers themselves in industry practice. It was apparent that the designers
themselves did not “follow” a high level design process, commenting that all were well

aware of the design process that they followed day-to-day:

“Once you’ve been in industry a while, you just kind of do it”.

However, several designers commented that the simple cyclic model could be a useful
reference tool to aid communication between designers within a company and to track
project progress. Based on designer feedback, there is a clear need for a tool that will

facilitate communication between the designer and the client:
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“I’'ve had to sit down with clients and try and verbally and physically explain to them
just how much goes into product development, so something really nice, one page,

one image would be a beautiful thing to give people like that”.

All those interviewed commented that the sports design process model would be highly

useful as a communication tool to help the client understand the inclusive design process:

“I like to be able to show or illustrate to a client what goes into it (the design
process), if you show someone who’s never seen it, they start getting an

appreciation of it”.

Designers commented that aspects of the model, such as emphasis on iterations, effort
involved at core stages and the value of user involvement were all important aspects of the
inclusive design process and would be beneficial if included in a framework to accompany

the sports design process model that provided more detail on each of these:

“If you can show that to them (the client) in a really clear way and that would just

answer a lot of their questions immediately”.

The following guidance was provided by the designers for developing the sports design

process model into a communication tool for inclusive design:

- “If you can find a clever way of visually illustrating the other stages or what would
come at each stage”.

- “You’ve got to make it simple enough that they can grasp it immediately but you’ve
got to give them enough detail so they know there are tools to go along with that”.

- “We would use these primarily to communicate to the client how we’re going to do
a project and potentially to quote for a project too”.

- “Investing money in each stage is setting you up to succeed and not fail”.

It was vital the sports design process model did not become over-complicated with this
additional detail. The designers suggested that a supporting framework could be used to
illustrate the additional information that it would be needed to provide a client with a clear
over-view of the inclusive design process and should be presented in a format that could be

updated to reflect individual project needs.
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6.1.3. Discussion

As with the results presented previously, the discussion section will follow a similar
structure, discussing first current inclusive design practice in industry, followed by the
feedback given on the sports design process model and its potential application within

inclusive design practice.

Industry practice

The interviews conducted in this study focused on inclusive design practice and initially
guestioned the designers on their inclusive design process and involvement of diverse user
groups within the design process. However, it was apparent that user involvement in
general was severely lacking for all the designers interviewed. It was found that all
designers felt that user involvement within the design process was highly beneficial and
allowed clearer definition of the project early on. User involvement also helped designers
to gain a thorough understanding of the design problem and the environment in which the
problem originated. This is in agreement with many previous studies, where authors
including Bruseberg and McDonagh-Philp (2000), McGinley (2012) and McGinley and
Macredie (2011), all make the case for the value of user involvement early in the design

process.

However, all designers interviewed here felt that the user was often not involved to the
extent they would like within the design process and that user groups often lacked diversity
in capabilities. Reasons given for this included a lack of time within the design process and
insufficient funding allocated to user research by the client. This is again in agreement with
the literature discussed in Chapter 2 (section 2.5.4.1.), where allocation of time and
resources are frequently cited as barriers to inclusive design — (Dong, 2004), (Goodman-
Deane, et al.,, 2010), (Sims, 2003), (Vanderheiden & Tobias, 2000). The term “inclusive
design” was not commonly used within design practice as it was perceived negatively by
clients. There is therefore a need to address the barrier of the client to inclusive design
uptake and educate the client on the value and benefits of including a diversity of user
groups within the design process to ensure appropriate allocation of funding and resources.
However, this can be challenging as the client is often not from a design background, with

designers reporting difficulty in communicating the design process to the client.
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Designers commented that when users were involved in the design process, the
recruitment of the desired user groups was highly time consuming, with recruiting diversity
in those user groups even more challenging. The client, being responsible for allocation of
funding, often did not see the value in allocating funds to the research phase and often
provided the designer with secondary user information. Designers commented that the
when a larger proportion of the budget was spent on the research phase, the project
benefited as a result — this allowed the designer to gain a better understanding of the
problem, carry out observation activities and assess user needs in the environment of
product use. Although receiving secondary user information from the client was a quick and
cheap method of understanding user needs, it was felt that a lack of direct physical user
involvement and primary user data collection by the designers themselves often resulted in
designers making assumptions regarding the end user, which could at times result in a poor
final product. Sims (2003) argues that changes made later in the design process are often
expensive and time consuming, therefore it is important the designer has a clear
understanding of the user early in the design process to avoid mistakes in the later stages.
Secondary user information and designer assumptions are also unlikely to be
representative of the target population as a whole. This is in agreement with findings from
the literature review, where Wilkinson and Angeli (2014) state that designers cannot rely
on their own skills and experiences to design for the wider population and Marshall, et al.
(2010) who notes that “abstract representations of people based information does not
inspire designers”. It is difficult for designers to gain an in-depth understanding of the user
from secondary data, which lacks detail and context, emphasising the importance of
physical user involvement within the design process. While user involvement in itself is a
vital part of the design process, it is also critical that a diversity of users is included to
ensure older and disabled users are not excluded from the end product. However, based on
the findings of the interviews conducted here, there is perhaps a need to first increase user
involvement itself within the design process as a whole, before inclusion of a diversity of

user groups can be tackled.

Feedback on the sports design process model

Designers were not given any initial briefing of the sports design process model or told that

the model represented sports design practice — they were told the model was simply a
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“design process” and questioned on their understanding and interpretation of it to ensure
their responses would not be influenced by information provided by the researcher. It was
apparent that the model was understandable to the designers and emphasised aspects of
the inclusive design process that were important to the designers themselves — user
involvement throughout the design process and the iterative nature of inclusive design.
This is in agreement with findings from the literature that inclusive design practice should
involve the user continuously in an iterative process of evaluation and development
(lelegems, et al., 2015). As the sports design process model communicates characteristics
central to an inclusive design approach, it was concluded that no modifications to the

foundations of the sports design process model itself were required.

All industry designers felt that the model of the sports design process would be of limited
use to designers themselves as all were comfortable with the design process they followed
day-to-day. This was expected as the core stages of the sports design process model do not
vary significantly from other theoretical design process models and company specific
processes that designers were already familiar with. As such, designers and their companies
are unlikely to adopt a new design process as this would result in changing established

design practice throughout the company.

It was noted that none of the designers reported following a specific inclusive design
process on the occasion where diverse users were required in a project. However, an
inclusive design approach has a clear impact on the design process with increased user
recruitment time required and increased user testing. While designers were aware of
inclusive design and the benefits of the approach, they felt the adoption of an inclusive
design approach was out-with their control and lay with the client. The barrier of the client

therefore has to be addressed to increase the uptake of inclusive design in industry.

Development of the sports design process model for application in inclusive design

It is apparent that the main barrier to user involvement within the design process (and
ultimately to inclusive design) comes from the client. All designers commented that the
sports design process model would be highly useful as a communication tool to educate the
client of the inclusive design process. Many clients assume that the design process is linear

and think that the project has gone wrong if iterations start to occur. Being able to
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communicate visually at the start of a project that the design process is highly iterative
would be valuable to designers in informing clients of the nature of design and conveying to

clients where time is spent throughout the inclusive design process.

It is apparent from the interviews that a lot of time can be taken up at the start of the
design process educating the client of the process and what is expected to happen. There
was agreement between designers that a framework that communicated the inclusive
design process to the client would be beneficial to the designers themselves. This would aid
designers in quoting for each stage of the design process and illustrate where funding
would be allocated, areas of effort and what the value and output of each stage would be.
Designers wanted to be able to show where effort was required within the design process,

both in terms of time and resources required, using a visual aid.

Designers commented that the visual format of both the sports design process model and
the framework would be highly important if being developed specifically for
communication with the client. The design process model and framework should allow
flexibility in the requirements of different projects. In terms of the client, the design
process model should be simple enough to be understood by those from a non-design
background, but with sufficient level of detail that the complex nature of inclusive design
would be understood. The framework should communicate the designer’s needs within the
inclusive design process in a manner understood by clients without complicating the design
process further. It should therefore be easily understandable to the client with minimal

explanation required.

It is noted that the focus of all the interviews shifted from inclusive design to increasing
general user involvement within the design process. To implement inclusive design, a good
foundation of general user involvement is required, from which the inclusion of a greater
diversity of users can be built. However, it was found that many design companies lacked
consideration of not only the breadth of user capabilities, but also the involvement of any
users themselves within the design process. While it is acknowledged that user involvement
alone is not “inclusive design”, it is apparent that increasing client awareness of the

benefits of involving general users within the design process is needed.
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Summary of product designer interviews

This section reports on the discussion of the findings from interviews with industry
designers with experience in inclusive and/or user centred design. It is concluded that the
characteristics of the sports design process model (the iterative nature of design, user
involvement throughout the design process and direct interaction between the designer
and the user) are representative of inclusive design practice. However, current industry
practice shows a lack of general user involvement within the design process, in addition to a
lack of diversity in the user groups recruited. It was found that an inclusive design process
model alone would not benefit designers as it is the client that is often the barrier to
inclusive design uptake. This is in agreement with findings from previous published work —
(Bruseberg & McDonagh-Philp, 2002), (Dong, 2004), (Goodman-Deane, et al., 2010). It is
apparent that the client lacks understanding of the design process in general. It is therefore
critical that designers are able to communicate both the inclusive design process itself and
the value of user involvement effectively to the client in order to build a user centred

foundation on which a more inclusive approach to design can be built.

Based on designer recommendations, more detail is needed to illustrate user activities, user
recruitment time and the value of user involvement to develop the sports design process
model to aid inclusive design uptake in industry. Designers commented that this additional
information could be better presented as a framework to allow a breakdown of relevant
activities and avoid cluttering the sports design process model with too much information.
Being able to visualise the inclusive design process to clients, illustrating the time involved
and value added by user involvement and diversity in user capabilities throughout the

design process would be highly beneficial to designers in communicating their own needs.

The recommendations from the designers interviewed here are included in a requirements
list at the end of this chapter, where they are combined with the feedback gained from the

workshop conducted at the Helen Hamlyn Centre for Design, discussed in the next section.
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6.2. Inclusive design expert workshop

This section details the methodology, results and discussions from the workshop
undertaken with three inclusive design experts from the Helen Hamlyn Centre for Design at
the Royal College of Art. The Helen Hamlyn Centre is involved in design research and
projects with industry that aim “to contribute to improving people’s lives”. As the longest
running centre for design research at the Royal College of Art, the designers at the Centre
have an expert knowledge of inclusive design practice and would provide valuable feedback
on the potential application of the sports design process model within an inclusive design

context.

6.2.1. Methodology

Three inclusive design experts from the Helen Hamlyn Centre specialising in inclusive design
took part in a workshop to discuss their own approach to inclusive design and the potential
development of the sports design process model in the context of inclusive design practice.
The workshop was conducted at the Helen Hamlyn Centre and lasted approximately three

hours. The aim of the workshop was:

1. To identify the design process and activities carried out by the Helen Hamlyn
Centre, which would be indicative of “best practice” in inclusive design.

2. To gain feedback on the applicability of the sports design process model to inclusive
design industry practice and to generate ideas on how the model could be

developed further for industry use.

An overview of the activities carried out within the workshop is provided in Table 6.1. The
workshop was recorded and analysed using the same general inductive approach as before
(Thomas, 2006). In addition, sheets of paper and handouts on which participants had
sketched ideas were collected and analysed alongside the interview transcripts. Within the
workshop, participants were asked to complete two questionnaires, the first regarding
designer feedback on the sports design process model and the second regarding the
potential development of the inclusive design framework. The workshop plan, consent

forms, interview questions, questionnaires and visual aids is included in Appendix 3.
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[40]4

Activity Who How Outcome Relevance Tools
Used to compare with company design
. A3 paper. Map out . . processes to understand differences
Mapping out Detailed design

Helen Hamlyn
Centre inclusive
design process

Discussion of
sports design
process model

Development of
inclusive design
framework

key stages, additional
Group task steps, iterations,
methods, user

involvement.

Presentation of sports
Group task  design process model

and group discussion.

Feedback sheets
Individual rating the sports
task design process

model.

Sketching on paper or
Group task  sports design process

model print-out.

process of a specific
inclusive design
process.

Understanding of the
sports design process
model. Identification
of applicability to
inclusive design.
Identification of the
applicability of the
sports design process
model to inclusive
design practice.
Potential outline of
inclusive design
framework —what
format is useful, what
will it contain?

between each and the impact an inclusive
approach has on the design process. Will
be used to determine the applicability of
the sports design process model to
inclusive design practice.

Is the sports design process model suited to
inclusive design practice, communication
with clients or as a learning tool?

How can the sports design process model
be adapted to aid communication with
clients or as an inclusive design learning

tool?

Initial identification of how to present the
final inclusive design framework.

A3 paper, pens,
post-its, workshop
questions.

Presentation
slides, print-out of
slides, A3 paper.

Feedback forms.

Sports design
process model
print-out, paper,
post-its, pens,
questionnaire.

Table 6.1 — Overview of activities conducted within Helen Hamlyn Centre workshop



6.2.2. Results

The results section is structured according to the two main categories discussed during the
workshop — best practice in inclusive design (practiced at the Helen Hamlyn Centre for
Design) and feedback received on the sports design process model development for

application within inclusive design practice.

Best practice in inclusive design

The first part of the workshop focused on identifying the inclusive design process carried
out at the Helen Hamlyn Centre for Design, which would indicate best practice in inclusive
design. Unlike the industry designers interviewed within Section 6.1 who did not use the
term “inclusive design” due to negative perceptions from clients, the Helen Hamlyn Centre
did use the term “inclusive design”. The design process (shown in Figure 6.4) followed by
the Centre originated from the double diamond design process model (Design Council,
2005), but has been developed by the Helen Hamlyn Centre to better represent their design
process. The design process is split into a research phase and a solution phase, with the
designers reporting that the Centre spent greater time on the research phase compared to
typical design companies in industry. In the early stages of the design process, designers at
the Centre gathered as much user information as possible with methods typically involving
observations and interviews with users, with the aim of verifying the nature of the design

problem:

“It’'s more talking to the users and compressing that information into a single

question or direct question”.

User involvement was continuous throughout the design process followed at the Helen
Hamlyn Centre for Design, with the solution phase consisting of prototyping, user testing

and feedback iterations.
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Figure 6.4 - Inclusive design process followed by the Helen Hamlyn Centre

User involvement occurred on a more regular basis throughout the design process followed
by the Helen Hamlyn Centre compared to that observed for the product designers
interviewed — where the product designers interviewed reported the level of user
involvement being highly dependent on the client, designers at the Helen Hamlyn Centre
reported involving users in every project. A range of diverse users were also included to

ensure that the final design was as inclusively designed as possible:

“With users, we’ve tried to quite specifically be diverse with it — so people with
arthritis, people with vision issues, parents with children, people using wheelchairs.

And then anyone else we can get in that would be typical”.

User involvement was continuous throughout the design process, particularly in the early

research stage:

“We involve them obviously throughout the research and observations and
interviews, then we often do workshops to verify some of the insights that we

observe and from the desk top research”.
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During the research stage, designers were often involved in open interactions with users
and talking to as many people as possible with a broad range of capabilities to help the

designer understand the problem:

“Id say every project involves users and it follows this pattern where at the
beginning it’s quite open — it’s just generally talking about it, which probably
involves more people as you try and understand. Then you start getting in key

people around key issues and the key challenges”.

At the concept generation stage it was reported there were times when the user was

involved:

"When you're sketching or developing the concepts, you have users involved. They

can be quite creative”.

However, it was also reported there are times when the designers needed time to design

by themselves:

“Sometimes it’s appropriate to have users, but sometimes it’s not and you need to

just be a designer and design and then you go back to them and evaluate things”.

Users were involved extensively in the later stages of the design process once ideas were
more developed. At this stage, the users involved were specific groups based on capability
and diversity, to allow prototypes to be tested with the user group from where the idea
originated. It was noted however, that the user recruitment process was often difficult and

time consuming:

“Gathering users and gathering people is really time consuming and it often isn’t

given enough time or credit or resource”.

Sports model feedback and development

Feedback on the sports design process model itself was positive from all three designers
involved in the workshop, with the visual presentation of the sports design process model

well received:

“It’s neat and you can grasp it in one visual”.
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The iterative, cyclic representation of the sports design process model was considered to be
more representative of the nature of inclusive design, in addition to the continual user
involvement throughout the design process. Within the questionnaire, all three designers
noted that while the importance of user involvement was illustrated within the sports

design process model, additional material was needed to supplement this.

However, all three designers interviewed commented that the sports design process model

would be of limited use to themselves as designers in inclusive projects or industry practice:

“Once you’ve gone through it, once you know it, you know it”.

This was in agreement with feedback gained from the industry designers.

The workshop participants agreed that with some development, the sports design process
model would be highly useful as a communication framework to help the client understand
the inclusive design process, which was again in agreement with comments made by the

designers from industry:

“This is the most important role of something like this — to explain the role, to

explain where you are, to explain what’s going on and what’s going to happen”.

“Designers know how to design, but for inclusive design, it’s really important to
have an educational role as well because you are designing with people who are not

necessarily trained in design”.

Based on the feedback gained from the initial designer interviews, designers at the Helen
Hamlyn Centre were asked the potential of the sports design process model to aid
communication with the client within the inclusive design process. The designers at the
Helen Hamlyn Centre reported that (like the designers interviewed from industry) the client

often lacked knowledge of the design process in general:

“They maybe don’t necessarily understand design at the beginning, then as we walk

them through it’s like a dialogue”.

“A lot of clients don’t know the process we go through so in terms of that, the

model could be used to educate them of your process”.
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The educational potential of the sports design process model for inclusive design teaching
to undergraduate students was also discussed by the designers due to the characteristics

illustrated within the sports model:

“This would maybe be useful in education if | was talking to, lecturing or tutoring, |

might use something like that. Because it’s probably more accurate”.

“The graphic is avoiding that certain linear feel to it which is nice. It shows that
things do go in circles and you do have to repeat stuff. It has a better representation

or a closer representation of the realities of design”.

As this research focuses on inclusive design in industry, the potential educational benefits
of this work are not explored further here. However, there is potential for future work to

explore this area.

It was added that an indication of where the client should be involved in the design process
would also be useful to ensure the client is aware of their role within the inclusive design

process — potentially as a source of information or at key decision making points:

“It’s almost like fading in from down here until the design review because when
they come into a room cold they don’t understand what’s happened in the project...

You can spend a lot of time with them asking the wrong questions”.

In terms of developing the sports design process model further into a framework to aid
client communication within the inclusive design process, the following comments were

made:

- “I would say the biggest thing is communication, when is the design review, when
does this break down into a space in time”.

- “It's almost keeping it as a model and then somehow adding the layers to it but it’s
making sure that you’re looking at the layers you want to see and not getting lost in
heaps and heaps of data”.

- “In terms of development with how users are integrated into the design spins — it’s
like probably rather than one section it’s probably like small loops that sit all the
way round”.

- “I'm just imagining an interactive version of this where you can expand on things

and what methods you are using and who is involved, etc.”
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All designers indicated within the questionnaire that an interactive framework would be an
appropriate format to develop the sports design process model further to facilitate
designer-client communication within the inclusive design process and that they would use
the framework if the discussed requirements were met. Figure 6.5 illustrates the
requirements selected within the questionnaire by the designers that should be
represented within the framework. User centred methods and user involvement were both
vital to all designers, which is to be expected within an inclusive design process. Indication
of client involvement was also selected by two designers, indicating that there is a need to
make the client aware of their role within the inclusive design process. It was noted that

the framework would have to be flexible depending on the nature of the project.
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Figure 6.5 — Inclusive design framework requirements

6.2.3. Discussion

The discussion section follows a similar structure as before, discussing first inclusive design
practice in relation to the Helen Hamlyn Centre for Design, followed by the feedback given
on the sports design process model and its potential application within inclusive design

practice.
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User involvement in design practice

The reported levels of user involvement within the inclusive design process showed
significant differences between standard design practice in industry and practice at the
Helen Hamlyn Centre. While designers from industry (all with experience in inclusive and/or
user centred design) reported low levels of user involvement and a lack of diversity of user
capabilities, designers at the Helen Hamlyn Centre showed high levels of user involvement
and wide diversity of user groups throughout their design process — it is expected this is due
to designers at the Centre being more aware of how to implement inclusive design in
addition to the emphasis the Centre places on the research aspect of a project. In contrast,
user involvement in industry practice is determined by the client, who may not be aware of
an inclusive design approach and its benefits. The user recruitment process is a core part of
inclusive design to ensure that potential design solutions are tested and evaluated by
appropriate user groups. The lengthy time process to locate appropriate user groups was
also noted by Bruseberg and McDonagh-Philp (2002), who found that user groups were

often not included in the design process due to recruitment difficulties.

Although this research did not assess the levels of success and inclusivity of the end
products developed by the Helen Hamlyn Centre and the companies interviewed, the
Centre has delivered a number of highly successful, inclusively designed products that have
contributed to improving people’s lives. It is therefore concluded that the design process
followed by the Helen Hamlyn Centre for Design is successful in delivering inclusively

designed products, in line with the needs of a range of diverse users.

No conclusions can be drawn regarding appropriate levels of user involvement throughout
the design process as this study did not focus on the level of success of the final product.
However, it is argued that the distinct lack of user involvement reported by the product
design companies will severely impact the level of inclusivity and usability of the end

product.

The design process followed by the Helen Hamlyn Centre for Design (which is considered a
model representation of inclusive design practice) shows many parallels with the
characteristics of the sports design process. These include the iterative nature of the design
process, user involvement throughout the design process and physical interaction between

the designer and the user, which are all core elements of both design approaches.
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However, it was observed that while the Helen Hamlyn Centre involves a diversity of users
throughout the design process, there is greater emphasis placed on the initial research
stage of the design process, which may not be applicable to everyday product and inclusive

design practice in industry.

Application of the process for designers

Findings from the workshop conducted with the Helen Hamlyn Centre indicate that the
sports design process model would be of use to designers themselves only as a reference
tool. Designers from the Centre commented that although they themselves followed an
established design process that they were unlikely to change, a visual representation of the
sports design process model on the wall of a design office could be a useful tool to allow
designers to evaluate their progress throughout a project and could be used as a
communication tool between designers to discuss project progress. This was also
commented on by some of the product designers interviewed in Section 6.1, who felt that
the sports design process model as it stands would be of most use as a reference tool and
to aid project discussions between designers. Designers have an in-depth knowledge of the
core stages of the design process, therefore do not need to rely on a high level

representation of the design process in their daily practice.

It was concluded by all three designers involved in the workshop that the sports design
process model could be extremely useful if developed further into a framework that would
facilitate designer and client communication within the inclusive design process. The
findings from the workshop are in agreement with the earlier designer interviews (see
Section 6.1) that clients often do not understand the design process in general and findings
from the literature review (Chapter 2) that clients to not understand the value of user
involvement throughout the design process. It is therefore necessary to provide a means of
enabling designers to educate the client on relevant aspects of the inclusive design process.
Based on the feedback provided within the questionnaire, it is apparent that more detail is
required to supplement the sports design process model in terms of illustrating the
requirements of user involvement within the inclusive design process. While additional
information would clutter the existing model, it was indicated that the developed

framework should contain this detail.
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To develop the sports design process model into a framework that would facilitate
designer-client communication within the inclusive design process, the framework should
indicate levels of client involvement to ensure they understand their role within the design
process from the start. A core requirement of the framework that was identified as a result
of the workshop was ease of interpretation. Clients are often ignorant of the design
process, therefore it is essential to provide designers with a means of educating them of
that process. As such, the framework must be simple enough that a client from a non-
design background can easily understand it. However, in order to meet the needs of the
designers, sufficient information must be included to illustrate the level of effort involved in
the inclusive design process and a breakdown of aspects of the inclusive design process that
are important to the designer — within inclusive design this is noted as user involvement
throughout the design process, a diversity in the user groups involved and the need to

iterate within design process stages to ensure the appropriate design solution is found.

6.3. Chapter Findings

Designers from industry reported low levels of user involvement within the design process,
similar to the results reported from product designers interviewed in Chapter 4. However,
those interviewed in Chapter 4 were traditional product designers. Those involved in this
study had experience in inclusive and user centred design. The study found that in addition
to low levels of user involvement, diversity in those user groups was also lacking. Reasons
for this stemmed from the client rather than the designer. In contrast, designers at the
Helen Hamlyn Centre reported much higher levels of user involvement within their design
projects, focusing particularly on early user involvement in the research stage of the design
process to ensure that appropriate insights were gained early but also to ensure that
potential design solutions were tested and evaluated throughout the design process. The
sports design process model (descriptive of sports design practice in industry) illustrates
user involvement as central to, and throughout, the design process. Figure 6.6 illustrates
approximate levels of user involvement throughout the design process for the Helen
Hamlyn Centre, the industry designers interviewed in this chapter and the approximated

levels of user involvement within the sports design process.
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Figure 6.6 - Comparison of levels of user involvement within the design process

It is clear there are similarities between the inclusive design process followed at the Helen
Hamlyn Centre for Design and the sports design process. Both are highly iterative and user
centred — in the case of sports design, the user is involved continuously throughout the
design project, while the Helen Hamlyn Centre places more emphasis on the early research
phase while still involving the user throughout the design process. Like with sports

designers, the designers at the Helen Hamlyn Centre also interact directly with the user.

The design process followed by the Centre is thought to be representative of “best
practice” inclusive design. In contrast, the product designers from industry reported that
their processes often lacked user involvement, although they aspired to follow a process
similar to the one reported by the Helen Hamlyn Centre, with higher levels of user
engagement throughout the design process. It is concluded that good inclusive design
practice in industry should aim for a process similar to that of the sports design process
model — while the design process followed by the Helen Hamlyn Centre indicates good
inclusive design practice, the high level of emphasis placed on the research aspect may not
be achievable within industry practice. The sports design process indicates a continual level
of user involvement within an iterative design process, which is descriptive of sports design

practice in industry and achievable within the constraints of industry practice.

It is acknowledged that in reality, an inclusive design approach is often made difficult by
client barriers as discussed in the interviews with industry designers. This is in agreement

with the findings of the literature review (Chapter 2), where the client was often cited as a
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barrier to inclusive design uptake. This study has identified that this is due in part to a lack

of understanding of the inclusive design process by the client.

Feedback gained within this study from both designers within industry and inclusive design
experts at the Helen Hamlyn Centre for Design indicate that there need for designers to be
able communicate the inclusive design process to the client. It is recommended that an
interactive framework could be used to develop the sports design process model further for
the use of facilitating designer-client communication within the inclusive design process.
This interactive framework would allow additional information to be added to the sports
design process model to communicate the needs of the inclusive design process without
“cluttering” the original sports design process model. Based on the recommendations
provided by those involved in the study, a requirements list was prepared, identifying what
the designers had requested the framework contain to ensure it would facilitate designer-
client communication within the inclusive design process. Following analysis of the

interview transcripts, the requirements list was refined with the final version listed here:
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Inclusive Design Interactive Framework Requirements:

Visual Representation:

Iterations:

- Place emphasis on iterations at each stage of the process — prototyping and testing.

- Show iterations but also forwards progression — too many iterations can scare the
client.

- Design development should be an iterative process of prototyping and testing.

- lllustrate sign-off points at each stage prevents backwards iterations.
Design outputs:

- Show outputs from each stage of the process.
- lllustrate how activities add value to the design process.

- Designers want to show the level of effort involved throughout the process.
Whole model representation:

- Whole process and additional activities all must be visually communicated.

- Visually illustrate activities/methods/etc. that come within each stage.

- Do not add additional information to the model.

- Process should be broken down into constituent parts.

- lllustrate the model on one page in one visual.

- Try to create a culture through visual tools.

- The process must be understandable to those not from a design background.

- The model must be understood immediately without explanation (by the designer).
Research:

- Show that a larger budget is often needed for research.

- Show that research runs all the way through a project.
Design brief:

- lllustrate that the design brief is used as a reference point throughout the design
process.

- The brief should be shown as a dynamic document.
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- lllustrate that research is an iterative process until designers and clients are happy

with the brief.

Client involvement:

Design brief:

- Show that client agreement is needed over the content of the design brief.
- Show that the client should be involved throughout the design process to answer

specific questions.

Design process:

- lllustrate it is iterative but progresses forwards — clients assume the design process
is linear.

- The model must communicate the design process to someone from a non-design
background.

- Must illustrate to the client where time and resources go.

Client funding:

- Clients allocate funding therefore emphasise where designers want funding to be
allocated across the process and where it would be of most use.

- Clients want to see the value in each stage/activity.

User involvement:

- Show that user involvement should start as early as possible.

- Emphasise high level of user involvement throughout the process.

- Illustrate the value of user involvement.

- Show that users not involved in the design process are generally ignored.

- Show that design decisions are made based on user evaluation and testing.

- Show that user involvement must be with the right people to get the right insights.

- Show that user recruitment takes time.
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6.4. Further Work

This chapter reports on feedback from product designers in industry and inclusive design
experts at the Helen Hamlyn Centre for Design regarding the applicability of the sports
design process model to inclusive design practice. Based on the findings of Chapters 4 and
5, the sports design process is highly iterative, with a focus on user involvement throughout
the design process and designer interaction with the user. The literature review (Chapter 2)
and the study reported within this chapter indicate that the inclusive design process is also
highly iterative and should involve the user throughout the design process with the
designer actively engaged with the user. These similarities between sport and inclusive
design indicate that there is potential for the sports design process to aid inclusive design

practice.

The findings from this chapter indicate that an interactive framework, developed from the
sports design process model would facilitate inclusive design implementation in industry by
aiding designers’ communication with the client throughout the inclusive design process.
Based on the sports design process model presented in Chapter 5, along with the designers
requirements for the framework development constructed as a result of this study, there is
a need to develop the sports design process model further to construct this framework.
Chapter 7 will discuss the development of this interactive framework based on the
requirements listed in this chapter. Chapter 8 will report on the validation of the interactive
framework, which provides a solution to the third research question presented within this

thesis — how is the sports design process applicable to inclusive design?
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Chapter 7 — Development of the

inclusive design framework

Chapter 6 identified that the sports design process model would, if developed further into
an interactive framework, facilitate designer-client communication within the inclusive
design process. The client is often cited as a barrier to inclusive design uptake (published
work cited in Chapter 2 includes Bruseberg & McDonagh-Philp, 2002; Dong, 2004;
Goodman-Deane, et al. 2010; which in agreement with the findings from Chapter 6 of this
thesis) as they often set budget and time constraints, in addition to identifying the target
user. However, the client is often unaware of the inclusive design process, particularly the
effort involved and where the designer requires time and costs to be allocated. The output
of Chapter 6 presents the requirements from designers that should be taken into
consideration when developing the interactive framework to facilitate designer-client

communication within the inclusive design process.

This chapter reports one part of Study 4, which goes some way to providing a solution to
answer the third research question — how is the sports design process applicable to
inclusive design? This chapter will report on the development of an interactive framework
that is based on the sports design process model, which visually represents some of the
core characteristics of the inclusive design process — an iterative design process with user
involvement throughout and direct designer interaction with the user. The framework will
facilitate designer-client communication of the inclusive design process by building on
these characteristics to provide an interactive framework that will enable the designer to
educate the client of the inclusive design process. Chapter 8 will report on the second part
of Study 4, where the interactive framework is validated and the final framework is

presented.

This chapter is structured as illustrated in Figure 7.1. Following the introduction to the
chapter, the process of generating concepts for the framework based on the requirements
list provided in Chapter 6 is discussed. These concepts are then progressed through an
iterative process of evaluation against those requirements and further development. A

prototype of the interactive framework is piloted with six researchers (three from design
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backgrounds and three with no prior experience of the design process) to assess ease of
navigation through the framework. Further refinements are made to the framework based
on feedback received. The refined prototype of the interactive framework is then

presented.

STUDY 4

Development of the framework

Introduction — Concept generation — Chapter Findings

Concept evaluation + development

Overview of initial framework prototype

Pilot of the framework

Presentation of developed framework prototype

Figure 7.1 - Structure of Chapter 7

7.1. Development of the framework

The development of the interactive framework followed the core stages of a typical design
process as illustrated in Figure 7.2. Study 3 (Chapter 6) formed the ‘research’ stage of this
design process, where the needs of the designers (the users) were understood. The
‘specification’ was the output of Chapter 6, where the needs of the designers were
translated into requirements. These requirements were then used as the basis for
generating and evaluating concepts — this ‘conceptual design’ stage is reported within
Section 7.2, where initial concepts for the content and structure of the interactive
framework were sketched. The construction, piloting and development of a prototype of
the interactive framework form the ‘design development’ stage of the process and are
reported within this chapter. The ‘design refinement’ stage is reported within Chapter 8,
where the prototype of framework is validated with designers and clients from industry
before final refinements are made based on their feedback. The output is a validated
interactive framework to facilitate designer-client communication within the inclusive

design process.
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Figure 7.2 — Design process followed for the development of the interactive framework

7.2. Concept generation

Following the requirements of the designers reported in the requirements list (Chapter 6), a
brainstorming exercise was undertaken by the researcher using the sports design process
model as a template for generating ideas to address different categories within those
requirements. A total of 18 concepts were generated as a result of the brainstorm exercise
— an example of a selection of these concepts is illustrated in Figure 7.3. The complete

results of the brainstorm exercise are shown in Appendix 4.

The results from the brainstorming exercise were assessed against the requirements list in
terms of feasibility. An iterative process, consisting of pulling ideas generated from the
brainstorm exercise and referring back to the requirements list to ensure each concept met
the needs identified by the designers, was carried out. The output was four developed
concepts of the framework — an example of one of these more developed concepts is

shown in Figure 7.4. All four developed concepts are included in Appendix 4.
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Figure 7.3 - Results of framework brainstorm exerci

220






The four developed concepts were evaluated by the researcher against the requirements
specified by the designers within Chapter 6. Two concepts were eliminated as they did not
adequately meet the requirements specified by the designers. The two remaining concepts
were selected as potential solutions that would be progressed forwards. These concepts

are illustrated in Figures 7.5 and 7.6.

Within both Figures 7.5 and 7.6, the sports design process model at the centre of the image
illustrates the “home” screen for the interactive framework. The hatched pink boxes
around the core stages of the process, user involvement, the iterative circles for each
design cycle and the design review stage represent areas within the framework that can be
“selected” by the user of the framework. A link is provided to new pages that contain
further detail for each respective area. Green hatching allows the user to gain further detail

on sub-sections of these areas.

Figure 7.5 (Concept 1.0) allows the user to select the area over the core stages of the
process model and represents them in a high level, linear manner. The conceptual design
phase can be selected to illustrate further detail for that phase. The area of user
involvement within the design process can be selected and illustrates recruitment time that
must be allocated to recruit potential user groups within the inclusive design process. The
iterative nature of user involvement throughout the inclusive design process — user testing,
evaluation and further development/refinement — is also illustrated. The lower section of
the image can be selected to illustrate the iterations within the inclusive design process
that occur throughout each process stage. The design review stage can be selected and
illustrates the outputs of each stage of the process, in addition to the need to evaluate
those outputs against the design brief. The design review is a decision making point within
the inclusive design process, where stakeholders are involved in deciding whether the
project can progress to the next stage of the process or whether a stage should be

repeated.

Figure 7.6 (Concept 2.0) allows each of the four core design process stages to be selected
individually and illustrates the iterations within that stage. The green hatching for each
stage name can then be selected to provide more detail on the nature of the iterations at
each stage. The section of the process model that illustrates user involvement within the
inclusive design process can be selected, and illustrates the nature of user involvement

within each stage of the process, detailing how the user is involved and how this impacts on
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the inclusive design process. For example: user involvement within the research phase of
the inclusive design process is typically exploratory. It is anticipated that the designer can
input specific methods at this point, customised to each project. This exploratory research
helps the designer to identify user requirements, which in turn influence the design brief,
which is referred back to throughout the design process. This is an iterative process until
the design brief captures enough detail and the project progresses to the next stage. The
design review stage within the “home screen” can be selected and illustrates the output
from each stage of the inclusive design process, with the design brief referred to and
informing design decisions made at the review. Stakeholders are again involved within the
decision making process. The stakeholders themselves can be selected and the next level of
the framework illustrates anticipated client involvement throughout the inclusive design
process. Designers encourage the client to remain up-to-date throughout the process so
they can make informed decisions at the review stage. Finally, the iterative nature of the
inclusive design process can be selected, with a high level representation of the activities

that should iterate within each design phase shown.
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7.3. Concept evaluation and development
Both the concepts 1.0 and 2.0 (shown in Figures 7.5 and 7.6 respectively) were evaluated in
a matrix against the requirements list presented in Chapter 6. Concepts were rated

according to the following criteria:

- Y: The concept met the requirement.

- N: The concept did not meet the requirement.

- S: The concept met the requirement to some extent but was not immediately clear.

- NA: It was not possible for the researcher to assess this. For example: for the
requirement “must communicate the design process to someone from a non-
design background” would require further investigation once the framework was in

a more developed state.

Table 7.1 shows the summary of the results from matrix evaluation of the two concepts
against the designer’s requirements (as reported in Chapter 6). For the 34 requirements, it
was concluded that five of the criteria could not be assessed by the researcher alone —
further interviews with both clients and designers would have to be carried out. Concept
1.0 met 12 of the requirements and a further 7 to some extent. 10 requirements were not
met by the concept. Concept 2.0 met 18 requirements and a further 5 to some extent. 6
requirements were not met. Table 7.2 illustrates the full matrix, showing the results for two

concepts against the requirements.

Concept 1.0 Concept 2.0
12 requirements were met 18 requirements were met
7 requirements were partially met 5 requirements were partially met
10 requirements were not met 6 requirements were not met

Table 7.1 — Summary of results for evaluation of concepts 1.0 and 2.0
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. Concept Concept

Requirements 1.0 2.0

Iterative process of prototyping and testing S Y
Show iterations but also a forwards progression Y Y
Design development is an iterative process of prototyping and testing N Y
Sign-off points at each stage prevents backwards iterations N Y
Show outputs from each stage of the process Y Y
Illustrate how activities add value to the design process N N
Designers want to show the level of effort involved throughout the process S Y
Whole process and additional activities all must be visually communicated S S
Visually illustrate activities/methods/etc. that come within each stage N N
Do not add additional information to the model Y Y
Process should be broken down into constituent parts Y Y
Illustrate the model on one page in one visual - -
Create a culture through visual tools - -
The process must be understandable to those not from a design background - -
Model must be understood without explanation - -
A larger budget is often needed for the research N N
Research runs all the way through a project Y S
Design brief is used as a reference point throughout the design process Y Y
The brief should be a dynamic document N S
Research is an iterative process until designers and clients are happy with the brief S Y
Client agreement is needed over the content of the design brief Y Y
The client should be involved throughout the process to answer specific questions N Y
Clients assume the design process is linear —illustrate it is iterative but progresses v v

forwards

Must communicate the design process to someone from a non-design background - -
Illustrate to the client where time and resources go S S
Emphasise where designers want funding to be allocated N N
Clients want to see tangible outcomes and value for money S Y
User involvement should start as early as possible Y Y
Emphasise high level of user involvement throughout the process Y Y
Illustrate the value of user involvement Y S
Users not involved in the design process are generally ignored N N
Design decisions are made based on user involvement and the project progresses S Y
User involvement must be with the right people to get the right insights N N
User recruitment takes time Y Y
YES 12 18

NO 10 6

SOME 7 5

N/A 5 5

Total 34 34

Table 7.2 - Matrix evaluation of concepts 1.0 and 2.0

Following the evaluation of concepts 1.0 and 2.0, each concept was developed further to

address more of the requirements specified by the designers. The strengths of each

concept were kept (or improved on) while weaknesses were targeted in each for

improvement. Figures 7.7 and 7.8 illustrate the developments made to each of the

concepts.
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Figure 7.7 shows concept 1.1 (the development of concept 1.0 shown in Figure 7.5). The
concept was developed to better represent the iterative nature of inclusive design practice,
the activities involved at each stage of the inclusive design process and the level of effort
involved at each stage of that process. There was a need to illustrate that the design brief
was a dynamic document, evolving throughout the design process. The concept now shows
the outputs of user involvement influencing the development of the brief at all stages of
the inclusive design process, with that design brief influencing the decision making process
at the design review stage. Client input is also illustrated within the design review stage to

ensure clients are aware of their role and involvement in the decision making process.

Figure 7.8 shows concept 2.1 (the development of concept 2.0 shown in Figure 7.6). Like
concept 1.1, more detail has been added to illustrate that research should run throughout
the inclusive design process, with new insights often gained as a result of evaluation.
Changes were also made to the representation of user involvement within the design
process, illustrating how the user influences the outcome of each stage of the inclusive

design process.

Neither of the developed concepts illustrates the activities and methods within the
inclusive design process — designers had previously stated this would deter them from using
it. Individual methods were therefore not included in the framework, but it is proposed that
there is scope for designers to add this detail on a project-by-project basis. The nature of
the user groups involved in the inclusive design process is also not represented here as this
will change depending on the nature of the project. Like the design methods, this is likely to
be added by the designer for individual projects. However, as the interactive framework is
representative of inclusive design practice, diversity in the user groups involved is
acknowledged. Allocation of budget is not illustrated within either concept — this would
require input data from designers and the study did not investigate how designers would
want budget allocation represented. It was therefore concluded that allocation of budget
was out-with the scope of the framework. However, the framework can be used to aid

budget allocation discussions by breaking down the inclusive design process.
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The matrix was repeated using the same requirements as before, against which the
concepts were evaluated. Table 7.3 summarises the results from the previous matrix
(concepts 1.0 and 2.0), with the results of concepts 1.1 and 2.1 added. As before, of the 34
requirements, it was concluded that five of the criteria could not be assessed by the
researcher alone. For the remaining 29 requirements that concepts were assessed against,
the results for concepts 1.1 and 1.2 are shown in addition concepts 1.0 and 2.0 to show
improvements between the concepts. Concept 1.1 was improved on to meet 19
requirements and a further 4 to some extent. 6 requirements were not met, compared to
10 for concept 1.0. Concept 2.1 was improved on to meet 22 requirements and a further 2
to some extent. 5 requirements were not met, compared to 6 for concept 2.0. The full

matrix is shown in Table 7.4.

Concept 1.0 Concept 1.1 Concept 2.0 Concept 2.1
12 requirements 19 requirements 18 requirements 22 requirements
were met were met were met were met
7 requirements 4 requirements were 5 requirements were 2 requirements
were partially met partially met partially met were partially met
10 requirements 6 requirements were 6 requirements were 5 requirements
were not met not met not met were not met

Table 7.3- Summary of results for evaluation of concepts 1.1 and 2.1
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Requirements

Concept
1.0

Concept
1.1

Concept
2.0

Concept
2.1

Iterative process of prototyping and testing
Show iterations but also a forwards progression
Design development is an iterative process of prototyping and
testing
Sign-off points at each stage prevents backwards iterations
Show outputs from each stage of the process
Illustrate how activities add value to the design process
Designers want to show the level of effort involved
throughout the process
Whole process and additional activities all must be visually
communicated
Visually illustrate activities/methods/etc. that come within
each stage
Do not add additional information to the model
Process should be broken down into constituent parts
Illustrate the model on one page in one visual
Create a culture through visual tools
The process must be understandable to those not from a
design background
Model must be understood without explanation
A larger budget is often needed for the research
Research runs all the way through a project
Design brief is used as a reference point throughout the
design process
The brief should be a dynamic document
Research is an iterative process until designers and clients are
happy with the brief
Client agreement is needed over the content of the design
brief
The client should be involved throughout the process to
answer specific questions
Clients assume the design process is linear —illustrate it is
iterative but progresses forwards
Must communicate the design process to someone from a
non-design background
Illustrate to the client where time and resources go
Emphasise where designers want funding to be allocated
Clients want to see tangible outcomes and value for money
User involvement should start as early as possible
Emphasise high level of user involvement throughout the
process
Illustrate the value of user involvement
Users not involved in the design process are generally ignored
Design decisions are made based on user involvement and the
project progresses
User involvement must be with the right people to get the
right insights
User recruitment takes time
YES
NO
SOME
N/A
Total
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Table 7.4 - Matrix evaluation of concepts 1.0, 1.1, 2.0, 2.1
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Based on the results of the matrix evaluation shown in Table 7.4, it was concluded that
concept 2.1 was the stronger of the concepts and would be continued to form the basis of
the interactive framework. Concept 2.1 successfully met 22 of the 29 requirements it could
be evaluated against at this stage, in addition to meeting a further 2 to some extent. In
contrast, Concept 1.1 met 19 of the requirements and a further 4 to some extent. The
requirements that concept 2.1 did not meet were considered to be out-with the scope of

the framework at this point, as discussed below:

- Visually illustrate the activities/methods/etc. that come within each stage of the
process: while this was considered to be of benefit to designers, it was also
commented on by designers in Chapter 6 that too much detail and structure would
deter them from using the framework. As such, the framework will be developed to
allow designers to input their own methods and activities on a project-by-project
basis. However, the framework itself will not illustrate specific design activities.

- A larger budget is often needed for research: the framework does not illustrate
budget as there was insufficient information collected from the interviews to
determine the budget split over the design process. This is also project specific
therefore cannot be accurately illustrated within a generic overview of the design
process.

- Emphasis on where designers want funding to be allocated: as stated above, there
was insufficient data collected regarding project budgets, in addition to budgets
being project specific, therefore cannot be accurately illustrated within a generic
overview of the design process.

- Users not involved in the design process are generally ignored: although this was
not specifically illustrated within the framework concepts, there is emphasis placed
on continual involvement of users and diversity in those user groups.

- User involvement must be with the right people to get the right insights: as above,
the framework emphasises continual involvement of users throughout the inclusive

design process and diversity in those user groups.

Concept 2.1 was progressed to form a mind map of how the interactive framework would
potentially work, as illustrated in Figure 7.9. As in the previous sketches, the sports design
process model illustrated at the centre of the mind map, would form the “home screen”

image of the framework — referred to as level 0. The four areas highlighted in pink (core
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stages of the process, user involvement, iterations and design review) can be selected by
hovering the cursor over the pink box outlining those stages to provide more detail on each
— level 1. These four areas were identified within the designer interviews (Chapter 6) as
being core characteristics of both the sports design process model and the inclusive design
process. The pink lines show how each of these four areas on the sports design process
model would link within the interactive framework to provide a breakdown of each of those
parts. Within level 1, there are areas within each image, highlighted in green that can be
selected to provide further detail on each area. The green lines in Figure 7.9 illustrate the
links between the areas shown in level 1 and the breakdown of each of these areas (level 2)
within the interactive framework. The lowest level of the framework (level 2) is shown
within Figure 7.9 outlined in purple and provides additional detail for some of the areas

shown in level 1.

An example of how the interactive framework allows the user to move through each of the
levels is provided: on the central sports design process model (level 0), user involvement
throughout the process is highlighted in pink. By selecting this area, the designer has the
option to select the type of user involvement required for each of the four stages of the
design process (levell) — exploratory for research, evaluation and feedback for conceptual
design, product and user testing for design development and refinement. By selecting any
of these four stages, the framework provides a link to the purple boxes (level 2) where
more detail is provided on the nature of user involvement within each of these stages — for
example: within research, a range of user groups are involved in exploratory research to
understand their requirements. These requirements are used to inform the design brief,
with this process repeated until the designer fully understands the user groups they are

designing for.
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7.4. Overview of initial framework prototype

A prototype of the interactive framework was created using Microsoft Power Point. The
structure shown within the mind map in Figure 7.9 was used as the structure that would
link the framework. The images used within the prototype were based on those shown
within Figure 7.9 but were improved on in terms of graphics. Power Point allowed the use
of ‘actions’, which used hyperlinks to link certain slides together — for example, by clicking
the mouse over an area of the sports design process model (level 0) that was outlined in
pink, the software linked to the screen that showed the breakdown of that stage (level 1).
This process was followed to create all the connections shown in the mind map in Figure

7.9.

The remainder of this section will provide a step-by-step overview of the initial prototype of
the interactive framework, using a series of screen shots to illustrate the interactive nature
of the framework. This section provides an overview of the breakdown of user involvement

and the design review.
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Level 0 — Home screen

The sports design process model forms the home screen image of the framework (level 0).
The four areas highlighted in pink can be selected using the cursor to show further detail —

the design process stages, user involvement, the design review stage and design process

iterations.

Figures 7.11 to 7.13 present an overview of the framework based on the designer selecting
user involvement, highlighted on the right of the home screen shown here. Figures 7.14 to

7.16 present the framework when the design review area on the left of the home screen

image is selected.
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Figure 7.10 — Home screen image of the framework
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Level 1 — User involvement

The image highlights the nature of user involvement within the four core stages of the
inclusive design process. Each of these areas of user involvement, highlighted in green, can
be selected for further detail on user involvement within each individual stage. The “home”

icon on the top left of the screen allows the user to navigate directly back to the home

screen (level 0), shown in Figure 7.10.

Within the image, recruitment time for user involvement within the inclusive design

process is acknowledged before the collection of user data can start.
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Figure 7.11 - Level 1: user involvement
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Level 2 — User involvement: research

The image illustrates the exploratory nature of the user involvement within the research
stage of the inclusive design process. Designers can add research methods to customise the
framework. The conduction of exploratory research by the designer leads to the
identification of user requirements that inform the design brief. The process is iterative
until sufficient user information is captured. Diversity in the user groups recruited is
required to ensure the final outcome is inclusively designed to accommodate a wider

spread of the population.

As the lowest level of the framework, there are no further links provided within the image.
The “home” icon as before will take the user directly back to the home screen (level 0) in
Figure 7.10. The “back” icon takes the user back one level of the framework —in this case to

the overview of the user involvement at level 1 of the framework, shown in Figure 7.11.
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Figure 7.12 — Level 2: design process stage: research
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Level 2 — User involvement: conceptual design

The image shows the nature of user involvement within the conceptual design stage of the
inclusive design process — typically in the form of evaluation and feedback on generated
concepts. Again, there is scope for the designer to add in project specific methods and
activities. Within conceptual design, concepts are evaluated against user requirements and
developed further within an iterative process of evaluation and development. The outcome

will be a user approved concept that is progressed to the next stage of the design process.

As the lowest level of the framework, there are no further links provided within the image.
The remaining two process stages (design development and design refinement) are
illustrated in a similar way within the framework, showing the nature of user involvement
within each stage. The “home” icon returns the user to the home screen on level 0 of the

framework, while the “back” icon takes the user back one level to level 1.
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Figure 7.13 — Level 2: design process stage: conceptual design
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Level 1 — Design review

The image shows the project progress from each stage of the process feeding into the
decision making stage, based on the user selecting the design review from the home
screen. Other inputs are the design brief which is used to inform the decision making
process. Stakeholders involvement is also required in the decision making process — these
are typically the designers themselves and the client. While the users are not normally
physically involved in the design review, the needs of the users are central to any decision
making within the inclusive design process (and should be reflected within the design brief).
The output of the review is the decision to either progress to the next stage of the design

process or repeat the stage until an appropriate solution is found.

Each of the two areas highlighted in green can be selected for further detail on each — the
design review stage itself and the stakeholders involved. The “home” icon on the top left of

the screen allows the user to navigate directly back to the home screen (level 0).
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Figure 7.14 — Level 1: design review
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Level 2 — Design review: outputs

The image shows the design review outputs for each stage of the inclusive design process:

Research — a completed design brief
Conceptual design — an approved concept(s)
Design development — developed concept

Design refinement — final prototype

If the stakeholders agree on progress, the project advances to the next stage. If the needs
of the stakeholders are not met, the project re-iterates that stage of the design process
until the decision is made to progress. In rare cases, a project can be terminated if not
satisfying the needs of the stakeholders. The design brief, continually updated throughout
the process, feeds into the design review to ensure the project is meeting the design

requirements — specifically the needs of the identified user groups.

Again, as the lowest level of the framework, there are no further links provided within the
image. The “home” icon takes the user back to the home screen, while the “back” icon
takes the user back one level to the design review at level 1.
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Figure 7.15 - Level 2: design review outputs
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Level 2 — Design review: client involvement

The image illustrates levels of client involvement throughout the inclusive design process —
this can be customised between projects. The client is a source of reference and
information throughout each stage, illustrated here as grey tabs within each stage, with the
client “dipping” in and out of the project. In the lead up to the design review, designers
indicated that they would like the client to be phased in to the design review to ensure key
decisions made were based on the client being informed of project progress. This is shown
within the framework as an expanding level of client involvement in the lead up to the

design review.

As before, there are no further links provided within the image, which illustrates the lowest
level of the framework. The “home” icon takes the user back to the home screen, while the

“back” icon takes the user back one level to the design review at level 1.
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Figure 7.16 — Level 2: design review client involvement
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7.5. Pilot of the framework

A pilot session was carried out, to assess the ease of interpretation and navigation of the
interactive framework. The prototype presented in section 7.4 was used. There were six
participants in the session — all were researchers, with three coming from a background in
product design, therefore with a good understanding of the design process. The remaining
three were not from a design background, therefore were representative of the client, who
would be unfamiliar with the design process and whom the framework is aimed at

communicating the inclusive design process to.

The pilot session was run as a workshop, with participants given an introduction to the
inclusive design framework, including an overview of the purpose of the framework, before
the researcher demonstrated how the interactive framework operated. Prompts were used
to aid the discussion process to ensure areas such as ease of navigation of the framework,

image quality and understanding of the inclusive design process were covered.
The following feedback was gained from participants:

- Navigation within the framework could be improved. The framework presents four
core areas of the inclusive design process — the core design process stages, user
involvement, iterations and design reviews — with more detail provided for each of
those within the framework. However, participants found this method of
structuring the framework confusing, making it difficult to keep track of where they
were within the framework.

- A visual aid illustrating the breakdown and structure of the framework would
benefit understanding and ease of navigation of the framework.

- The graphics could be improved. It was felt the colours used within the mind map
could be used within the framework to connect levels of the framework and aid
navigation of the tool. Participants also commented that some of the images were
“cluttered” and the framework as a whole would benefit from cleaner, simplified
images.

- The interactive framework aided the understanding of the inclusive design process
for those participants not previously familiar with it. However, it was felt that the

explanation of the framework provided by the researcher was necessary.
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Participants commented that due to the difficulty in navigating the framework, it

would be difficult for someone unfamiliar with the framework to understand it.

Based on feedback from the pilot session, the following changes were made to the inclusive

design interactive framework.

- The structure of the interactive framework was changed so the design process was
broken down into sub-levels that corresponded to the four core stages of the
design process (research, conceptual design, design development, design
refinement), rather than the four areas characteristic of inclusive design practice.
Within each of those process stages, more information was provided on the
characteristics — the process stages themselves, user involvement, iterations and
the design review. This would aid ease of navigation through the framework and
reduce confusion over location within the framework.

- To aid ease of navigation, the colours used in the mind map in Figure 7.9 were used
to colour code the interactive framework and improve the images. The first level of
the framework (the four core stages) was coloured pink. The second level (more
detail on the design process stages, user involvement, iterations and design review)
was coloured green and the lowest level (the breakdown within the design review
stages), coloured purple.

- Atree diagram was added to the framework to provide a visual aid, illustrating the
structure of the framework. Levels of the tree were coloured to match the levels of
the framework and were added to each slide to illustrate how the levels of the
framework connected.

- The overall quality of the images was improved. Based on feedback, text size was
increased and additional information that was not necessary was removed to

reduce clutter.

Based on the changes discussed above, it was concluded that the inclusive design
framework would be easier to navigate as a result of the improved structure and visual
aids. Further feedback on the development of the framework prototype discussed above
was gained from the pilot participants individually, who felt the framework was significantly
improved as a result. The following section provides a detailed description and illustration

of the developed prototype of the inclusive design framework.
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7.6. Presentation of the framework prototype

This section will discuss and present the refined prototype of the inclusive design
framework developed to facilitate communication between designers and clients within the
inclusive design process. Based on the recommendations made in the pilot study, the
framework was developed further to improve ease of navigation through the framework.
As before with the initial prototype of the framework, the developed prototype was

created using Microsoft Power Point to allow the interactive exploration of the framework.

The framework is structured as shown in the tree diagram in Figure 7.17, which numbers
each stage of the framework for ease of discussion. The colours in the tree correspond to
the colours used in the levels of the framework and match those used previously in the
mind map. An additional high level (home screen) has been added, illustrating the sports
design process model alone, before linking to level 1 of the framework. The colour coding

scheme used is as follows:

Black: Home screen (level 0) — sports design process model
Pink: Level 1
Green: Level 2

Purple: Level 3

The tree illustrates the structure of the interactive framework. The user of the framework
(the designer) can select any of the four design process stages on the home screen —
research, conceptual design, design development, design refinement — which will navigate
to level 1 of the framework. Within each of the design process stages shown in level 1, any
of the following areas can be selected to provide more detail — the design process stage
itself, user involvement, iterations, design review. By selecting any of these four areas, the
user is taken to level 2 of the framework, where the four areas are presented in more
detail. Within the design review (shown in level 2) for each stage, there is an option to
select either the review output or client involvement, for further detail of each (level 3 of

the framework).

Figure 7.18 provides a visual accompaniment to the tree shown in Figure 7.17, illustrating
the visual content of each level of the framework — a larger version of Figure 7.18 is
included in Appendix 4. The numbers used within Figure 1.18 match those in Figure 1.17.

An overview of part of the interactive framework is also provided here — starting from the
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sports design process model on the home screen and progressing down the far left side of
the tree to research (level 1), then to user involvement (level 2). A second example is
provided showing the design review for the research stage of the inclusive design process
(level 2) and the output of the design review and levels of client involvement within the

process (level 3).
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Level 0 — Home screen

The sports design process model with each of the four design process stages highlighted is
the home screen that can be returned to throughout the framework when the “home” icon
is selected. Each of the four process stages (shown in pink) can be individually selected for
further detail — the tree at the bottom of the screen highlights in pink level 1 of the

framework, which are the options available for the user to navigate to at this stage of the

framework.
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Figure 7.19 — Level 0: home screen
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Level 1 — Design process stage: research

Within the research stage, any of the four highlighted areas can be selected — the research
stage of the design process, user involvement, iterations, design review. The tree at the
bottom of the image illustrates the section of the framework the user can interact with
from the research stage. The next level of the framework (level 2) is illustrated in green,
which is accessed directly by selecting one of the four available areas on the current image.

The lowest level (level 3) shown in purple can be accessed through the design review stage.

The “home” icon will return the user to the previous image of the home screen at level 0 of

the framework.
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Figure 7.20 — Level 1: design process stage: research
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Level 2 — Research: user involvement

When user involvement is selected within the research image (level 1), the user is
presented with the following image (level 2). The framework illustrates the recruitment
time required to source diversity in user groups involved in the inclusive design process.
The nature of user involvement is often exploratory, leading to the identification of user

requirements and the refinement of the design brief.

The tree illustrates in green the level in the framework the user is viewing (level 2). Within
the current image, the user is can select the “home” icon to return to the home screen
(level 0), while the “back” icon takes the user back one level of the framework to the

overview of the research stage (level 1).
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Figure 7.21 — Level 2: user involvement
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Level 2 — Research: design review

When the design review is selected within the research image (level 1), the user is
presented with the following image (level 2). The image illustrates project progress as an
input to the design review, where it is assessed against the design brief. Stakeholders
include the designer and the client, in addition to the user needs, which are expressed
within the design brief. The output of the design review is illustrated in detail on level 3 of

the framework.

The tree illustrates in green the level in the framework the user is viewing. Within the
current image, the user is able to navigate directly to the review output and client
involvement within level 3. The “home” icon returns the user to the home screen, while the
“back” icon takes the user back one level to the overview of the research process stage

(level 1).

HOME Research

4
Initia 4 4
Need

Design I
9" DESIGN REVIEW Je— stakeholde

- User needs)
- Designer

Progress

Figure 7.22 — Level 2: design review
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Level 3 — Design review: outputs

The image illustrates the two potential outputs of the design review process for the

research stage.

1. The outcome is satisfactory — at the research stage, this is the design brief. The
project progresses to the next stage of the inclusive design process — in this case,
conceptual design.

2. The outcome is not satisfactory. In this case, further research would be undertaken

to ensure a comprehensive design brief is produced that all stakeholders agree on.

The tree illustrates to the user that they are on the lowest level of the framework. The
“home” icon returns the user to the home screen (level 0), while the “back” icon takes the

user back one level to the design review phase within the research stage (level 2).
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Figure 7.23 - Level 3: design review outputs
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Level 3 — Design review: client involvement

The image illustrates potential levels of client involvement in an inclusive design project —
this can be customised on a project-by-project basis. Intermittent involvement is shown
throughout the design process stage for reference and information from the client. The
client is then phased in before the design review stage where key design decisions are

made.

The tree illustrates to the user that they are at the lowest level of the framework. The
“home” icon returns the user to the home screen (level 0), while the “back” icon takes the

user back one level to the design review stage within the research phase (level 2).
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Figure 7.24 — Level 3: design review client involvement
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7.7. Chapter Findings

This chapter presents an interactive framework developed from the sports design process
model facilitates designer-client communication within the inclusive design process. The

development of the framework followed a typical design process, summarised as follows:

- Research: Interviews conducted with industry designers and inclusive design
experts (Chapter 6) identified the needs of the ‘users’ of the framework.

- Specification: the user needs identified as a result of these interviews were
translated into design requirements — presented at the end of Chapter 6.

- Conceptual design: an iterative process of concept generation and evaluation
against the requirements are reported within this chapter. A number of rough
concepts were generated, evaluated and developed, leading to the selection of one
developed concept.

- Design development: The construction of a prototype of the interactive framework,
the piloting of that prototype and further development based on feedback from the
pilot session are reported within this chapter.

- Design refinement: the validation of the developed prototype of the framework
with inclusive designers and design clients will be reported within Chapter 8.
Further refinements to the framework based on the feedback received are

discussed, in addition the final interactive framework will be presented.

The developed inclusive design framework presented in Section 7.6 is progressed to
Chapter 8, where it is validated by designers and clients, to ensure the framework is usable
by both of its target user groups. The framework is intended to be used by the designers
themselves, who must be able to navigate the interactive tool, with aspects of the inclusive
design process that are important to them communicated clearly within the interactive
framework. The framework is intended to educate the client of the inclusive design process,
therefore must be understandable to those from a non-design background and
communicate characteristics of the inclusive design process. Chapter 8 will present the
validation of the interactive framework, further refinements made based on feedback
gained from the designers and clients and will present the finalised version of the

interactive inclusive design framework.
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Chapter 8 — Validation and presentation

of the inclusive design framework

Chapter 7 presented the development of the interactive inclusive design framework based
on the requirements gained from the designer interviews and inclusive design expert
workshop conducted in Chapter 6. The framework is an interactive resource that facilitates
designer-client communication within the inclusive design process, illustrating
characteristics of inclusive design practice — involvement of diverse user groups throughout
the design process and an iterative process followed until an appropriate solution is
reached. Following an iterative process of development and evaluation, a developed

prototype of the interactive framework was presented at the end of Chapter 7.

There are two target users of the inclusive design framework. The first being the product
designers who would use and operate the framework as part of their inclusive design
practice. The second being the design clients who must experience an enhanced
understanding of the inclusive design process and the need for early and continual user
involvement and iteration within that process. This chapter presents the second part of
Study 4 and provides a solution to the third research question — how is the sports design
process applicable to inclusive design? The chapter reports on the validation of the
framework with both user groups through interviews and questionnaires with each group.
Based on feedback gained from both these groups, the framework was further refined — the

final version of the interactive framework is presented at the end of this chapter.

The chapter is structured as illustrated in Figure 8.1. Following the introduction to the
chapter, the validation of the framework is discussed — both the designer and client
validation processes are presented, with an overall discussion of both. The final version of
the interactive inclusive design framework is presented using screen shots of the
framework along with a description of each image. The findings of the chapter are then

concluded.

257
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Introduction —

Figure 8.1 - Structure of Chapter 8

8.1. Validation of the framework
To ensure the framework would facilitate designer-client communication of the inclusive
design process, both designers and clients were involved in the validation process. The
designers were involved in the validation process to ensure the framework would be usable
by them when communicating the inclusive design process to clients. As identified from the
conclusions drawn in Chapter 6 and the results of the literature review in Chapter 2, the
client is often a main barrier to inclusive design. The framework was developed to educate
the client of the inclusive design process as a whole and in particular the need to involve a
diversity of user groups throughout that design process. Clients were therefore involved in
the study to ensure that the framework was beneficial in aiding their understanding of the

inclusive design process.

Figure 8.2 illustrates the structure of the validation process followed within this study. Both
the designers and clients were given an overview of the framework, details of which are
given in Appendix 5. A series of semi-structured interview questions were asked of each
group (six questions for the designers and seven for the clients). Questions included
whether participants would like to see the framework improved in any way, such as the
interface, the graphics and images and the content. The full set of interview questions (and
additional prompts) for both the designers and clients are provided within Appendix 5. All
the interviews were recorded and fully transcribed. As in previous chapters of this thesis,
the transcripts were analysed using a general inductive approach (Thomas, 2006) with key

themes and categories identified from the text. The analysis process was repeated with
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new themes identified and/or combined up to a point of saturation where no new themes
were identified. Both designers and clients were also asked to complete a questionnaire

following the completion of the interview questions. The full questionnaire is shown within

Appendix 5.
Framework Validation Interviews
Designer Validation Client Validation
Overview of Framework Overview of Framework
6 Interview Questions 7 Interview Questions
1 Questionnaire 1 Questionnaire

Figure 8.2 — Structure of the inclusive design framework validation

8.1.1. Designer validation

The three designers that participated in the validation of the framework had all previously
been involved in the interviews conducted in Chapter 6, therefore enabling respondent
validation to ensure the framework met the needs of the designers. The requirements
identified from these designers in Chapter 6 formed the basis for developing the
framework, therefore it was vital the framework met those needs. As discussed in Chapter
6, all the designers had experience in inclusive and/or user centred design, therefore would
provide a suitable sample group for feedback on the framework intended to aid inclusive

design practice.

The designer validation process began with an explanation of the framework by the
researcher and what it intended to achieve — facilitation of communication between the
designer and client within the inclusive design process. The framework was then
demonstrated by the researcher, with the designer given an opportunity to operate the

framework themselves. The designers were interviewed using a set of six semi-structured
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interview questions including how effective the framework was at communicating the
inclusive design process, whether the framework highlighted the areas of the inclusive
design process that were most important to the designer and whether it highlighted the
importance of early research and user involvement throughout the design process, which
were all identified as characteristics of the inclusive design process. At the end of the
interview, designers were asked to fill out a short questionnaire, regarding the applicability
of the framework to their current design practice. Details of the interview structure,

questions and questionnaire are provided in Appendix 5.

Results from designer validation process

This section discusses the results for the designers interviewed as part of this study. Within

this section, findings are reported based on key themes identified from the interviews.

Overall framework

All three designers responded enthusiastically to the interactive framework as a whole:

“I think your core idea is bang on”.

“It’s all there — it’s very detailed, but | don’t think that’s a bad thing”.

“What you’ve got there is really lovely, | like it”.

The concept of aiming to communicate with and educate the client of the inclusive design

process was also well received:

“I think it’s a really good idea that you’re targeting it more towards the client, to

educate the client as opposed to the designer”.

The framework provided a new means of representing the inclusive design process that the

designers felt was lacking:

“So visually | haven’t seen a diagram of any description that highlights the breadth
of involvement of others, those who are not designers. | haven’t seen anything that

does anything like that”.
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“It speaks for itself - it's the simplest I've seen".

Designers felt there was sufficient information within the framework to educate the client
of the inclusive design process — there was no important information missing, with the
framework presented in a format understandable to those not previously familiar with

adopting an inclusive design approach:

“It is perfectly adequate if you’re using it to illustrate the design process to

somebody who doesn’t know what the inclusive design process is.”

Designer communication with the client

Designers were asked what methods they currently used when communicating with clients
during the inclusive design process. One designer reported using a high level design process
diagram, which emphasised different characteristics to, and lacked the detailed content of,
the framework presented here. Two of the designers had no current visual tools that they

used, with both commenting they felt this was something that was needed:

“Having something visual to illustrate it (the inclusive design process) would go a

long way”.
“We don’t have sufficient tools at our disposal that illustrate to people what we do".

This lack of tools to facilitate designer communication of the inclusive design process

proved problematic for the designers during discussions with clients:

“What we’ve never been able to do is give them something to enable them to grasp
that they might spend money for a week or three months before we can find a

feasible concept".

All three designers commented that clients were often unaware of the design process in

general:

“When clients come to you, they are quite naive about the design process, but they

are also bombarded with so much information they can't absorb it all".

“Some people just don't understand that design is a complex process".
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The designers felt that educating the client was an important part of the inclusive design
process and that the interactive framework would provide them with a means of facilitating

this process:

“Giving them this allows them to digest it, once the project's going on and they're

over the first bit".

It was noted that the framework would provide a means of educating the client in a

professional manner, reassuring them of the design process that would follow:

"It gives the client a sense of reassurance that they know what's coming and you
know you're getting a premium service from this agency as opposed to another

n

one".

Educating the client of the inclusive design process was often a time consuming process

that designers felt they were constantly repeating between clients:

“It takes some considerable time to get them to a point where they’re beginning to
grasp what has to be done and think about it. We would want somebody ideally if

they’re coming to us to already have a bit of a grasp".

“Your system of showing that is a very useful part of that process. So when they

came in we wouldn’t be standing fresh every single time".

"We should educate them so they're less intimidated about phoning up".

Recommendations for framework improvement

Designers were questioned on improvements that could be made to the framework to
meet their needs when working on an inclusive design project. The following areas were

discussed:

- A high level version of the inclusive design process would be beneficial as the base
line for the framework. The introductory slide was where designers felt the most
value would be gained, therefore it was important that the slide was immediately
understandable.

o "It's almost a little hard to wrap your head around at first".
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o "You almost need a higher level one and then when you get into the nitty
gritty then use this one".

o "l think it might scare my clients a little bit to take in that amount of detail.
It may be useful to have a high level version of it and a detailed version of
it",

All designers felt that it would be beneficial to have the framework customisable to
the company and client, with this adding value to the framework:

o "If you can customise it as per your company and/or client that would add a
huge amount of value to it".

o "If it was customisable then they would see what they were getting
differently from company A to B".

o “An image bank would be useful to customise per project — they might use
images from their own past portfolio if they’re generic".

The visual representation of the cyclic design process stages was noted as
confusing. The outer research circle appeared to represent a long and time
consuming stage, with the smaller circle for design refinement representing a
shorter timescale and a stage that would be easy to repeat:

o “Having an outer circle, it's a long way round to repeat the process, but if
you repeat the detail design, it's not going to be as long. But actually it's
almost the other way round".

o “l think you do feel intuitively that because it's a bigger circle, it's a bigger
project”.

One designer commented that co-creation was an important part of their inclusive
design approach that should be included within user involvement:

o “I would normally involve the user in concept generation, and then you’re
going to the users with a bit of concept generation, evaluation and
development”.

All three designers commented that the graphics of the framework would need to
be improved:

“At some point you will have to get a very good graphic designer... By its nature

it is in development so it needs a bit of refinement visually".

However, some suggestions were made for improving the overall visual

presentation of the framework:
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o "When you go from the pink to the green, it feels like you've gone

somewhere else, like you're not in conceptual design any more".

o "ldon’t think you need the tree if it just had a bit of user interface love!"
Navigation within the interactive framework was discussed with designers
commenting that some refinements were needed to aid the ease of moving
through the framework. It was noted that designers would be capable of learning
new software:

"You don't need to make it super easy for designers — they're used to learning

new software. It doesn't need to be ultra-easy".

However, it was also noted that the better the interface, the more inclined

designers would be to use the framework.

o "One thing that did confuse me was going into design refinement and then
when you loop to design refinement again, it felt like | was already in it so
why am | going into it again?"

o "When people come onto a website, they are the monkeys and they are
looking for the banana and you want to make that as easy as possible for
them. So fewer clicks."

o "It just needs a bit of colour coding and a bit more interactive that takes you
through it a bit more. | think if it’s done well you can just hover over things
and things pop up and it leads you through it a bit better".

The impact of design changes within the inclusive design process was noted as an
area that clients were often unaware of. As such, it was noted that the framework
should illustrate the impact of back tracking, particularly in the later stages of the

design process:

“If they make a design change, the contract and the timeframes may need to be

re-evaluated".
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Format of the framework

For the final representation of the framework, all designers agreed that an interactive
version of the framework available through a website would be the best means of

delivering the tool:

"The interactive nature (of the framework) does help and | suppose the nice thing
about a website is that you could put the link on your own company website and

send it to clients".

Feedback on how best to introduce the designer to the framework was mixed — two
designers felt that self-teaching would be best, with the improved interface letting

designers guide themselves through the framework:

"If it's well designed, it won't need instructions".

One designer felt that a short animated video would be ideal at providing an introductory
overview of the framework. All agreed that written instructions would not suit designers’

visual and practical ways of working.

Questionnaire results

Following the completion of the interview questions, each designer was asked to complete
a short questionnaire regarding the applicability of the framework to their current design
practice. Table 8.1 illustrates the responses to the questionnaire gained from the three

designers.

All three designers commented that the framework would be of use to them and would
improve communication between themselves and the client within the inclusive design
process. The feedback from the interviews noted that the interactive, software version of
the framework was highly beneficial in providing a simplistic overview of the inclusive
design process, which was in agreement with the questionnaire responses where all three
designers selected that they would use a software version of the framework. In response to

III

the question, “is there enough detail in the model”, all designers responded that they liked
the model as it was presented and that the interactive framework provided sufficient detail

of the inclusive design process, without over complicating it. However, small refinements to
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the framework were recommended by the designers, which are discussed earlier in this
section. It was also noted that there are occasions where the designer does not have access
to a computer device — all three designers selected that they would also use a hard copy of
the framework if one was available. However, it was commented that this would involve a
different representation of the inclusive design process to that used in the interactive

framework.

In response to the usefulness of the interactive framework for representing the inclusive
design process as a whole, in addition to the iterative nature of the inclusive design process
and the nature of user involvement throughout that process, all designers scored the
framework highly. Where the framework scored 4/5, it was commented that the feedback
on recommendations for improvement of the framework, discussed earlier in this section,

would help bring the up the rating of each selection.

Those that replied “maybe” in response to the last set of questions felt that the details
listed were present in the framework but required an explanation by the researcher before
they were clear to the designer. However, some recommendations were made (as

discussed earlier) to improve the communication of these within the framework.
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Please answer YES or NO: Designer1  Designer2  Designer 3

Is the framework useful to you as a designer? Yes Yes Yes
Will the framework improve communication

Yes Yes Yes
between designer and client?
Would you use a software version of the

Yes Yes Yes
framework?
Is there enough detail in the framework? Yes Yes Yes
Would you use a hard copy of the framework? Yes Yes Yes

Please rate (1 not useful — 5 very useful) the
Designer1  Designer2  Designer 3
usefulness of the framework:

Representing the inclusive design process. 4 5 4
Representing the iterative nature of the

inclusive design process. > > >
Representing user involvement throughout the

inclusive design process. ! : !
Highlighting benefits of user involvement (to the : A A

design project).

Will the framework improve client awareness
Designer1 Designer2  Designer 3
of the importance of (yes/no/maybe):

User involvement throughout the inclusive

Yes Maybe Maybe
design process.
The need to complete thorough research early in

Yes Maybe Maybe
the inclusive design process.
The need to iterate within the inclusive design

Yes Yes Maybe

process.

Table 8.1 - Questionnaire responses from designer interviews
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Summary of designer validation

All designers felt that the framework would be beneficial in aiding designer-client

communication of the inclusive design process:

“Your work is a perfect starting point for people like me".

“I've always thought someone needs to sit down and say this is why/how you design

something that costs you, because this is what needs done".

The use of the framework at targeting the client rather than the designer was well received,
as it was a lack of knowledge of the inclusive design process from the client that was a main
barrier to the uptake of an inclusive design approach. The framework provided designers
with a tool that was not previously available to them and communicated many of the
characteristics of inclusive design. Feedback was received from the designers regarding
how the framework could be improved further and included a high level version of the
sports design process model, ease of navigation, the visual representation of the design
process and the impact of design changes. In terms of further work, one of the designers
noted that the framework would be particularly beneficial in aiding the quotation process

of projects:

“Potentially it could be a really good way of quoting for a project. Seeing where

their (the client’s) money is going".

Following the interviews, one designer requested permission to begin using the framework

immediately to facilitate discussions with clients:

“We can put this in front of them and | think quite straightforwardly say to them,

that covers a lot of stuff".
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8.1.2 Client validation

Three clients were involved in the validation process to ensure the framework aided their
understanding of the inclusive design process as none were previously familiar with it.
Clients were sourced through contact with the University of Strathclyde — final year design
students at the University are required to undertake a group project with an industrial
partner. Some of those partners are well established in the design field, while others are
embarking on their first design project. Each of the clients involved in this research were in
their first year of a small scale design project, therefore had not yet experienced the full
design process but had some understanding of the communication process between
themselves as the client and the undergraduate designers they were working with at the

University.

None of the clients were familiar with inclusive design prior to the interviews. This was not
unexpected, as the designers interviewed in Chapter 6 noted that there was a lack of
awareness of inclusive design by clients. In these interviews, the framework was used to
communicate the inclusive design process to the client and highlight the benefits of

adopting an inclusive design approach to a typical design problem.

The client validation process began with an explanation of the framework, followed by a
demonstration of the framework by the researcher. Unlike with the designers, the client
was not given the opportunity to navigate the framework — the framework is intended for
use by the designer, to illustrate the inclusive design process to the client. Clients were then
interviewed, using seven semi-structured interview questions including how well the
framework communicated the inclusive design process, did it aid clients understanding of
the inclusive design process and did it highlight areas of that process that had not been
previously given much thought by the client. Clients were also asked to fill out a short
questionnaire, regarding how well their understanding of inclusive design had improved as
a result of the presentation of the inclusive design framework. Details of the interview

structure, questions and questionnaire are provided in Appendix 5.

Results from client validation process

This section discusses the results for the client interviews. Within this section, findings are

reported based on key themes identified from the interviews.
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Overall framework

All three clients understood the framework following a brief introduction from the

researcher:
“It makes absolute sense to me”.
“I’m quite comfortable with the model”.
“l understand it at first sight. It works, it flows”.

In terms of the visual presentation of the framework, the simple, cyclical illustration was

well received:
"I think that the circle thing is really good. It's quite clear; it's simple on the eye".

All of the clients interviewed were in the early stages (within the first year) of their first
design project. However, none of the clients had been shown anything by the designer that
communicated the design process itself to them. Although at the time of interview they
were starting to gain an understanding of what the design process entailed, all commented
that the framework would have given them a better understanding of the process had they

been presented with it at the start of their project:
“From what I’'ve seen so far, this is something that’s been missing in the process”.

Feedback on the level of detail provided within the framework was consistent between all
three clients. All felt the framework provided sufficient detail, while keeping the inclusive

design process simple:
“I'm very much a fan of keeping things simple and that's keeping it simple".

"I think the general overview is enough and for what we're doing | think that works

without getting over-complicated".

One of the clients questioned whether the lowest level of the framework was needed. All
agreed that the framework was understandable (none were from a design background) if

they were taken through it by a designer or expert.
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Client communication with the designer

All of the clients felt that the framework would be beneficial if used by a designer during

discussions regarding the inclusive design process:

"I think it's a communication tool that you would use throughout the process...

working to that model gives us some kind of structure".
"Would you use the process when communicating with a designer? Yes, absolutely".

It was commented that designers who provided a visual aid of their design process came

across as being more professional:

"I think if you've got a good design process then you do come across as being a bit
more professional and a client would be more willing to get involved and would

trust you more".
The framework would be beneficial to the client to ensure projects ran to time:

“I think it would be good because you can clearly identify we started here, a month

later we're here... If you know they should be here, why are they not?"

Additionally the framework would help ensure the client was aware of project costs in

advance:

“I think this would be most useful in breaking down the cost structure for a designer
to explain to a client that if they want to go all the way through each of these

stages, this is what it will cost”.

"You want to get your product to market quickly and you want to know these things

up front”.

Recommendations for framework improvement

To develop the framework further, the following improvements were suggested by the

clients:
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- More details on the testing process were requested. While the clients understood
the value of user involvement and its impact on the design process, they were

unclear of the activities and methods of user involvement that would be required.

“It needs the addition of a process of how you test it. You find your user and

you let them use it but you need to try and narrow down that user base".

- Costs and timings were the main source of interest to the clients and all
commented that they would like to see these represented within the framework:
o "l think time is important because time is money. If a client is paying for a
service, then they want to know a designer is maximising the time".
o "If each of these stages had a cost attached — and you can see how far you
want to go with them".
o "The costs and how long each of these stages — what the designer expects

to spend timewise on each of these stages".

Questionnaire results

Following the interview questions, each client was asked to complete a short questionnaire
regarding how beneficial they felt the framework was in educating them of the inclusive
design process. Table 8.2 illustrates the responses to the questionnaire gained from the

three clients.

In response to the first set of questions in Table 8.2, all clients responded “yes” to all
questions. All three clients felt the framework had improved their knowledge of the
inclusive design process and all would use the framework in the future when
communicating with a designer. As with the responses gained from the designers, all clients
were also open to the option of using a hard copy format of the framework in addition to
the interactive framework that was presented to them. All clients were happy with the
amount of detail provided within the framework, as it communicated core aspects of the

inclusive design process without becoming overcomplicated.

All clients commented that the framework would be of use to them in representing the
inclusive design process itself, in addition to characteristics of that process — user

involvement throughout the process and the iterative nature of design. No
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recommendations for improvement were suggested by the client in this section of the
guestionnaire, although it is acknowledged that the lack of prior knowledge of the inclusive
design process by the client may limit the level of feedback they were able to provide.
However, it is concluded that the framework was successful in communicating the

characteristics of the inclusive design process to the client.

In response to the final section of the questionnaire, both clients 1 and 2 understood why
iteration and user involvement were required within the inclusive design process. Client 3
responded “maybe” to this last set of questions, commenting that those details were
present within the framework, but had required explanation by the researcher. However, it
is noted that the framework is intended to aid designer communication of the inclusive
design process with the client and is not intended for the client alone, therefore the client
will always receive an explanation of the framework from someone knowledgeable of the

inclusive design process.
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Please answer YES or NO: Client 1 Client 2 Client 3
Has the framework improved your knowledge of the
Yes Yes Yes
inclusive design process?
Would you use the framework when communicating
Yes Yes Yes
with a designer?
Would you use a software version of the
Yes Yes Yes
framework?
Is there enough detail in the framework? Yes Yes Yes
Would you use a hard copy of the framework? Yes Yes Yes
Please rate (1 not useful — 5 very useful) the
Client 1 Client2 Client3
usefulness of the framework:
Representing the inclusive design process. 5 5 5
Representing the iterative nature of the inclusive
5 5 5
design process.
Representing areas for user involvement throughout
5 5 5
the inclusive design process.
Highlighting the benefits of user involvement (to the
5 5 5
design project).
Highlighting the benefits of user involvement to you
5 5 5
(the client).
Please indicate whether you understand the following
Client 1 Client2 Client3
(yes/no/maybe):
That iteration is a necessary part of the inclusive design
Yes Yes Maybe
process.
That user involvement will help to minimise design
Yes Yes Maybe
errors.
That user involvement is needed to prevent design
Yes Yes Maybe

errors later in the design process.

Table 8.2 - Questionnaire responses from client interviews
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Summary of client validation

Feedback was positive from all clients regarding the use of the framework to facilitate their
discussions of the inclusive design process with the designer. The simplistic overview of the
process was well received, with clients able to understand what was presented to them,
with more information provided within lower levels of the framework if required. Clients
reported that they felt there were was a lack of tools available to educate them of the
design process, with all commenting that they had not been shown anything that
communicated the design process to them. It is concluded that the framework presented
here was beneficial in educating the clients of the design process itself, in addition to

raising client awareness of the need to include users within the design process.

Little feedback was received from the client on how the framework could be developed
further — while all liked the framework and how it was presented, none of the clients were
experienced enough in design to recommend how the framework could be improved.
However, all commented that as costs and timings were the most important factor to the

client, this could be brought out within the framework.

8.1.3. Discussion of framework validation process

The feedback on the inclusive design framework was positive from both designers and
clients and it is concluded that the framework will aid in designer-client communication of
the inclusive design process. There was little discussion within the feedback gained from
the designers and clients regarding the content of the framework, leading to the conclusion
that the core areas communicated within the framework meet the needs of both
stakeholders. However, it is noted that the framework should be customisable to suit the

needs of individual projects.

Following the interviews, one designer has begun using the framework as a communication
tool with potential clients. The designer stated that the framework was the most
comprehensive overview of the inclusive design process he had seen, presented in a way
that both covered the detail important to the designer and communicated the design
process in an understandable manner to the client. The framework is available within the
company website accompanied by several detailed blog postings, providing an overview of

the design process to clients before they contact the company. The designer stated that a
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large proportion of time was spent in the initial meetings with clients educating them of the
design process and what it would entail, therefore the company hope that the simplistic
overview of the design process provided by the framework will educate the client of the
design process before that first meeting. The framework is also used by the company
during client meetings, as a discussion tool to aid communication within the design process.
While still in the early stages of implementation, feedback from the company has been

highly positive to date.

This study utilised respondent validation, with the designers interviewed as part of this
study also involved in Study 3 (Chapter 6), where initial feedback was gained on the sports
design process model and the initial requirements identified for the framework. As the
framework was based on feedback gained from these designers, there were little changes

recommended to the content of the framework.

It is noted that within the client interviews, the client continued to discuss the framework
and the design process, rather than the “inclusive design framework” and “inclusive design
process”. Based on feedback from the study carried out in Chapter 6, it was noted that the
term “inclusive design” was often perceived negatively by clients. Instead, the focus of the
interviews was on gaining feedback from clients on how the framework communicated the
design process as a whole, including the iterative nature of that process and the value of
including different user groups throughout the process, rather than using the term

“inclusive design” specifically.

It is acknowledged that this thesis intends to present a framework that facilitates
communication of the inclusive design process. Based on feedback gained from designers in
Chapter 6, it is apparent that user involvement itself is lacking from many product design
processes. There is therefore a need to increase user involvement itself within the design
process, before then addressing the need for diversity in those user groups. This framework
intends to provide a platform to increase user involvement within the design process by
communicating to the client the needs of the designer and the value of user involvement.
There is then scope for diversity in the user groups involved to be added within the

framework, once a solid foundation of user involvement has been established.

The framework presented to the designers and clients was a developed prototype, still in

the development phase, therefore recommendations for improvement were welcomed.
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The layout of the framework was kept simplistic to encourage feedback on a concept under
development — a more finalised version may have resulted in interviewees holding back on
recommendations for improvement. It was noted that feedback from the designers was
much more detailed, focusing on the interface and aesthetics of the framework. In contrast,
feedback from the clients focused on representing the time and cost elements of the design
process. It is clear that both groups have different needs of the framework — the designers
who must be able to navigate through the framework and communicate relevant aspects of
the inclusive design process, while the client wants to see value for money in that process.
The final refinement of the framework must firstly accommodate the needs of the designer,
for whom the framework is intended as a tool for, in addition to the needs of the client,

who must benefit from the use of the framework by the designer.

Following the feedback gained from the designer and client validation process, the

following requirements list was generated to aid further refinements to the framework.

Framework requirements

High Level Representation:

- Provide a high level representation of the sports design process model as the
introductory slide.
- Remove additional text from introductory slide (design review outputs and user

involvement activities).
Customisation:

- The framework should be customisable to individual projects.

- Additional of design company and client logos would add a professional “look” to
the framework.

- Allow designers the ability to add images to the framework, specific to each design

project/company to communicate activities at each stage.

Visual Representation:

- The design process stages should be reversed — research should be the inner circle,

representing less time and ease of repetition of the stage. Design refinement
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should be the outer circle, representing a longer process of repeating if changes are
necessary.

- General improvement needed on graphics — it was suggested this should be done
by a graphic designer.

- Keep colours consistent for each process stage rather than for separate layers

within the framework.

Navigation:

- Ease of navigation needs improved — improvement in graphics and visuals will help.
- Remove double loop (or double click) of process stages.

- Ensure fewer “clicks” are needed to navigate through the framework.

Framework content:

- Addition of co-creation activities within user involvement.
- Addition of visual impact of design changes.
- Additional details of user testing process.

- Costs and timings should be represented within the framework.

8.2 Presentation of the final framework

Based on the recommendations provided by designers and listed in the framework
requirements, the final inclusive design framework was developed further, with a visual
summary of the further developments shown in Figure 8.3. A modified high level version of
the sports design process model has been added to the start of the framework to aid ease
of interpretation for the client. Additional detail contained within the original sports design
process model has been removed to ensure the model is easier for the client to absorb

initially.

Feedback received from designers noted that reversing the design process stages would
emphasise that repetitions were easier, less costly and less time consuming earlier in the
design process. The design process stage names have been reversed as shown in Figure 8.3,
with the research phase starting from the inner circle leading to design refinement in the

outer circle. Clients indicated that they would like to see more emphasis on timings and

278



costs within the framework — the reversal of the process stages will visually communicate

the greater time and cost allocation to later stages of the inclusive design process.

The colour coding system has been revised — individual colours now represent each of the
four process stages rather than levels of the framework. The colour coding system is as

follows:

- Research: pink
- Conceptual design: green
- Design development: purple

- Design refinement: orange

To aid the ease of navigation and reduce the number of “clicks” required to move through
the interactive framework, the lower level representation of each process stage has been
removed (level 2 in the original framework), with the additional information added to the
higher level (level 1 in the original framework). Additional information has also been added
within the breakdown of the design review to illustrate the impact of design changes to the

project.

Co-creation and specific user testing activities were not added to the model as these
activities are likely to be project and company specific. Within the customisation of the
framework, there is scope to add in these additional design activities. The framework is
intended to be customisable to individual design projects, therefore the option to add

company logos and images has been added.

The remainder of this section will present the final interactive framework. Figure 8.4
illustrates the final structure of the framework and reflects the changes made — separate
colours are used for each of the four process stages and navigation has been improved by
reducing the number of “clicks” required to move through the levels. It is noted that the
framework is still a proof of concept, with further work required from a graphic designer to

finalise the visuals and navigation through the software.
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Level 0 — Home screen

The home screen of the framework now shows the research stage at the centre of the
design process model, with the path of the design process moving outwards towards design
refinement on the outer circle. This represents increased time and effort as the project
progresses, making design changes more time consuming and costly in the later stages of
the process. The process model is a higher level version of the original, with the outputs of
the design review stage and the nature of user involvement removed from this page.
Reducing the complexity of the initial process model will draw client attention to the
central themes of the inclusive design process (iterations and user involvement throughout)
without over complicating the model. The colour used for the process stage names in the
model reflects the updated colour coding used in the framework structure shown at the

bottom of the image. These colours continue throughout the interactive framework.
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Figure 8.5 — Level 0: home screen
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Level 1 — Research: process stage

To aid navigation of the framework and reduce the number of “clicks” required to move
through it, the additional detail for the process stage (previously shown in level 2) is now
incorporated within the image shown here. The research phase is made up of an iterative
process of exploration to determine design requirements, which in turn inform the design
brief. This process is repeated until the design brief is finalised and the project progresses.

The home tab at the top left of the image returns the user to the home screen at level 0.

The tree at the bottom of the image illustrates that the user is on level 1 of the interactive
framework and within the screen has three options available to them for additional
information — user involvement, iterations and the design review. Each of the options can

be selected by clicking the mouse over the respective coloured areas of the screen.
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Figure 8.6 — Level 1: research stage
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Level 2 — Research: user involvement

The image illustrates that there is time involved in sourcing the appropriate user groups —
something designers noted clients did not allow for. Within the research stage of the
process, user involvement is often exploratory, with the goal of identifying user
requirements that in turn inform the design brief. It is also essential that within the
inclusive design process, a diversity of user groups is included. It is acknowledged that the
nature of user involvement will vary on a project-by-project basis. The framework allows

designers the option to customise to illustrate project specific methods and activities.

The tree at the bottom of the image illustrates that the user is on level 2 of the interactive
framework and cannot go any lower in the framework from this area. The home tab at the
top left of the image returns the user to the home screen at level 0. The back tab takes the

user back one level — in this case to the research stage on level 1.
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Figure 8.7 — Level 2: research user involvement
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Level 2 — Research: iterations

The image illustrates that the research stage is a series of constant iterations — involving the
designer researching the design problem and gaining new insights as a result. These insights
are translated into design requirements. The iterations are repeated until the designer has

sufficient knowledge of the design problem to progress.

The tree at the bottom of the image illustrates that the user is on level 2 of the interactive
framework at the iterations of the research stage. The home tab at the top left of the
image returns the user to the home screen at level 0. The back tab takes the user back one

level —in this case to the research stage on level 1.
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Figure 8.8 — Level 2: research iterations
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Level 2 — Research: design review

The image shows the design review as a decision making point at the end of the research
stage. Project progress and research results feed into the design review. Those involved in
the decision making process are stakeholders within the process — the client, the designer,
the needs of the user (it is unlikely that the user themselves will be present at the design
review, but user needs are reflected in the design brief). Those involved in the design
review can be customised by the designer on a project-by-project basis. The design brief (a
dynamic document) informs the design review and is used to ensure the project meets

requirements. There are two possible outcomes of the review:

1. The project meets the requirements — the outcome of the research is a design brief
agreed upon by the stakeholders, and the project progresses to conceptual design.
2. The project does not meet the requirements — the design brief is insufficient and

the research phase is repeated until the brief is agreed upon.

The tree at the bottom of the image illustrates that the user is on level 2 of the interactive
framework at the design review of the research stage. The “home” tab at the top left of the

image returns the user to the home screen at level 0. The “back” tab takes the user back

one level —to the research process stage on level 1.
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Figure 8.9 — Level 2: research design review
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Level 3 — Research: design review

The image illustrates expected client involvement within the research stage of the design
process. Designers noted that the client was often a source of information and reference
throughout the process, which is illustrated here using small tabs to mark intermittent
involvement — this can be customised per project. In the lead up to the design review,
designers requested that the client should be phased in, so as not making decisions
uninformed. The effect of design changes made by the client is also illustrated here, based
on feedback gained from the designer and client validation interviews. On this image, the
effect of design changes at the research stage is not too severe, with further work resulting
in iterations of the research stage. However, design changes made later in the process
result in backtracking — the further through the design process, the greater the impact

design changes will have.

The tree at the bottom of the image illustrates that the user is on level 3 of the interactive
framework, focusing on client involvement at the design review phase of the research
stage. The “home” tab at the top left of the image returns the user to the home screen at
level 0. The “back” tab takes the user back one level — in this case to the design review

phase of the research process stage on level 2.
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The images presented in this section provide an overview of the research phase of the
interactive framework. The content of the framework for the remaining process stages
shows variations in terms of the outputs and activities of each of the process stages. There
are no variations in terms of how each level of the framework links to the next. All images

of the framework are presented in a similar visual manner.

8.3. Conclusions

The development of the inclusive design framework in Chapter 7, in addition the validation
and refinement of that framework within this chapter provide a solution to the third
research question — how is the sports design process applicable to inclusive design? The
outcome is an interactive framework, based on the sports design process model that
facilitates designer-client communication within the inclusive design process. Sports design
has several characteristics that are representative of inclusive design practice: an iterative
design process, with user involvement throughout that process and direct interaction
between the designer and the user. The framework builds on these characteristics,
communicating them in a manner that will aid client understanding of their benefit and
value to the inclusive design process, as the client is frequently found to be a barrier to

inclusive design uptake in practice.

This chapter presents the validation of the inclusive design framework through respondent
validation with designers previously involved in interviews in Chapter 6, in addition to
further validation from design clients. It is therefore concluded that the sports design
process model, developed into an interactive framework, will aid inclusive design practice
by facilitating designer-client communication of the inclusive design process. The outcome
of this study and contribution to knowledge is therefore an interactive framework that

facilitates designer-client communication within the inclusive design process.

The inclusive design framework presented here addresses the following needs of an

inclusive design process, discussed earlier in this thesis in Chapter 2:

- Clarkson and Coleman (2015) report that the inclusive design process is iterative,
with new knowledge gained, resulting in continuous design improvement and

customer satisfaction. The framework presented here illustrates the iterative
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nature of inclusive design, communicating to the client the need to iterate within
the design process. The framework also illustrates the continual involvement of
users, where new insights are gained, to help inform the decision making process at
the design review.

- Waller, et al. (2013) state that inclusive design thinking should play a key role in the
decisions made throughout the design process. The inclusive design framework
developed here emphasises the importance of the design review at each stage of
the inclusive design process, where all stakeholders should be involved in ensuring
the project addresses its requirements. The framework also illustrates the impact
of design changes later in the design process, where the time and cost of those
changes is significantly higher.

- lelegems, et al. (2015) report on the need to implement user testing early in the
design process as part of good inclusive design practice. This continuous process of
user testing can significantly reduce the need for re-design (and the associated
costs) compared to only carrying out user testing in the later stages of the design
process. As illustrated within the framework presented here, user testing should be
carried out throughout the inclusive design process, with the impact of user
requirements on the design brief and the decision making process at the design

review stages emphasised.

Based on the findings from Study 3 (reported in Chapter 6), it is apparent there is a lack of
user involvement within the design process in practice. It is recommended that general user
involvement itself needs to be established more firmly within design practice before a
greater diversity of user groups can be included. As stated by Vanderheiden and Tobias
(2000), inclusive design is a process, not an end product. There is therefore a need for a
means of implementing an inclusive design process within industry that addresses the
barriers to the uptake of inclusive design. It is recommended that “in developing such tools,
an inclusive design research methodology should be adopted — involving users (designers)
throughout the process” (Dong, et al., 2015). This research reports on an iterative process
of development, evaluation and validation of an interactive framework that will facilitate
designer-client communication within the inclusive design process. This research has
involved both designers (as user of the framework) in addition to clients (often cited as a
main barrier to inclusive design uptake) to ensure the needs of both groups are

accommodated within the development process of the framework.
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Chapter 9 — Summary and conclusions

This chapter concludes the research undertaken within this thesis by providing a summary
of the research, discussing the research approach and the four studies conducted to
address the research questions identified from the literature review. The limitations of the
research will be discussed, in addition to the contribution to knowledge, impact and

identification of further work.

9.1. Overview of the research

Sports design is a young and evolving area of design, with rapid developments being made
in the field of sports equipment and technologies. Sports design views the equipment and
the athlete as a system, which must work together to facilitate sporting performance.
However, to date there is no existing design process model that captures the characteristics
of sports design practice as a whole. Like sports design, inclusive design is a highly user
centred discipline. With the global ageing population, there is an increasing need for
greater awareness and adoption of inclusive design, to accommodate the diversity in
capabilities of this older population. This research proposed that lessons may be
transferrable between the two areas to aid the uptake and/or implementation of inclusive

design within industry. As such, the aim of the research, identified in Chapter 1 was:

To investigate how the sports design process can be used to improve inclusive

design practice.
To address this aim, the following objectives were identified:

1. To understand what differentiates the sports design and traditional product design
processes in practice.

2. To determine what characterises the sports design process and to capture that
process in a design process model.

3. To investigate the applicability of the sports design process to inclusive design
practice.

4. To investigate how to improve the uptake of inclusive design in industry.
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5. To validate the outcomes of the research.

The objectives were met within this thesis through the use of a two-part study, as
illustrated within Figure 9.1 — Part 1 documented two descriptive studies, while Part 2

documents two prescriptive studies. The objectives were met as follows:

1. Study 1 followed a triangulation approach to identify what differentiates and
characterises the sports design process from the product design process in practice
(Chapter 4). The approach allowed for confidence in results, through the use of a
multi-method approach.

2. Study 2 identified and captured the first process model of the sports design process
as a whole, illustrating the identified characteristics of sports design practice. A five
step process of identification, evaluation, development and validation (reported in
Chapter 5) was followed. Respondent validation was utilised in Chapter 5 to ensure
the outcome was a process model truly representative of sports design practice.
The literature review identified the lack of research into sports design process and
the lack of a published process model that captured the sports design process as a
whole. This thesis reported on a practical study involving designers from industry,
in addition to researchers and students, with a contribution to knowledge being a
process model that is descriptive of sports design practice in industry.

3. Following the identification of the sports design process, Study 3 assessed the
applicability of the sports design process model to aid inclusive design practice
using designer interviews and a workshop conducted with the Helen Hamlyn Centre
for Design (reported in Chapter 6).

4. The findings of Study 3 (Chapter 6) identified that the sports design process model
would be of use in aiding the uptake of inclusive design in industry if developed
further into an interactive framework to facilitate designer-client communication
within the inclusive design process. The output from Study 3 was a set of
requirements, detailing the needs of the inclusive design framework.

5. Study 4 reported the iterative process of the development of the interactive
framework, developed to facilitate designer-client communication within the
inclusive design process (Chapter 7). Chapter 8 reported on the validation of that
framework using interviews with designers and design clients and presented the

final framework.
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Research Question

1

- What differentiates sports
design from product design?

Research Question

2

What is the sports design

. process?
Research Aim

To investigate how the sports
design process can be used to

improve inclusive design practice .
Research Question

3

How is the sports design

1 process applicable to
inclusive design?

PART 1 - Descriptive Study
Study 1

Sport + product design company interviews
Final year student project analysis
Validation against literature analysis

What differentiates sports
design from product design in
practice?

Chapter 4

Study 2

Sports company interviews
Re-analysis of sports designer interviews
Implementation in final year student projects
Focus group development
Valiation interviews with sports companies

What is the sports design process?

Chapter 5

PART 2 - Prescriptive Study
Study 3

Is the sports design process model

5 3 . & Inclusive designer interviews
applicable to inclusive design?

Inclusive design expert workshop

Chapter 6

Study 4

Concept generation
Concept evaluation + development
Piloting of framework
Presentation + discussion of developed framework

Development of the
inclusive design framework.

Chapter 7

Inclusive designer validation interviews
Client validation interviews
Presentation + discussion of final framework

Validation and presentation of the
inclusive design framework.

Chapter 8

Figure 9.1 - Structure of the research

9.2 Research questions

Following the literature review conducted in Chapter 2, the following research questions

were identified:

1. What differentiates the sports design process from the product design process

in practice? (Addressed in Chapter 4)

2. What is the sports design process? (Addressed in Chapter 5)

3. How is the sports design process applicable to inclusive design? (Addressed in

Chapters 6, 7 and 8)

To address each of these research questions, four studies were conducted as illustrated in

Figure 9.1. A brief overview of each of the studies is given here, in addition to the main

findings of each.
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Study 1 — What differentiates the sports design process from the product design process

in practice?

Study 1 addressed the first research question through the comparison of the sport and
product design processes in industry practice. A triangulation approach was followed to
ensure validity in the study — interviews were conducted with sport and product design
companies to identify differences between each in practice, final year university sports
engineering student projects were analysed to validate the findings from the interviews and
the findings of each were compared with the findings from the literature review to ensure
validity and identify the contribution to knowledge. The study identified that sports design
differs from traditional product design with iterations occurring within process stages
rather than between and direct designer-user involvement throughout the design process.
The findings of the literature review identified that there was no existing, published model
of the sports design process as a whole. Interviews with sports designers in industry and
analysis of student projects provided further evidence of the lack of a sports design process
— many reported following existing design process models, adapted to reflect the needs of
the sports design process. The study concluded that there is therefore a need for a design

process model that captures the characteristics of the sports design process.

Contributions to knowledge gained from this chapter come from the identification of a lack
of a design process model that captures the sports design process as a whole. The study
also provided further knowledge of what characterises the sports design process, focusing

specifically on industry practice.

Study 2 — What is the sports design process?

Study 2 addressed the second research question and followed an iterative five step process
of development, evaluation and validation to ensure the outcome was a true descriptive
representation of the sports design process within industry. The outcome of the study and
contribution to knowledge is the first design process model to capture the sports design
process as a whole. The model incorporates key characteristics of the sports design process
including the iterative nature of the process within process stages and the continual

involvement of the user throughout the design process.
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Study 3 - Is the sports design process model applicable to inclusive design practice?

Study 3 goes some way to addressing the third research question by determining the
applicability of the sports design process model to inclusive design practice. Interviews
were conducted with product designers from industry with experience in inclusive and/or
user centred design, in addition to a workshop carried out with designers from the Helen
Hamlyn Centre for Design, which specialises in inclusive design. The study identified
differences between inclusive design practice in industry and “best practice” inclusive
design carried out at the Helen Hamlyn Centre for Design and indicated that the sports
design process model was representative of good inclusive design practice. Interviews with
industry designers found that many designers were not following an inclusive design
approach, with most not involving any users within their design process. It was reported
that this came from the client lacking understanding of the design process and the needs of
the designer. It was concluded that the sports design process model would be most
beneficial if developed into an interactive framework that would facilitate designer-client
communication within the inclusive design process. Requirements from those involved in

the study informed the development of the framework.

Study 4 — Development and validation of the inclusive design framework

Study 4 concluded the research and provided a solution to the third research question.
Based on the recommendations of the designers interviewed as part of Study 3, an
interactive framework was developed to facilitate designer-client communication within
the inclusive design process (Chapter 7). The framework was validated through interviews
with both designers and clients (Chapter 8). As identified within Study 3, there is a general
lack of user involvement within the design process. The framework developed here is
intended to increase client awareness of the needs of the inclusive design process — the
need for user involvement throughout the design process and the need for iterations.
Other factors specified by the designers are also included in the framework (for example:
the impact of late design changes). The contribution to knowledge of this study is an
interactive framework that facilitates designer-client communication within the inclusive

design process.
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9.3. Conclusions

This research provides a number of conclusions that address the aim of investigating how
the sports design process can be used to improve inclusive design practice. It was found
that sports design practice in industry differs from traditional product design, with a
number of characteristics that distinguish it. The sports design process shows iterations
within design process stages, but rarely back-tracked through the process, while product
companies reported some backwards iteration between process stages. Sports companies
also showed high levels of user involvement throughout the design process with the
designer actively engaged with the user throughout, providing the designer with a primary
source of user information. In contrast, product designers typically involved the user at the
start and end of the process rather than throughout, with the designer themselves rarely
coming into direct contact with the user, instead relying on secondary user information. It is
therefore concluded that the sports design process is both iterative and highly user centred

throughout.

This research also presents the first design process model to capture the sports design
process as a whole. By capturing the characteristics of the sports design process, the
outcome is a descriptive model of sports design practice, illustrating the iterative nature of
the sports design process and the involvement of the user throughout. The model was
developed through an iterative process involving both practicing sports designers and

sports engineering students, before being validated by sports designers.

This research agrees with previous studies in that the client is often a main barrier to
inclusive design practice. It is also noted that designers in industry are aware of the core
stages of the design process and what the inclusive design process should entail, therefore
a new design process model targeted at the designers themselves is unlikely to change
established ways of working. It was identified that in order to increase the inclusivity of the
design process, there is a need to educate the client of the design process itself, in addition

to the value that a more inclusive, user centred approach to the process would bring.

The outcome of this research is an interactive framework that facilitates designer-client
communication within the inclusive design process. Based on feedback received from the
designer and client validation interviews, it is concluded that the framework provides a

means of educating the client of the inclusive design process by capturing the
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characteristics of that process, in addition to the needs of the designers within the

framework.

Dong (2004) recommends that to increase inclusive design within industry there needs to

be:

1. An increase in awareness, understanding the context of inclusive design and the
opportunity it brings to business.

2. More information to develop strategies for combating barriers and being better
informed to respond to the challenge.

3. Build up more experience through hands-on practice.

By improving client awareness of the inclusive design process, it is concluded that this

research addresses these recommendations as follows:

1. The framework increases client awareness of inclusive design and the value
brought to the design process by continual user involvement throughout the
process.

2. The framework provides a foundation on which to overcome a key barrier to
inclusive design (the client) by providing a means of educating the client of the
inclusive design process.

3. The framework is targeted at design practice in industry, therefore encourages a

practical approach to incorporate inclusive design into everyday design practice.

9.4. Limitations of the study

Within practical, people-based research such as this, there will be a number of influences
that affect the project. In order to overcome these biases, a thorough approach of iterative
analysis, development, evaluation and validation was followed to minimise errors within
the research. This section will address the limitations of this research and discuss the steps

that were taken to minimise them.
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Involvement of industry

The boundaries of the study (e.g. what was classified as “sports” and “product” design) may
be considered a limitation as no existing guidelines were in place to constrain the selection
of companies included in this study. However, efforts were made to ensure the
interviewees involved were representative of their design discipline and comparable in
terms of their design processes. More details on these constraints and selection criteria for

each of the studies are provided within the relevant chapters.

It is noted that the results of this research are dependent on what the interviewees chose
to divulge during the interviews. Selection of companies was dependent on those prepared
to discuss their design process openly, with all designers aware in advance of what would
be asked during the interviews. Steps were taken to reduce the impact of designer’s with-
holding information through the use of a triangulation approach, respondent validation and

a rigorous approach utilising many sources, as discussed earlier in this chapter.

Sample size

For each of the four studies, sample sizes of interviewees varied, as illustrated in Table 9.1.
Within the scope and timescales of the research, it would not have been feasible to include
higher numbers of participants within the studies. The difficulty in sourcing relevant
participants should also be noted. In terms of the companies involved, it is difficult to
source companies willing to talk openly about their design process and with the time
available to participate in research. In the case of the students, fourth and fifth year groups

were small, limiting the pool of potential participants.

To ensure that findings would not be skewed by random results and validity within the
study, steps were taken within each study to minimise errors. A triangulation approach was
followed within Study 1 — a set of interviews were conducted with sports and product
design companies to identify differences between each in practice, final year university
sports student projects were analysed to validate the findings from the interviews and the
findings each were compared with the findings from the literature review to ensure validity
and identify the contribution to knowledge. Study 2 utilised an iterative process of

development and evaluation, in addition to respondent validation to ensure the outcome
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was a truly descriptive model of the sports design process. Studies 3 and 4 followed an
iterative process of development and evaluation of the framework against the
requirements provided by designers and inclusive design experts. Study 4 utilised
respondent validation to ensure the framework met the needs of the designers it was
intended for. Overall, these steps helped to improve the quality of the research and

provided a holistic view of the sport and inclusive design processes.

Study Method Participants
1 Individual designer interviews 12
Analysis of student projects 17
2 Individual designer interviews 6
Implementation within student projects 5
Focus group development 5
Designer validation interviews 5
3 Product designer interviews 5
Inclusive design workshop 3
4 Designer validation of the framework 3
Client validation of the framework 3

Table 9.1 - Sample sizes of studies

Researcher involvement in the process

Within this research, the researcher was the facilitator of the studies carried out and
analysed the interview transcripts. The interpretation of qualitative data is dependent on
the background of the researcher, therefore it is important that any conclusions drawn
from the data are not based on assumptions made by the researcher. To minimise
researcher bias, a general inductive approach was used to analyse the interview transcripts

(described earlier in Chapter 3).

Within qualitative research, there is a possibility of the words of the interviewee being
taken out of context, resulting in the meaning of the data changing. It is therefore

important that the original raw data is continually referred back to, to ensure that any
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results are in-keeping with the original meaning of the interview (Densombe, 2010). All
interview recordings and transcripts were retained and referred back to throughout the

research to ensure key findings were reassessed within their original context.

There can be variations in the interpretation of the data between different researchers. To
minimise this error, steps were taken within the research to ensure reliability and
repeatability of results. In Study 1, the initial designer interviews and their analysis formed
part of a triangulation approach, to improve the overall quality of the research and to
reduce bias. In Study 2, an iterative approach using both workshops and interviews was
undertaken to validate results from multiple sources. In Study 3, interviews and a workshop
were conducted and the results compared to ensure the final framework was developed
from a reliable set of requirements. The final study involved two separate subject groups
for the interview process to reduce bias within sample groups, with respondent validation

utilised to reduce bias in researcher analysis.

It is acknowledged that within Studies 2 and 4 where the sports design process model and
the inclusive design framework were developed, the outcomes may not be repeatable
between researchers. Both the sports design process model and the inclusive design
framework were developed based on conclusions and requirements drawn from the four
studies undertaken. These studies followed a rigorous approach so it is concluded that the
results gained from these studies (and therefore the requirements that both the sports
design process model and the inclusive design framework were developed from) would be
repeatable if carried out by another researcher. The visual representation of the model and
the framework were based on the researcher’s visualisations of the results and conclusions,
therefore while the content and core characteristics of each would be repeatable, the

aesthetic presentation of each may vary between researchers.

9.5. Contribution to knowledge

This research has contributed to knowledge within the disciplines of sports design and

inclusive design, by making the following contributions:

1. Identification of the lack of a sports design process model that represents the

sports design process from project initiation through to project sign off.
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2. ldentification of the characteristics of the sports design process as a whole within
industry.

3. Presentation of the first design process model to capture the sports design process
as a whole.

4. |dentification of the need for a tool to aid designer communication with the client
of the inclusive design process.

5. Presentation of a validated interactive framework to facilitate designer-client

communication of the inclusive design process.

As discussed in the literature review (Chapter 2) there has been a lack of research
conducted into the sports design process. The findings of Study 1 identified the lack of a
sports design process model within the literature, in addition to the lack of such a model
existing within industry. The adaption of existing process models by sports students within
their projects reiterates the need for a model that reflects the characteristics of the sports

design process.

The work carried in this research offers new insight into sports design, with previous work
lacking in-depth research into sports design practice in industry. Study 1 found agreement
with previous work regarding the characteristics of sports design but provides additional
insight into what characterises the sports design process as a whole, which has been lacking

in previous work.

Study 2 presents the first sports design process model, which itself is a contribution to
knowledge. As reported in Study 1, there is no evidence of an existing process model that
captures the characteristics of the sports design process as a whole. However, findings from
designer interviews and analysis of student projects indicate there is a need for one. This
research therefore presents the first process model to capture and visualise the

characteristics of sports design practice within a design process model.

Study 3 concluded that an inclusive design process model targeted at the designers
themselves would have limited impact in practice. Findings from this research agree with
previous work that the client is a major barrier to inclusive design uptake in industry, and
goes further in identifying the need for a tool that enables the designer to communicate
0

the needs of the inclusive design process to the client. This research also assesses “mode

inclusive design practice as carried out at the Helen Hamlyn Centre, and makes the
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comparison to inclusive design practice in industry. The requirements identified in Chapter
6 are based on the characteristics of “good” inclusive design practice, in addition to the

needs of industry designers.

Study 4 presents the inclusive design interactive framework, intended to facilitate designer-
client communication within the inclusive design process. The framework takes the
approach of educating the client of the value of incorporating a diversity of users
throughout the design process, in addition to illustrating the nature of design practice itself.

This is in contrast to many other inclusive design tools that typically focus on the designer.

9.6. Impact

This thesis reports on practical research, carried out with practicing designers from
industry. As a result, the outputs of the research have many applications with potential
benefits within industry, education and to the users themselves. The five identified

contributions to knowledge are discussed here in relation to these three groups.

Industry

The literature review identified that companies following a formalised design process were
more successful. The contribution of the first process model to capture the sports design
process as a whole will be of benefit to sports companies, who will have access to a process
model that reflects the characteristics of sports design practice. This will aid in structuring
design practice and identify areas of improvement within the company. As discussed in
Chapter 5, two of the sports companies interviewed in the validation of the sports design
process model indicated that they would like to start using the model as a means of aiding
discussions and the structure of their process. There is therefore a demand from sports
design companies for a design process model that illustrates their design process to aid

design practice.

The findings from Study 3 noted that there is a need within industry for a tool that enables
designers to communicate the needs of the inclusive design process to clients. Designers

reported that existing design process models were not in a format understandable to those

301



not from a design background and did not provide a comprehensive breakdown of the
inclusive design process. The contribution of the interactive framework developed to
facilitate designer-client communication within the inclusive design process will therefore
benefit designers in industry. The use of layers within the model allows an appropriate level
of detail to be provided to individual clients, with designers able to customise the
framework to reflect individual company and project needs. One of the designers
interviewed in the validation of the inclusive design framework (Chapter 8) is currently
using the framework to aid in the communication of the design process with potential
clients. The designer also noted at the time of interview that this was the first tool to
effectively break the process down in a format that was usable to communicate with those
from a non-design background. The designer currently using the framework discusses it

within the company website — ACE Product Design.

Education

As discussed in the literature review, sports design is a young, evolving discipline. Sports
engineering courses are now established in several universities, including those in the UK,
Australia, America and Europe. The contribution of this work in identifying the
characteristics that differentiate sports design practice, in addition to the developed model
that captures the sports design process, will be of benefit within an educational setting,
helping to educate sports designers and to aid them in structuring their work. The need for
a design process specific to sports design was evidenced by the adaption of existing product
design process models by sports design students (Chapter 4) to meet the needs of their
projects, and the uptake of the sports design process model by all students in Chapter 5. As
the contributions of this research originate from industry, the results will also educate

undergraduate designers of industry practice.

There is also the potential for the contribution of the interactive inclusive design framework
to aid in the education of product designers, providing a tool to increase awareness of
inclusive design and how the approach should be accommodated within the design process.
The focus of this research is on sport and inclusive design practice within industry.
However, a Master’s student at the University of Strathclyde has undertaken a research

dissertation based on the research presented within this thesis to assess the need for a
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more structured approach to inclusive design within education. Following interviews with
design educators and a survey of design students, the research found that while the
opinions of the lecturers remained mixed, there was a clear need from the students for a
framework or process that reflected the inclusive design approach. There is therefore
potential for the inclusive design framework to aid in the education of inclusive design

within undergraduate design courses.

Users

As previously discussed, the literature review identified that companies using a formalised
design process were more likely to produce successful products. The contribution of the
sports design process model presented here therefore has the potential to improve current
industry practice with these benefits passed on to the user — potentially through
improvements in the design of the equipment, resulting in improved customer satisfaction,
and/or performance and through greater efficiency in the design process, with savings
passed onto the customer. With the rise in sports participation and size of the global
sporting market it is important that companies continue to keep up with the demands of

the user in order to maintain a competitive advantage.

The contribution of the inclusive design framework will aid in facilitating designer-client
communication within the inclusive design process, raising client awareness of inclusive
design, in addition to designer needs within the inclusive design process. This will have a
positive impact on the designer, with the client aware of the importance of the designer
engaging with the user. The benefits of the designer gathering primary user data are
discussed in the literature review, and include improved understanding of user groups,
identification of user problems and improved creativity from engaging with visual, primary
data. The impact of using the inclusive design framework within design practice will result
in a greater inclusion of a diversity of users within the design process, resulting in a product
that not only meets the needs of more diverse users, but will also improve usability for
able-bodied users. While inclusive design applies to a diversity of user groups, the ageing
population is discussed as a motivator for this research. With population ageing set to
become one of the most significant social transformations of the twenty-first century, the

impact of designing for this older population could have far reaching benefits, improving
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usability of many everyday products. Further benefits include the potential for older people

to continue working for longer and maintaining independence in later life.

9.7. Recommendations for further work

The sports design process model presented within this research is finalised and validated by
designers as a descriptive model of the sports design process. Further work using the sports
design process model would involve the implementation of the process model within
companies. The model is descriptive of sports design practice, therefore implementation of
the model should not significantly alter sports design practice. However, it would be of
interest to assess the benefits of sports companies implementing a sports specific design
process model to structure their design process and aiding designer discussions and
decision making — as discussed in the literature review, the use of a structured design

process results in more successful products.

The inclusive design framework has been validated in terms of its content, ease of
interpretation and navigation. The research concluded that the interactive framework was
well received by both designers and clients as a means of facilitating designer-client
communication within the inclusive design process. Based on recommendations for
improvement made by designers and clients during the validation interviews, the
framework has been further developed. However, it was commented that there was a need
to involve a graphic designer to improve the graphics and ease of navigation through the
interactive tool. This work is recommended to take the framework from the prototype

presented within this thesis to a fully working piece of software.

Based on finalising the framework development, further work would include case studies to
assess the success of implementing the framework within inclusive design practice. The aim
would be to assess whether the use of the framework to aid designer-client communication

throughout the design process would result in a more inclusive outcome.

There is a need to implement inclusive design within an undergraduate academic setting to
aid in the training new young designers (Clarkson & Coleman, 2015). The way in which
inclusive design is taught and communicated will play an important role in encouraging

students to engage in inclusive design projects. It is therefore recommended that the
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inclusive design framework should be adopted within a university setting as a means of

educating undergraduate designers of the inclusive design process.

9.8. Concluding remarks

Sports design is a young and evolving discipline, with a lack of research currently published
on the topic. This research presents the first design process model to capture the sports
design process, visually communicating the characteristics of that process. The process
model was developed based on interviews with sports design companies, analysis of
student projects and workshop feedback, with the final model validated as a descriptive

model of the sports design process.

Feedback on the sports design process model from inclusive designers and experts
indicated that the model could be of use if developed further into a framework to facilitate
designer-client communication within the inclusive design process. The client is cited
throughout the literature as a barrier to the uptake of inclusive design, therefore it is hoped
that by educating the client of the inclusive design process and illustrating the value of
adopting an inclusive approach to design, the client will be more willing to adopt a more
inclusive approach. This research presents an interactive framework, validated by designers
and clients, that facilitates designer-client communication within the inclusive design

process.

Both the sports design process model and inclusive design framework are based on industry
practice and feedback from practicing designers. However, there is also potential for both
the sports design process model and the interactive inclusive design framework to be used
to educate those within industry through CPD (continuing professional development)
engagement with universities to enhance current practice. Other educational benefits of
both the model and the framework include aiding in the education of undergraduate
designers. Both the model and the framework are currently being used within industry by
designers that were involved in the research, highlighting the practical benefits and impact

of the research.
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Appendix 1

Al.1. Sport and product designer interview questions
(Chapter 4)

Interview questions are highlighted in bold. As interviews were semi-structured, additional

prompts are included to ensure relevant points are covered.

1. What is your design process? What design process/methodology do you use? What
are the core stages? What are the sub-stages? How do you decide to move on from
one stage? How often do you iterate?

2. Canyou indicate the length of time (% of the design process) spent on each stage?
What stage is the emphasis of the company on?

3. How flexible is the design process? Is there variation between projects? What do
designers feel they need/don’t need within the design process? Do timescales
depend on the project?

4. Where does the design brief come from? How is the user identified? Is user
research included in this? Use of primary/secondary data.

5. Does your company conduct its own user research? How is this done? What
methods are used to collect data? How is the data presented to the designers? How
is this data then used?

6. How are competitor products evaluated/tested? By designers, users, others?
When in the process?

7. What additional methods are used and at what stage of the design process are
they implemented? When is user testing implemented within the design process?
Do methods vary between projects?

8. How is the product finally deemed a success? What evaluation/testing methods
are used? Where in the design process does this happen?

9. Do you play the sport you are involved in the design of (sports designers only)? If
yes, does this help? If no, would it help? What insights does sports participation

have for the design process?
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Appendix 2

A2.1. Structure of focus group (Chapter 5)

Aim: Evaluation and further development of the sports design process model.
General points to consider throughout:

- Do the models communicate the characteristics of the sports design process?
- Do the models appeal visually?
- Are they easy to understand without prior knowledge?

- Do they align with the needs of the designer?
Workshop Structure

- Overview of the workshop (aims, objectives, timings).

- Any initial questions from participants.

- Presentation of the sports design process models.

- Group discussion questions.

- Group brainstorm activity — may form part of group discussion.

- Completion of individual questionnaires.
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A2.1.1. Participant handouts

Workshop Overview

* Aim - evaluation and further development of
the sports design model.

Focusing on the content and presentation
requirements of the model.

How well does the model align with designer’s
needs?

Does the model reflect sports design practice?

Sports Process

* Aim: visual representation of the sports design
process

The model should address:
1. Core stages of the process.

2. Emphasise user involvement throughout the
process.
3. Communicate an iterative, progressive process.

Linear Sports Process Model

Pre-Production

Cyclic Sports Process Model

Brainstorming Activity

* Individual session
* 5 minutes

* Aim: develop the sports process model
further.

* Characteristics should be kept.
* lllustrate possible visuals to represent model.
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A2.1.2. Focus group discussion guestions
The discussion followed a semi-structured approach, with questions in bold used as guides

for the discussion. Additional prompts were used if needed.

1. Which model do you prefer? Why?

2. What are the disadvantages of each model?

3. Are the core characteristics of the sports design process captured? Iterations, user
involvement, performance of sporting equipment, designer interaction with the
user.

4. What are your thoughts on the visual representations of each model? What is
visually attractive to you, what grabs your attention, what captures the nature of
the sports design process?

5. How can the models be improved? Information contained within the model, visual

representation, interpretability of the model.
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A2.1.3. Focus group questionnaire

Please rank the linear and cyclic representations of the sports models:

Design requirements (process model)

1st

2nd

Communication of core stages of sports design process

Visual appeal of the model

Ease of understanding the sports design process

Emphasis on user involvement

Please rate and rank the following features in the order you feel are most important, and

which model addresses these best. Add in any others you feel are relevant.

Design requirements (visual) Important

(Y/N)

Ranking

Best
Model

Interpretability (without background reading)

Visual appeal

Showing desired outputs from each stage

Linear illustration of process

Iterative illustration of process

Please comment on your thoughts on the proposed sports model against current design

models you are familiar with.
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A2.2. Designer validation interviews (Chapter 5)

Structure of interviews:

- Question 1 (interpretability of the model) is asked with no introduction to the
model given.
- The model is described to the designer by the researcher.

- Questions 2-5 are asked regarding the sports design model.

Interviews were semi-structured, with questions in bold used to question designers.

Additional prompts were used where necessary.

1. Do you understand the model:
a. Do you have any questions regarding the model?
b. Do you understand it? Can you interpret it? Is there anything that isn’t
clear?
c. Do you have any further questions regarding the model?
d. Was anything described by the researcher that you don’t understand,
hadn’t picked up on yourself?
2. Was the sports design process model representative of the company’s own
practice?
Core stages, iterations, emphasis of the process. Are there any additional stages
you would add in or any to remove?
3. What modifications would be needed to ensure the model was an accurate visual
representation of the sports design process in practice?
a. How would you develop the model further? In terms of interpretability,
visual appeal, structure? Additional information, less detail?
b. Would you use the model within your company practice?
If yes, would it need to be changed as all? Why is it relevant? What benefits
would be brought by the sports model?

If no, why? Would any changes help?
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A2.2.1. Sports design process model and overview
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The core stages of the sports design process are shown at the top of the model, moving
from the research stage to conceptual design, design development, design refinement and
finally to project sign off. The model represents the design process, therefore the

commercialisation process is not shown and would occur once the project has been signed

off.

The user should be involved in the design process at each stage. The methods of user
involvement vary between companies and projects, so an indication of the type of
involvement is given within the model. At research, involvement is exploratory to

understand the user problems and needs. At conceptual design, the involvement is typically
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centred on evaluation and feedback of concepts at varying stages of development. At both
design development and design refinement the user is involved extensively in product
testing (this can include performance, wear, fit and durability testing). The bulk of the
performance requirements should be met at the design development stage, with design
refinement typically focussing on minor performance modifications and aesthetics. As the
model indicates the design process followed by sports designers, it is intended that the

designer is involved with the user throughout this process.

The sports design process is iterative within design process stages — typically two to three
iterations were reported at each stage. Unlike with product designers, sports designers only

reported iterations within design process stages, rather than between process stages.

A design review was reported at the end of each design process stage, where various
stakeholders in the process were involved in design decision making. While the user
themselves were not reportedly involved at this stage, their needs, feedback and testing
results were central to influencing the decision making process. At the design review, if the
project was considered satisfactory, it was progressed to the next stage of the design
process. If further work was needed, the stage was repeated until the decision was made to

progress.
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Appendix 3

A3.1. Product designer interviews (Chapter 6)

The interviews were structured as follows:

- Questions 1-3 were asked.
- The sports design process model was introduced by the researcher.

- Questions 4-7 were asked.

Interview questions are highlighted in bold. As interviews were semi-structured, additional
prompts are included to ensure relevant points are covered. The interview was structured
in three parts: the inclusive design process followed by the company itself, feedback on the
sports design process model and discussion over further development of the sports design

process model.

Company inclusive design process

1. What is your company’s design process? What are the core stages? Where are
the iterations? What methods/activities feed into the process? When is the user
involved in the process? What is your definition of inclusive design?

2. Do you include diverse users in the design process? How often does this happen?
When does it happen? How diverse would you accommodate? Do you involve the
users or emphatic design? How do you test the inclusivity of the product? What

limits inclusive design? Why does this happen?

Feedback on the sports design process model

3. What are your thoughts on the sports design process model initially? Was there
anything you didn’t understand? Are you able to follow it? What was your first
impression on how it is presented? What did you like about it? What could be
done to aid your understanding? Would additional information be needed?

4. After going through the remaining slides, did you learn anything new that wasn’t
apparent when you first looked at the model? Did the breakdown of aspects of
the model aid your understanding? Is there anything that is still unclear in the

model?
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Further development of the sports model for inclusive design

5. How feasible would it be to implement the sports design process model in design
practice? Are prescribed models often followed? If so, how closely? Would it be
used as a prescriptive model or as an educational tool? Would a prescribed model
be used? What would need to be changed in how it is presented? As a diagram
and in terms of how it is communicated.

6. Do you as a company follow separate processes when designing inclusively?
Would a model such as this be of benefit to you as a company? How would it be
used within design practice or as a training/education tool?

7. In terms of developing the model further, what additional information do you
feel would be beneficial to be added? Should the use of design methods be shown
within the model? Who should the model be targeted at? Clients, designers,

managers? In what format should the model be presented?
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A3.1.1. Sports design process model and overview
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The core stages of the sports design process are shown at the top of the model, moving
from the research stage to conceptual design, design development, design refinement and
finally to project sign off. The model represents the design process, therefore the

commercialisation process is not shown and would occur once the project has been signed

off.

The user should be involved in the design process at each stage. The methods of user
involvement vary between companies and projects, so an indication of the type of
involvement is given within the model. At research, involvement is exploratory to

understand the user problems and needs. At conceptual design, the involvement is typically
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centred on evaluation and feedback of concepts at varying stages of development. At both
design development and design refinement the user is involved extensively in product
testing (this can include performance, wear, fit and durability testing). The bulk of the
performance requirements should be met at the design development stage, with design
refinement typically focussing on minor performance modifications and aesthetics. As the
model indicates the design process followed by sports designers, it is intended that the

designer is involved with the user throughout this process.

The sports design process is iterative within design process stages — typically two to three
iterations were reported at each stage. Unlike with product designers, sports designers only

reported iterations within design process stages, rather than between process stages.

A design review was reported at the end of each design process stage, where various
stakeholders in the process were involved in design decision making. While the user
themselves were not reportedly involved at this stage, their needs, feedback and testing
results were central to influencing the decision making process. At the design review, if the
project was considered satisfactory, it was progressed to the next stage of the design
process. If further work was needed, the stage was repeated until the decision was made to

progress.
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A3.2. Workshop with Helen Hamlyn Centre (Chapter 6)

The workshop at the Helen Hamlyn Centre was structured as follows:

- Introduction : purpose of workshop
o To understand in detail the design process carried out at Helen Hamlyn.
o To identify a means of representing and populating a supporting
framework to aid implementation of the process model.

Distribute consent forms

- Interview questions (design process at Helen Hamlyn Centre) and discussion of
Helen Hamlyn process.

Use A3 paper, post-its.

- Allow time to look at the slide of the sports design process model.
o Presentation of the sports model.
o Stop me if anything is unclear but questions can be asked at the end.
o Fillin questionnaire 1.

Handouts: slides for sports design process model and questionnaire 1.

- Discussion of further development of the sports design process model, using
framework development interview questions.
o Group discussion with A3 templates, post-its.
o Use HH process model if needed.

Handouts: A3 paper, post-its.

- Fill out questionnaire 2.

o Any other questions?
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A3.2.1. Participant consent forms

Participant Information Sheet for Interviews

with the Helen Hamlyn Centre

Name of department: Department for Design, Manufacture and Engineering
Management
Title of the study: Understanding the Inclusive Design process and development of an

Assistive Framework

Introduction

This workshop has been organised by Nicky Wilson (nicky.wilson.2013@uni.strath.ac.uk), a

postgraduate research student at the University of Strathclyde. The workshop forms part of

a 3 year PhD research project.

What is the purpose of this investigation?

This workshop aims to gain an understanding of the design process followed by designers at
the Helen Hamlyn Centre, to gain feedback on an existing process model that has been
developed by the researcher and to discuss possible options for developing the model

further.

Do you have to take part?

Participants will be asked to take part in discussions regarding existing design processes and
discussion/brainstorming exercises to develop an existing model further. Participants will
also be asked to fill out a questionnaire

Participation in this workshop is the participant’s decision and is entirely voluntary.
Participants have the right to refuse to participate or withdraw from participation without

reason at any time.

What will you do in the project?
Participants will be asked to take part in discussions regarding existing design processes and
discussion/brainstorming exercises to develop an existing model further. Participants will

also be asked to fill out a questionnaire.
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The workshop will be conducted at a location of the participant’s choice on Wednesday 19"

August 2015.

Why have you been invited to take part?

Participants should have experience in working on design/research projects at the Helen
Hamlyn Centre with an understanding of the design processes followed. Participants should
also have a design background with an understanding of existing design

processes/methods.

What happens to the information in the project?

This workshop will be recorded and photographed with the participants permission.
Information gained will be used to aid further development of the researchers PhD.
All information will be stored securely and will not be disclosed to any third parties. All
interview recordings will be solely for the researchers benefit. Where papers/thesis have
been written based on the research, all participants will remain anonymous and no

sensitive/confidential information will be released.

The University of Strathclyde is registered with the Information Commissioner’s Office who
implements the Data Protection Act 1998. All personal data on participants will be

processed in accordance with the provisions of the Data Protection Act 1998.

Thank you for reading this information — please ask any questions if you are unsure about

what is written here.

What happens next?
Explain that if the participant is happy to be involved in the project, please sign the consent

form to confirm this.

Following the workshop, participants can receive research updates if requested. Results will
be published as part of the researchers PhD thesis and potentially in additional

publications. As stated, all participants will remain anonymous.

Researcher contact details:
Nicky Wilson
DMEM, 75 Montrose Street, Glasgow, G1 1XJ

nicky.wilson.2013@uni.strath.ac.uk
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Consent Form for Interviews with the Helen

Hamlyn Centre

Name of department: Department for Design, Manufacture and Engineering
Management
Title of the study: Understanding the Inclusive Design process and development of an

Assistive Framework

= | confirm that | have read and understood the information sheet for the above project
and the researcher has answered any queries to my satisfaction.

= | understand that my participation is voluntary and that | am free to withdraw from the
project at any time, up to the point of completion, without having to give a reason and
without any consequences. If | exercise my right to withdraw and | don’t want my data
to be used, any data which have been collected from me will be destroyed.

= | understand that | can withdraw from the study any personal data (i.e. data which
identify me personally) at any time.

= | understand that anonymised data (i.e. .data which do not identify me personally)
cannot be withdrawn once they have been included in the study.

= | understand that any information recorded in the investigation will remain confidential
and no information that identifies me will be made publicly available.

= | consent to being a participant in the project

= | consent to being audio and/or video recorded as part of the project

(PRINT NAME)

Signature of Participant: Date:
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A3.2.2. Interview questions — design process at Helen Hamlyn

Centre

1. What design process is followed by the Helen Hamlyn Centre?

d.

e.

Does the Helen Hamlyn Centre follow a set design process?
What are the core stages?
Where are the iterations?
What are the sub-stages?

How much variation between designers/projects?

2. Where is the user involved in the process?

a.

b.

d.

e.

When, at what stages?

What activities?

What user groups?

Why at these stages of the process?

How is the designer actively involved with the user?

3. What other activities/methods are used throughout the process?

4. Where is the client involved?

a.
b.
c.

d.

What activities?
How often?
What activities are used to aid client communication?

What effect does the client have on actions/decisions?

5. Where are areas of improvement within the process?

a.
b.

C.

Communication?
Validation (testing, user involvement)?

Client funding?
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A3.2.3. Sports design process model — handout
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A3.2.4. Questionnaire 1

How easy is the model to understand? Please tick one

Very easy - no help required

Easy - understood after some explanation

OK - understood after detailed explanation

Hard - some areas are still unclear

Very hard - no understanding of the model

How well is the importance of user involvement Please tick one
communicated?

Very well - physical user involvement is key to all stages of
the process

Well - the user is of some importance throughout the
process

OK - user needs should influence the design process to some
extent

Not well - limited understanding of user needs is required
Not at all - no user involvement is required at any stage of
the process

How would the model be of most use? Please select all relevant
To aid designers own processes

As a communication tool with the client

As a learning tool (in companies or education)

To standardise company processes

Other (please specify)

How can the model be developed further?

Detail of design methods?

Detail of user involvement?

Detail of client involvement?

Other...
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A3.2.5. Interview questions — framework development
The questions in bold were used to aid the group discussion, with additional prompts if
needed. Questions were kept vague at this stage to encourage designers to pursue their

own chain of thought.

1. How can the model be developed further to improve user awareness?
a. Supporting framework.
b. Targeted at client communication.
2. What format should it be presented in?
a. Software program?
b. Hard copies?
c. Additional framework to the model?
d. Mind map?
3. What methods should be included?
a. Userinvolvement?
b. Designer involvement?
c. Clientinput?

d. Design review activities?
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A3.2.5. Questionnaire 2

How can the model be used to aid client communication?

Please select all relevant

To improve levels of user involvement?
To assign project funding?
To influence the decision making process?

Other (please specify)

In what format would the process (and accompanying

framework) be of most use?

Please select all relevant

Webpage

Other software program
Hard copy

Other (please specify)

What methods/tools are currently in place for

communicating with the client?

What should be included in the framework?

Please select all relevant

Methods/tools (general)
Methods/tools (user centred only)
Indication of physical user involvement
Indication of designer involvement
Indication of client involvement
Breakdown of design review activities

Other (please specify)
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Would you be likely to use the process model and Please select one

proposed framework?

Yes
No

Please give reason for your choice

Please rate the MODEL in terms of usefulness (1 being low and 10 being high) in terms of:

A process model to follow in every day design activities
Methods/tools (user centred only)

As a learning/educational tool

To communicate with clients

To increase levels of user involvement throughout the whole design process

Please rate the PROPOSED FRAMEWORK in terms of usefulness (1 being low and 10 being

high) in terms of:

A process model to follow in every day design activities
Methods/tools (user centred only)

As a learning/educational tool

To communicate with clients

To increase levels of user involvement throughout the whole design process

341



Appendix 4

A 4.1. Framework brainstorm exercise (Chapter 7)
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A 4.2. Early development of concepts (Chapter 7)













A 4.3. Expanded view of Figure 7.18
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Appendix 5

A 5.1. Designer/client interview consent forms (Chapter 8)

Participant Information Sheet for Client

Interviews

Name of department: Department for Design, Manufacture and Engineering
Management
Title of the study: Evaluation and development of a communication framework to aid

inclusive design practice.

Introduction

This workshop has been organised by Nicky Wilson (nicky.wilson.2013@uni.strath.ac.uk), a

postgraduate research student at the University of Strathclyde. The workshop forms part of

a 3 year PhD research project.

What is the purpose of this investigation?
This workshop aims to gain feedback on a framework intended to aid client and designer

communication of the inclusive design process.

Do you have to take part?

Participants will be asked to take part in discussions regarding the framework, potential
room for improvement and content of the framework. Participants will also be asked to fill
out a questionnaire.
Participation in this workshop is the participant’s decision and is entirely voluntary.
Participants have the right to refuse to participate or withdraw from participation without

reason at any time.

What will you do in the project?
Participants will be asked to take part in discussions regarding existing design processes and

discussion/brainstorming exercises to develop an existing model further. Participants will
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also be asked to fill out a questionnaire.

The workshop will be conducted at a location of the participant’s choice.

Why have you been invited to take part?
Participants should be representative of a typical client involved in the design process.
Clients have been invited to take part based on their involvement as clients in the

Strathclyde University DMEM Industrial Projects.

What happens to the information in the project?

This workshop will be recorded with the participants permission. Information gained will be
used to aid further development of the researchers PhD.

All information will be stored securely and will not be disclosed to any third parties. All
interview recordings will be solely for the researchers benefit. Where papers/thesis have
been written based on the research, all participants will remain anonymous and no

sensitive/confidential information will be released.

The University of Strathclyde is registered with the Information Commissioner’s Office who
implements the Data Protection Act 1998. All personal data on participants will be

processed in accordance with the provisions of the Data Protection Act 1998.

Thank you for reading this information — please ask any questions if you are unsure about

what is written here.

What happens next?
Explain that if the participant is happy to be involved in the project, please sign the consent

form to confirm this.

Following the interview, participants can receive research updates if requested. Results will
be published as part of the researchers PhD thesis and potentially in additional

publications. As stated, all participants will remain anonymous.

Researcher contact details:
Nicky Wilson
DMEM, 75 Montrose Street, Glasgow, G1 1XJ

nicky.wilson.2013@uni.strath.ac.uk

0755736678
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Consent Form for Interviews with Clients

Name of department: Department for Design, Manufacture and Engineering
Management
Title of the study: Evaluation and development of a communication framework to aid

inclusive design practice.

= | confirm that | have read and understood the information sheet for the above project
and the researcher has answered any queries to my satisfaction.

= | understand that my participation is voluntary and that | am free to withdraw from the
project at any time, up to the point of completion, without having to give a reason and
without any consequences. If | exercise my right to withdraw and | don’t want my data
to be used, any data which have been collected from me will be destroyed.

= | understand that | can withdraw from the study any personal data (i.e. data which
identify me personally) at any time.

= | understand that anonymised data (i.e. .data which do not identify me personally)
cannot be withdrawn once they have been included in the study.

= | understand that any information recorded in the investigation will remain confidential
and no information that identifies me will be made publicly available.

= | consent to being a participant in the project

= | consent to being audio recorded as part of the project

(PRINT NAME)

Signature of Participant: Date:
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A 5.2. Description of the inclusive design framework
The first slide shows the full design process model, more for context than to gain an initial

understanding.

Clicking anywhere on the first slide takes you to the second, where you have the option to
access any of the four core stages of the inclusive design process — research, conceptual
design, design development or design refinement. Clicking on any of these four stage

names will lead you to a slide highlighting the four key aspects of each of these stages.

Research — the introduction slide to research highlights the four main areas that are
important to research within inclusive design — the core stages of research, the iterations,

user involvement and the design review.

- The research phase is made up of initial exploration to understand the problem
(often including user focused design methods such as observations and focus group
interviews). This exploration leads to the identification of design requirements that
allows the designer to refine the design brief further. The design process is
continuous until a full brief is gained.

- The exploration process discussed above is continuous throughout the research
stage of researching, gaining new insights and refining the brief. This understanding
of the user and gaining new insights is continuous throughout the inclusive design
process.

- User involvement during research involves an initial recruitment time to source the
correct user groups. There is then time spent identifying user requirements and
using these to refine the brief. User involvement here is key to ensure that the brief
reflects the needs of the user — user groups should reflect diversity.

- The design review at the end of the process stage involves all stakeholders to
discuss project progress.

o At the end of research, there should be a developed design brief that the
designers understand and meets the needs of the stakeholders. If all is ok,
then progress to conceptual design. If not all requirements are met,
continue on the research phase.

o Client involvement is throughout the research phase — particularly to

highlight any areas the designer is unsure of. The client should be phased
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into the design review phase and kept up to speed on the progress of the
project to ensure they do not come into the design review unaware of what

has led to that point.

Conceptual design — the introduction slide to research highlights the four main areas that

are important to conceptual design — the core stages of conceptual, the iterations, user

involvement and the design review.

The conceptual design phase is made up concept generation to create solutions to
the problem (often including design methods such brainstorming). These concepts
are evaluated against the design brief (which is continually developing) and
developed further to meet the design requirements.

The process discussed above is continuous throughout the conceptual design stage
of creating design solutions, evaluating them to gain new insights, which in turn
lead to developments of the design requirements.

User involvement during conceptual design may also involve initial recruitment
time to source the correct user groups. These users can be involved in the
evaluation of potential concepts to ensure their needs are met. This evaluation and
development process is continuous until a user approved concept is selected. User
groups should reflect diversity to ensure the outcome is inclusively designed.

The design review at the end of the stage involves all stakeholders to discuss
project progress.

o At the end of conceptual design, there should be an approved concept in
rough form that meets the needs of the stakeholders. If all is ok, then
progress to design development. If the concept does not meet all
requirements in the design brief, continue on the conceptual design phase.
The design brief is constantly updated with new insights gained through the
inclusive design process.

o Client involvement is throughout conceptual. The client should be phased
into the design review phase and kept up to speed on the progress of the
project to ensure they do not come into the design review unaware of what

has led to that point.

357



Design development — the introduction slide to research highlights the four main areas that
are important to design development — the core stages of design development, the

iterations, user involvement and the design review.

- The design development phase is made up development of the concept,
prototyping, testing and evaluation. The design is constantly evaluated against the
design brief (which is continually developing) and developed further to meet the
design requirements.

- The process discussed above is continuous throughout the design development
stage of evaluating the design, physical product testing and evaluation.

- User involvement during design development may also involve initial recruitment
time to source the correct user groups although testing is more focused at this
point. Users are involved in the evaluation of prototypes to ensure their needs are
met. This evaluation and development process is continuous as the product is
further developed. The product should be tested against those user groups from
where ideas originated to ensure the product meets the needs of those user
groups.

- The design review at the end of the stage involves all stakeholders to discuss
project progress.

o At the end of design development, there should be a developed concept
that meets the needs of the stakeholders. If all is ok, then progress to
design refinement. If the concept does not meet all requirements in the
design brief, continue on the design development phase. The design brief is
constantly updated with new insights gained through the process.

o Client involvement is throughout design development. The client should be
phased into the design review phase and kept up to speed on the progress
of the project to ensure they do not come into the design review unaware

of what has led to that point.

Design refinement — the introduction slide to research highlights the four main areas that
are important to design refinement — the core stages of design refinement, the iterations,

user involvement and the design review.

- The design refinement phase is made up refinement of the concept, prototyping,

testing and evaluation. The design is constantly evaluated against the design brief
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(which is continually developing) and final refinements are made to meet the
design requirements.

The process discussed above is continuous throughout the design refinement stage
of evaluating the design, physical product testing and evaluation.

User involvement during design refinement may also involve initial recruitment
time to source the correct user groups although testing is more focused at this
point. Users are involved in the evaluation of prototypes to ensure their needs are
met. This evaluation and development process is continuous as the product is
further developed. Testing is more focused on small tweaks and aesthetic details
rather that detailed design work. The product should be tested against those user
groups from where ideas originated to ensure the product meets the needs of
those user groups.

The design review at the end of the stage involves all stakeholders to discuss
project progress.

o At the end of design refinement, there should be a final product that meets
the needs of the stakeholders. If all is ok, then the product progresses to
the production stage. If the concept does not meet all requirements in the
design brief, continue on the design refinement phase. The design brief is
constantly updated with new insights gained through the process.

o Client involvement is throughout design refinement. The client should be
phased into the design review phase and kept up to speed on the progress
of the project to ensure they do not come into the design review unaware

of what has led to that point.
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A 5.3. Product designer validation process (Chapter 8)

Interview Structure
Aim of the study: to assess the applicability of the framework to improve the uptake of
inclusive design through aiding designers communicate their design process and

requirements to the client.

This study focuses on discussions with designers to ensure key areas of the design process
(important to them) are communicated within the framework — timescales, funding, etc.
The framework should be used as a tool to enable to the designer to improve
communications with the client to remove some of the client driven barriers to inclusive

design.

- Overview of the framework:

o Introduction to the research

o Aims of the framework

o Overview and demonstration of the framework
- Feedback on the framework:

o Interview questions

o Feedback form

o Concluding questions from the designer
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A 5.3.1. Designer interview questions
Interview questions are highlighted in bold. As interviews were semi-structured, additional

prompts are included to ensure relevant points are covered.

1. Was the framework effective in communicating the inclusive design process?
a. Are there any areas you don’t understand?
b. Was the framework useful for breaking down the process?
c. Was the framework useful for emphasising importance of user
involvement?
2. Does the process highlight areas of the process that are important to you as a
designer?
a. What are they?
3. Are there any areas you had difficulty in understanding?
a. lIsthe interface easy to use/understand?
b. Are the graphics clear?
c. Are the images communicated clearly?
d. Navigation through the framework?
4. Would the framework be a method you would choose when communicating with
aclient?
a. If other techniques would be preferred what are they?
5. Does the framework communicate the importance of:
a. Early research.
b. Userinvolvement throughout.
6. Is the framework in a format that is useful and usable to you as a designer?
a. Would you want an accompanying hard copy?
b. Would supplementary text be needed (in slides or as help guide)?
c. Would you like to be able to adapt the framework for individual projects?

d. Would you improve the visual representation of the framework?
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A 5.3.2. Designer feedback questionnaire

Please answer YES or NO:

Is the framework useful to you as a designer?

Will the framework improve communication between designer and
client?

Would you use a software version of the framework?

Is there enough detail in the model?

Please leave detail of what could be removed/added to improve the

framework:

Would you use a hard copy of the framework?

YES/NO
YES/NO

YES/NO
YES/NO

YES /NO

Please rate (1 bad - 5 good) the usefulness of the framework:

Representing the inclusive design process.

Representing the iterative nature of the inclusive design process.
Representing areas for user involvement throughout the inclusive
design process.

Highlighting benefits of user involvement (to the design project).

Will the framework improve client awareness of the importance of:

User involvement throughout the inclusive design process.
The need to complete thorough research early in the inclusive design
process

The need to iterate within the inclusive design process.

Yes / No / Maybe
Yes / No / Maybe

Yes / No / Maybe
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A 5.4. Client validation process (Chapter 8)

Interview Structure
Aim of the study: to assess the applicability of the framework to improve the uptake of
inclusive design through aiding designers communicate their design process and

requirements to the client.

This study focuses on discussions with clients to ensure they are able to understand the
inclusive design process as a result of the framework. The framework should be used by the
designer to improve communications with the client to remove some of the client driven

barriers to inclusive design.

- Overview of the framework:

o Introduction to the research

o Aims of the framework

o Overview and demonstration of the framework
- Feedback on the framework:

o Interview questions

o Feedback form

o Concluding questions from the client
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A 5.4.1. Client interview questions
Interview questions are highlighted in bold. As interviews were semi-structured, additional

prompts are included to ensure relevant points are covered.

1. Was the framework effective in communicating the inclusive design process?
a. Are there any areas you don’t understand?
b. Was the framework useful for breaking down the process?
c. Was the framework useful for emphasising importance of user
involvement?
2. Does the process highlight areas of the process you had not previously given
much thought to?
3. Do you want to know the inclusive design process and the different levels of
detail shown here?
4. Are there any areas you had difficulty in understanding?
a. lIsthe interface easy to use/understand?
b. Are the graphics clear?
c. Arethe images communicated clearly?
5. Would the framework be a method you would choose when communicating with
a designer?
a. If other techniques would be preferred what are they?
6. Does the framework convince you of the value in investing in:
a. Early research.
b. Userinvolvement throughout.
7. What areas of the framework do you feel could be improved?
a. Graphics
b. Illustrations

User interface

o

d. Additional text
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A 5.4.2. Client feedback questionnaire

Please answer YES or NO:

Has the framework improved your knowledge of the inclusive design
process?

Would you use the process when communicating with a designer?
Would you use a software version of the framework

Is there enough detail in the model?

Please leave detail of what could be removed/added to improve the

framework:

Would you use a hard copy of the framework?

YES/NO

YES/NO

YES/NO
YES/NO

YES / NO

Please rate (1 bad — 5 good) the usefulness of the framework:

Representing the inclusive design process.

Representing the iterative nature of the inclusive design process.

Representing areas for user involvement throughout the inclusive
design process.

Highlighting benefits of user involvement (to the design project).

Highlighting the benefits of user involvement to you (the client).

Please indicate whether you understand the following:

That iteration is a necessary part of the inclusive design process.
That user involvement will help to minimise design errors.
That user involvement is needed to prevent design errors later in the

design process.

Yes / No / Maybe
Yes / No / Maybe
Yes / No / Maybe
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A 5.5. Expanded view of Figure 8.4
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Appendix 6

A 6.1. Interview transcript example (Chapters 4-8)

The following interview transcript is taken from the sports designer interviews undertaken
as part of Chapter 4. The interviews carried out in Chapters 4, 5, 6 and 6 all followed a
similar structure. The names of the interviewee, company and professional athletes the

company work with have been removed.

The researcher (Ni) questions are in bold. Interviewee (Ma) responses are in standard text.

Large sports company A transcript:

Ni: Where does your design brief normally come from?

Ma: Basically I'm working in the development team so within product development of any
business unit, whether it’s football, running, whatever, you’ve got three kind of core
functions within that team. You’ve got a marketing team, a design team and a development
team. So I’'m part of the development team. Generally the design brief will come from the
marketing team, so they’ve done a lot of research into, it could be anything from what
different colours are trendy right now, what is trending the market, they do a lot of focus
groups with kids. | mean our kind of target consumer group is 14-19 year olds so that’s
what we’re always trying to go towards. So they’ll do a lot of focus groups, a lot of market
research to put together, it can be anything, so price, retail, technologies which are right
now, storylines, is carbon popular, is neon popular, anything. So they basically gather all
this information up. A big thing for us is obviously cost and of course we’re a company that
wants to make money but you’ve also got to put the products in the right price range. If you
create a product and you say you’re going to sell this for £150 and all the people that you're
aiming it at are only willing to spend £80 then this needs to change. So this is also a big

factor of it. In a very general term, the design brief comes from the marketing team.

Ni: And is that then given to you as a designer in a written document or is it a more verbal

communication?
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Ma: There’s a calendar set up and we work on an 18 month calendar. And there’s a period
at the start of the season before you start the creation phase where marketing speak to the
regions, countries and gather all the information, all the information from trend research
and create briefs based on the needs of each individual runner. You build your range from
low priced lines all the way up to very high price points, depending on where you’re going
to sell the product, what distribution channel you’re in. So they create a brief and within
that brief, you’ve got everything from the type of consumer that you’re wanting to sell it to,
you’ve got all the types in inspirational imagery that you would use to inspire the creation
of the design, you’ve got your target price, you’'ve got a whole list of requirements that we
need to check off to make sure that the product will remain profitable even when it is

created.

Ni: And do you all this yourself, it’s all primary data that you collect? Or do you contract

anyone else in to collect it?

Ma: Yes, it’s all done by the marketing guys. | mean there’s different types of marketing
teams, so you’ve got marketing teams who are in the countries and they will give feedback
to the global team and say this doesn’t work well in Brazil or this works great in Germany so
they’re gathering all that information and then they have a design brief. Normally the
design brief is quite detailed to the cost it will be sold at, how much money they want to
spend on the product, the type of materials they want to use for a certain product and then
at other times they leave it very open and they say we just want something new, something
fresh, something cool and give us something. But in theory the starting point is coming

from marketing.

Ni: In terms of information, user needs that the marketing team collect, do they collect it
themselves, so it’s the company that goes out and collects the data or do you get a third

party in to collect it for you?

Ma: It’'s quite complex, there’s a couple of different ways you could use. One you could just
base it purely on what articles, what models are selling really well. So you can see in a
season what’s trending very well, what’s not, so you do the analytics on that. The other
approach is you’re collaborating with trend and design agencies who are doing all the
research predictions on what the future colours, trends, materials are going to be. And you

use this to build your colour pallets for the new season. So the only external input you have
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is from that early stage of the creation process, from the colour and trend agencies. They
kind of define throughout the whole industry what the key colour and trends are going to
be. So all the big brands would use them, from fashion to sport. Anybody that is going to be

doing fast consumer goods.

Ni: You’re involved in designing footwear. Do you ever get users in to try out your

product or assess how someone should move in them?

Ma: Sure, we go through a full analysis of the product during the creation process. I’'m not a
designer, I’'m a developer, so the designer will create a 2D sketch of what we believe is a
fresh concept along the marketing brief. And then from that, they’ll sit down and work
closely with me and my understanding of biomechanics, understanding of what the
requirements are, the functional needs of each athlete and | then assess what they're
handing over in terms of design. Through my experience | can then guide them on how to
do things better to make sure you’re not getting pressure points, etc. So then throughout
the creation process you’ve got a few review stages. So when the shoe arrives at the first
review stage, you do a full fit testing and wear testing program. You do a full quality
program to make sure that the materials are ok. You bring in different types of athletes, so
marketing might say this is fore foot focus, mid-foot focus, heel focus, and we want to
make sure that the people testing this shoe is the desired consumer that we’re trying to sell
this product to. We can’t put every single pair of shoes onto the high speed filming, onto
the Vicon system, you can’t put every single pair of shoes through the lab testing program,
and you can’t put every pair of shoes through the DET — Dynamic Evaluation Testing, where
you are assessing our product and the competitors product, who you’re competing against
in the market. There’s far too many shoes in the range so you choose a selection of really
important shoes, brand statement shoes and you do the full program, the fit, the wear, the
high speed filming, the lab testing, the DET testing to ensure that what you're

communicating and you’re standing for is going to be achieved.
Ni: Competitor products — do you evaluate them at the start?

Ma: Yeah, all the time. | mean with us there’s not really a start and end point, you always
work from season to season, meaning you’ve got a spring/summer season where all the
products are launched in January and then you’ve got a fall/winter season where all the

products are launched in June. So you’re always working on season to season, but because
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there’s only 6 months between them, there’s always an overlap. So for example, we’re
finalising right now the spring/summer 2015 range, so we’re putting all the final details on
that but at the same time we’re starting the fall/winter 2015 range. So before the products
are on the market, we’ve already got a lot of market feedback based on that range, but it
needs to be continued, it can’t be stopped, it’s a big wheel you know, you need to continue
releasing products. So some of the spring/summer 2015 products will be on the market in
January coming and they’re already been evaluated with focus groups, with retailers, our
key retail partners, with different marketing teams in other countries and they’ve already
given the feedback. But the products will be released and then we use that feedback to
influence the next season. And that’s what we’re really doing right now. So for example,
maybe (I'm just making up an example here) we release a material for the upper of the
boot and we already know that player’s love it or player’s hate it, then this is already

influencing what we do in the next season.

Ni: Do you launch your products with the players first? Or is does it go to the players and

come to market around the same time?

Ma: Players are very much involved in the development process but at different levels. So
at the very early stages of a product, at the kind of product creation process, if it's aimed at
a specific player, so take for instance XXX, then we’ll take feedback at a very early stage. So
what he likes, what he doesn’t like, what he liked about the previous model, what he
maybe didn’t like about the previous model. We’'ll give him some ideas of where the range
is going to go, maybe the graphics that are going to be applied, does he like that, does he

not like it.

Ni: So he needs to like it and if he doesn’t wear it then the kids aren’t going to wear it.

Ma: Yeah, | mean contractually he needs to wear it, you know if he doesn’t wear it then
he’s in big trouble, but one of the things so take for instance his XXX logo, which is built out
of the three stripes. So on some of the very first products the “XXX” was only on the inside
of the shoe, but he then specifically said, no | want it on the outside of the shoe so then
people know it’s definitely his product. So little things like that, | know this is a small detail
but he might say he likes a particular stud shape or he doesn’t like a particular type of stud
shape, or he maybe likes a particular type of upper material or he maybe didn’t like a

previous upper material. He’s one of those guys, he really goes into the details of how he
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likes the inside of the boot to feel and how he likes the stitching over the top of the boot.
So he’s got a specific requirement that he likes. And then for his particular range, we try

and build that into the product.
Ni: It all feeds into the brief.

Ma: Yes, exactly. Or at least we get that feedback in the early stages. But in other cases, so
just recently, we launched the first ever knitted boot, so the whole boot was made of
knitted material and because it was such a new concept, we went the professional players
at a later stage, because the idea initially came from the running shoe. So we’ve got our
prime knit running shoe, which is a kind of technology using knitting machines. The idea
came because the knitted upper feels amazing, | mean you don’t feel any seams. And
basically the idea was how do you get that on a football shoe. So we actually spent three
months just looking at the knit structures and looking in the lab, building up different
prototypes and the main goal was to try and control the stretch of the material because
that was our big concern. With the running shoe, it’s got a little bit of stretch to it, | think
it’s about 70% stretch. And we wanted to go below 30% stretch because football’s a multi
directional sport, whereas running is more a linear sport. So we did a lot of work inside the
lab to try and control this stretch. Once we had something that we thought worked, we
made it into a shoe and then we did player testing. But again, the player testing was only
local players. So the thing about Germany is, it’s really a unique place where you’ve got a
lot of semi-professional teams within 100km of the company. So the way they set up their
league structures, basically if you’re playing in 4™, 5™ or 6" league in Germany, you’re semi-
professional, you get paid. And there’s a lot of those teams around the company, so we
take it to them first to get their feedback because A. we know they’re going to wear it and
B. we're going to get a lot of hours on the shoe, meaning a lot of testing time. And then
once we're happy with the performance of the product, then we took it to XXX at that time.
He was the guy who actually wore it and he wore it against XXX a couple of weeks ago. But
on something completely brand new in that case, then we would tend to take it to the
professional players later because you don’t want to give them a bad impression of the
product. You want to take it to them that you’re actually confident that the product works.
Not taking them something that doesn’t work and them be like | don’t want to wear this
ever. So there’s a different approach to it. But something that we know, like the XXX

example, we'll try and get his feedback as early as possible.
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Ni: So what would you say are the core stages to your typical design process?

Ma: I'll draw it for you...

So there’s really only 10 months development and then the product goes into the
commercialisation phase. So key stages would be colour and trend research, marketing
brief, design phase, concept finalisation. And it starts, if | take this year for example, it starts
in January and the first review (and when we say the first review, | mean with senior
management) is April. So we’ve literally got 2.5 months and again within the core team, so
the marketing guy, the design guy and the development guy, we’re working together. So
designers creating designs, we’re creating mock-ups, prototypes, marketing will take the
early samples to maybe some young kids and ask what do you think, we’ll make
refinements, etc. And then at the first review stage, it’s literally sketching, it’s basically a
strategy — this is something like the product’s going to look like, these are the type of
materials we’re going to do, this is the type of construction and this is how it could look to
the outside world. Next would then be tech pack creation you call it, so once you've
finalised the concept between marketing, design and development, design the go back and
start detailing everything out so they can do a proper handover to ensure that we can get
the products created in China. The next stage is then China travel, where the whole team
travel over to China to revise and really hone in on the final details and let the factories
know exactly how we want this created. So you’ve got a technical pack handover, which
include information on the way that the upper part of the shoe, the lower part of the shoe
is going to be created, what materials would be used and what details are necessary for us
to hand over to our development team in China. So that’s the technical pack creation. And
then after that it would be concept review 1. So concept review 1 is when all of the range
arrives from China and we do a full evaluation of the product in terms of quality, costing,
design, function, everything, testing. After that is concept refinement, after that would be
China travel — after the concept refinement you go back to China again and really get closer
to the finished product. After that we have CR2 — concept review 2. You might be better
there where | said concept finalisation — change that to CRO, concept review 0, which
means the actual concept finalisation where the concept is confirmed, because you don’t
actually have any shoes on hand at this point, this is all from sketches and renders from the
design team. So you’ve got CRO, CR1 and CR2, I'm just trying to make it clear for you with

what happens at each stage. So for concept finalisation, put in brackets CRO (edits made on
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mapping of the design process). So now we’re up to China travel after CR1. So concept
review 2 again you go through the whole evaluation of costing, quality, testing, design,
stylisation, function, etc. and then one final concept refinement. The next stage would then
be sales sample, this is where we send out shoes to the various markets around the world
and sales give us an opportunity to show to the key retailers to get their buy into the
product and we can then start promoting what we’re doing. After that we have an initial
evaluation stage — call it confirmation stage 1 — where you’re really starting to hand over to
the factory. So they take full responsibility. So before confirmation stage 1 — actually
change that to commercialisation stage 1 — at that point there that is where the factory
start taking the lead on the product and they start trying to figure out how they can
manufacture this across multiple sizes, because with shoes, you do all your initial
development in size 8.5 for men or size 5.5 for women and at that stage, CS1, the factory
have to start figuring out how to roll this out for the full size run, about mould openings,
about size relationship with suppliers to make sure they can deliver the right materials in
the right colours on time. You go through all the final quality checks to make sure it’s ready
for production. So that’s what happens at CS1. After commercialisation stage 1 is
commercialisation stage 2. Again it’s a factory refinement process, getting costs for final
production and after commercialisation stage 2 you’ve then got opening your full size run,
and what | mean by that is opening your full set of moulds needed for your full range of
pairs from size 3.5 through to size 14.5, so multiple moulds need to start being opened. And
after that it's production start and then after production start, you've got retail

introduction. And that’s a full 18 month program.

Ni: So going back to the start, you went through colour and trend research, market brief,
the initial design phase — is that all designers sitting down, sketching ideas out,

brainstorming and coming up with the general appearance of the product?

Ma: The design phase is kind of like a 8-10 week phase after they’ve been given the
marketing brief. Even before they’'ve been given the marketing brief because not
everything’s designed around the brief because sometimes you might be inspired from
elsewhere, marketing haven’t seen an opportunity and maybe you sometimes overlook
what the marketing brief is and you start going after a new concept because you feel very
strongly about it. | think that kind of creative freedom is important because you can’t

always be bound by the rules. But in general that design creation phase is about a 8-10
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week opportunity to sketch multiple ideas and then sit as a team, they call it a tri-am team,
which is marketing, design and development and we discuss the sketches and again you go
through this refinement process up until CRO. And then at CRO, we make a final call on what
sketch or idea will move forward based on all of the feedback from the team. So
development from my side, I’'ve got to ensure that the shoe can be made on cost, that the
actual athlete is going to be able to get the experience that is required, ensure the shoe is
actually manufacturable in the timeline that we’ve been given, so | basically look at project
management, making sure that everything is in place to get the shoe on the shelf for retail

introduction.

Ni: So that takes you through from concept generation, detailed design through to
launch. What sort of methods, iterations, prototyping, testing feeds into the detailed

design phase?

Ma: It can be anything, so first of all from the development side, we’re always looking at
new materials, so we’re trying to find new materials, new processes and we, from our side
might also create a prototype based on an idea of a material and we might then give it to
design and marketing and say guys what do you think of this? But at these early stages, the
products are never fully refined. So it's more how it looks, how high is it, what does the
shell pattern look like, how does it feel in terms of on the foot. But you’ve always got to
remember it’s not a refined prototype so it’s quite a rough mock up. We still do them in
Asia. In theory you can play in them, but they’re not the finished article. And it’s only once
we've got this feedback from senior management or the market or focus groups, that’s

when we really start refining and we start testing.

Ni: Whereabouts does your biomechanics testing come in? You obviously need a product

at that point.

Ma: Exactly, so as | said you go to China and then after the shoe’s arrived at CR1, CR1 is
when you start doing your biomechanical analysis because that’s the first real shoes that

arrive.

Ni: And is there then design refinement after that if you need to refine things or optimise

things slightly?
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Yeah, so you go through CR1, then refinement, then you go back to China and finalise
things again and then the shoes come back to CR2, you go through the whole biomechanics
testing again, through quality testing again you’ve got another refinement process and then

yeah that’s it.

Ni: It’s obviously quite an iterative process between testing, refining, taking it back to
China, testing it again. You’ve got in 2 full iterations. Is that normal or do you sometimes

only need the one or do you go as many as 3 or 4, does it change much?

Ma: It can do. It’s a flexible process at the end of the day, you’ve still got to ensure that the
shoe arrives on the shelf on time, because you’ve got commitments to all of your markets,
you've got commitments to how you’re going to communicate your product, what you’ve
created in terms of advertising, so there’s deadlines to be met. On some occasions, yes you
can finalise the product after one round of design and testing and validation, sometimes it
takes three runs because it’s a really important brand statement product, so there’s a lot of
people getting involved, so you’ve got the politics of it as well, where people say they don’t
like that, you’ve got to change that. Or maybe the biomechanics team point blank refuse to
allow it to move forward because it’s just not fulfilling the needs so they overhaul the third
stage because it’s just too risky for the brand to release a product that’s not
biomechanically correct. But traditionally its two iterations in terms of biomechanics
testing. Sometimes you’re lucky and you only need one, sometimes you’re unlucky and you

need to do it three times.

Ni: In terms of the athletes that you get in, do you target the professional or recreational
athlete with a normal style or do you design for the abnormal or less experienced users as

well?

Ma: In general you design for the everyday athlete because 80% of the people buying our
products are the everyday athlete. It's not like professional. Bu we do have range
segmentation where we do have a particular range of shoes that is more focused at the
elite athlete. So we test it with everyone from XXX, XXX, XXX, whoever we sponsor, we
work very closely with them to ensure we hear their needs. And we also work with national
level athletes and club level athletes because we’re not making custom shoes for our top
athletes. Whatever you buy, and that’s one of our policies that we’re quite proud of and

like to stand by, is that the shoes that you see elite athletes wearing, you can buy the exact
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same product. Of course, there are some elite athletes where we have to do some custom
programs in terms of footfall or certain efficiencies that they have, but in general we cater

towards your average runner when making shoes.

Ni: How do you eventually decide — you’ve done your multiple design refinements, your
trips to China, you then get to the sales and commercialisation phase, do you have a set
criteria or benchmarking that the product has to meet and you then say that you’re going
ahead with the product? How do you decide that that is the product that you are going to

run with?

Ma: We have a retail introduction.

Ni: And if they like it then that’s it?

Ma: Well if they don’t like it you pull it off the market or if there’s a massive problem, you
pull it off the market and you push out retail introduction to deal with the issues. But in
general with an 18 month calendar, you have the time needed to make the product as close
to perfect as you can. There’s no such thing as a perfect running shoe because you’ve got so
many different gait characteristics — you’ve got different foot types, leg lengths, there’s so
many different variations, how people land, strike, move. There’s no such thing as the
perfect running shoe — everyone is different. You get 75% heel strikers, you get whatever %
midfoot strikers, some fore foot strikers — all do very different thing, so it’s a very complex
part of the anatomy the foot. So you need to respect that and do what you think is right. So
biomechanically we always get as close as we can to what is right and at the same time if
it’s a stylistic issue then that’s something that can be modified a lot more easily than

something that’s going to affect biomechanically at a later stage of the creation process.

Ni: So what’s your main emphasis on in terms of time and effort?

Ma: | would say from the starting point up until the first review. But | would say that from
January to June we want the product finished, we want the product to be almost signed off.
From June to October, it's really just aesthetic development. Of course there might be
some performance updates like we might have some problems with a material and we
might need to switch it, but in theory this early development stage is where everything
happens and this later stage is more minor updates. This is the stage where XXX will come

in and say | want my logo on the outside rather than the inside, but earlier is where he’s
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giving us more performance feedback and later is the commercialisation phase and mass

production.

Ni: So all the testing that happens earlier in the process, is that all durability, etc.

Ma: Yeah, wear testing. We’ve actually got three testing phases. We test during design
refinement, at stage 2 and at product sign-off. But testing during design refinement is the
critical one where we actually look at the performance of the product, it’s got to work. So
during design development, this is where all the prototypes, all the analysis happens. It
might be that later on we find a slight problem and we have to change it. This is a very

general process.

Ni: It will vary between products.

Ma: Everyone always asks what’s the starting point of an idea or what’s the starting point
of a product. It might be market feedback, it might be a design or it might be a material that
development have come up with. It depends. We’ve got an innovation team, so if we're
starting in January then the innovation team are starting even earlier. Sometimes they’re
just delivering concept ideas for a certain product, sometimes it’s a specific technology that
you can put in three or four different shoes. It might be a new material, but at the moment
these guys are spread across footwear, apparel and balls. So sometimes they’re working on
a ball concept, the next time on an apparel concept and the next time a footwear concept,
so it really depends. A big thing as well is costing in the design refinement stage. That’s a

big thing. You want to make sure that you’re going to sell it.
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