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Abstract 

Computing software tools such as Geographical Information Systems (GIS) have advanced the 

ability to measure accessibility to healthcare facilities. There are multiple methods which have 

been proposed in academic institutions but are often not applied in practice. The aim of this PhD 

is to create free and open-source (FOSS) accessibility tools which can be utilised by non-

experts in the field and provide meaningful insights into the provision of cancer services in 

Wales. The objectives of the project are to investigate the use of accessibility methods within 

healthcare with a particular focus on chemotherapy and cancer services, to provide real insight 

into current levels of accessibility to cancer services, to use case studies to propose alternative 

locations and to perform user studies to provide a tool which is proven to be fit for purpose. 

 

Multiple strategies have been used to gain access to data sets which have been used as 

supply, demand and network characteristics. Software solutions were investigated to establish 

an understanding of the current FOSS GIS available. A case study showed potential locations 

for additional chemotherapy resources. Modelling scenarios were implemented to investigate 

the effects of scale on the adopted solution in order to visualise the impacts on patterns of 

accessibility to inform a cost:benefit decision on planning cancer services. 

 

Results showed multiple routes for implementation with strengths and limitations associated 

with each potential solution. Case studies showed that there were multiple locations which could 

be proposed to improve access to chemotherapy, and that a small amount of resource in key 

areas could have a large impact on the accessibility scores of the region. A user study was 

conducted with members of the Tenovus team, and this provided a real insight into how a non-

expert may use these types of systems, and assisted in creating user-friendly tools to implement 

these models. 

 

The study presents a software solution which offers non-GIS experts advanced accessibility 

methods with which to plan the location of cancer services. The system developed has the 

potential to change the way in which treatment is provided by allowing non-experts to calculate 

and visualise current and potential accessibility maps using several advanced methods. The 

project has investigated the impact of changes in scale, precision (network data, algorithm) and 

methods (variants based of floating catchment area (FCA) methods) using FOSS GIS and their 

networking capabilities. This tool has the potential to be used by many organisations who need 

to plan the provision of services in relation to changes in potential demand. 
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Chapter 1 Introduction 

 

The body of work reported in this thesis concerns the design, development, implementation and 

testing of a software system that allows for the geographical accessibility of a service, 

specifically cancer screening and support services, to be measured and reported. One of the 

defining characteristics of this system will be its reliance on the use of open-source support 

libraries and the desire to ensure that the entire system is eventually to be made available in a 

free and open-source manner, not least to reflect the ethos of one of its primary sponsors, the 

Tenovus Cancer Care charity. 

 

1.1 Rationale and Principal Themes 

Healthcare accessibility is a well-researched theme in academic studies with a wide range of 

methods proposed in the health geography literature to measure access to a wide range of 

healthcare facilities. Findings from previous research suggest, however, that for a variety of 

reasons many of the more advanced methods described in such studies are not being pursued 

by healthcare providers and local authorities in their operational or strategic activities (Apparicio 

et al., 2008). The reasons for such a discrepancy between the application of such models in the 

academic literature and their use in addressing applied healthcare tasks are described in more 

detail in Chapter Two, but include the expense of proprietary software and the potential lack of 

computational and analytical skills in implementing such tools within some healthcare 

organisations. In order to address these gaps, this project aims to provide a free and open 

source software solution which can perform advanced accessibility methods and be used by 

non-experts within healthcare organisations to address real world problems. Whilst the 

particular application area to hand is the measurement of access to cancer services in Wales, 

these tools have been purposely developed to be transferable to other types of (healthcare) 

application areas in a wide range of contexts. 

 

The Open-Source Initiative describes open-source software as: “software that can be freely 

accessed, used, changed, and shared (in modified or unmodified form) by anyone”. Open 

source software has been written and developed by a wide range of individuals in a variety of 

interest groups, and is distributed under licenses that comply with the Open Source Definition1.. 

Free and Open Source Software (FOSS) such as, for example, Linux (operating system), 

Mozilla Firefox (browser) and VLC Media player, has been shown to be beneficial to a wide 

 
1 https://opensource.org/faq#osd 

file:///D:/Open%20Source%20Definition
https://opensource.org/faq#osd
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range of organisations, with those such as Amazon, Google and Salesforce using such 

solutions (Fitzgerald, 2006a). In particular, having a shareable, customisable program which is 

free of cost can benefit potential users who do not have the budget for proprietary software, or 

would prefer to use those types of resources elsewhere. There are many examples of FOSS 

geographical information systems (GIS) which are being used by a variety of organisations to 

address real-world applications. Software such as GRASS GIS, QGIS and gvSIG for example 

have been used to address a wide diversity of mapping and analytical tasks (see section 2.5 

and 2.6). 

 

Since the ‘quantitative revolution’ that took place within academic Geography in the late 1960s, 

driven by advancements in computing power and its wider availability in universities and 

academic institutions, considerable theoretical development and a great many practical 

methodologies concerning the measurement of geographical access to services have been 

proposed. Many of these are discussed in greater detail in Section 2.4. Amongst these, a 

relatively recent methodological development is a set of techniques that may be broadly 

grouped under the banner of Floating Catchment Area methods (FCA), and it is these that 

feature particularly strongly within this body of work. Overall, they are essentially all variants of a 

broader methodological approach, namely “geographical gravity modelling” which again had its 

roots in the ‘quantitative revolution’ of the 1960s and 1970s. 

 

With regard to the implementation of these models, Langford et al2 developed an advanced 

accessibility tool using the ArcGIS proprietary platform. This software was used in a wide range 

of application areas (Higgs et al., 2018; Langford, Higgs and Radcliffe, 2018) and offers an 

advanced accessibility tool to those who have access to ArcGIS software. Working in 

conjunction with Tenovus Cancer Care, this project aimed to build on such research in order to 

develop open-source solutions offering similar functionality, implementing FCA tools using 

FOSS and open data sources. To realise the maximum potential benefit of such methods, it was 

important that such programs were designed to be as easy to use as possible by non-experts 

who are charged with planning the provision of such facilities, by keeping many of the 

complexities hidden, limiting the number of inputs and managing the data. Usability studies 

were first introduced in the 1980s and have become an important part of software development 

cycles. By accessing potential users of such tools within Tenovus there was an opportunity to 

 
2 https://www.researchgate.net/publication/287198887_USW-FCA2_An_ArcGIS_add-

In_tool_to_compute_Enhanced_Two-Step_Floating_Catchment_Area_accessibility_scores 

https://www.researchgate.net/publication/287198887_USW-FCA2_An_ArcGIS_add-In_tool_to_compute_Enhanced_Two-Step_Floating_Catchment_Area_accessibility_scores
https://www.researchgate.net/publication/287198887_USW-FCA2_An_ArcGIS_add-In_tool_to_compute_Enhanced_Two-Step_Floating_Catchment_Area_accessibility_scores
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develop software in conjunction with healthcare professionals that could be used to aid the 

planning and management of cancer facilities. By exploring their needs and running usability 

studies in collaboration with these actors at key stages in the software development cycle, this 

work sought to enhance the ease of use of the proposed system, the intuitiveness of the 

interface, and the appropriateness of the manner in which outputs are presented. 

 

This research investigated the provision of healthcare services within Wales with a particular 

focus on current and projected levels of accessibility to chemotherapy services. This study 

provided an overview of current levels of accessibility and investigated the potential for 

improving accessibility to provide services as local as possible to cancer patients. Using open 

data, and that gathered routinely and collated by Tenovus, the over-arching aim was to 

investigate current accessibility levels across Wales and draw on case studies that investigated 

ways of increasing accessibility to such healthcare facilities. This project aimed to create open-

source software that allows users to perform complex healthcare accessibility calculations 

based on floating catchment area approaches. There is a real need for the application of such 

tools to reap the benefit of advanced accessibility approaches, and provide healthcare 

organisations with the types of models and associated expertise to plan the provision of 

healthcare services. Furthermore, making this code more widely available enables academics 

and policy makers alike to have access to the source code to not only to run the initial program, 

but also to then customise it to their specific needs. Models of this nature not only help users to 

map the current provision of healthcare in their area of interest but can also demonstrate the 

potential effect of increases or decreases in capacity on access to services within the 

surrounding areas and help in planning wider healthcare provision within local communities. 

 

1.2 Research Aims and Objectives 

The overarching research aim is: 

 

To develop free and open-source software which can be used by non-GIS experts to model 

accessibility to healthcare (chemotherapy) services and provide meaningful insights into the 

provision of cancer services in Wales. 

 

To address this aim, the following supporting objectives were explored during the course of the 

research: 
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• To examine the utility of accessibility models based around the use of floating catchment 

area (FCA) methods in healthcare studies with specific emphasis on the provision of 

cancer services. 

• To investigate and evaluate the development of solutions based on the free and open-

source ethos, that can be utilised to help administrators and managers and other non-

GIS experts to plan the provision of healthcare (cancer) services. 

• To illustrate the practical application of these tools by using data on the current 

availability of cancer care services in Wales, using implementations based on FCA 

solutions. 

• To collate and analyse a number of datasets which can be used to give a meaningful 

insight into the current provision of chemotherapy services as they exist within Wales. 

• To demonstrate the use of GIS-based accessibility models to examine the supply of 

mobile services in relation to potential demand for cancer services. 

• To develop user-friendly software to enable non-specialists to explore the implications of 

alternative models of provision of mobile services. 

• To test the usability of these tools with professionals concerned with helping to deliver 

cancer services. 

• To draw on these findings to show how such programs can be used by the profession to 

plan and manage the provision of a wider range of healthcare services. 

 

1.3 The provision of cancer services in Wales 

Macmillan estimates that there are 160,000 people living with cancer in Wales3 and this figure is 

projected to grow to 220,000 by 2030. Several reports have been produced by NHS Wales and 

different specialist charities on the current performance and expected improvements of 

healthcare services within Wales for the treatment and prevention of cancer, and these have 

highlighted several areas of focus. The Cancer Delivery plan for Wales, (Cancer Delivery Plan 

for Wales 2016-2020, NHS Wales 2016) highlighted several key actions for service delivery that 

have direct relevance to the research conducted here: 

 

Key action 21 (page 12) “The regional cancer centres, Wales Cancer Network and Welsh 

Health Specialised Services Committee (WHSSC) to work together to ensure equity of access 

and delivery of service quality”. 

 
3 https://www.macmillan.org.uk/_images/cancer-statistics-factsheet_tcm9-260514.pdf 

https://www.macmillan.org.uk/_images/cancer-statistics-factsheet_tcm9-260514.pdf
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Key action 31 (page 12) “Healthcare boards to continue to monitor performance against 

national waiting times targets and focus on improving performance”. 

 

Key action 32 (page 13) “Healthcare boards to ensure cross border flows do not disadvantage 

patients in access to treatment and care.” 

 

Key action 40 (page 15) “Where possible healthcare boards should provide care locally and 

support patients who need assistance to travel or stay away from home”. 

 

This project has particular interest in key actions 21 and 40. The need for NHS Wales to be able 

to plan service provision is of great importance to them as well as being able to understand the 

equity of service across the different healthcare boards that operate within Wales (figure 4-11 

displays the areas of each healthcare board). A system that is able to assist in both the planning 

and evaluation of service provision will be of great help when improving services and monitoring 

outcomes from the cancer delivery plan 

 

The Cancer Delivery Plan for Wales highlights the need for further research and for more of this 

research to be brought into practice. For example, it suggests a need for “Assisting 

organisations in the planning and delivery of their services, ensuring that research results 

translate into evidence-based practice” (page 18). Thus, the need for research to be utilised and 

put into practice to improve current service provision in Wales is highlighted as a key driver for 

achieving the goals set out in the Plan. 

 

Cancer Research UK has called on the Welsh Government to “ensure that the new 

organisational structure for cancer services provides clear leadership and accountability 

mechanisms” p.4. They further recommend that “(T)he Welsh Government should review the 

existing approach to commissioning specialist treatments, such as radiotherapy, chemotherapy 

and low-volume surgery. The new strategy should establish a national commissioning body to 

better plan and coordinate these services across Wales. The new strategy should also set a 

clear ambition to improve access to clinical trials across Wales, and detail of how this is 

supported.” Furthermore, they suggest that “(T)he new strategy should develop a national 

dataset for chemotherapy and radiotherapy activity. LHBs will need to supply the information 
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and data completeness should be reported via the annual national cancer report.”4 The work 

that Cancer Research UK is calling for would assist NHS Wales in their goals, and highlights the 

need for there to be central co-ordination between healthcare boards regarding chemotherapy 

and other treatments. Having a centralised source of data would assist in the ability to co-

ordinate across regions which is of particular importance when some healthcare boards have 

limited chemotherapy provision (discussed further in section 4.3.2). 

 

The Wales Cancer Alliance produced a report Priority Policy Calls5, which highlighted many 

areas for improvement. The Alliance is made up of 20 different charities that operate in the 

region and the report hoped to act as a guide to future cancer policy. The report highlighted 

areas for improvement in prevention, detection, and treatment. It called for action to tackle 

inequity in access (page 6) and for infrastructural support for analytical platforms (page 8). 

These among other policy suggestions were included to help steer the quality of future cancer 

care and improve outcomes. 

 

The Wales Cancer Alliance echoed the calls made from Cancer Research UK and the actions 

set out in the NHS Wales Cancer Delivery Plan. Equity of service was emphasised in their 

report, and the need to measure this spatially highlighted the difficulties in monitoring such 

activities with the current data available. Understanding supply and demand in each healthcare 

board, and the effect that this has on the whole country, is seen as the key to achieving the 

goals set out. 

 

The elements that have been put forward within the various documents addressing cancer care 

in Wales are wide ranging, but key for this project is that collaboration between organisations is 

required to plan service provision. This, alongside the need for treatment to be closer to home 

provided a strong basis for this project to assist and address some of the key challenges that 

are facing cancer treatment provision in Wales. 

 

1.3.1 The role of Tenovus Cancer Care in the provision of services 

Tenovus Cancer Care (Tenovus) is a charity which was started in the 1940s by ten 

businessmen. The charity focused on the South Wales area and funded a variety of projects. In 

the 1960s they formed the Tenovus Institute for Cancer Research in Cardiff, and this narrowed 

 
4 https://www.cancerresearchuk.org/sites/default/files/cancer_services_in_wales_full_report.pdf 
5 https://walescanceralliance.org/wp-content/uploads/2019/05/Overview-Document.pdf 

https://www.cancerresearchuk.org/sites/default/files/cancer_services_in_wales_full_report.pdf
https://walescanceralliance.org/wp-content/uploads/2019/05/Overview-Document.pdf
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the focus of the charity to concentrate specifically on cancer related issues. The centre has 

since created two cancer drugs which are now used worldwide to treat breast and prostate 

cancer. In 2018/19 Tenovus managed to fund over £500,000 of cancer research and supported 

over 6,500 people affected by cancer. In this period, they raised over £9.5m. Tenovus Cancer 

Care have 5 strategic aims6 

 

• To provide support and treatment to people with cancer and their loved ones, closer to 

home in unique ways. 

• To represent the needs of people with cancer and their loved ones. 

• To conduct and fund research to improve cancer outcomes and experiences. 

• To work with communities to develop healthy lifestyle programs, raising awareness of 

how to prevent cancer. 

• To develop a committed and engaged team that manage their resources effectively to 

support our work. 

 

In 2009 the charity launched a mobile support unit which provides support to cancer patients 

and their families. The charity currently has two mobile units, one delivers chemotherapy 

services at multiple locations around Wales, and the second concentrates on lymphoedema 

treatment and education. A third unit was in circulation to provide prostate cancer services in 

Wales, although no treatment was available on it, and it has been removed from circulation. 

 

In England and Wales Tenovus operates a number of choirs for cancer patients and their 

families.  They have conducted research into the positive effects that singing can have and were 

awarded a £1m grant to set up further choirs. They also selected a number of cancer victims to 

be part of a BBC documentary that followed the members of the choir from the initial start to a 

performance at the Royal Albert Hall. Tenovus now operates a number of services for cancer 

patients and their families. These include a cancer call back service, where an experienced 

nurse will call the patient at regular intervals to make sure that they are supported throughout 

the entire process. They offer a counselling service which can be used face to face or over the 

telephone, as well as a welfare advice service which can be accessed by people for social and 

financial support. Tenovus operates several outreach projects at different points throughout the 

year. These range from a converted ice cream van which raises awareness of skin cancer all 

 
6 https://www.tenovuscancercare.org.uk/about/about-us/  

https://www.tenovuscancercare.org/#.uk/about/about-us/
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over Wales, to having a presence at Greenman festival to promote cancer awareness, and a 

number of other appearances. In addition, they have a number of shops in England and Wales 

which provide fundraising and brand awareness. They also employ a number of inventive ways 

to raise funds, from charity runs and cycle rides, to bungee jumping and sky diving. They have a 

large database of donors and actively contact their supporters to continue to raise funds. The 

funds they raise are split between raising cancer awareness, operating the mobile units and 

other support services; and the funding of a number of research projects. 

 

In a policy context, Tenovus have used their position within Wales to draw attention to issues 

surrounding the provision of services to the National Assembly with their manifesto “More than 

medicine”7. This highlighted many key areas such as support for those with cancer and on-going 

support for families in the event of their loved-ones passing away. The manifesto suggested that 

prevention is better than cure, and it tackled healthcare issues related to the use of tobacco, fast 

food and alcohol, as well as some other areas of concern. One of the priorities, as highlighted in 

The Cancer Delivery plan for Wales, 2016-2020 (NHS Wales), was the need to provide 

treatment closer to home utilising their mobile facilities. 

 

1.3.2 Tenovus mobile units 

Tenovus has two mobile units which deliver cancer care in the community at a number of sites 

in Wales (section 4.3.2). These sites were chosen in conjunction with the healthcare boards that 

supply the nursing staff, so the units are currently not spread evenly throughout Wales, and 

most of the work is conducted in South Wales. The locations are normally areas with good 

access; in Cardiff for example they use a large supermarket carpark so that the cancer patient 

can park near the unit and make the process as painless as possible. Each unit is able to 

provide a maximum of 54 treatments a day. This is because of the size of the unit and the 

number of people they can facilitate whilst still providing the level of service needed. Each day 

the chemotherapy unit works on a specific type of cancer so that specialists can be used. They 

are dependent on the healthcare boards for referrals; so being able to show where they are able 

to make the most difference to the healthcare boards is important from an overall policy 

perspective. The availability of the latest mobile unit added to their overall provision of services 

 
7 https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-

medicine.pdf 

https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-medicine.pdf
https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-medicine.pdf
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has been covered extensively in the press and is one of the largest mobile chemotherapy units 

in the world8.  

 

1.3.3 Spatial Mapping and Analytical capabilities within Tenovus 

Tenovus had no mapping capabilities at all. They were guided by the healthcare boards and the 

locations that were available when choosing the sites for the mobile units and for the other 

services they provide. This was aided by the knowledge of Tenovus staff, in particular their 

familiarity with potential locations for siting such facilities across Wales. Data was manually 

inputted into two different databases which could then be manipulated to provide an overview of 

the services they provided. This data capture was not very reliable and the recall of data was 

difficult for them. 

 

After meeting with key stakeholders, it was clear that Tenovus operated a very secure system 

due to the sensitive nature of the data that they held. Initial discussions regarding the 

implementation of open source programs however suggested that the IT section of Tenovus did 

not foresee any significant problem with the adoption of open-source software as long as it was 

operating fully within the corporate firewall. 

 

1.4 Thesis Chapter Outline 

Having introduced the main topic of this research and outlined some of the broader context in 

which it took place, the remaining thesis is structured using the following chapters: 

 

Chapter Two: Describes the relevant literature for this study; a brief history of accessibility 

studies, the ways in which FCA methods are utilised and provides an understanding of the 

different enhancements to initial formulations of the FCA methods approach. This is key to 

creating a useable tool which can provide insights into the current provision of chemotherapy in 

Wales. To do this a review of historical healthcare accessibility methods was undertaken prior to 

an in-depth investigation into the implementation and application of the 2-step floating 

catchment area (2SFCA) method. Developments leading to the use of enhanced 2 step floating 

catchment area (E2SFCA) methods are then described and their use in the healthcare arena 

are discussed. Previous studies that have used such approaches to examine access to cancer 

services are described in order to place the current research in the context of those studies that 

have used FCA approaches to analyse different facets of cancer care. The chapter highlights 

 
8 https://www.bbc.co.uk/news/uk-wales-45969165 

https://www.bbc.co.uk/news/uk-wales-45969165
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the use of different FOSS within healthcare research and summarises how GIS approaches 

have been used to date within studies related to the provision of cancer services. 

 

Chapter Three: A standalone chapter discussing the development of the proof-of-concept tool 

which occurred using QGIS. It covers the initial development and testing, and allows for an 

investigation into how an accessibility tool could work; and create a pathway for the standalone 

version. This chapter discusses the results gathered and critically examines the shortfalls of this 

implementation, providing an overview of lessons learnt and how this can be taken forward to 

the next stage of development. Initially an overview of QGIS and the development environment 

is discussed. To develop plugins in QGIS, Python and PyQt are used. The benefits and 

problems of using Python for development are discussed as is PyQt. Straight line 2SFCA is 

discussed as this solution does not have the capacity for a routed network solution. The data 

used at this stage of the project is discussed and highlights any weaknesses found. The outputs 

from the tool including maps developed for Tenovus are highlighted and then a description of 

the performance of the tool is conducted. Various tests were completed to understand the 

capabilities of the tool, including the use and application of very large data sets in order to 

understand the effect of looping through the data and the need for efficient organisation of the 

database. Finally, a discussion around the strengths and weaknesses was conducted and the 

key findings from this system were described to help guide the planning of the main tool. 

Several of the available choices for development are discussed and different options are 

presented which are explored in more detail in the methods section. 

 

Chapter Four: The methods section follows the proof-of-concept section and investigates those 

FOSS options available for further research and development. As many solutions as practicable 

were investigated and the main pros and cons were documented.  A solution to move forward is 

presented and the rationale behind the chosen approach is discussed in more detail. There are 

multiple potential solutions to address the aims highlighted in this project and the rationale for 

the approach adopted in this study is fully documented in this chapter. As with the FOSS GIS 

solution there were many ways in which the routing could work and the different choices are 

described, as are the methods used to evaluate them. As with the routing choices there were a 

number of different ways in which the algorithm could be implemented and a discussion 

surrounding this is conducted. A case study was completed to understand the effects of moving 

the Tenovus units to different areas or adding additional supply to selected locations. This was 

done by using a dataset of all the large supermarkets, and associated parking space suitable for 
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siting mobile units in the UK, and allows specific locations to be investigated in the analysis. 

There is a large body of work surrounding the datasets that are utilised by the program. Initially, 

the supply side data was discussed as were the data sets received from a Freedom of 

Information (FOI) request.  This data gave a good understanding of the current level of 

chemotherapy within Wales. The demand side was also investigated to understand how people 

utilise these services. The data ranged from census and deprivation measures such as the 

Welsh Index of Multiple Deprivation (WIMD), to a full dataset of the users of Tenovus’ services, 

this allowed for a good understanding of the spatial patterns in demand for cancer services and 

informed the choice of parameters such as catchment size and some other key information. A 

further discussion around the way in which the data was visualised and how best to present the 

data for inspection, as well as the documentation used to ensure that it is suitable for the non-

expert user is included here. 

 

Chapter Five: There is a standalone chapter which discusses usability aspects of this project. 

Initially a literature review was conducted, to discuss the history of usability and the current 

models and methods that are used in similar studies. Understanding the current methodology, 

enabled user studies to draw on suitable methods and models to ensure that the user was at 

the centre of the design process and that this tool is capable of being used by the non-expert 

user.  The first user study employed three main approaches to gather information which 

included a questionnaire, one-to-one interviews and a focus group with the participants. 

Findings from this stage informed subsequent developments, and these were highlighted before 

implementation of the second iteration of the tool. The second user study used similar methods, 

and provided similar feedback and discussions surrounding the results. The implementations 

and changes to initial versions were noted and further feedback highlighted. The results of the 

user study are discussed so that it is possible to track changes across the different iterations of 

the solution. 

 

Chapter Six: The results section follows on from the methods section and discusses the 

findings of the study. Initially the results of some performance testing were described to show 

the times for a variety of sizes of dataset. A comparison between this tool and the Langford et al 

tool developed in ArcGIS was conducted to see if there were any significant differences 

between the two. The results of the case study are described showing the effects that adding 

additional Tenovus chemotherapy provisions to additional areas has upon the total accessibility 

for those needing chemotherapy within Wales. The results are displayed with visualisations and 
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the differences are highlighted. Many of these visualisations show the impacts of varying data 

scale, using alternative road networks and the use of different network connections and FCA 

methods. A summary of the documentation created is also included. 

 

Chapter Seven: In this chapter the results of the project are reviewed and discussed in more 

detail. This process puts the results into context and relates them back to the aims and 

objectives of the project as set out in Chapter One. Key methodological and policy aspects of 

the findings are highlighted and the wider implications are discussed in relation to findings from 

previous studies (reviewed in Chapter Two). 

 

Chapter Eight: The conclusion summarises how the research aims were addressed and 

discusses limitations of the study and potential ways to address such concerns. There is a 

summary of the research findings, a reflection of the approach adopted in the study, and a re-

iteration of the policy relevance of this research for Tenovus and other organisations looking to 

adopt such methods to plan the provision of healthcare services. This chapter also includes 

some recommendations for future work and draws attention to the new contributions to 

knowledge revealed in the study. 
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Chapter 2 Literature review 

 

2.1 Introduction 

Arguably, healthcare accessibility is fundamental to a population’s health and wellbeing, as 

understanding the relationship between the healthcare supplier and the population it serves is 

important in healthcare planning and disease control. Historically, the methods in place to 

measure healthcare accessibility have varied in their accuracy and complexity such as person-

provider ratios and shortest distance calculations (Guagliardo 2004, Luo 2004) which rarely give 

a detailed understanding of accessibility (over simplification, assumption of boundaries and 

Euclidean distances). The two-step floating catchment area (2SFCA) method is a special type of 

gravity model that has the potential for a more advanced assessment of changes in supply 

demand relationships mitigated by distance, and hence provides a more nuanced measure of 

accessibility (Luo & Wang, (2003), Luo & Qi, (2009)). Such methods are commonly applied in a 

range of application areas, largely as a result of advancements in geographical information 

systems (GIS) which allow for large amounts of data to be analysed quickly, such that system 

calculations that were previously impractical are now being implemented with relative ease. 

 

This chapter firstly investigates the use of accessibility models in healthcare applications before 

introducing the FCA approach, and providing a timeline of changes and refinements since 

earlier formulations. It includes a description of gravity models, and highlights how 2SFCA is a 

special case of the gravity model. These are compared to the use of ‘traditional’ measures of 

accessibility within such studies. To understand the implications of the changes in method it is 

important to discuss the origin of these methods and to provide a brief history of their application 

particularly around healthcare geography. This section will also draw on findings from the use of 

floating catchment area methods in other thematic areas. 

 

2.2 The use of Accessibility Modelling in Healthcare Studies 

There are many ways to define healthcare accessibility, but for the purpose of this thesis the 

definition by (Khan, 1992) is used where he defines it as “availability of a service moderated by 

space, or the distance variable” (p. 275). Measuring access to healthcare is important for a 

number of factors, and it has been performed in numerous ways depending on the available 

computing systems, data availability and the application in hand.  Apparicio et al., (2008) 

identified five commonly used measures of spatial accessibility: 
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• distance to closest service 

• number of services within a specified distance or travel time 

• mean distance to all services 

• mean distance to a certain number of closest services 

• gravity model-based measures 

 

The first 4 measures above were relatively easy to compute. For instance, the distance to the 

closest service could involve the measurement of the distance between a population weighted 

centroid and the nearest service point, leading to assessment of whether the distance was 

within a specific threshold and is therefore deemed “accessible”. All of the above are commonly 

used in accessibility literature because of their simplicity to compute in a GIS environment. The 

increasing functionality of GIS has, however, meant that more complex methods have been 

proposed to measure accessibility. 

 

Joseph and Bantock, (1982) used the gravity-based model to measure healthcare accessibility. 

The main difference between the gravity-based model and 2SFCA is that there is no catchment 

area in the gravity model, rather a continuous decay coefficient is used. This means that a 

supply point outside of a catchment was not counted in the 2SFCA calculation. The gravity 

model does account for it, but the further away the supply point is the less influence it has. In 

theory, this method explains accessibility better than the 2SFCA models, but it is more 

complicated to compute and not as intuitive to use (Luo and Qi, (2009). Luo and Wang (2003) 

showed that the gravity-based model tended to overestimate accessibility in low access areas, 

and these are commonly the areas of most interest in healthcare accessibility studies. 

Schuurman, Bérubé and Crooks, (2010) proposed a modified gravity model which had two 

changes to the original, it used travel time instead of distance and utilised a continuous inverse-

power impedance function. 

 

Other models have been used to study healthcare accessibility. Spatial interaction models are 

based upon the gravity model and attempt to determine the flow of people through the 

knowledge of the demand (origin-constrained model), supply (destination-constrained model) or 

both (doubly-constrained model). Cromley and McLafferty, (2002) suggest that the destination-

constrained model has been used extensively in the UK due to the central nature of the NHS 

and government, whereas the origin-constrained model has been more widely used in the USA 
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as there are no central institutions in control of the healthcare system. These models have been 

used as the basis of many more models which aim to assess accessibility throughout the years. 

 

The field of location-allocation modelling is large and has been used to address healthcare 

accessibility in numerous ways. There are problems which location-allocation modelling 

attempts to address, Tomintz et al., (2008) investigates the best way to allocate stop smoking 

services within Leeds, England and uses the p-median problem that defines a number of 

demand sites and service allocation is optimised so that all demand points reach only one 

supply location, for this different data is required. The number of demand points, number of 

potential supply sites distance or cost (network) of travel between supply and demand sites and 

the number of facilities that are to be opened. The heuristic method was used to solve the 

problem and when the results are overlaid with the real use case it is possible to see how this 

method would have placed the services to reduce travel time for the demand. The authors note 

that this is at a very small scale and that this study used the populations home and did not 

account for those who had to travel for work.  

 

Kelly et al., (2016) conducted a review of papers regarding distance to healthcare and 

healthcare outcomes in countries in the northern hemisphere. Out of the papers reviewed, 77% 

found a correlation between distance or time travelled and healthcare outcomes where the 

further the distance the poorer the healthcare outcomes. This suggested that proximity to 

healthcare facilities has an impact on healthcare outcomes. 

 

These methods are not exhaustive and many different models could be used within this project. 

There is a large body of work on healthcare accessibility as it plays an important part in 

healthcare outcomes. This project uses the FCA method and the following sections elaborate on 

the literature surrounding this topic.  

 

2.3 The use of GIS approaches to investigate variations in access to cancer services   

There is a wide literature on the use of GIS approaches to study variations in access to cancer 

services and spatial patterns in cancer diagnosis, treatment and survival. The findings of such 

studies provided important context for this study which focused on the use of FCA approaches 

by highlighting different approaches to investigating access to cancer services. 
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Rigby and Gatrell, (2000) used breast cancer data from 1982-92 from the North West Cancer 

Registry. The data provided the location at diagnosis of each patient within North West 

Lancashire and was used to perform several exploratory analyses. This information is personal 

and very difficult to obtain, and exploring clustering effects with it provides insight into an area 

which is difficult to study. 3 scales of analysis were completed, first at local authority ward level, 

then at Enumeration District level (around 130 households) and finally at individual point level. 

The results showed that there were some areas of cluster and that a potential rural/urban split 

occurred within the first two scales. At point level it was possible using 3D visualisations to 

pinpoint several areas with high clusters. This paper highlighted the potential of non-aggregated 

patient data, and showed it is possible to gain insights into spatial patterns with data at a finer 

scale. 

 

A study investigating the effects of socioeconomic status on colon cancer survival was 

completed which compared Toronto, Canada and San Francisco, USA (Gorey et al., 2011). The 

study analysed registry data from locations of people diagnosed between 1996 and 2000, and 

followed the outcomes until 2006. The study highlighted the fact that income was directly 

associated with many stages of treatment and survival in San Francisco, but did not have the 

same effect on the Toronto data set. This study showed that there are metrics of interest which 

can be used to assist in evaluating cancer services success. Evaluating socioeconomic 

variance across locations gives a richer understanding of the data, and can assist in service 

provision planning. 

 

Lyimo and Beran, (2012) conducted a study in Tanzania to establish the factors associated with 

cervical screening. 354 women were interviewed for this study and the researchers asked 

numerous questions in questionnaire format at the participants’ home. The study found that 

22% of women had been screened for cervical cancer even though the prevalence is high in the 

region; the study noted that only access to screening and the knowledge of the cancer and 

treatment were significantly associated with screening uptake. The authors highlighted several 

limitations with the study; the region chosen for the study may not be generalizable, and some 

of the questions may have seemed leading. This study highlighted the importance of access to 

cancer services and showed that visibility of treatment is key in screening uptake. 

 

Furthermore, a study concerned with rural-urban disparities in late-stage cancer risks was 

conducted (McLafferty and Wang, 2009) in Illinois, USA. Multilevel modelling was used and the 
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study looked at the major types of cancer in breast, lung, prostate and colorectal. The paper 

highlighted that the levels of stage 4 cancer were highest in urban areas, with the most rural 

locations also having an increase in rates. The study showed the need for there to be higher 

levels of screening and education in urban areas. 

 

Adams et al., (2015) conducted a large-scale study investigating the link between accessibility 

to health centres and cancer mortality to incidence ratios. An analysis of breast, colorectal, 

cervical and prostate cancer at county level in the USA between 2006-10. There are 7,240 

federally qualified health centre delivery sites across the nation, and these were used to 

measure access. The study showed that access to healthcare improved the mortality to 

incidence ratios across the types of cancer, and noted that the federally qualified health centres 

disproportionately served low income and ethnic minority populations. The authors suggested 

that the paper was limited in its reach and should be used to assist in hypothesis generation, as 

opposed to being a decisive piece of work, as there were multiple variables that the study was 

unable to include. Nonetheless, the paper showed that there is link between cancer survival 

rates and access to healthcare facilities, and added weight to the argument that it is good 

practice to provide healthcare services as locally as feasible. 

 

Similarly, to Adams et al., (2015), Walters et al., (2013) conducted a large-scale analysis of 

breast cancer survival across six high income countries: Australia, Canada, Denmark, Norway, 

Sweden and the UK. The study analysed data on over 250,000 women across the regions and 

highlighted a difference between the UK and Denmark when compared to the other 4 regions, 

as they had a lower survival rate. The authors suggested that there were two reasons for a 

higher mortality rate, and that lower survival rates occurred when either there was an advanced 

stage of diagnosis, or stage specific survival was low. The paper proposed more investigation 

into international differences to identify areas for improvement. This study highlighted the need 

to evaluate and compare data from different regions using different methods and that these 

comparisons could highlight areas for improvement.  

 

On a smaller scale, Belasco et al., (2014) conducted a study on the impact of rural healthcare 

accessibility in relation to cancer related behaviours and outcomes. The study focused on the 

high plains region of Northern USA and used data for 2005-09. Principal component analysis 

was used to establish a healthcare accessibility index, and a regression was performed. The 

results showed that the areas in the study with poor access had a lower breast screening 
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uptake, higher risk-related behaviours (smoking, obesity) and higher rates of cancer related 

deaths. The authors suggested that there are two focuses, increase cancer related prevention 

activities and reduce risk related behaviours. This paper showed the need for good accessibility 

to cancer services, and showed that poor behaviours were more prevalent in areas with poor 

accessibility.  

 

Khan-Gates et al., (2015) completed a systematic review of literature relating to breast cancer 

screening and accessibility. The paper found that there were many variations in the studies 

completed but that higher accessibility to mammography resulted in lower stage diagnosis. The 

authors suggested that more work needed to be done with a particular focus on actual travel 

patterns and utilised care. This study highlighted that there is much more work required in this 

area to understand the effects that accessibility has on cancer survival rates. 

 

Floating Catchment Area (FCA) Methods: An introduction 

The 2SFCA method builds on the previous implementation of the floating catchment area (FCA) 

method. Peng (1997) used a catchment area to float over each population point in a study 

investigating job accessibility. This study used a square catchment area and was later changed 

to a circle by Wang, (2000). Whilst this method improved the standard supply to demand ratio 

by moving the catchment over the study area, it only accounted for one side of the supply and 

demand so it was unable to provide a clear picture of accessibility. Radke and Mu, (2000) first 

introduced the 2SFCA model to measure access to social services, and in this study Euclidean 

distance was used to compute the catchment sizes. The use of a routable road network has 

become common practice as this gives a richer understanding of the travel times within areas. 

 

The initial formulation was presented in a study by Luo and Wang (2003) based on a paper by 

Radke and Mu (2000). The following section of the chapter describes the initial formulation of 

the approach before describing how it has been used in previous studies. Following the 

discussion of 2SFCA, a detailed evaluation of the enhanced two-step floating catchment area 

(E2SFCA) is described and the areas that it was intended to address are evaluated to highlight 

the strengths and weaknesses of the enhanced method, drawing on the work of Luo and Qi 

(2009). 
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2.4 Implementing Two Step Floating Catchment Area (2SFCA) Models 

This section details papers from the initial formulation of the approach; including the methods 

used, thematic area, and whether the approach adopted a spatial approach or included the use 

of aspatial data. The list of papers is not exhaustive but covers a period of rapid expansion in 

2SFCA methods which claimed advancements to the original 2SFCA approach. Most of the 

papers on 2SFCA have been describing a similar method on different data in different regions 

with only minor changes. 

 

2SFCA is an advanced accessibility method which in simple terms, accounts for both proximity 

to a service and the amount of competition for those services. The first step defines a catchment 

area around each supply point and sums the contained population to get a supply to population 

ratio. The second step defines a catchment area around each demand point and sums all 

contained supply points from step 1. This score can then be visualised using a GIS to provide 

an insight into accessibility which accounts for both distance and demand for the service.  

 

The two-step floating catchment area method is a special case of the gravity model and was 

first introduced by Wang, (2000). It has been used in several studies of healthcare accessibility 

since its original application in this field by Luo and Wang, (2003) who were the first to compare 

the results of 2SFCA to those of a standard gravity model. In summary, the 2SFCA process 

uses two ‘steps’ to calculate an accessibility score. Step 1 sets a default travel time (or distance) 

from a (healthcare) provider, and sums up the population that can access that provider within 

the specified travel time to create a provider to population ratio. Step 2 uses a population centre 

and sums up the ratios to provide an accessibility index. One of the main advantages of this 

method is that it is easy to interpret and accounts for the interaction between supply and 

demand. Luo and Wang (2003) highlighted the assumptions in this model (such as uniform 

accessibility anywhere within the threshold catchment – there were no distance decay 

parameters in the original formulation). Nevertheless, their study did identify advantages of 

floating catchment area techniques over ‘traditional’ measures of accessibility.  Luo and Wang 

(2003) describe the 2SFCA method as follows: 
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Step 1: Calculate the provider to population ratio Rj at each location j: 

(1) 

 

Step 2: Calculate the spatial accessibility index Afi for each population site i:   

 

(2) 

Notation key 

Sj: medical capacity at each provider j 

Rj: provider-to-population ratio 

Pk: population site k 

do: threshold travel time 

Dkj: travel time between k and j 

Afi: Spatial accessibility index of each population site j 

Dij: travel time between i and j 

 

In their study, Luo and Wang (2003) compared the access scores from a gravity model 

approach to that of the 2SFCA approach. They used census data from the Chicago area 

(including a 15-mile buffer zone) and purchased data on primary healthcare physicians in the 

area. A GIS environment was used to set out the fastest routes possible to enable the 

calculations. They created a population weighted centroid and used the zip code centroid for the 

physicians; and found some differences between how the two different models reported their 

results. The main point was that the gravity model was more likely to show smoothing, this is 

where areas with low accessibility are missed. This was found to be more prevalent the larger 

the area being used. They concluded that “based on this preliminary case study, we 

recommend the two-step FCA method, simpler and easier to interpret, for use in improving the 

designation of healthcare professional shortage areas” (Luo and Wang, p. 870). They also 

identified the following areas for further research and highlighted some limitations of the model; 
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firstly, the research assumed that everyone had access to private transport. Secondly, an 

investigation into the variation of accessibility correlated to that of socio-economic status and 

the ethnicity of the population, showing that there was a pattern of poor accessibility in deprived 

or ethnically diverse areas. Thirdly, they highlighted the importance of investigating longitudinal 

changes in accessibility scores by suggesting that more research was needed to look at the 

differences in accessibility scores between 1990 and 2000. 

 

As the authors mentioned, this method did have flaws that were redressed in a wide range of 

later studies that applied floating catchment area techniques. For example, it assumed that all 

centres within each catchment area were equally accessible, this was not the case as there was 

still a difference in accessibility within each catchment. McGrail and Humphries (2009) showed 

that in their study area in Victoria, Australia, for large catchment sizes the method did not 

account well for populations in rural areas. This method assumed boundaries that were unable 

to be breached and someone that was just outside of a catchment area was unaccounted for. 

This method also assumed that everyone had the same access to transport, and by using 

driving time it did not account for those that used any other means of travel. 

 

Application of FCA approaches in Health Geography 

Two step floating catchment area (2SFCA) methods have been widely used in studies that have 

involved examining access to healthcare facilities. This section provides a snapshot of the types 

of application areas that have been shown to have benefitted from the use of these types of 

models. Song et al., (2013) used 2SFCA to assess the availability of Maternity units in 

Shenzhen, China. The study area had 81 maternity units and the demand was abstracted as a 

percentage from the sub-district populations. The paper found there to be two areas with poor 

accessibility, Nanshan and a large part of Langgang. The authors recommended additional 

resources for these areas. This study did have some limitations, the demand data being 

abstracted and not being real data, the use of centroids to represent the demand, the supply 

data and the demand data were from different years, and everyone within the 20km travel 

distance was deemed to have the same level of accessibility as no distance decay functions 

were used. The authors highlighted the fact that although there were limitations the study had 

positives as it was a more robust method than the ones currently in place. The paper involved 

an interesting comparison between providers of maternity units and, by comparing the resource 

from private or state units, the authors were able to understand the effects that the private 

sector had on overall provision. This ability to show the different types of provision was 
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particularly relevant to the study with Tenovus as it was key to understanding not just the overall 

accessibility of an area but to also evaluate the impact that access to the Tenovus mobile units 

was having. 

 

Ngamini Ngui and Vanasse, (2012) used 2SFCA to investigate access to mental health 

provisions in South West Montreal. This small-scale study investigated accessibility to mental 

healthcare provisions at a relatively fine scale. The paper identified several areas where access 

was poor such as Dorval and Saint-Henri which had little access within 3km. The authors 

recognised some limitations to the study; aggregation-error was an issue which they attempted 

to overcome by integrating dissemination block data to better represent the spatial distribution of 

individuals and edge effects on the study area. The study also did not account for any distance 

decay, anyone within the catchments was deemed to have the same access, but this seems 

less problematic at very small scales. This paper showed that it is possible to conduct small 

scale analysis and this could be of particular importance to Tenovus when assessing their 

contributions to different cities or smaller areas. 

 

Wang and Luo, (2005) examined primary healthcare accessibility in Illinois, USA using a 

combination of spatial and aspatial data within their FCA models. By conducting a 2SFCA 

analysis followed by a factor analysis to group sociodemographic variables the study aimed to 

provide a new way for key stakeholders to identify health professional shortage areas. The 

study had the same limitations as many of the 2SFCA papers in that it assumed everyone within 

a catchment had the same level of access, but by combining the spatial and sociodemographic 

results it provided a real insight into problem areas. The authors believed this type of analysis 

could be of benefit for healthcare provision planning and that the method is scalable to larger or 

smaller areas. Their study highlighted the ability of 2SFCA methods, used alongside other 

analytical approaches, to provide deeper insights into healthcare provision.  

 

Luo, (2004) presented a GIS method for identifying primary healthcare physician shortages in 

Northern Illinois, USA. The aims of the paper were to showcase the 2SFCA method to key 

stakeholders, and to show that the greatest variability occurred at smaller scales, as well as 

recommending that finer resolution data should be used in healthcare allocation studies. The 

results showed that the greatest variability between population to physician ratio was at a 

resolution of less than 20 miles. The authors stated similar issues with the method; there was an 

edge effect, and the method did not account for any variance in accessibility within catchments. 
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This paper added further weight to the method when compared to the more commonly used 

accessibility methods by healthcare providers, and is of benefit to this study by highlighting the 

importance of spatial data resolution within such models. 

 

Wang, (2011) studied accessibility to primary healthcare for different types of immigrants in 

Toronto using spatial and aspatial data, by focusing on the access immigrant populations had to 

physicians who could speak their language. The 2SFCA study showed that there was a cluster 

of supply in the centre of the city. When the immigrants were assessed, there were mixed 

results with some having better access than others, and there was no consistent pattern 

between the length of time the immigrant population has been established and accessibility. The 

authors noted some limitations to the study, such as equal access within a catchment, but they 

also suggested the fact that some assumptions were made in the study which may not be 

correct. The study assumed that the population would prefer to speak with a doctor in their 

mother tongue, and this may not have been the case. The authors proposed some points for 

future research; getting actual data from physicians describing their patients as well as obtaining 

a better understanding of the travel habits of patients. This in turn highlighted the need for the 

types of multi-modal approach included in subsequent implementations of the FCA approach 

(Langford et al., 2016). 

 

This is a small sub-set of papers which used 2SFCA to investigate access to healthcare which 

showed the potential benefits of such an approach over ‘traditional’ measures of accessibility. 

The papers highlighted applications at a variety of spatial scales, and demonstrated how 

versatile the method is and how it can be utilised alongside other data to provide a rich 

understanding of healthcare accessibility. These papers highlighted that although this method 

has flaws it is possible to use it to plan healthcare provision, and provides important context for 

the approach taken in the present study. 

 

2.5 Enhanced Two Step Floating Catchment Area (2SFCA) techniques 

Luo and Qi, (2009) addressed some of the limitations of the standard 2SFCA method and 

presented the enhanced 2SFCA (E2SFCA) method. Their approach introduced distance decay 

which addressed the fact that, for example, it is less desirable to drive for 25 minutes to a 

healthcare provider than it is to drive for 5 minutes. To do this the catchment was split into three 

different time zones each having its own weight, with distance decay being accounted for in 
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each calculation. The results were more intuitive as they provided more variance within 

catchment areas. 

 

Luo and Qi (2009) described the method as follows: 

Step 1: Calculate provider to population ratio Rj at each location j. For each j compute 3 travel 

time zones, search k within each zone: 

(1) 

 

Step 2: Calculate the spatial accessibility index Afi for each population site i: 

(2) 

 

Notation key 

Sj: medical capacity at each provider j 

Rj: provider-to-population ratio 

Pk: population site k 

Dkj: travel time between k and j 

Afi: Spatial accessibility index of each population site j 

Dij: travel time between i and j 

Wr: Gaussian weight for each zone 

 

Luo and Qi (2009) conducted a case study that compared the accessibility outputs from both an 

E2SFCA and a standard 2SFCA approach in the northern Illinois region, in order to evaluate 

primary care physician accessibility. Their findings suggested that the implementation of 

E2SFCA models resulted in more detailed patterns of accessibility because E2SFCA 

differentiated between accessibility within catchment areas and was able to provide more insight 
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than the standard 2SFCA model. Although this method addressed one of the methodological 

problems associated with 2SFCA, it was not able to address all of them. 

 

E2SFCA has been used in multiple studies investigating different subject areas in different parts 

of the world, the studies highlight the versatility of the method and offer guidance on when best 

to use it. Dewulf et al., (2013), used different methods to investigate accessibility to primary 

healthcare in Belgium. The paper focused on comparing the most commonly utilised physician-

to-population ratio with some more advanced methods. The study was a nationwide study of 

Belgium using supply-side data for over 10,000 active physicians (those who have over 500 

patient contacts per year) and the 10.8 million inhabitants of Belgium as a demand-side 

variable. Population-to-physician ratios, mean distance to nearest three physicians and distance 

to nearest physician along with cumulative opportunity, 2SFCA and E2SFCA, were used as 

access measures. The study showed that the E2SFCA method was preferable to 2SFCA as it 

utilised the distance decay function, but that it mostly highlighted suburban and rural areas. This 

study highlighted the use of FCA at a national level and showed its strengths when compared to 

less advanced methods. The authors highlighted that there were some limitations to the study 

namely that the use of population centroids may be problematic in some research contexts, 

people may have visited a physician from a work address, and home addresses were all that 

were considered; and that the catchment size should perhaps have varied depending on 

whether it was in a rural or urban setting. This paper did highlight the efficacy of this method at a 

national level, and highlighted the benefit of such ‘enhanced’ models. 

 

Pan et al., (2015) suggested using E2SFCA to measure access to hospitals in Sichuan 

Province, China. The commonly used method to measure accessibility in the region is the 

population to provider ratio. As Dewulf et al., (2013) showed in their study, the population to 

provider ratio is not the most advanced technique, and this study found that there were large 

parts of the population with limited access. Of the 80 million people in the province, 5.5 million 

lived more than 2 hours from the nearest hospital which put a large number of people at high 

risk. The authors suggested the need for more follow-up research in this area and called for 

further studies to guide stakeholders to use more advanced accessibility techniques to identify 

gaps in provision. 

 

Moving the method forward, Kanuganti, Sarkar and Singh, (2016) used the E2SFCA method to 

evaluate healthcare accessibility in 5 districts of Rajasthan, India. Although they used the 
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E2SFCA method they applied different impedance functions for different population types such 

as sigmoidal functions for areas of high population and decline functions in lower population 

areas. The case study used the method of least squares regression to fit different functions to 

the different regions, and this provided the basis for the different function recommendations. 

Their study drew attention to the potential importance of the form of the distance decay 

parameters used within such FCA models on the resulting accessibility surfaces.  

 

Using the method to investigate inequity within accessibility Wang and Pan, (2016) investigated 

the inequity of hospital accessibility between ethnic minorities and the overall population in 

Sichuan Province, China. The study used the E2SFCA analysis to show that the current 

population to provider ratio was not as good at describing access to healthcare. The paper 

identified 3 problems facing ethnic minorities; healthcare supply was clustered into small areas; 

the facilities were mainly government funded and more primary and tertiary hospitals were 

needed. By using E2SFCA it was possible to highlight the inequity within the region and make 

recommendations to stakeholders. This study highlighted the advantages of using a more 

advanced method and showed some interesting findings alongside delivering a more complete 

understanding of healthcare accessibility. 

 

Cao, Stewart and Kalil, (2016) provided an investigation into end stage renal disease in 

Midwestern USA. The study analysed spatial and aspatial data to see if variations in end stage 

renal disease occurred between White, Black and Native American and rural/urban populations. 

The use of E2SFCA helped to identify that although accessibility to treatment was similar 

between white and black groups, black transplant rates could be as much as 73% lower. The 

study highlighted the need to understand the travel time of the demand and what different 

distance decay functions should be used depending on the area (rural or urban); and showed 

that accessibility to transplant centres had no significant bearing on end stage renal disease hot 

spots. In this case another variable, kidneys which are available for transplant, had a significant 

impact on the results.  

 

Similarly, Wang and Pan (2016), Vadrevu and Kanjilal, (2016) assessed accessibility to 

healthcare for pregnant women in the Sundarbans region of India using the E2SFCA method. 

This study introduced an area-based socioeconomic score to measure inequity between the 

population. By combining the accessibility and socioeconomic scores the study showed that 

many places were underserviced, and that there was not an equitable provision of maternal 
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healthcare. The study suggested that there were 3 keyways to improve healthcare provision; 

equitable distribution, efficient transport and a focus on basic infrastructure in the region. This 

paper showed that it was possible to use E2SFCA models with other measures to provide a 

richer understanding of accessibility. 

 

These papers showed that E2SFCA can be used to study accessibility and a wide range of 

services and it provides a more robust alternative to the commonly used population to provider 

ratio. The studies operated at both regional and national levels and were used to investigate not 

just healthcare accessibility but to evaluate the accessibility of different parts of the population. 

Different impedance functions were used in conjunction with this method to provide more 

accurate results in different circumstances and most of the papers are championing the use of 

more advanced accessibility methods to improve the wellbeing of different parts of the 

population. E2SFCA addresses some of the issues highlighted in the 2SFCA method by adding 

distance decay within the catchments and by allowing different functions to be used in different 

situations. 

 

2.6 Major Advancements in Two-step Floating Catchment Area (2SFCA) models 

Since its initial formulation, a number of enhancements to the basic 2SFCA approach have 

been proposed (summarised in Table 2.1). These addressed perceived weaknesses or issues 

highlighted with the 2SFCA method, and tried to optimise the method for different scenarios and 

data. These advancements allowed the method to provide more realistic results in differing 

situations across different geography and populations. These are some of the most widely 

adopted advancements, and further examples are provided in Table 2.2. 

 

Method Summary 

Kernel Density 2SFCA 

(KD2SFCA) 

This method removed the steps that were prevalent in other 

methods by using a continuous distance decay function across the 

entire catchment. It also used a principal components analysis on 

various socioeconomic variables to provide an index of healthcare 

needs. See (Dai and Wang, 2011; Polzin, Borges and Coelho, 

2014). 

Optimised 2SFCA This method weighted the calculation of travel times. Using a mix of 

weighted supply and demand data the authors calculated demand 
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based on the proportion of medical users, and aggregated the 

demand counts at primary healthcare sites. The authors stated that 

this method is only valid at small distances and does not scale. See 

Ngui and Apparicio, (2011). 

3SFCA This method used a selection weight to address the overestimation 

of demand. It added a selection weight to the surrounding supply 

sites in both catchment calculations. See Wan, Zou and Sternberg, 

(2012). 

Variable Catchment Size 

2SFCA (V2SFCA) 

This method used small increments in catchment size until a 

predetermined supply to demand ratio was met. It attempted to 

address the arbitrary nature of catchment size selection and make 

the method more effective over larger and more rural areas. See 

Luo and Whippo, (2012). 

Huff Model Based 

2SFCA 

Integrated the Huff Model with FCA to address how demand is 

calculated. It used a probability value to predict higher demand 

locations and was adjusted for population demand. See (Luo, 

2014). 

Multi-Modal 2SFCA 

(MM2SFCA) 

This method used more than one transport network to better 

understand how the supply side accesses the demand. This could 

be including a networked distance for driving and for public 

transport. See (Langford, Higgs and Fry, 2016). 

Table 2.1 Table of advancements in 2SFCA methodology 

 

2.6.1 Kernel Density 2SFCA (KD2SFCA) 

Dai and Wang (2011) introduced the KD2SFCA method while investigating accessibility to 

healthy food opportunities in Mississippi, USA. The kernel density function was used in a similar 

way to the original method, but the kernel bandwidth was set to the same size as the catchment 

and the score was discounted as it got closer to the edge of the catchment, and became zero 

after that distance was met. The study showed that KD2SFCA better described accessibility in 

rural areas compared to the 2SFCA method which suggested good accessibility in rural areas; 

applying the KD2SFCA method in contrast suggested poor accessibility. 

 

The study authors claimed three contributions of their research which involved:  
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• Using factor analysis to consolidate aspatial factors and using these to investigate 

different groups within the population. 

• Proposing an advanced measure to capture spatial accessibility. 

• Separating the spatial and aspatial factors in accessibility. 

 

Polzin, Borges and Coelho, (2014) aimed to improve the standard KD2SFCA method and 

investigate access to healthcare facilities in Portugal. The authors attempted to optimise the 

KD2SFCA method to analyse the access to healthcare facilities and highlight less empowered 

parts of the population. The enhancements highlighted more areas than the original KD2SFCA 

method by including additional access dimensions. 

 

Advancing the method Tan et al., (2018) investigated the rural-urban accessibility of hospitals in 

Australia using a modified KD2SFCA (MKD2SFCA). The study calculated a more realistic 

demand point using satellite data as in suburban and rural areas, the population was not 

described well using other methods. The study also used a Gaussian kernel as the density 

function as it had a gradual rate of reduction. The study found that although those in remote 

areas had similar accessibility rates, factors could have large implications. The access to 

emergency care was much diminished in rural regions, and the weather could have a significant 

impact on certain areas.  

 

These studies gave a more detailed insight into accessibility but this came at a cost, the 

methods were much more intensive and required more resources to compute. Separating 

spatial and temporal data offered the ability to gain considerable insight but introduced more 

complexity into the research design which may not have been appropriate for some types of 

users or application areas. 

 

2.6.2 Optimised 2SFCA 

Ngui and Apparicio (2011b) attempted to improve the 2SFCA assumption that all services within 

the same catchment were equally accessible, and that the population within these catchments 

used the services equally. To do this the authors weighted the supply by the number of 

physicians working in each location, and the demand by the percentage of people who use each 

facility during a 12-month period. A study was conducted in Montreal, Canada which used 

ArcGIS to compare the 2SFCA method and the Optimised 2SFCA method. The results showed 
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that the improvements gave a more accurate overview of accessibility at small scales (500m or 

less) and that there was no significant difference as the scales increased. 

 

This method offered great insight into what can be done with the 2SFCA foundation, the method 

is only really successful at very small scales and requires a great amount of data to be properly 

implemented. This may not be feasible to use at large scales and as such may be of limited use 

in this project. 

 

2.6.3 3SFCA 

Wan, Zou and Sternberg, (2012) proposed a novel solution to the overestimation of healthcare 

demand. This method built upon the E2SFCA method and addressed the two limitations with 

gravity and E2SFCA models which were; over estimation of demand for some healthcare 

facilities and secondly, the impedance coefficient that was used. To address the issues, they 

assigned a travel-time-based competition weight for each supply-demand pairing and used this 

in the demand calculation. A case study was conducted using access to primary care physicians 

in the Texas area of the USA. The case study showed that it was effective in reducing the 

overestimation of demand but although there were advantages the authors acknowledged that 

there were a few points which needed refinement, such as the way it divided the catchments 

into different zones. They acknowledged this could be done in a different way to better 

represent the population and the catchment size, which could be changed to give a more 

accurate representation. 

 

Advancing the method, Ranga and Panda, (2014) completed a study on access to in-patient 

healthcare in rural India. The authors used questionnaire data from supply and demand sides as 

well as hand held GPS data to establish the positions of 34 in patient healthcare providers and 

3,685 households, 3 sites were used for this study. A Gaussian distance decay was applied and 

3 bands were used to split the catchment areas at 2, 5 and 10km. As many of the data points 

did not connect to a road network Euclidean distance was used for the analysis, after 

comparisons between networked and straight-line distances showed a significant relation. The 

authors welcomed the new advancements within the FCA methodology but suggested that most 

are tested in the developed world, and that they are often under evaluated in the third world 

where road networks and infrastructure vary dramatically. The authors found that healthcare 

facilities were based in urban or semi-urban areas to maximise profit and this pushed poorer 

people to worse conditions than they were already experiencing. The paper suggested that 
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similar limitations were prevalent with this method, namely in relation to the aggregation level of 

the spatial data and the boundary definitions that could obscure patient flow. 

 

2.6.4 Variable Catchment Size 2SFCA (V2SFCA) 

V2SFCA (Whippo,2012) intended to address the limitations in previous 2SFCA models around 

how the catchment size was calculated, by utilising a base population threshold and physician-

to-population ratio to establish the size of each catchment. This was done incrementally in the 

first step of the calculation, and the catchment size was adjusted until the criteria was met. Each 

catchment was split into 3 zones and a Gaussian function was used to calculate the distance 

decay. A case study was completed in Illinois, USA to measure the effects of the new method 

and the results showed more detail in urban areas and “intuitively reasonable” patterns in rural 

areas. 

 

Ni et al., (2015) suggested an enhanced V2SFCA (EV2SFCA) to address some of the 

limitations of the V2SFCA model. They suggested that V2SFCA probably “calculates inaccurate 

supply catchments” which affected the results. To address this, they recommend a method 

which accurately calculated catchment size and minimised the errors from mismatched supply 

and demand catchments. This was done by dynamically summing the supply to demand until a 

supply to demand threshold was met. A case study in China was used and it highlighted some 

areas with very low accessibility which needed to be addressed. This method offered a great 

advancement to the overall methodology where in most cases an arbitrary number was 

assigned to the catchment size, this could lead to drastically different results depending on how 

it was set. Having a way to accurately calculate this would help to improve the quality of the 

method and provide more insightful and realistic results. This project had access to actual 

demand side travel times and distances so they would be used as a base for the catchment 

making this method unnecessary. 

 

2.6.5 Huff Model Based 2SFCA 

Luo, (2014) proposed the Huff Model Based 2SFCA to moderate the over or under estimation of 

demand (population) on healthcare services. The method also included a continuous distance 

decay function which removed many of the arbitrary bands that the other methods used within 

catchments. To test the method a case study was completed in Missouri, USA investigating 

access to primary care physicians using ArcGIS. The study showed that the equal access 
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assumption within 2SFCA leads to overestimation of accessibility, and that this method showed 

more variations within catchments. 

 

2.6.6 Multi-Modal 2SFCA (MM2SFCA) 

A multi-modal 2SFCA was developed by Langford et al (2016), and applied to a study 

concerned with measuring access to primary healthcare in South Wales using different types of 

transportation network. The methodology aimed to understand the differences in accessibility 

between different segments of the population by assessing how those who used different types 

of transport had varying levels of access to services. Using separate road networks for public 

and private transport it was possible to compare the accessibility results of different cohorts 

within a population. The case study showed that the access of bus users was overestimated 

compared to car users, and that car user accessibility was potentially underestimated due to the 

lower access levels of the bus users. The authors noted that the changes in results varied 

dramatically by adjusting the catchment area used, and that this needed to monitored by those 

implementing this solution. Their findings also drew attention to the limitations of assuming all 

individuals were able to access services via private (i.e., car) means of transport. 

 

More recently, Tao et al., (2018) suggested improvements to the MM2SFCA model by 

incorporating traffic API’s to increase travel time accuracy. A case study was conducted in 

Shenzhen, China to gain further knowledge of the effects of incorporating multiple modes of 

transport. The study included data from a Badu Map API as opposed to a standard road 

network with the arbitrary speeds assigned to each part of the network. The authors suggested 

that the disparity of results between the private transport sub-group and the public transport 

sub-group was large, and was not visible in traditional 2SFCA approaches which assume 

single-mode forms of transport. The paper suggested that one way to drastically reduce 

inequality of access to healthcare would be to improve the public transport networks. The 

authors noted that the car ownership data they had was at a city scale and that it could be 

amended to include sub-district level data to get a deeper understanding of the disparities at a 

finer scale.  

 

The ability to assess disparities in transport is one of great importance and provides great 

insights that are difficult to observe without different transport models being accounted for. 

Research officers within Tenovus confirmed that the use of public transport for chemotherapy is 

very uncommon, and public transport to and from appointments would be unadvisable so whilst 



33 
 

it may not be necessary to incorporate multiple modes of transport within the overall approach 

taken in this study it could be implemented in further iterations of the software solution (see 

Chapter Eight). 

 

2.6.7 Timeline of FCA methodological advancements 

Figure 2-1 shows a timeline of advancements which are described in more detail in tables 2.1 

and 2.2, this represents a summary of what was discussed in the previous sections. The speed 

in which methods have been advanced to enhance the initial formulation of the 2SFCA 

approach shows the perceived advantages of the application of such tools and provides further 

weight for investigating the potential use of FCA models in the present study. 
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Figure 2-1 Timeline of key 2SFCA advancements 

FCA (Wang 2000) 

2SFCA (Luo & Wang 2003) 

Optimised 2SFCA (Ngui & 

Apparicio 2011) 

Kernel Density 2SFCA 

(Dai & Wang 2011) 

E2SFCA (Luo & Qi 2009) 

3SFCA (Wan et al 

2012) 

Variable Catchment size 2SFCA (Luo & Whippo 

2012) 

 

Modified 2SFCA (Delameter 2013) 

Huff model-based 2SFCA (Luo 2014) 

Multi-Modal 2SFCA 

(Langford et al 2016) 

Gaussian based 2SFCA 

(Dai, 2011) 

 

H2SFCA (Jin et al., 2019) 

NN-M2SFCA (Jamtsho, Corner and 

Dewan, 2015) 
EV2SFCA (Ni et al., 2015) 

MC2SFCA (Lin et al., 2016) 

 

iFCA (Bauer and Groneberg, 

2016) 

 

EG2SFCA (Kocatepe et al., 

2017) 

MCSG2SFCA (Cai et al., 

2017) 
F2SFCA (Tang et al., 2017) 

E2SFCA-ICA (Pan et al., 

2018) 
Multi-Mode 2SFCA Xing et 

al., 2018 

SE2SFCA (Kim, Byon and 

Yeo, 2018) 

i2SFCA (Wang, 2018) 

ST-E2SFCA (Xia et al., 2019) Variable Distance 2SFCA 
(Naylor et al., 2019) 
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Alongside these main enhancements, most papers enhanced the basic 2SFCA model to suit the 

types of data being used and the particular study context (Tables 2.1 and 2.2). A large number 

of papers introduced aspatial supply or demand-side data, to get a better understanding of 

potential inequalities in accessibility for particular segments of the population. This is particularly 

interesting in smaller catchment sizes and when ethnicity or socio-economic status is being 

investigated (Cabrera Barona and Blaschke, 2015; Jones et al., 2016; Lin et al., 2016). Using 

additional aspatial data was a good way of investigating potential inequalities for sub-groups 

within the overall population. Figure 2.1 shows a timeline of advancements  

 

Table 2.2 highlights most of the methodological advancements within the 2SFCA method. The 

table briefly describes the timeline and the aims of the proposed enhancements to the basic 

2SFCA methodology that have been investigated in the last two decades. 

 

Method Author Aim 

Gaussian 

based 2SFCA 

(Dai, 2011) Used a Gaussian based distance decay to more 

appropriately assign distance decay weights. Used a 

distance decay with no bands. Needed accurate data to 

set the Gaussian curve. 

Hierarchical 

2SFCA 

(H2SFCA) 

(Jin et al., 

2019) 

This method introduced different distance attenuation 

functions to represent 3 levels of healthcare service 

provision across multiple facilities based upon the different 

types of service each hospital uses. The authors noted that 

the population distribution should be investigated as it has 

an effect on service distribution. 

NN-M2SFCA (Jamtsho, 

Corner and 

Dewan, 2015) 

This method aimed to provide accessibility scores for 

entire countries by using spatial and temporal information. 

Demand sites were identified using cluster analysis. This 

method had a higher complexity of calculation compared to 

the original method and required historical data. Difficult to 

compare with other methods due to the lack of catchment 

sizes. 

Spatio-

temporal 

(Xia et al., 

2019) 

To include temporal data alongside the spatial data by 

using large scale GPS data. This method provided a 
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E2SFCA (ST-

E2SFCA) 

detailed illustration of the spatio-temporal accessibility. 

Can be difficult to gather the required data and increased 

the complexity of the method. 

Variable -

Distance 

E2SFCA 

(Naylor et al., 

2019) 

This method attempted to investigate accessibility at a 

national scale and did so by introducing several measures 

to the E2SFCA method. By using the Variable-Distance 

E2SFCA method at zip code level and then analysing the 

results at a small level the results were analysed at a 

national level using generalised linear models. This 

method was more difficult to calculate than other methods 

but had benefits for large scale studies.  

Multi-criterion 

2SFCA 

(MC2SFCA) 

(Lin et al., 

2016) 

This method can assist in resource allocation while 

considering multiple risks such as age of population, 

population density and land use classification, by using 

multiple methods this method attempted to highlight 

disparity in urban settings and deficiencies in rural settings.  

E2SFCA – 

Integrated 

catchment 

area 

(E2SFCA-ICA) 

(Pan et al., 

2018) 

E2SFCA-ICA uses actual data from GPS and includes it in 

the E2SFCA method. By using integrated access 

probability; an integrated catchment area was created 

which reduced the differences between model and data-

based catchment areas and highlighted the core 

catchments.  

iFCA (Bauer and 

Groneberg, 

2016) 

iFCA introduced a different way of computing the FCA 

methods with a variable distance decay function which 

used the median and standard deviation to compute 

catchment sizes, based on the individual population and 

supply of an area, removing the need to assign a 

catchment size. 

Multi-Mode 

2SFCA 

(Xing, Liu and 

Liu, 2018) 

Multi-Mode 2SFCA used public green spaces to introduce 

a new method classifying the spaces based on the 

services provided and the demands of the population. This 

method showed slightly more realistic results than the 

traditional 2SFCA method. 
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SE2SFCA (Kim, Byon and 

Yeo, 2018) 

Specially designed 2SFCA for the City of Seoul in South 

Korea, as it is different from most others in the world with 

higher population density and smaller travel distances to 

healthcare providers.  

i2SFCA (Wang, 2018) The inverted 2SFCA method proposed to assess 

crowdedness of facilities. This was done by using the 

supply capacity as a weight and reversing the 2SFCA 

process by initially measuring competition for supply and 

then in step 2 summing up the demand.  

EG-2SFCA (Kocatepe et 

al., 2017) 

Empirical-Gaussian 2SFCA proposed to analyse the 

exposure to severe injury crash hotspots on a road 

network with a socioeconomic weighting. This measure 

highlighted certain age ranges being more exposed to 

these sites than others.  

MCSG2SFCA (Cai et al., 

2017) 

Multi catchment size Gaussian 2SFCA investigated 

different access to private and public aged care facilities. 

To do this it divided the facilities into different categories 

based on capacity and a catchment time assigned based 

on different gathered statistics.  

F2SFCA (Tang et al., 

2017) 

This method introduced aspatial dimensions into the 

2SFCA calculation to mitigate some of the problems with 

the 2SFCA method by estimating the flow of people using 

actual data. The main advantage of this study was at small 

scales where it provided more realistic results.  

EV2SFCA (Ni et al., 2015) Aimed to address the over estimation of the supply 

calculation in the V2SFCA. More accurately represented 

the supply and created a more calculated catchment area. 

Table 2.2 Aims of the proposed methods 

 

2.7 Applications of 2SFCA 

This section shows the different ways in which 2SFCA has been used and the types of studies 

that have adopted a floating catchment area approach. Although the majority of studies initially 

focused on their application in health geography, such methods are increasingly being used to 
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investigate accessibility to a wider range of facilities/services. In particular, they have been used 

to investigate access to: 

 

• Sport facilities (Langford et al., 2018). 

• Green spaces (Gu, Tao and Dai, 2017; Wang and Wang, 2018; Wu et al., 2018; Xie et 

al., 2018; Xing, Liu and Liu, 2018; Li et al., 2019). 

• Healthy food opportunities (Dai and Wang, 2011; Chen, 2019; Wiki, Kingham and 

Campbell, 2019). 

• Schools (Ye et al., 2018). 

• Libraries (Guo, Chan and Yip, 2017). 

• Pharmacies (Wang and Ramroop, 2018). 

• Employment (Dai et al., 2018). 

• Day care centres (Fransen et al., 2015). 

• Transport systems (Langford et al., 2012; Naranjo-Gómez et al., 2019). 

 

Within health geography, one of the most studied areas is access to primary healthcare 

physicians (Luo & Wang, 2003, Wang & Luo, 2004, Luo, 2004, Wang et al, 2008, McGrail & 

Humphreys, 2009, Luo & Qi, 2009). More recently such models have been used as part of wider 

studies concerned with investigating the role of access on patterns of cancer diagnosis, 

treatment and survival and in examining potential associations with other healthcare outcomes. 

It has also been used to study variations in access to other types of healthcare facilities such as: 

 

• Dentists (Jones et al., 2016; Nasseh, Eisenberg and Vujicic, 2017; Shin and Ahn, 2018). 

• Physiotherapists (Shah, Bath and Milosavljevic, 2015). 

• Mental healthcare services (Ngamini Ngui and Vanasse, 2012). 

• Maternity services (Song et al., 2013; Vadrevu and Kanjilal, 2016; Yin, 2018). 

 

Utilising different 2SFCA methods it was possible to study accessibility at different scales. For 

example, its application to extensive geographical areas has been investigated (McGrail and 

Humphreys, 2009a), whilst its use in very local scale studies has been explored Ngui and 

Apparicio, 2011b). Studies have been conducted in a variety of different countries 

demonstrating its generality to alternative geographical environments. For example; 
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• North America (Ngamini Ngui and Vanasse, 2012; Wan et al., 2012, 2013; Mao and 

Nekorchuk, 2013; Luo, 2016; Khakh, Fast and Shahid, 2019; Naylor et al., 2019; Zahnd 

et al., 2019), 

• Europe (Polzin, Borges and Coelho, 2014; Bauer and Groneberg, 2016b; Gao et al., 

2016; Langford, Higgs and Fry, 2016; Siegel et al., 2016; Bauer et al., 2017, 2018; 

Naranjo-Gómez et al., 2019). 

• Asia (Choosumrong, Raghavan and Bozon, 2012a; Yu, Tan and Ruan, 2012; Pan et al., 

2015; Vadrevu and Kanjilal, 2016; Ma et al., 2018; Tao et al., 2018; Xing, Liu and Liu, 

2018; Chen and Yeh, 2019; Xia et al., 2019; Ranga and Panda, no date). 

• South America (Polo, Acosta and Dias, 2013; Rocha et al., 2017; Cristina Rocha-

Brischiliari et al., 2018). 

• Australia and New Zealand (Scott et al., 2006; McGrail and Humphreys, 2009a, 2009b, 

2014; KC, Corcoran and Chhetri, 2018; Wiki, Kingham and Campbell, 2019). 

• Africa (Tansley et al., 2016). 

 

This list is not exhaustive and there is a burgeoning literature on the application of such tools; 

The flexibilities of the method make it ideal for a project such as this concerned with examining 

spatial patterns of accessibility to different types of cancer service provision. 

 

2.8 Applications of Floating Catchment Area Techniques in the management, treatment and 

planning of cancer services 

In addition to general healthcare accessibility, 2SFCA is utilised extensively within cancer 

accessibility research. This section highlights papers that have specifically investigated the 

effects of accessibility in relation to cancer services and provides a synopsis of key papers as 

well as outlining those methods that have been primarily used to date. Most of the papers are 

looking at primary care access and links to late-stage diagnosis. 

 

Wang et al., (2008) investigated the link between late-stage breast cancer diagnosis and access 

to primary healthcare and mammography screening services in Illinois, USA. Using 2SFCA the 

study showed that poor accessibility to primary healthcare increased the late-stage breast 

cancer diagnosis, particularly noting that those living amongst a high concentration of 

disadvantaged people were at the most significant risk. There was no significant link between 

mammography screening accessibility and late-stage breast cancer diagnosis in this study. The 
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authors pointed out the limitations with the data they used but, this study showed important 

results for healthcare policy makers. 

 

Rocha-Brischiliari et al., (2018) conducted a study in Parana, Brazil which assessed the access 

and socioeconomic disparities across 399 cities. A 2SFCA method was used in conjunction with 

other techniques to measure accessibility to cancer services across the study area. The study 

found that breast cancer mortality rates were positively associated with access to cancer 

services and negatively associated with illiteracy. This study showed how useful the 2SFCA 

method can be when used in conjunction with other data to obtain a more detailed 

understanding of a specific issue. Zahnd et al., (2019) completed a study investigating access to 

mammography in 8 states of the USA. The study used E2SFCA to compare impoverished 

regions with high levels of black residents with low screening rates to other areas in the region. 

The study showed that even though there were low utilisation rates of the services, the spatial 

accessibility did not vary across regions. Xu et al., (2017) used the 2SFCA method to evaluate 

access to NCI Cancer Centres in the USA. The study investigated the disparities across 

demographic and urban areas. It showed that access to the NCI Cancer Centres was greater in 

large metropolitan areas and suggested that populations under the poverty line were 

disproportionately concentrated in lower accessibility areas, and that non-Hispanic white had 

the lowest geographical accessibility to these services. Kanuganti et al., (2016b) used 2SFCA to 

conduct a case study in the Alwar district of Rajasthan. The district had 2,217 villages and an 

8km catchment area was utilised. The accessibility map highlighted areas with poor 

accessibility, and the authors noted that this could be used by policy makers to improve 

accessibility within the region.  

 

A new framework was suggested by Gu, Wang and McGregor, (2010) to measure accessibility 

(modified 2SFCA); building on the 2SFCA method the authors added a distance factor and a 

Huff-based competitive model. They conducted a case study on breast cancer screening 

services in Alberta, Canada and the results showed that it was beneficial when planning where 

to locate preventative healthcare facilities. Donohoe et al., (2016) evaluated access to 

mammography within Appalachia, USA, and compared multiple 2SFCA variations. They 

highlighted several regions within Appalachia which had poorer accessibility and recommended 

using the spatial access ratio to minimise the differences between the different 2SFCA 

variations. McLafferty et al., (2011) conducted a study into rural-urban inequalities in late-stage 

breast cancer diagnosis for both the overall population and the African-American population, in 
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two time periods 1988-92 and 1998-2002. They did this by using several techniques including 

2SFCA for the spatial aspect of the paper. The results showed that there was no significant 

rural-urban inequality for the overall population; there was a decline in late-stage breast cancer 

diagnosis between the two time periods with bigger decreases in higher population areas. There 

was a large disparity between the overall population and the African-American population in 

both time periods. 

 

A study was conducted using E2SFCA and aspatial methods to investigate the links between 

accessibility and colorectal cancer in the Texas, USA region. The study used three weights for 

the different oncologists in each catchment area, and showed that accessibility to oncologists 

made a difference in rural areas, but not in urban areas. The aspatial data showed that 

disadvantaged groups had more chance of dying from colorectal cancer (Wan et al, 2012). An 

evaluation of current methodology from the gravity model through 2SFCA, including KD2SFCA 

which discussed different distance decay functions. The paper discussed the need for greater 

utilisation of spatial and aspatial data, and discussed the implications it had on mortality rates 

using cancer in the USA as an example. The paper suggested a framework should be 

implemented and recommended using optimization techniques (Wang et al., 2012). Wan et al 

(2012) Introduce the idea of using a spatial access ratio derived from the E2SFCA spatial 

access index (SPAI). A case study into the accessibility of colorectal cancer facilities in Texas, 

USA was used to trial the proposed methods. The study used a sensitivity analysis to show that 

the SPAI value fluctuated with changes in the impedance coefficient, whereas the SPAR stayed 

stable throughout. The authors noted that if the impedance was from some basis and not an 

arbitrary input then the SPAI value would be valuable and could show more detailed results 

using E2SFCA and a factor analysis to assess the effect of spatial and aspatial accessibility to 

oncologists in Texas, US. The study examined the effect of accessibility with regard to 

colorectal cancer survival, the E2SFCA method used a Gaussian function and a three-step 

catchment area. Cox proportional hazard regression was used to analyse the association 

between healthcare accessibility and colorectal cancer survival. The factor analysis and 

principal components analysis were completed, and nine aspatial data sets were included in the 

study; including household income, home valuation and high school education. The results 

showed that several minority groups were more likely to die from colorectal cancer, and that 

spatial access to oncologists had a significant effect on colorectal survival in non-urban areas, 

but not in urban areas themselves (Wan et al, 2012). 
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Shi et al., (2012) used 2SFCA to evaluate accessibility to cancer care facilities in the USA. The 

study suggested that the travel impedance threshold was the crucial factor when conducting a 

2SFCA calculation as this was a special case of the gravity model. It also suggested that 

different choices in distance decay should not affect the overall pattern when used. This was a 

very large area for a 2SFCA study and it showed that there were two main regions with lower 

accessibility, the east and west of the USA. The west had deeper pockets of poor accessibility, 

whereas the east had larger areas with slightly lower accessibility ratings. Donohoe et al., 

(2015) compared the 2SFCA method to traditional accessibility methods in the Appalachia 

region of USA to assess the impact of access to mammography centres and primary care 

centres on late-stage breast cancer diagnosis. The study showed that accessibility was not 

suitable and that the 2SFCA method offered the “greatest predictive validity”. 

 

Donohoe et al., (2016) evaluated the access to mammography within Appalachia, USA and 

compared multiple 2SFCA variations. They highlighted several regions within Appalachia which 

had poorer accessibility and recommended using the spatial access ratio to minimise the 

differences between the different 2SFCA variations. 

 

These are just a selection of the studies that have used floating catchment area approaches to 

investigate different aspects of cancer care accessibility, which encapsulates everything from 

regional patterns of healthcare accessibility to associations with stage of diagnosis at smaller 

spatial scales. Such models are also being used to help select where new resources should be 

placed and how to optimise current cancer services which provide an important context for the 

present study concerned with developing open-source solutions to examine spatial patterns of 

accessibility to cancer services in Wales. 

 

2.9 Interpreting 2SFCA results 

The studies mentioned in chapter 2 and the results section of this thesis rely heavily on 

visualisation for interpretation of the results of 2SFCA studies (Shi et al., (2012) and McGrail & 

Humphreys (2014)). The visualisations provide an overview where it is possible to observe a 

large amount of data in an easy to understand format. McGrail & Humphreys (2014) state that 

2SFCA results can be interpreted like provider to population ratios to 100,000 so a score of 

0.000200 would be 200 providers per 100,000. Many studies use other methods of evaluation 

on the data and attempt to look for patterns and observations but the higher the score an area 

receives the higher the level of accessibility within that area compared to those accounted for in 



43 
 

the study. The numbers will change between datasets and it is the distance between the scores 

that is of interest and can assist in making comments on accessibility. Papers have used 

alternative methods to compare the FCA methods such Donohoe et al., (2016) used Spearman 

Correlations to compare different FCA methods with non-FCA methods, Dewulf et al., (2013) 

used a two tailed Pearson correlation test, Pan et al., (2015) calculated the correlation 

coefficient and paired t-tests and Luo & Wang (2003) use the standard deviations to analyse the 

results. There are multiple ways analysis can be done on FCA results, in this study the numbers 

are interrogated and maps are checked to ensure they appear intuitive.  

 

2.10 The use of Open-Source GIS technologies 

Studies concerned with applying GIS tools to measure access to healthcare services in general, 

and cancer facilities in particular, tended to be undertaken using proprietary GIS packages such 

as ArcGIS. However, there is an increasing movement concerned with developing open-source 

solutions to address these real-world issues and this is described in this section. This will briefly 

review the history of GIS and the major advancements that have occurred. GIS has assisted in 

how we study the world; and with its increasing capabilities and ever more powerful computers 

available, has enabled us to be able to compute larger and more complex calculations. Since 

the inception of GIS in the 1960s the capabilities of the different systems have increased 

enabling geographers, amongst many, to increase the scope of their work and improve the 

accuracy of the results. 

 

GIS can be defined in various ways (Clarke, 1986; Maguire, 1991). Many of these discuss how 

it is a software and how it is used. For the purpose of this GIS can be defined as “a technology, 

as computer-based systems for integrating and analysing geographic data”. Goodchild, (1995) 

set out 4 functions to distinguish GIS as a technology; the ability to store, compute and display 

spatial relationships, the ability to analyse spatial and attribute data, the ability to integrate 

spatial data from different sources and store many attributes of objects. Goodchild, (2018) 

discussed the development of GIS through 1960s projects including the Canada Geographic 

Information System (CGIS), a project at Northwestern University, and work at the Experimental 

Cartography Unit in the UK. The computing restraints in the 1960s did not allow for the type of 

GIS we see today, and the features were limited. Khan and Mutahar Aaqib, (2017) showed the 

timeline as “custom programs created by government agencies on mainframe computers within 

the Nineteen Sixties, to non-public desktop based mostly software system within the Eighties, to 

integrate mostly net based solutions within the 2000s”. 
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GIS can perform a great number of tasks and some GIS have a wider range of spatial analytical 

functionality. One of the key developments in GIS has been the ability to use current 

functionality and libraries within the GIS to create software that is fit for a specific need. For 

example, within QGIS there is a plugin builder which allows developers to use Python scripting 

and create a plugin which does a desired task (QGIS 2 Cookbook, Mandel et al, 2016). ESRI 

provides a similar service where they can custom make a tool for a specific client’s needs. 

 

2.11 Free and Open-Source Software 

Free and open-source software has been widely used in studies, but the availability of 

proprietary software in academic institutions has limited its widespread use. Within the 

healthcare accessibility studies mentioned above ArcGIS is the predominant GIS used, although 

there are papers where other GIS packages have been used. This section highlights the use of 

FOSS within academia and then focuses to show its use within healthcare accessibility studies. 

FOSS was born in the in the early 1980s as a response to the increasing tendency for 

proprietary software. Richard Stallman founded the Free Software Foundation (FSF) and in 

1985 wrote the GNU manifesto. Copyright law was used to protect the developers’ rights to 

share, and more importantly protected the developers from someone taking their source code 

and creating a proprietary solution (Carillo and Okoli, 2008). The FSF created the General 

Public Licence (GPL) in 1989. It had 10 sections stating that you can copy, modify and distribute 

the code, with caveats about the continued distribution of the code being subject to this licence. 

This has been updated with the GPL2 in 1991, and the GPL3 in 2007, which have clarified 

points and tried to keep the core values of the FSF. 

 

In the late 1990s there was a new movement which saw Open-Source Software (OSS) coined 

as an alternative to free software. There was suspicion that big business would not adopt ‘free’ 

software (Von Hippel and Von Krogh, 2003), and in 1998 OSS was set up using similar licences 

but focusing on the benefits of OSS and not the morals surrounding it. Stallman says that “The 

terms “free software” and “open source” stand for almost the same range of programs. 

However, they say deeply different things about those programs, based on different values. The 

free software movement campaigns for freedom for the users of computing; it is a movement for 

freedom and justice. By contrast, the open-source idea values mainly practical advantage and 

does not campaign for principles. This is why we do not agree with open source, and do not use 

that term.” 
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The Open-Source Initiative (The Open-Source Definition | Open-Source Initiative, 2007) defines 

open-source software in 10 points: 

 

Open source doesn't just mean access to the source code. The distribution terms of 

open-source software must comply with the following criteria: 

 

1. Free Redistribution 

The licence shall not restrict any party from selling or giving away the software as a 

component of an aggregate software distribution containing programs from several 

different sources. The licence shall not require a royalty or other fee for such sale. 

 

2. Source Code 

The program must include source code, and must allow distribution in source code as 

well as compiled form. Where some form of a product is not distributed with source 

code, there must be a well-publicised means of obtaining the source code for no more 

than a reasonable reproduction cost, preferably downloading via the Internet without 

charge. The source code must be the preferred form in which a programmer would 

modify the program. Deliberately obfuscated source code is not allowed. Intermediate 

forms such as the output of a preprocessor or translator are not allowed. 

 

3. Derived Works 

The licence must allow modifications and derived works, and must allow them to be 

distributed under the same terms as the licence of the original software. 

 

4. Integrity of The Author's Source Code 

The licence may restrict source-code from being distributed in modified form only if the 

licence allows the distribution of "patch files" with the source code for the purpose of 

modifying the program at build time. The licence must explicitly permit distribution of 

software built from modified source code. The licence may require derived works to carry 

a different name or version number from the original software. 

 

5. No Discrimination Against Persons or Groups 

The licence must not discriminate against any person or group of persons. 
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6. No Discrimination Against Fields of Endeavour 

The licence must not restrict anyone from making use of the program in a specific field of 

endeavour. For example, it may not restrict the program from being used in a business, 

or from being used for genetic research. 

 

7. Distribution of Licence 

The rights attached to the program must apply to all to whom the program is 

redistributed without the need for execution of an additional licence by those parties. 

 

8. Licence Must Not Be Specific to a Product 

 

The rights attached to the program must not depend on the program's being part of a 

particular software distribution. If the program is extracted from that distribution and used 

or distributed within the terms of the program's licence, all parties to whom the program 

is redistributed should have the same rights as those that are granted in conjunction with 

the original software distribution. 

 

9. Licence Must Not Restrict Other Software 

The licence must not place restrictions on other software that is distributed along with 

the licenced software. For example, the licence must not insist that all other programs 

distributed on the same medium must be open-source software. 

 

10. Licence Must Be Technology-Neutral 

No provision of the licence may be predicated on any individual technology or style of 

interface.” 

 

In 1991 Linux was released using a GPL, as have several major projects since; Mozilla Firefox 

an internet browser, PostgreSQL a database management system, WordPress a blogging 

platform, VLC media player, 7-zip a file archiver and Ubuntu an operating system for Linux 

based systems are just a few of the OSS projects. 

 

Khan and Mutahar Aaqib, (2017) compared open-source software with proprietary software and 

highlighted that the documentation between Esri products and QGIS was different. There was a 
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lack of user support offered from FOSS solutions without paying an external consultant. Training 

costs were also likely to be incurred as was the knowledge to install the system correctly. It was 

stated that there was no fee for the software, it was scalable and there were no usage limits. 

There were definite positive and negative points to using FOSS but it could be a very suitable 

solution for many organisations. 

 

Fitzgerald, (2006) highlighted the advancements in FOSS particularly noting the differences in 

how the development cycle had changed from what he coined OSS 2.0. The paper suggested 

that FOSS is now a viable alternative with advantages over proprietary software. In this change 

of approach, the author noted that there were more paid developers working on projects and 

that organisations were paying for the development of FOSS more regularly than previously. 

The author highlighted the planning phase as being far more purposeful, with the planning being 

done by major players trying to gain an advantage as opposed to previously it being a developer 

with an ‘itch to scratch’. This paper highlighted the change of perspective in relation to FOSS 

and signaled a strong future for FOSS platforms. 

 

Within the spatial realm there are a large number of open-source projects. A large contributor is 

Open-Source Geospatial Foundation (OSGeo), a non-profit organisation which wants to further 

open technology within the geospatial sphere. Under the OSGeo banner are a variety of 

projects including desktop GIS systems GRASS, QGIS and gvSIG. There are several web 

mapping projects including MapServer, OpenLayers and GeoServer, as well as a spatial 

database PostGIS, which works with PostgreSQL. Many of these have been used in academic 

research and have helped to advance science. pgRouting is a FOSS routing library which is 

used to add routing functionality to the PostgreSQL/GIS database and has been used in 

projects in various areas of academia. It has been used too in emergency route planning 

(Choosumrong, Raghavan and Bozon, 2012a; Bhanumurthy et al., 2015). Studies have been 

completed looking to improve its performance (Sankepally and Rajan, 2018) and Yoshida, Song 

and Raghavan, (2010) used it in the development of a track log and points of interest system. 

 

FOSS GIS systems are not as well utilised in papers in this thesis as the proprietary solutions, 

but they have been utilised in multiple studies across a range of different research areas, 

Steiniger and Bocher, (2009) suggested there were advantages to using a FOSS GIS over a 

proprietary system, and encouraged them to be more widely used. QGIS has been used to 

assess Open Street Map (OSM) data (Sehra, Singh and Rai, 2017) and several plugins have 
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been created for a specific use (Jung, 2012, Nielsen et al., 2017). gvSIG is another FOSS GIS 

(Díaz and Anguix, 2008, Moutahir, Moutahir and Agazzi, 2012), it is widely used in Spain and 

there have been publications regarding additional modules (Vázquez-Rodríguez, Pérez-Risquet 

and Torres-Cantero, 2013), its use as an educational tool (Dorner, Scheffer and Zink, 2011). 

GRASS is an older GIS and has been used in studies including additional toolkits (Aw Jasiewicz 

and Metz, 2011) geographical modelling (Rocchini et al., 2012) and building detection from laser 

scanning data (Rutzinger, Höfle and Stötter, 2006). The spatial database PostGIS has been 

used in studies ranging from comparative studies between SQL and non-SQL databases 

(Piórkowski et al., 2019), extensions to the basic PostGIS functionality (Lizardo, Davis Jr and 

Lizardo, 2017) and data modelling (Kucuk et al., 2016). 

 

2.11.1 FOSS in healthcare 

Free and open-source software is widely used, as there are many advantages to using FOSS 

systems and there is increasing interest in the use of FOSS within a healthcare setting. It is 

important to highlight the advantages of such an approach given the focus here on developing 

such solutions within a healthcare sector.  

 

Brandão et al., (2016) conducted an evaluation of different Business Intelligence software in the 

healthcare environment. The aim of the study was to compare different systems and provide a 

recommendation based on several benchmarks. Of the 6 systems reviewed, an open-source 

system provided the most complete service and scored highest in the ranking. Spago BI was 

the best tool in the ranking, but another FOSS tool came in second and was so close that it 

would make very little difference in practice.  Ganesh et al., (2016) created an open-source 

technology to better facilitate healthcare monitoring called The Smart Chair. The paper 

described the design of a low-cost chair designed for telemedicine and utilising the Internet of 

Things (IoT). Using sensors and a Bluetooth module it was possible to show information on an 

Android device which was able to flag any worrying signals in real time. The use of open-source 

software to create novel solutions to improve the quality of healthcare is apparent in this paper 

and this has particular significance for this project. 

 

The Cancer Imaging Archive is a free and open source and open-access resource (Clark et al., 

2013). This paper described maintaining and operating the archive in relation to the vast 

number of images it keeps. The paper highlighted the management tasks and user support 

model from the archive, and the use of FOSS to administer large scale projects within a 
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healthcare environment with a particular focus on cancer. The use of FOSS in such projects 

allowed for collaboration and the ability to enable better research across multiple teams and 

venues which would have been difficult to achieve in previous years. 

 

Saeed et al., (2003) presented TM4, which is an open-source data management system for 

DNA microarray data. The system offered the ability to manage the data and to perform 

analysis. The system used the MySQL database and specialist data entry platform called 

MADAM to ensure the complex data was stored correctly. The system had the ability to perform 

a wide range of analyses including k-means, principal component analysis and self-organising 

trees. The authors noted that although this was designed to work with a specific type of array 

data, the system which was freely available to the scientific community could be adapted to 

work with other types of array data.  These papers highlighted the use of FOSS within a 

healthcare setting and covered many different areas from smart technology working with 

patients to large scale data management and analysis tools. Brandão et al., (2016) suggested 

that take up of FOSS systems was scarce at present, but presented a good argument for FOSS 

solutions as they offered a scalable, adaptable and free option for many institutions. 

 

2.12 Chapter Summary 

This chapter has addressed several different topics as this project spans across geography and 

computing.  An overview of the use of GIS measuring access to healthcare facilities was 

provided before a focus on the use of floating catchment methods. An overview of the initial 

2SFCA method was conducted with further details on the E2SFCA method. The different 

advancements within the FCA methods were described and several tables and graphs showed 

the timelines and aims of these advancements. This project is focused on access to cancer care 

and there is an investigation into the utilisation of FCA methods within cancer specific studies as 

well as a coverage of the use of general GIS approaches in other cancer focused studies that 

point the way to open-source GIS solution to address variations in access to services. GIS plays 

a large part in the advancements of the different methods discussed and the development of 

GIS is described alongside an overview of FOSS systems. A selection of papers shows the use 

of FOSS in healthcare settings in a variety of different forms. Overall, this review has revealed 

that a significant focus to date has been on the use of proprietary GIS packages in the 

implementation of FCA approaches within a number of different thematic areas. However, the 

increasing trends towards open-source solutions, added to the need to provide user friendly 

tools that non-GIS experts can use to analyse access to cancer services, suggests that more 
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research is needed to implement such tools in a FOSS environment and provides added 

impetus for the research conducted as part of this study. 
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Chapter 3 Proof of Concept Tool 

 

3.1 Introduction 

Given the breadth of possible solution pathways that appeared to be on offer with the potential 

to address the questions raised, it was decided to conduct a pilot to explore some of the 

possibilities and to narrow down the choice, this allowed the project to focus more effort on 

pursuing an option that appears to have been qualified as a suitable candidate. To limit the time 

investment, it was decided to simplify the task to adopt only a straight-line distance solution to 

feed into FCA computations. The findings from this stage of the research guided the overall 

approach taken in the project.  

 

This chapter explores in detail the desktop tool that was used to calculate straight line 2SFCA 

analysis within a standalone Geographical Information System (GIS). The strengths and 

limitations of using such systems to perform these calculations are addressed. Following a 

review of the options available to address the objectives of the study, and the rationale for the 

choices made, a description of the potential user and the nature of the user experience was 

investigated. The data used was critically reviewed and explained prior to a review of the tools’ 

performance across several different types of data and task. Visualisation outputs were utilised 

to display the results of the testing and these are described and interpreted. This initial design 

was used as a concept; similar programs to this have been developed using proprietary 

software (Higgs et al., 2018; Langford, Higgs and Radcliffe, 2018) but there are no suitable 

FOSS alternatives. This tool has been designed as a proof of concept to judge the suitability of 

this approach and to investigate a range of the options available. It has been used to better 

understand how the 2SFCA algorithm can be translated into code and to highlight some of the 

problems that will be need to be addressed whether they be computational, data led or usability 

focused. Through the development of this tool, it was possible to get early user feedback from 

researchers within Tenovus that could enhance further iterations. 

 

The software described in this chapter has been created in QGIS which is an open-source GIS 

with wide ranging functionality ranging from simple mapping to creating videos and spatial 

analysis (QGIS 2 Cookbook - Mandel, Ferrero, Graser, Bruy, 2016). QGIS provides a tool to 

build plugins called the Plugin Builder which was used for this proof-of-concept. Using Python, it 

was possible to use the functionality of QGIS in order to manipulate data to perform different 
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tasks in the form of a plugin, which enabled the user to utilise the functionality of QGIS whilst 

manipulating data (QGIS Python Programming Cookbook, Lawhead, Google Books, 2015). 

 

This aim of this project was to develop solutions around the use of the 2-step floating catchment 

area (2SFCA) technique, in order to better understand accessibility to cancer services in Wales. 

These models incorporated a supply to demand ratio which included both distance to a service 

and the population that could access that service. It has been shown to give a more realistic 

understanding (see section 2.1) of the services available than more simplistic measures of 

accessibility that are commonly used for analysis (Apparicio et al., 2008). The plugin tool uses 

only straight-line distances to measure the distance between the supply point and the demand 

point, prior to a fuller consideration of more advanced methods for calculating the distance 

between two points, including creating road networks with weighted speeds (see section 4). 

Previous studies included advancements to the original 2SFCA algorithm (see section 2.3) that 

included the incorporation of distance decay functions, which assigned weightings to supply and 

demand values depending on the distances between the respective points of provision and 

population base. By utilising the so-called enhanced 2-step floating catchment area (E2SFCA) 

method that included distance decay functions, it was possible to get more realistic results than 

those based on the original 2SFCA algorithm (Luo and Qi, 2009). 

 

The performance of the tool was tested using several data sets; the purpose of the testing was 

to see how well the tool coped with large amounts of data and the times taken to complete 

these tasks. The testing showed that there was a linear pattern where the more data that is 

input, the longer time is taken for computation. This tool performed well with smaller data sets 

but did not scale appropriately as the data increased (see section 3.9). The tool loops through 

the data, this means that many more iterations through the data is necessary to get a result and 

without the use of a spatial database it would have been very difficult to perform the calculations 

on these datasets in an acceptable time. This was due to the ability of the spatial database to 

use spatial indexing, and bounding boxes to remove a large amount of the computation. 

 

The prototype tool was critically evaluated to understand what has worked and what, if any, are 

the limitations. Using a plugin in this environment offered many benefits compared to writing a 

standalone piece of software, including the development time and the ease of visualisation. 

There were also limitations to what the plugin could do. It was difficult to create a routable 

network in this environment as access to the network analyst feature was difficult, and without 
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the use of a spatial database it was impractical when using large data sets; the times taken to 

compute moderate data sets without being routed were very large as shown in table 3.1 (p. 76). 

 

There were multiple data sets used in this section, including census data, cancer data, and the 

Welsh Index of Multiple Deprivation, derived from numerous online sources. This drew on the 

most detailed data sources available within current ethical guidelines. Importantly, privacy 

concerns were addressed by discussing the data required with Tenovus and agreeing the best 

way to abstract the data to be within the current General Data Protection Regulation (GDPR) 

guidelines. 

 

Visualisation outputs can be used to provide a wider understanding of the FCA approach; in this 

instance, maps were used to display the results in a way which was easily read and understood. 

When communicating complex geographical data with non-experts it is preferable to use map-

based displays for the output of the accessibility study as these are likely to be more readily 

understood than alternative statistical and tabular output. 

 

This led to an action plan, helping to identify which aspects of the prototype were successful 

and could be adopted in the main study and which areas needed to be addressed such as the 

adoption of alternative solutions to the distance calculations. These findings were used to guide 

the project and ensure that most of the time was focused in the right direction and minimal time 

was wasted on unsuitable solutions. 

 

3.2 Open source 

One of the fundamental principles of this project was to create an open-source tool that is able 

to benefit a wider range of users. This required the use of open-source solutions that were fit for 

purpose. The Open-Source Initiative described open-source software as “software that can be 

freely accessed, used, changed, and shared (in modified or unmodified form) by anyone. Open-

source software is made by many people, and distributed under licenses that comply with the 

Open-Source Definition.” (The Open-Source Definition | Open-Source Initiative, 2007). 

 

There were advantages and limitations to using open-source software and this needed serious 

consideration with each decision on how to move the project forward. The main advantages of 

using open-source software were that it is free to use, which can save companies large sums of 

money compared to what they would pay for proprietary software licences. It is also 



54 
 

continuously being improved by those that are developing the software, and it is possible to 

tailor the software to specific individual or organisational requirements by using in house 

developers or hiring an external company. By working in an open-source community, each 

contribution can add to the whole, and helps to foster an innovative culture where all of those 

involved share information for greater knowledge. 

 

The main issues with using open-source software are that although the software is free it may 

cost money to keep the software current and working to the needs of the user (development of 

specific tools, additional training costs, more specialist help when problems arise). There is also 

a risk that the key developers updating and maintaining the software move onto different 

projects and the development will stop. There are issues with some software where 

documentation is not being as well written as that of proprietary software, and it is important that 

the user understands this before moving to open-source software. Security is another potential 

area of concern and it is important to clarify that as the user has access to the source code so 

does any potential malicious user who could try and exploit any potential weakness in the way 

that the program is written. This needs to be understood by potential users, and organisations 

need to ensure they address any potential security risks. 

 

Most of the programs discussed in this chapter are part of OSGeo, which is the open-source 

geospatial foundation9. They have various spatial projects that they promote under their banner, 

including QGIS, PostGIS, GRASS GIS and OpenLayers plus many more. By using large 

communities like this, it is possible to mitigate the risk of the projects failing as there are many 

dedicated contributors who are passionate about creating better open-source software. Most of 

the tools are used by very large organisations and are able to rival the proprietary solutions in 

terms of functionality. 

 

The benefits of using open-source software outweighed the negatives for this project, but it was 

important to highlight the issues. By being able to create a free and easy to share tool which is 

able to deliver good quality healthcare accessibility calculations, such an approach has the 

potential to enhance the work of organisations concerned with the planning of healthcare 

services who may not have the finance or resource for more costly alternative solutions. 

 

 
9 https://www.osgeo.org/ 

https://www.osgeo.org/
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3.3 QGIS 

QGIS is a free and open-source desktop GIS, which supports multiple platforms (Windows, 

Linux, OS etc.). It integrates with many additional packages such as PostGIS, GRASS, etc. and 

allows the user to install plugins to provide numerous tools for the user giving the user the ability 

to tailor the package to their needs and specialities. QGIS has been available since the late 

2000s and is being used more regularly in industry; it is one of the main FOSS alternatives to 

ArcGISTM (see a list of contributors at (Sustaining members and Donors, 2020)), a proprietary 

GIS that is the world leader in GIS software sales. There are alternatives to QGIS; as well as 

ArcGIS: SAGA GIS, GRASS GIS, gvSIG, SuperGIS, Mapserver and Google Maps Engine are 

just a few of the GIS systems currently available, and these all have their specialities and 

strengths in different tasks. 

 

QGIS best fitted the requirements of this project at this stage because it was easy to learn 

(multiple courses offered online and at various venues) and provided the capability for plugins to 

be created. One of the primary aims of this pilot study was to demonstrate that the creation of 

an easy-to-use desktop 2SFCA tool was feasible; QGIS provided an ideal environment for this 

to be tested within due to its current stage of development, as well as the large community of 

developers associated with the project which ensures a stable and reliable base platform. QGIS 

also provided the ability to create and modify shape files, which was the primary format for the 

data used in this study. There were various other ways that the data could be stored and QGIS 

allowed data to be transferred from GeoJSON, KML, and most of the other formats used to 

store geospatial information. 

 

Although there are benefits to using QGIS, it also has some downsides too. For example, it is 

not as complete as ArcGIS, which offers far more built-in functionality such as a built-in spatial 

database and easy to use network analyst tools. Google Maps have some innovations which 

QGIS is not able to replicate at this time such as its routing capabilities utilising the prevailing 

road conditions to give a more accurate time or route and the more up to date satellite imagery. 

But, even acknowledging these drawbacks QGIS is being used by various organisations across 

the world as an alternative to proprietary GIS packages as a result of the savings being made in 

implementing the software, the potential for customisation, and continuing advancements in 

visualisation and analytical capabilities. There are also a variety of different paid and free 

training programs offered from a wide range of sources to educate users in the use of QGIS at 

any level. 
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QGIS allows users to create their own plugins using the plugin builder tool; this uses Python 

scripting and PyQT creator to include functions that are specifically desirable for particular users 

or groups. Using the plugin builder, for example, it is relatively straightforward to create the 

2SFCA tool, which allows the user to load data sets directly into QGIS, and then manipulate the 

data by performing the 2SFCA calculations. Once the calculations are completed, it is then 

possible to show the data in QGIS using the built-in mapping functionality. QGIS also amends 

the shape file to store the results that can be viewed in a tabular format. 

 

Figure 3.1 shows the QGIS environment (version 2.18) familiar to most users of windows 

machines that follow a similar format to most of the Microsoft Office suite and which is highly 

customisable by the user. The main menus are positioned along the top with many buttons 

underneath which are interchangeable depending on the workflow so that the most used tools 

are easy to access. The rest of the screen mainly consists of a large viewing pane and several 

boxes that are used to select and manipulate the data contained within it. The large purple map 

is one layer of data that shows the LSOA outlines in Wales, and each yellow dot is the 

population-weighted centroid for each LSOA. 
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Figure 3.1 shows the QGIS environment (version 2.18) familiar to most users of windows 

machines that follows a similar format to most of the Microsoft Office suite and which is highly 

customisable by the user. 

 

 

Figure 3-1 QGIS 2.18 Layout 
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3.4 Python 

Python 2.7 is a high-level computer programming language which was used to create the 

prototype tool. Python was initially released in the early 1990s and it has become increasingly 

popular in the last 10 years, with major corporations such as Yahoo, Google, IBM and NASA 

now using it. The main reason for the increased usage is that it is highly adaptable, offers fast 

and efficient processing, and is supported by a wide range of libraries to add extra functionality, 

which makes it a very fast and functional programming language when compared to Java and 

C++. programs written in Python normally require less lines of code when compared with many 

of its the main rivals, and the way in which the code is written makes it easy for other 

developers to read and understand. 

 

There are multiple benefits to using Python for the developer and the end user. Because Python 

is so readable, it makes it much easier for legacy code to be maintained by different developers. 

It also works across multiple platforms and is not tied to any specific environment unlike other 

languages such as C#. Although it is easy to use it is still a very powerful object-orientated 

language that allows the developer to create complex programs. The libraries available for 

Python are varied and of good quality, and there are a wide variety of specific libraries which 

can be used to make complex problems easier. NumPY and SciPY are particularly important 

widely used libraries that contain formulas for completing common mathematical and scientific 

calculations without having to write code to perform these calculations. The use of such libraries 

helps to make Python code easy to read yet very effective. 

 

Python has its imperfections and some tasks would be completed more efficiently using a 

different language. For example, it is an interpreted language, which means that it is not 

compiled like C++ or Java, and therefore can take longer for the code to execute. Also, the way 

that memory is managed in Python makes it less efficient than Java or C++ for tasks which 

involve high levels of memory management. These downfalls do not stop it being a good choice 

for this project, and since it was the only language that could have been used at this point with 

the plugin builder the choices were limited. 

 

3.5 PyQT Creator 

PyQT Creator is a tool used to create the interfaces used by the plugins. It enables the 

developer to use QT creator by porting the Python language into QT. QT is normally used with 

C++ and it is a very mature cross-platform user interface creator. It makes creating an interface 
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simple and helps the developer to visualise what the interface will look like. By using a drag and 

drop system it is simple to make interfaces that do what is required for the project, and these 

are easily changed and manipulated when amendments are necessary. 

 

There are a range of different interface creators available but QT creator is one of the main 

cross platform choices and is used commonly by developers (Bhalla, 2008; Binder et al., 2017). 

Microsoft has Visual Studio that performs a similar task, but it is not used to create cross 

platform tools as often. Wxwidgets, Gtk and Fltk are all cross-platform alternatives but QT is 

used in this stack and has been shown to work well (Rischapter, 2014). 

 

Figure 3-2 shows the interface that was created. The tool takes supply and demand inputs that 

the user specifies and applies them to a catchment size that needs to be adjusted by the user. 

Finally, the user is able to specify where the tool outputs the results. There is some 

management information recorded and this shows how many supply and demand point pairs 

there are and how many pairs there are within the specified distance as well as a start and a 

finish time when the calculation is performed. Once the results have been completed, they need 

to be joined with a separate layer so that the data can be displayed in visual format. For this 

analysis a generalised LSOA layer has been used. 

 

 

Figure 3-2 Crow Flies 2SFCA tool 
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3.6 Straight Line 2SFCA 

To compute 2SFCA scores, the required calculations needed to be converted into a series of 

commands that could be coded into the program. Figure 3-3 shows the basic steps of the 

algorithm; the program loops through each supply then demand point and then adds the 

attribute information of those with the specified catchment area into a dictionary. The second 

step loops through each demand then supply point and adds the attribute information to the 

dictionary. The two are summed to give the 2SFCA score of each supply point which accounts 

for how close a demand point is to a supply point, and also for how many demand points can 

access the supply point. 

 

Figure 3-3 Algorithm flow chart 
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To loop through each supply and demand point is a very simple way of collating all of the 

information, but it creates problems when using large datasets, as even on modern computers it 

will take considerable time to loop through the multiplicative combinations. The way this 

program was written also means that it must loop through the points multiple times. This could 

possibly have been improved upon by saving the information of intermediate stages to file 

storage, although this too can be a time-consuming process. 

 

This tool uses straight-line distances for the purpose of the calculations and this is not the most 

effective way to measure the ‘geographical friction’ between one place and another. It would be 

preferable to use the time taken to travel between point A and point B or the true network 

distance. To get this information it was possible to create a routable network that used 

information pertaining to all the roads and connectivities between point A and point B, and 

calculated the time taken to travel via the shortest network route between them. Using different 

graph traversal calculations, it was possible to get a rich understanding of the time taken and 

distance travelled. It may be more feasible for someone to travel ten miles on a motorway rather 

than five miles on small B roads, for example 

 

It was possible to create networks that were more detailed than just vehicle travel times and 

they could be expanded to include walking, cycling and different forms of public transport that 

further added to the accuracy of the catchment sizes. There were some problems with using a 

network to calculate the catchment sizes as they needed to be kept up to date and this can be a 

time-consuming task. If a new road is built or a road is closed then it can have a severe effect 

on the catchment size and this must be considered. 

 

A linear distance decay function was coded into the tool to help improve the accuracy of the 

results. This function assigned weighting values to the points within a catchment area based on 

their distance from the target, with a weighting of 1.0 being the closest and 0.0 being the 

furthest away. All points in-between got a corresponding value which declined the further away 

the point was. By using a distance decay function the results were more accurate as it took into 

account the fact that someone who lives next door to a supply point has better accessibility than 

someone who lives at the extremities of the catchment area. 

 

There are various distance decay functions that can be used, and many have been tested in 

healthcare accessibility, with the advancements of each being discussed in the literature review 
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(sections 2.3 and 2.4). There is no right or wrong function to be used but depending on the data, 

some have shown to give more intuitive results than others, Dai, (2011) used a Gaussian based 

distance decay function and Luo, (2014) used a continuous distance decay function. Many 

authors (sections 2.3 and 2.4) suggest that the results that show what they would expect are 

more intuitive, for example, the 2SFCA method would have less refinement than that of an 

E2SFCA method, it does not account for any movement within the catchments and may not be 

as good at describing the data, if the results showed high access in areas with no supply then 

this would be unintuitive and would need further investigation to make sure there are no errors 

with the method being employed. It is important to understand the data that the prototype tool 

uses in order to be able to tailor the distance decay functions to the data. In the software 

developed in the main phase of this study several alternative distance-decay functions were 

programmed into the system so that the user is able to experiment with the effects these 

settings may have on outputs computed with the data at their disposal (see section 4.2.4). 

 

3.7 Data 

To complete this proof-of-concept study a number data sets were used. For the tool to work the 

spatial data first needed to be stored in a readable format such as shapefile or GML. When the 

data was in the correct format it was then easy to manipulate and visualise using QGIS once 

again. Experiments with the prototype used 2011 census data to report population demand 

totals and data supplied by Tenovus to report the locations of supply side sites. Furthermore, 

data was used that reported the Welsh index of multiple deprivation scores and hospital data. 

 

Lower Layer Super Output Area (LSOA) is a type of geographical unit used in England and 

Wales10 typically to display census data at a local level. Output Areas (OA) are constituent units 

used to build LSOAs, and the smallest geographical unit for which census data is released.  The 

OA and LSOA on average are composed of around 125 and 650 households respectively; the 

areas tend to be smaller in areas of high population and larger in rural areas. In Wales, at the 

time of the 2011 Census of Population, there were 1,909 LSOAs and 10,036 OAs. They are 

used in this paper as they are the smallest geographical units for which much of the data is 

released. 

 

Population-weighted centroids were used to represent a single geographical location for each 

LSOA and OA; they are single points falling within areas that represent the distribution of the 

 
10 https://www.ons.gov.uk/census/2011census 

https://www.ons.gov.uk/census/2011census
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population in each area at the time of the last census. These are commonly used in this type of 

study as they are easy to understand and can be used to represent where the population is 

assumed to be located. Total population was also used, taken from the 2011 census, to provide 

an estimate of the level of demand present in each LSOA. 

 

Mobile unit data was provided by Tenovus and consisted of the locations used by the three 

mobile units but not the time spent at each location. Thus, an arbitrary supply value of one was 

used for this data. There were 27 sites in total that were visited by the three mobile units and all 

of these were considered to be of equal value for the purposes of the analysis presented in this 

chapter. The hospital data has been put together by using websites to try to understand the 

spatial pattern of ‘static’ cancer provision in Wales. 

 

The Welsh Index of Multiple Deprivation combines various different metrics to present an index 

score to describe levels of deprivation in an LSOA area. One of the metrics used in the 

construction of the health domain is cancer incidence (indirectly age-sex standardised) (number 

by 100,000) at LSOA level and this figure was been used to create a demand estimate (to  

compare with the use of the total population derived from the 2011 census). 
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3.8 Locations of cancer facilities supply and demand  

Figure 3-4 shows the sites used to locate the mobile units; as stated before there are 27 sites in 

total and the spread is mostly in the areas with higher population around the south east and the 

coastal regions. These are sites where Tenovus is able to locate its services and they are 

normally decided upon by the health board. In addition, local site factors such as parking 

availability and accessibility restrictions are important considerations that Tenovus needs to take 

into account in the final choice of sites. 

 

 

Figure 3-4 Tenovus Mobile Unit Sites across Wales 

 

The maps of 2SFCA scores computed by the prototype tool display some interesting patterns. 

When computed using smaller catchment sizes, it was possible to see a ring effect around the 

van sites. This arose because the surrounding LSOAs had good accessibility, which provided a 
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high accessibility score, and this clearly declined with increasing distance. It is important to note 

that although Cardiff and the south east of Wales had the highest concentration of supply sites, 

they did not register the best levels of accessibility. This was due to the fact that there were 

more people and a lot more LSOAs in the area. This had the effect of spreading the service 

supply much more thinly than corresponding locations in mid Wales. As a consequence, it was 

the latter which registered the higher accessibility scores as there was much less demand for 

the same service from within the local area. 

 

When the modelling was performed using small catchment sizes there were a large number of 

areas that reported no accessibility at all, which meant that if say, 10,000 metres was stated as 

the furthest distance an individual would be prepared to travel for these services, then the 

locations of the vehicles needed to be spread much more widely throughout Wales to achieve a 

good and uniform coverage particularly in rural areas. 

 

At a more reasonable 30,000 metres (<19 miles) almost everyone on the map had some level of 

accessibility and with one or two strategic van placements everyone in Wales would have some 

degree of accessibility even if it was not ideal. This continued as the map got to 40,000 metres 

and most of the map had some accessibility to the services. 

 

This data did not take into account any other mobile cancer services, which would have been 

helpful in understanding the effect that the Tenovus sites had on general accessibility to cancer 

services in Wales. 
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Figure 3-5 shows variations in cancer incidence (indirectly age-sex standardised) (number per 

100,000) at LSOA level across Wales with areas with higher levels of cancer incidence in darker 

shading. Such variations were used to estimate the potential demand for cancer services which 

could be incorporated into the final FCA calculations. 

 

Figure 3-5 Cancer Incidence (indirectly age-sex standardised) (number per 100,000) shown at 

LSOA level 

 

 

 

 



67 
 

Figure 3-6 shows all of the LSOAs with their total population. It is possible to see that the 

LSOAs vary in size with the larger LSOAs in mid Wales, which has smaller populations 

compared to the very small LSOAs in and around the Cardiff Area. 

 

 

Figure 3-6 Total Population per LSOA 

 

3.9 FCA visualisations 

Using the data shown in section 3.8 it was possible to use the proof-of-concept tool to run 

several FCA analyses. This was completed by entering the supply and demand catchment 

layers into the plug assigning supply and demand fields then setting a catchment size. The 

results were then joined to an LSOA layer which could be styled to show the results using 
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different colours. For the maps in this section a quantile function was used to categorise the 

results into bands which could then be visualised.  

 

Figure 3-7 shows that there are areas in Wales with poor access to Tenovus mobile units within 

ten kilometres of their homes. As can be seen there is unsurprisingly a high level of accessibility 

in the LSOAs that have the mobile units visit them, but then there is no accessibility in those 

areas surrounding this site. It is possible to see that in Cardiff and Swansea even though these 

areas have the largest amount of supply, because of the way in which the FCA scores are 

calculated, they do not necessarily have the best levels of accessibility due to the large volumes 

of people that are potentially accessing the services. 

 

 

Figure 3-7 35 km Tenovus Vehicle Sites as Supply LSOA Cancer Incidence (indirectly age-sex 

standardised) as demand. 
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Figure 3-8 highlights the effect of the catchment size; as the size of the catchment area 

increases there is a general smoothing effect. This shows that as more people have access to 

the service it becomes less accessible and if this were to continue until the catchment size was 

as big as Wales then it would result in all areas having the same (rather low) score. 

 

 

Figure 3-8 35 km Tenovus Vehicle Sites as Supply LSOA Total Population as demand. 
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Figure 3-9 shows very similar patterns to figure 3.8, which suggests that cancer incidence and 

total population are linked. The spreading is still occurring and there are definite spikes in 

accessibility depending upon the location, and there is a more even level of accessibility in the 

Cardiff area. 

 

 

Figure 3-9 2:35 km Tenovus Vehicle Sites as Supply and LSOA as demand.  
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Figures 3-10 and 3-11 show all of the static hospital sites in Wales that cover a variety of 

healthcare needs and the second map shows all of the hospitals that have staff dedicated to 

cancer care. On the cancer services map there is a score next to each point, which is the supply 

number given to each point and this number is based on the information available from the 

health boards’ websites. 

 

 

Figure 3-10 Static Hospitals in Wales 
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Figure 3-11: Hospitals with dedicated cancer staff accessible from Wales 
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Figure 3-12 shows that there is a relatively uniform level of accessibility across Wales with a 

couple of spike points across the country. The southeast and northeast would appear to have 

slightly higher levels of accessibility than the rest of the nation and this would fit in with these 

being areas with larger populations than mid and west Wales. 

 

 

 

Figure 3-12 35,000- metre Hospital Sites as Supply LSOA Total Population as demand.  
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When figure 3-13 was compared to the Total Population maps, there was a clear difference. 

These maps showed a distinct difference between the southeast and the majority of the rest of 

Wales. There was also a spike in accessibility in the north west of the country as well. This 

suggested that although there are more people in the large cities and that this is where most of 

the hospitals are based, there were potential inequalities in access to cancer services that were 

worthy of further investigation. 

 

 

Figure 3-13 35,000- metre Static Hospital Sites as Supply LSOA Cancer Incidence (indirectly 

age-sex standardised) as demand.  

 

As there were very few hospitals offering specialist cancer care, there was a clear and distinct 

pattern in these maps that showed that most of the resources for cancer were based between 
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three sites across Wales. With Singleton Hospital, Velindre Cancer Centre and the North Wales 

Cancer Treatment Centre supporting the northern and southern areas of the Country (Figure 3-

13). This showed that anyone living in west or mid Wales had to travel a large distance to gain 

access to the appropriate levels of care that they needed. These maps were not as detailed as 

they could be, but proved to be a useful tool when communicating with Tenovus to show the 

type of visualisations which could be expected in the next iteration. 

 

3.10 Performance of Concept Tool 

The charts below (figure 3-14 and 3-15) show the relationship between time and catchment 

area sizes. This varied as the dataset changed, but it was clear that the larger the dataset the 

more time is taken to complete the calculations, and the larger the number of pairs that need to 

be printed to the attribute table. Although the calculations took the majority of the time to 

compute, and at the moment, they were all being computed for every pair, it would still stand to 

reason that the larger the amount of data that needs to be reported back the longer the process 

takes. 

 

 

Figure 3-14 Graph showing times compared with catchment size; x axis is the time in minutes, 

and the y axis is the size of the catchment area in metres 
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The following graph shows how the number of in catchment pairs rises as the catchment size 

increases. This is data dependent, but would normally trend upwards as it would be more likely 

that the larger the catchment size the more points fall within it. 

 

 

Figure 3-15 Graph showing in catchment pairs compared with catchment size where the x axis 

is the number of pairs calculated, and the y axis is the size of the catchment in metres 

 

Table 3.1 shows in more detail the full results of the test run and how many in distance pairs 

were computed. This was important to know as the exponential rise is shown above in the time 

taken to complete. 

 

Distance Time In catchment pairs 

500m 6.45 14,453 

2,500m 6.20 145,334 

5,000m 6.25 382,935 

10,000m 7.04 992,564 

20,000m 6.50 2,690,238 

30,000m 8.57 4,551,756 

40,000m 9.53 6,030,083 

50,000m 10.32 7,249,942 

Table 3.1 Table showing distance, time and the number of in-distance pairs 
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As a further example to show the exponential rise in time, a test was completed at a 50 km 

catchment size for OA as supply, with OA as demand with 1 values used as both supply and 

demand. There was a total of 100,721,296 pairs with 37,493,828 in distance pairs, and the test 

took an hour and three minutes to complete. This data size is not out of the question if one is 

investigating a large area and the tool should be able to cope with these data sets better. 

 

The following attribute table (figure 3-16) displays results from the tests and it shows that 

without the ability to map the data it would be very difficult to read and interpret. This is why 

having QGIS was a benefit as it provided this functionality in an easy-to-use way. The results 

were as expected and the smaller catchment sizes got fewer results but typically had higher 

scores. As the catchment sizes got bigger, there were more results but the typical values 

decreased. This would continue until all points were within the catchment area, and then the 

score would be at the median value, which in this case is the number of LSOA divided by the 

number of OA, 0.190255. 

 

 

Figure 3-16 Copy of the QGIS attribute table 
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3.11 Key Findings from The Pilot Study 

This proof of concept delivered a tool capable of implementing straight-line FCA analysis in an 

open-source environment. The result was a standalone program capable of performing 

accessibility analysis.  Initial findings were shared with Tenovus in order to receive feedback on 

the design and functionality in relation to user requirements. In the development of the software, 

it was helpful to understand how the algorithm worked, and to highlight different areas for 

improvement in later iterations such as, performance and complexity. The way in which this 

program scaled shows that it was only suitable with limited datasets and the results using 

Euclidean distance were inherently less valuable than those which took into account the 

distance travelled. It also showed the need for more complex algorithms which took into account 

distance decay functions to give a more intuitive result. By understanding the way, the tool was 

coded it has been possible to narrow down future development routes and this assisted in 

focusing the search discussed in section 3.12. 

 

3.12 Proof of concept: Limitations 

However, using open-source software could be seen as problematic in that it left the tool 

vulnerable to change and could make the tool obsolete, which is, of course a problem with any 

software, but as there are rarely service level agreements in place it can make future planning 

difficult. This project used well-supported and long-term open-source tools to mitigate this risk. 

QGIS has been in use since 2002 and has improved year on year with additional functionality 

and user-friendly interfaces. It is used in organisations as a free and reliable alternative to 

ArcGIS that is too expensive for many users to consider. Python has been around since the 

early 1990s and is a very popular language, it is very unlikely to cease development due to the 

people and organisations that use it. The speed of the prototype tool was a major problem as it 

could not cope with large datasets in that format, and as any spatial database features were 

incomplete or difficult to access the solution was not a viable pathway. This needed to be 

addressed to make sure that the program was scalable and usable for the client. If this was not 

addressed it may not be used as often as possible, and any potential benefits may not be 

accessed by the client. 

 

This tool used straight line distance to measure accessibility. This was not a good measure as 

we very rarely travel in a straight line to and from locations. A networked approach provided 

much more useful information which added weights to roads for speed limits and gave a much 

richer picture of the accessibility of different locations; but this was difficult to achieve in QGIS. A 
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wider range of distance decay functions would be beneficial so that the user is able to pick the 

one which best suits their data, the decay functions were optimised for different types of data 

and this should be included in any documentation created to guide the non-expert users in their 

choices. 

 

Data storage was not good enough, everything was completed on a local machine which meant 

that data needed to be passed from user to user and the reliance on shapefiles to supply the 

source data was not as efficient as it needed to be. This showed that a database could provide 

a very sensible alternative to help with the sharing and protection of the data, to make sure that 

original data sets are not overwritten or corrupted. QGIS proved to be a valid display 

mechanism and if PostGIS was used as it integrated well to provide full database and GIS 

functionality.  

 

The tool was only able to compute the original 2SFCA scores and was unable to cater to any of 

the other methods that have been discussed. The other methods have their positives for certain 

size catchments and it would be good if this tool was able to provide more than just the original 

2SFCA calculations. 

 

3.13 Choice of Approaches 

Many different alternative approaches could have been taken when building a tool of this nature. 

The use of QGIS has been justified in the previous section, but it is important to understand the 

other options that were available, and the reasons for them not being used at this stage. Google 

Maps API could have performed some of the required tasks; it was possible to write a script 

which could connect to their server and use the Google Maps routing capabilities to report far 

more accurate catchment sizes. This would have been a lot more difficult to implement initially 

and it was difficult to load the data in and get the results out. The way in which this would have 

to be constructed would have been a standalone program which connected to their API and 

then reported the results back to the program. Some of the main advantages of this are that 

Google would keep the network and the servers up to date which could negate a lot of future 

work for any potential user, and ensure the accuracy is as good as it can be. The negatives are 

that Google only provides this service free of charge for up to 2,500 calculations a day, and this 

would not work with the type of data that this project is using. As shown in the later study there 

are over 50,000 calculations even when the data used is on a small scale. 
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There is an almost endless multitude of pathways and combinations of software, support 

libraries, programming languages, development environments and databases that could have 

been combined to provide a solution pathway. What the prototype exercise showed is that QGIS 

needs easily accessible spatial indexing and built in routing solutions; any language could be 

used but python, java, C++, C# are the strongest contenders. The use of QGIS was justified in 

the previous section but it is important to understand the other options that were available, and 

the reasons for them not being used at this stage 

 

For example, the Google Maps API could perform the networking tasks that were required; it 

was possible to write a script which would connect to their servers and use Google Maps routing 

capabilities to report far more accurate distances or times. The way in which this would have to 

be constructed would have been a standalone program which connected to their API and then 

reported the results of network calculations back to the program for further computation to yield 

the 2SFCA results. Some of the main advantages of making use of the Google Map routing API 

were that Google would keep the network datasets up to date, which could negate a lot of future 

work for any potential user and ensure that a high level of accuracy is maintained as well as 

being able to report public transport routes and times which could have potential future benefit. 

There was no spatial indexing to rescue this computational load which would be inefficient in a 

project such as this, as the datasets can be very large and the ability to use spatial indexing is 

critical to computational performance. 

 

Finally, using a third party such as this moves away from the free and open-source philosophy 

of the project and it would mean that if Google was to exit the market, or change terms and 

conditions, the project could be rendered useless. There are options other than Google for using 

a free API like OpenStreetMap and Garmin, with additional concerns regarding the quality of the 

networks and maps which may vary between provider. 

 

Another alternative would have been to use ArcGIS, which was the largest proprietary GIS on 

the market, or one of the other proprietary systems that could be used to create this tool. This 

would have been easier than using QGIS due to the increased functionality of the software and 

the ability to create networks within the software itself. The problem with this solution was that it 

required users to purchase the software, which can typically prove to be very expensive. Again, 

it went against the FOSS philosophy that the project was hoping to adhere too. 
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Given these concerns and limitations the preferred choice would be to use a spatially enabled 

database such as PostgreSQL/GIS, which is a free and open-source database used by multiple 

large organisations and government authorities worldwide, with a routable network to compute 

the calculations. This can still be used with QGIS to provide all of the additional functionality that 

QGIS has to offer. By making use of PostGIS spatial indexing it was also possible to use the r-

tree function to quickly and efficiently remove the vast majority of the calculations that were 

being completed in the pilot program by removing calculations that were clearly outside of the 

parameters set, the r-tree function discarded many of the data points that were likely to be 

outside of the parameters and were therefore not processed, easing the burden on the 

hardware to compute as many calculations. There are other benefits to adopting this pathway in 

the future, including the data protection and performance enhancements associated with using 

a fully-fledged database. PostGIS includes a library called pgRouting, that provides an easy-to-

use alternative to creating and using routable networks from line/node datasets. 

 

It would have been possible to build a complete standalone piece of software able to complete 

all of the desired tasks from scratch. That would however have been considerably more difficult 

and time consuming to implement than making use of libraries, and data management systems 

such as PostGIS/pgRouting, and the options for how this could be implemented are almost 

endless. Using C++, QT and openGL would be one example. Pursuing this pathway would have 

made sense if there was a specific task that a private company wanted to achieve, and they 

wanted to ensure that no-one else was able to view or benefit from their findings, as it would be 

completely private and built for that one purpose only. It is a possibility for future work but there 

needs to be further investigation into possible alternatives to make sure that work is not being 

replicated unnecessarily. 

 

Such possibilities are just a few of the alternatives that have been investigated so far and there 

are more products and tools released periodically which are tested and evaluated to see if they 

can help in creating the final iteration. It is important to remember the philosophy of the project 

and the user requirements to ensure the project stays focused on creating a usable and well-

designed piece of software which can be used by non-experts and benefit organisations such as 

Tenovus in planning the provision of their services. 
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3.14 Chapter Summary 

The prototype software solution described in this chapter showed that it was possible to create a 

free and open-source tool with the ability to provide straight-line 2SFCA scores. Building this as 

a plugin to the QGIS system had a number of benefits, in particular allowing the results to be 

manipulated and reported in a visualised format in a simple way. The reliance on Python and 

PyQT provided a productive environment for the code developer, and enabled the complex 

calculations needed for a 2SFCA analysis to be performed in less than 500 lines of code. 

 

A user-testing suite needs to be designed to ensure that the end user is the focus of the design. 

It is important for the free and open-source philosophy to remain central to all the ideas and 

tools that are being considered, and only those that fit this philosophy will be included. 

 

Data is very important to the project, and for this tool to provide meaningful results it will 

ultimately need to use much more detailed data than that tested in the pilot phase, in order to 

provide insightful results to the user. This implies that the performance of the tool needs to be 

improved to ensure that it is scalable and will be able to handle any of the data sets that it may 

have to process in the future in a full production environment. It has become clear through the 

pilot study that it will be necessary to integrate a spatial database and use its spatial indexing 

capabilities to minimise the computational load associated with the distance calculations that 

form the heart of the 2SFCa algorithm. 

 

The maps produced by this pilot study were able to show that a tool of this type can be of 

benefit to workers at Tenovus who would be able to visualise the impact of alternative strategies 

and delivery site choices on the communities that they serve. The adoption of the 2SFCA 

accessibility score was a good choice for this project as it had been demonstrated to be of value 

in a range of healthcare and cancer specific studies and provided detailed supply to spatial 

demand ratios that can be used by Tenovus when they require further funding or to access the 

implications of using alternative mobile site locations. The linear distance decay function was 

also a good addition as it helped to provide more accurate and meaningful scores, but also a 

wider range of available distance decay functions should ideally be included so that the most 

applicable function can always be used for the analysis that is being undertaken. 

 

The prototype provided a number of useful insights into design decisions, potential pathways, 

absolute needs and optional niceties, that can be used to guide the on-going main phase of the 
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project. Specifically, we learnt that a different approach is needed, it has been shown that the 

program does not scale well and that the use of a spatial database is important for performance 

as well as data storage and manipulation. The program clearly needs to easily access routing 

capabilities as well as to deliver more complex algorithms which can offer a more detailed 

understanding of accessibility.
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Chapter 4 Methods 

 

4.1 Introduction 

The aim of this chapter is to explore the methods used to create the final iteration of the tool, 

and demonstrate the ways in which this has been tested and applied to a range of data sets. 

This includes a discussion of the development environment and the software and hardware 

used in this study, and incorporates an in-depth investigation of potential FOSS solutions and a 

full justification for the choices made. The potential for a range of routing algorithms is 

discussed prior to a fuller review of the different FCA algorithms which can be implemented 

within this solution. Several case studies were been completed to show potential users how the 

tool could work and benefit them and there is a discussion regarding display options. Finally, the 

documentation that was developed alongside the implementation is reviewed and discussed. 

 

This chapter looks in detail at the software and hardware options available to develop the tool. 

All of the software used was FOSS and can be accessed by anyone wishing to replicate this 

tool or create a similar one. The hardware used in this project is good quality but familiar, and 

consists of a non-specialist laptop and desktop which should be widely available. Microsoft 

Visual Studio has been used as an integrated development environment (IDE) utilising C#.Net 

for the user interface (UI) with PostgreSQL/GIS as a spatial database and the pgRouting 

extension for network analysis functions. 

 

There are various options available when creating this type of application so it was important to 

make informed decisions regarding these. It was necessary to evaluate not only the quality of 

the tool but also its ease of use and the developmental knowledge required to implement it; as 

the tool will be passed to a team of non-experts to use and may require updating in the future. 

This section outlines several possible solutions and a justification of the final choice of software 

tools used to implement the FCA models. There are several ways to set up the routing analysis 

depending on the systems available and the desired output. Similarly, there are a large number 

of potential algorithms that have been developed in the FCA literature (reviewed in Chapter 

Two). Such research has sought to improve the algorithm and make it more appropriate for 

analysing a wide range of datasets. The outcome is that researchers have considerable choice 

when deciding which algorithms to implement within the tool to make it as accurate as possible 

whilst trying to ensure usability for non-GIS experts. 
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After discussions with potential users of the system within Tenovus, in order to demonstrate the 

usefulness of an FCA approach to analysing spatial patterns in access to cancer services, it 

was decided to develop several case studies that used real data to demonstrate the implications 

of moving one of their mobile units or adding additional resources to a new area. To do this 

supermarket data that incorporated a measure of parking space size was utilised and several 

maps were created to show the difference in accessibility under a range of different scenarios. 

To visualise the results QGIS was used but this was mainly due to the preference of the author; 

the tool created 2 files that can be used in QGIS or displayed in other available GIS packages. 

This tool is very simple for the end-user and requires a small degree of user-input in order to 

implement some quite complex calculations. It is therefore important that these processes are 

documented to ensure the tools are successfully implemented. Therefore, three different 

documents have been created (appendix C): 

 

o  A User Guide which shows the end-user how to input data that can be used to 

implement these models, and which demonstrates how to visualise the results through 

a range of outputs. 

 

o  A superuser manual which shows the more proficient user how to download and 

update all of the software used, and also how to add data to the database and all of 

the more complex tasks that are required. 

 

o  A guide to FCA which explains how the calculations work and what the results mean, 

to assist in interpretation. 

 

The quality of the documentation determines how often the tool is used and whether it is a 

success and has been evaluated in the usability studies documented in Chapter 5. 

 

4.2 FOSS considerations  

There were a number of key considerations associated with this project; firstly, for reasons 

outlined previously, an open-source solution was required to implement these models so that 

they could be freely used and customised by those that need to access it. To do this involved 

using and evaluating a number of different software solutions and implementing those that were 
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the most appropriate for the project. The following section summarises the respective 

advantages and limitations of some of the options available. 

 

To complete the 2SFCA calculations there were several key tasks that were required of the 

software. A key requirement was the ability to sort through voluminous spatial data in an 

efficient way on a standard computer. A routing tool that is flexible, which can traverse multiple 

routes efficiently, provides more accurate 2SFCA results, and is key in delivering an accurate 

tool as well as providing important results from the data gathered in this project. An interface 

that is easy to understand by non-experts was vital to delivering a usable tool. The software 

needed to be flexible and provide a stable development platform which would be usable for 

extended periods of time to ensure the tool does not have to be re-designed at every major 

update. 

 

4.2.1 Development options 

Table 4.1 compares several different solutions that were considered for this project. The list is 

not exhaustive but comparing these alternatives provides a good overview of the current 

capabilities of each of the options as well as their strengths and weaknesses. One of the aims of 

this project is to understand the different ways in which the task can be completed and to find 

the ‘best’ solution. This solution is subjective and as can be seen below, there was a wide 

variety of ways in which these tools could have been implemented. By drawing on a description 

of the functionality of a range of different FOSS options, the aim here was to compare and 

contrast the capabilities of such software tools and decide the most appropriate solution for this 

study in the light of the project aims identified in Chapter One. 

 

 QGIS Stand-alone 

program (e.g., 

C++, QT and 

openGL) 

GRASS PostGRESQL/GIS 

and pgRouting 

FOSS Yes Yes Yes Yes 

Development 

complexity 

Using Python and 

QT creator it is a 

suitable 

environment to 

develop in. This 

To create a stand-

alone program is a 

very complex task 

and would involve 

developing tools 

It is possible to 

develop add-ons for 

GRASS by using 

Python or a number 

of other scripting 

Using SQL and 

utilising the built-in 

capabilities of 

PostGIS and 

pgRouting provided 
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solution is quick to 

develop and the 

stacks cater for 

quick UI 

development. 

and functions that 

are already 

available in other 

ways such as 

linked libraries and 

passing information 

between several 

component 

software 

applications. 

languages, and it 

was felt this could 

present a workable 

development 

environment. 

a suitable 

development 

environment. Many 

options are available 

for UI development 

as there is not a 

stack set up for this. 

Network 

analyst 

capability 

There is direct 

access to a 

network analyst 

within QGIS. It is 

possible to use the 

networking 

capabilities of the 

GRASS plugin 

however. The 

network analyst is 

not used often and 

there is limited 

documentation 

regarding its 

usage. 

These functions 

would need to be 

created or imported 

and amended from 

suitable libraries 

(i.e., RoutingKit). 

To create a flexible 

routing program 

from scratch would 

take a large 

amount of 

development time 

and is unnecessary 

as solutions 

already exist that 

can be called upon. 

There is access to 

network analyst 

functions from within 

GRASS. 

pgRouting provides 

many advanced 

algorithms which 

can be accessed via 

SQL scripts issued 

from a front-end 

program. 

Speed of 

solution 

The QGIS solution 

could work but 

would need to use 

a spatial database 

to have acceptable 

performance. 

This solution has 

the potential to be 

very fast as it would 

be created and 

optimised for this 

sole purpose. 

This solution could 

be suitably fast as it 

uses a spatial 

database. 

This has the 

potential to work 

within a tolerable 

timeframe due to the 

access to spatial 

indexing and 

bounding boxes. 

Future This is a sound Would require a There are many This is a sound 
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development platform used by 

many developers 

and has the 

potential for further 

development. 

good knowledge of 

the tools and 

libraries used in 

development to 

develop further. 

add-ons already 

created and any tool 

created has the 

potential to be 

developed further. 

platform used by 

many developers 

and has the 

potential for further 

development. 

Stability QGIS is stable and 

has been in use 

for many years. 

As a stand-alone 

piece of software, it 

would be stable as 

it would not rely on 

other software to 

work. 

This is one of the 

oldest GIS and is a 

stable environment 

for development. 

The software used 

in this solution is 

well established and 

managed. It is used 

by some very large 

organisations and 

should provide a 

stable environment. 

Visualisation It is easy to 

visualise the 

results with QGIS. 

It has the ability to 

then customise the 

map and save it in 

different formats. 

There is the 

potential for 

visualisation. 

Although the 

results may need to 

be transferred to a 

GIS to customise 

and create good 

quality maps. 

There is the ability 

to visualise the data 

within GRASS. It is 

not as user friendly 

as the QGIS option. 

There is no built-in 

way to visualise the 

results. QGIS or 

similar would need 

to be used to 

visualise the results. 

Benefits An easy 

development 

environment and 

the ability to 

visualise the 

results in one 

piece of software. 

It also offers all of 

the other benefits 

that a GIS has to 

offer. Provides a 

good environment 

A specific and 

precise solution for 

E2SFCA which has 

the ability to be 

tailored to other 

projects. It could be 

quick and stable. 

A robust and well-

established FOSS 

GIS which has 

many options to 

develop add-ons. 

The ability to 

visualise the results 

in the same 

program helps to 

reduce movement 

across platforms. 

Having built in 

The use of PostGIS 

enables large data 

sets to be stored 

and managed 

centrally as well as 

manipulated in a 

quick and efficient 

way. The 

development 

environment is easy 

to use. pgRouting 

offers many different 
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for the non-expert 

user. 

spatial database 

and network analyst 

functions is a real 

benefit. 

routing algorithms 

and both platforms 

are stable. 

Problems Although QGIS 

could provide a 

solution it would 

need to use a 

spatial database to 

have acceptable 

performance. The 

networking 

capabilities are not 

as complete as 

some other 

options but this 

could be 

overcome. 

The development 

complexity for the 

tool would be high 

and there are many 

solutions available 

which could be 

used instead. 

This solution has 

the potential to work 

well. Using GRASS 

may not be as easy 

for the non-expert 

user as some other 

solutions available. 

This solution has the 

potential to work 

well. Not having a 

GIS to display the 

results is not ideal, 

but any GIS could 

be used or the 

results could be 

displayed online 

using a variety of 

FOSS solutions 

such as MapServer, 

GeoServer or 

OpenLayers. 

Table 4.1 Comparison of available development options 

 

4.2.1.1 QGIS 

QGIS is a is a complete desktop GIS solution with facilities to store manage, capture and 

analyse various spatial data types. QGIS started development in the early 2000s and was 

released in 2009. QGIS is available on most platforms and can be used in conjunction with 

other FOSS software (PostGIS, GRASS). It is used in organisations (local councils, US National 

Security Agency) and provides a number of different functionalities (Raster & Vector layers). It 

has been used in academic publications (Ranga and Panda, 2014; Kim, Byon and Yeo, 2018) 

but not as widely as ArcGIS. QGIS is under the OS GEO banner and can be downloaded with 

optional extras that can tailor the capabilities for whichever purpose. 

 

An initial tool was created using QGIS, QT creator, QGIS plugin builder and Python (Methods 

1). There were advantages when using QGIS; mainly, it was easy to use and had the option of 

visualising the data all in one system. QGIS was a stable environment and had many of the 

advantages that ArcGIS had as it is a full FOSS GIS. The challenge of working in this 
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environment only was that it did not currently have a capable network analyst, and an external 

solution (GRASS, PostGIS) needed to be used. QGIS proved to be inefficient in how it was able 

to perform the calculations and this affected the speed of the program when dealing with 

medium or large data sets. By using a spatial database to manage and store the data it should 

be possible to increase performance, but this solution was less efficient than using the database 

to perform all of the tasks, and then visualizing the results using a GIS. 

 

4.2.1.2 Standalone system 

There were a range of ways that a stand-alone system could have be created for a tool such as 

this. One of the most popular languages is C++ but Python or Java could have been used just 

as easily. The main considerations with this approach were the libraries that were available to 

help build the functionality. Creating a tool from scratch using C++, QT creator and openGL was 

a viable option for this task. Creating a tool in this way enabled the most efficient algorithms to 

be used and a tool could be created for this specific task. The problem with this solution was 

complexity, it was a more difficult programming environment and it would have been difficult for 

the program to be modified for alternative tasks. This would have also involved repeating 

approaches adopted in existing programs. 

 

4.2.1.3 GRASS 

GRASS GIS is a full FOSS GIS and has a similar level of functionality to QGIS in that it is a full 

desktop GIS. It has come from a background more focused on raster data and is slightly less 

complete in its vector data capabilities. GRASS began development in the early 1980s and has 

been continuously developed since then. It has been used by a number of US agencies as well 

as private companies and universities and has been well represented in academic journals (Leal 

et al., 2003; Scavuzzo, Provensal and Lanfri, 2017). GRASS has various capabilities and can 

analyse and display raster and vector data. It also has a network analyst function and works 

well alongside QGIS. 

 

GRASS offers a credible solution for creating the tool. It has a network analyst capability and 

there are a number of development options available for creating an add-on. The ability to 

visualise the results in the same environment is helpful and would limit the use of multiple 

platforms. GRASS therefore represented a potential option for implementing this solution. The 

user interface was not as user friendly as QGIS and as this tool is to be used by non-experts, a 

more simplistic environment would be advantageous. 
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R would also be a suitable candidate for a project such as this. The development of the spatial 

analysis libraries and the ability to visualise results in one place make it a strong option for 

problems such as this. At the time R this research was conducted was much less prevalent and 

was not as complete in terms of the libraries within but the progress made within R would mean 

that it should be considered for future projects.  

 

In summary, there was a high degree of functionality available in FOSS solutions and the 

number of platforms was encouraging for an open-source solution. The respective advantages 

and limitations of some possible contenders were considered and evaluated above for their 

potential application within the rest of this study. A full justification for the chosen solution is now 

outlined in more detail. 

 

4.3 Final choice of development environment and solution stack 

This final tool was developed using 2 computers, a laptop (i7-6500U CPU @2.50GHz, 16gb 

RAM and 500gb SSD) and a desktop (i5, 16gb RAM and 1tb HDD); both running Microsoft 

Windows 10. The user interface (UI) was developed using C#.Net with Microsoft Visual Studio 

2017 as the IDE. The tool uses QGIS (v2.14.14 – Essen), PostgreSQL (v9.5), pgRouting 

(v2.3.2) and PostGIS (v2.3.2).  

 

The updates that have occurred since this stack was assembled are themselves backwards 

compatible so the tool should work with more recent versions of any of this software. All of these 

components are FOSS and are readily available for download. Using the OSGEO4W tool it is 

possible to download all of the components from a single location at the same time and the user 

can select the version of each that is required. The reason for adopting version 2 of QGIS is that 

this has been the most stable and most used version at the time of development with version 3 

being more commonly used from mid-2019. The data produced from the tool will work with the 

newer versions of QGIS and could be imported into most GIS. 

 

Microsoft Visual Studio and C# have been selected as they best integrate with the experience 

within Tenovus. This choice was taken as Visual Studio is now compatible with most platforms 

and is a very popular solution which although not open source is free to download and use. The 

benefits of Tenovus being able to make changes in house made this selection appropriate and 
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all of the power of the program is within the SQL statements which can be easily implemented in 

a different language for UI creation if someone wished to work in another environment.  

 

4.3.1 Post GIS/pgRouting 

PostGRESQL is a FOSS relational database management system which has been in 

development since the 1980s. It can be used across platforms and provides solutions for large 

and small projects. PostGIS is an extension for this database and allows spatial databases to be 

used. The use of geographical information in a database provides a very powerful tool to 

compute large datasets in an efficient way. PostGIS is widely used in by other organisations 

such as ArcGIS, QGIS and GRASS. It has been used in academic research (Bhaumik et al., 

2012; Singh, Singh and Singh, 2010) across multiple specialisms. 

 

pgRouting is an extension for PostGRESQL/GIS and allows for different routing algorithms to 

provide routes from the data in the database. This can then be displayed using QGIS or another 

GIS and the information can be used to gain further insights into the distances travelled rather 

than a standard straight-line distance. PostGRESQL/GIS and pgRouting provide a large amount 

of functionality; the ability to store and manage large datasets provides a good foundation for 

this tool. The use of spatial indexing and bounding boxes allows for good performance and the 

different routing algorithms within pgRouting give this option flexibility. There is no ability to 

visualise the results without using an external GIS, but it is simple to produce an output which is 

ready for visualisation. 

 

As well as the options listed above there are several others that were investigated during the 

course of this study such as gvSIG, Open-Source Routing Machine (OSRM) and the 

OpenRouteService (ORS). These tools provided different alternatives to those above. gvSIG is 

a FOSS GIS similar to QGIS and has been predominantly developed in Spain, it has 

functionality similar to GRASS and would provide a good option for the tool. OSRM and ORS 

are services which can be used to provide routes and as they are FOSS they can be hosted 

externally and provide routing information. If the tool were to be used on a larger scale a 

solution like this could be advantageous as are the availabilities of different modes of transport. 

 

In summary, there is a large amount of functionality available in FOSS solutions, and the 

number of platforms is encouraging for an open-source solution. The respective advantages 

and limitations have been considered and evaluated for their potential application within the 
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current study and in the rest of this chapter, a fuller justification for the chosen solution is 

outlined in more detail. 

 

4.3.2 Algorithm choices 

There have been a number of developments since the initial FCA formulation (Wang, 2000) 

including those proposed by Dai, (2011) and Luo (2014). These were described in more detail in 

Chapter 2. These advancements, whilst claiming to provide a more realistic measure of 

accessibility, have also made the calculations more complex and in some cases additional 

parameters are required. It would have been possible to fine tune a calculation using all of the 

latest methods to work well with the data that has been provided from Tenovus, but this may 

make the tool much more difficult to use, and as it is designed to be used by the non-expert 

usability is very important. Three different algorithms have been implemented into the tool to 

reflect this; the original 2SFCA method is implemented (figure 20) which is similar to that of 

Wang, (2000) together with a linear distance decay function (figure 21) similar to Luo, (2014) 

and a Gaussian distance decay function (figure 22) similar to Dai (2011). 
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4.3.2.1 No Distance Decay 2SFCA 

As discussed in the literature review one of the main issues with the original 2SFCA method 

was that it assumed everyone within the catchment area had the same access (McGrail & 

Humphries, 2009). This means that if there is a 30km catchment the calculation assumes that 

those who have to travel 1km have the same access as those who are 29km away from the 

demand point. This method is still useful and shows general patterns but it is possible to 

increase the accuracy of the algorithm which can have significant effects to the results. Figure 

4-1 shows the results of a 2SFCA calculation. 

 

 

Figure 4-1 2SFCA results of Chemotherapy sites as supply and LSOA centroids as demand 

with no distance decay 
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4.3.2.2 E2SFCA (linear) 

The use of a simple distance decay function had the ability to scale the access of those within 

the catchment area; the linear distance decay function alters the scores on a sliding scale from 

1 at the datapoint to 0 at the edge of the catchment area with 0.5 for a point half way between 

as shown in figure 4-2. This allowed for a much more detailed understanding of the accessibility 

within catchment areas and was useful in calculations with larger catchment areas (Luo and Qi, 

2009). Figure 4-3 presents the results of the E2SFCA with a linear distance decay. 

 

Figure 4-2 Diagram showing the linear distance decay function 
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Figure 4-3 E2SFCA with a linear distance decay results of chemotherapy sites as supply and 

LSOA centroids as demand 
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4.3.2.3 E2SFCA (Gaussian) 

After reviewing the user data gathered from Tenovus (section 4.3.2) it was possible to see that 

the data was Gaussian in nature, and this led to the choice to implement the Gaussian decay 

function too (see Polo et al., 2013). The use of a Gaussian distance decay suggested that those 

living within a set tolerance had similar access and this then gradually tailed off to a plateau as 

shown in figure 4-4. Figure 21 shows the results from the Tenovus users, and this is explained 

in greater detail in section 6.5. By utilising the data below, it was possible to set the catchment 

area at 35 km and give those within 8 kms a higher accessibility score than those at larger 

distances. This could be different for users other than Tenovus and can be adjusted to suit their 

needs. Figure 4-5 shows the results of the E2SFCA with a Gaussian distance decay. 

 

 

Figure 4-4 Diagram showing the Gaussian distance decay function 
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Figure 4-5 E2SFCA with a Gaussian distance decay results of chemotherapy sites as supply 

and LSOA centroids as demand 

 

4.3.2.4 Connecting to the datapoint or to the network 

Understanding the effects of small changes in the design of the tool was key to this project’s 

success. One way in which the project is able to contribute to science is to test the differences 

in how these programs are built, and the effect that these have on the results of analysing real 

data. The approach taken was to build a tool which offered a number of algorithmic 

implementations. The solution developed is able to (i) connect to the nearest node on the 

network and (ii) connect to the nearest line on the network. It is less computationally demanding 

to connect to the node whilst it is more accurate to connect to the nearest point on a line. 

Understanding the degree to which the choice might affect the outputs produced is important, 

because if there is very little gain for the extra computational work it is questionable whether the 



99 
 

extra computation is worthwhile. The data sets being used had a bearing upon this issue as the 

OSM dataset works better when connecting to the line than the OS Open Roads data set. This 

is due to the way the data is provided and the different functions used to connect to the line, or 

to the node within the program. When designing a tool for non-experts it was important to 

understand the effect that these decisions had and then implement the most suitable solution 

(see section 6.4.3 for results of testing). 

 

Although connecting the datapoint to the nearest line was more accurate, it was important to 

understand that most of the datapoints are estimations and not based on an actual place. This 

type of collated data that is used in the LSOA population weighted centroids is not accurate, so 

would a small change in where the datapoint intersects with the network have any bearing on 

real world data and the results? It was important to present the most accurate results possible, 

but it was important to understand that even if the tool was accurate to nth degree the results 

would only be as accurate as the data which is being processed. A comparison has been 

completed and is described in more detail in section 6.4.3. 

 

4.3.2.5 Routing choices 

There are ways of traversing a graph to find the optimal route and within pgRouting there are 11 

main routing algorithms which offer slight differences in how this is achieved. These include:  

 

• The Dijkstra algorithm – uses edges of a graph to get the shortest path between two 

nodes and provides a detailed route. 

• Turn restricted shortest path algorithm – based on Dijkstra it is able to take into account 

real world problems such as roads with no entries and one-way streets. 

• Travelling Sales Person algorithm –finds the best route between multiple target nodes 

and the source node to show the most efficient way to travel between multiple nodes 

and return to the source. 

• Driving distance algorithms – uses Dijkstra to show all target nodes within a specified 

distance. 

• The Floyd-Warshall algorithm – normally used for dense graphs; returns the sum of all 

costs between each pair of nodes on a graph. 

• The Johnson algorithm – normally used on sparse graphs; returns the sum of all costs 

between each pair of nodes on a graph. 
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• The A* algorithm – an efficient routing algorithm that analyses the graph prior to the 

search and can perform well if the network graph is small, when used on large networks 

the initial analysis can be inefficient. 

• Bi-directional A* algorithm – traverses the graph from the both the target and the source 

node. 

 

The Dijkstra algorithm was utilised in this study as it did what was needed and did not require 

any precomputation or heuristics to work. This tool could be feasibly used on a continent sized 

network, and the Dijkstra algorithm is the most suitable for this. The way in which the Dijkstra 

algorithm finds its shortest path is relatively simple; by specifying a source and target node the 

algorithm works to find the path of least cost between them. To do this the distance between 

intersecting nodes is recorded so that the path with the lowest total cost can be reported. 

 

Within pgRouting there are several Dijkstra functions that could have been used: 

• Dijkstra cost algorithm – uses the Dijkstra algorithm but only reports the total cost of the 

route. 

• Bi-directional Dijkstra algorithm – traverses the graph from the both the target and the 

source node. 

• Dijkstra cost matrix algorithm – uses the Dijkstra algorithm to produce a cost matrix with 

the total cost of the journey between all pairs. 

 

The Dijkstra cost function was utilised for this project as the sum distance was the only one of 

interest, and although many of the other algorithms could work, they are not as efficient in this 

setting. The driving distance set of functions offered a solution, but it was difficult to separate the 

target nodes and the standard nodes, and provided a slower solution in practice. 

 

4.3.3 The final iteration of the tool 

This tool was developed using 2 computers, a laptop (i7-6500U CPU @2.50GHz, 16gb RAM 

and 500gb SSD) and a desktop (i5, 16gb RAM and 1tb HDD); they are both running Microsoft 

Windows 10. The user interface (UI) has been developed using the C#.Net framework with 

Microsoft Visual Studio 2017 version 4.7.03056 as the IDE. The tool was developed using QGIS 

V 2.14.14 – Essen, PostgreSQL V 9.5, pgRouting V 2.3.2 and PostGIS V 2.3.2. The updates 

that have been made are backwards compatible so the tool should work with more recent 

versions of the software. All of these tools are FOSS and are widely available for download. 
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Using OSGEO4W tool it is possible to download all the tools from the same location at the same 

time and users can select the version of each that is required. The reason for using version 2 of 

QGIS is that this has been the most stable and most used version at the time of development 

with version 3 being more commonly used from mid-2019 but the data would work with most 

GIS. 

 

Figure 4-6 shows how the different parts of the stack interact. The tool works by utilising 

PostgreSQL/GIS to perform the calculations which are controlled by a UI developed in Visual 

Studio using the C#.Net framework and accesses the pgRouting extension in PostgreSQL for 

routing calculations. The program has around 17 SQL queries which order the data, perform the 

calculations and provide a table which is easy to visualise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-6 Stack overview 

PostgreSQL stores the data 

and computes the different 

calculations and reports 

results to the C# program. 

Interacts with pgRouting to 

gain networked distance 

information. The results are 

stored in a database for later 

access 

pgRouting 

UI takes input data and sends 

a set of requests to Postgres QGIS (or other GIS) to 

display data 
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The tool works by utilising PostgreSQL/GIS to perform the calculations which are controlled by a 

UI developed in Visual Studio using the C#.Net framework. The program has around 17 SQL 

queries which order the data, perform the calculations and provide a table which is easy to 

visualise. Figure 4-7 walks through the SQL queries used to perform the 2SFCA calculation and 

show how the program works. There are several adapted versions of this code which feature 

distance decay functions and other ways which the data points are attached to the network but 

they are expanded on in later sections. The following flow chart shows the basic steps used to 

perform the calculations. C#.Net is used to select the correct data sets, choose the algorithm 

and input the catchment size. This program then runs the SQL commands which manipulate the 

data in the spatially enabled database. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-7 2SFCA Algorithm workflow 
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Initially the tool needs to find a position on the network for each of the data points. This can be 

done in a couple of ways and is discussed in more detail in Section 6.4.3. Most data points do 

not sit on the network itself, so establishing the most effective way of assigning their position 

was an important task. Figure 4-8 shows that there were several choices that could have been 

made for connecting the point to the network. There are 3 nodes that are a very similar distance 

from the point and the closest place on the network requires a connection to the line connecting 

the nodes.  The choices made here could have an effect on the overall performance of the 

program and the quality of the results. This method also had to assume that the access to a 

road network was made at the closest point which may or may not be the case depending on 

the building, and hospitals often have multiple entrances and exits. The algorithm works 

whether the network is connected at the nearest node or to the nearest place on the network. 

 

 

 

Figure 4-8 Centroid with possible connections to the network 

 

One way in which this can be achieved is to find the nearest position on the network to the 

supply/demand point, then split that line and rebuild the network with the position noted as a 

new node. This approach would be particularly well suited to relatively static data sets that are 

unlikely to change, such as the data relevant to Tenovus. This approach would save on 

computation each time the program runs, but it adds to the complexity for the end user and 
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splitting and rebuilding a network can be difficult to complete correctly. The simplest solution is 

to find the nearest node on the network, as this can be done using a function, but can be very 

inaccurate. Assigning the datapoint to the nearest position on the line is more complex and 

requires more computation to achieve, but it also provides the most accurate solution. It should 

be noted that the nearest position on a line may not be correct, but when working on data of this 

size it would be unrealistic to check every datapoint used. The tool has the option to both 

connect to the line and to the node, and it has been used to perform some preliminary 

investigations into potential implications of these options on resulting 2SFCA scores (see 

section 6.4.3). 

 

Several tables are created by the program to organise the data for the calculations, the data 

needs to be presented in the correct format as there are multiple data sources; the tables only 

take the information that is required for the precise calculation. This could have been done using 

temporary tables or views. The choice to use tables instead of a view or a temporary table 

allowed for each table to be saved and inspected, there are very little advantages within 

PostgreSQL to using views or temp tables compared to some other databases, and this could 

be changed if a user would prefer at a later stage. Using a spatial database to sort the data in 

this way assisted in the performance of the tool. The first iteration of the tool had to loop through 

every datapoint, whereas this solution enables a large amount of data to be sorted much more 

efficiently. Once the nearest point on the node is stored the tool performs a Euclidean distance 

search around each datapoint and removes any outside of the selected distance. The 

ST_DWithin function (figure 4-9) is used to isolate nodes within a specified straight-line 

distance, this function is used over the ST_Distance function (unable to use with spatial 

indexing) and the ST_Buffer (less accurate). This allowed the program to limit the number of 

routes that it needed to calculate and improved the performance of the tool significantly. 
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Figure 4-9 Example of ST_DWithin function 

 

When performing a distance calculation using pgRouting, the way the data was presented 

determined how the program ran. It was possible to run one to one distance, one to many, many 

to one and many to many (see table 4.2), and this choice had a dramatic effect on performance 

as the one-to-one worked much like the proof-of-concept tool and returned one route at a time, 

this was not an efficient way of computing and was mainly used to find a route as opposed to 

finding many different routes. The one-to-many choice was more efficient as it took a single 

input as the starting position and then accepted an array of numbers and reported all of the 

routes found from the single entry to each one in the array, this utilised the database and 

computed dramatically more efficiently than the one-to-one method. The many to many method 

reported a route from every input and in the case of this program many of these routes were not 

required.  To utilise the one-to-many functions the data needed to be configured appropriately, 

which is to have each supply node as an individual point (the ‘one’) and all nearby candidate 

demand nodes as an array (the ‘many’). Using this option removed a lot of additional processing 

compared to the one-to-one API call, and consequently the program operated much more 

efficiently as it was doing considerably less calculations. The effect that this had in testing took 

the process from over 30 minutes or hours, to less than three minutes. This process had a 
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significant time gain for medium to large datasets and allowed the program to operate at a more 

acceptable level. 

 

 Starting position End Position Route 

One to One A 

B 

C 

D 

E 

F 

miles 

miles 

miles 

One to Many A 

B 

C 

D, E, F 

D, E, F 

D, E, F 

2,3,4 miles 

2,3,4 miles 

2,3,4 miles 

Many to Many A, B, C D, E, F 2,3,4,2,3,4,2,3,4 miles 

Table 4.2 Table showing the different input options within pgRouting 

 

With the datapoints formatted correctly it was possible to get the distances required from 

pgRouting. This can be done in multiple ways and pgRouting offered a number of algorithms 

(shortest path Dijkstra, shortest path A*, multiple shortest path Dijkstra, bidirectional A* and 

others). The most suitable for this project was the Dijkstra algorithm which finds the shortest 

route through a graph. Within the Dijkstra function there are options that control which 

information about the selected route is returned to the user for the purposes of a 2SFCA 

calculation; the only information required is the total distance, and so the PGR_dijkstraCost() 

function was utilised. Pgr_astar() could have been used too as it allows the routes to be found 

whilst not calculating the whole graph. On small scale (local or small city level) studies this may 

be more efficient, but when the whole graph needs to be analysed it is slower than Dijkstra. 

Pgr_astar does not necessarily return the best route and in certain circumstances it is not as 

accurate as Dijkstra. 

 

The distances needed to be joined to the other data relating to each datapoint and at this point it 

was possible to compute the distance decay values. The solution developed offered the option 

to apply both a linear and a Gaussian distance decay function. These distance decay functions 

are discussed further in Section 6.5. This step of the processing is skipped if the user has 

specified no distance decay function. The linear distance decay was used as the standard 

option and the user had the choice to opt for another parameter. The tool removed any 

distances that are outside of the specified catchment area, this needed to be completed again 

as a networked distance can be significantly larger than a Euclidean distance. The demand 
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scores were now summed and the supply:demand ratio produced. Several joins were 

completed to get the data into the correct format, and the data was scaled using a selected 

distance decay function. Finally, the second step of the 2SFCA calculation was completed and 

these scores were made available in a results table. Utilising additional data, the scores were 

joined to a visualisation table which made visualisation of the results easier for the user. The 

user was notified that the process was finished and the name of the table they would need to 

open in QGIS (or similar) to visualise the results. 

 

4.4 Case study 

After consultation with Tenovus a case study was completed to understand the effects of adding 

additional resources or moving current resources within Wales through a number of different 

operational scenarios. There are many benefits to Tenovus understanding how their services 

affect people in isolation and alongside current NHS chemotherapy provisions. To do this data 

was gathered on the current health boards’ service locations and capacities as well as potential 

new sites for the Tenovus mobile unit. Using this data, it was possible to propose new locations 

within Wales that could improve access to chemotherapy. Several sites have been proposed 

which could improve overall accessibility and permit a wider understanding of current and 

modelled chemotherapy provisions. 

 

Tenovus normally uses large supermarket car parks for locating mobile units, and for the 

purpose of this case study a Geolytix dataset (GEOLYTIX retail points) has been utilised to 

locate each of the supermarkets in Wales. The data was sorted to show only the large 

‘megastores’ which would have ample parking for the Tenovus unit. Although this case study 

focusses on supermarkets it is important to acknowledge that other venues may be suitable 

such as sports grounds, race tracks and that these may provide better alternative sites in some 

of the rural locations throughout Wales. Tenovus have a great network throughout Wales and 

could use local knowledge in areas with poor accessibility to find these venues.  There were 3 

locations of particular interest, these sites were chosen based on their location and size and the 

fact that they fell into areas of poor accessibility and had the potential to dramatically enhance 

the accessibility of a region within Wales, other sites had the potential to be of interest but this 

was an exercise to show Tenovus what was possible with the tool and by highlighting sites that 

had a larger impact it provided more impact; these have been processed and accessibility maps 

have been produced (see section 6.2). 
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4.5 Data 

 

4.5.1  Introduction 

This section discusses the data that has been used in the testing of the tool. As with the 

different FOSS choices there are several data sources that need to be considered and 

evaluated. For the purposes of developing the tool it was important to understand their 

respective benefits and limitations and make an informed decision on the datasets with the best 

fit. Data is central to any result the tool provides, and as such it is important to understand the 

effects that the data has on the results of the E2SFCA calculation. There are three main data 

areas, the supply side data (where chemotherapy is provided in Wales), the demand side data 

(population information or proxies for demand) and the network data (road network for speeds). 

 

For this tool to have any impact at Tenovus, it is important to understand the chemotherapy 

services that Tenovus provides and those offered by the NHS. Tenovus provided the locations 

of their services which are spread across three areas in South Wales. Each of the Welsh health 

boards reports their chemotherapy provisions differently, and this made it difficult to understand 

where patients were sent for treatment. Freedom of information (FOI) requests were made to 

each health board to get accurate locations and capacity for each. Despite such attempts at 

obtaining accurate and timely data on levels of cancer services however, there will always be 

some ambiguity in the data as patients often travel into England for treatment if the treatment 

centre is closer to home or offers a specialist type of treatment. The treatment options that are 

available are continually changing making it important to maintain a temporal consistency in the 

database; as such these maps will only ever provide a snapshot of accessibility at a particular 

point in time. 

 

Census data was utilised to understand the population, and potential demand for chemotherapy 

services in Wales. Variables included in the construction of the Welsh Index of Multiple 

Deprivation (WIMD) for 2019 provided further insight into how people are affected by cancer in 

certain locations and this allowed different measures of potential demand to be included in the 

analysis. It also had the potential to run simulations looking at different areas of interest. 

Tenovus provided 12 months of treatment data which showed the distances travelled by each 

user of their services. This data allowed for a more accurate input of the distance parameters 

within the E2SFCA calculation and generally informed modellers on how far people were 
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travelling for chemotherapy services in Wales, as well as guiding the choice of distance decay 

parameters used in the FCA implementation models.  

 

There were various commercial and open data sets available but this study focused on two 

open data sets to compare with one paid service. As the purpose of this project was to utilise 

free and open-source software it was also important to ensure that the data for the tool was 

freely available, and to investigate whether such data has a dramatic effect upon the results. In 

the United Kingdom there are two main sources for open network data, Ordnance Survey Open 

Roads and Open Street Map (OSM). Google was used as a comparison to see how the different 

networks perform and see where improvements could be made. Some comparative work was 

completed on the data gathered to understand any potential positives in the data, and to see the 

potential effect it may have on the E2SFCA scores produced. A set of routes was calculated 

using Google Maps, OSM and OS Open Roads and the times and distances produced were 

compared, the different data sets affected the performance of the tool so it needed to be 

worthwhile using a more detailed data set which was more computationally heavy. A scale 

comparison between OA, LSOA and MSOA was completed which investigated how the 

aggregation of data affected the E2SFCA results (see section 6.4.1). 

 

4.5.2  Supply side data 

 

4.5.2.1 Tenovus data 

Tenovus provided current and historical data for all of its mobile units. There are two main units; 

one specialising in chemotherapy provision and the other providing lymphoedema treatment 

and education. Historically there was a further unit named the ‘Man Van’ which promoted 

screening and education regarding prostate cancer in Wales. Currently there are units working 

in England as well which are not used in Wales. The mobile units are able to move every day 

and can service large areas. There is potential for the vans to move to two locations in one day 

as well and the sites included are those which the van goes to on different days of the week. 

The historical data was used to show researchers from the mobile unit, choir and provision 

teams within Tenovus the impact of locating such services on the overall levels of accessibility 

within Wales, whilst the additional static provision data was being sourced. The current locations 

of the units can be seen in Figure 4-10 and can be used alongside the static supply side 

locations to provide an overview of potential treatment alternatives in Wales. 
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Figure 4-10 Chemo unit is red and lymph unit is blue 

 

4.5.2.2 FOI requests data 

Currently in Wales there is no single source of information regarding chemotherapy provision. 

After numerous attempts to source this a number of FOI requests were made to each of the 

Welsh health boards (Figure 4-11), to establish the chemotherapy and lymphoedema 

treatments offered at static locations in Wales. The FOI requests asked the following 

information: 

• At what locations do you deliver lymphoedema treatment? 

• At what locations do you deliver lymphoedema education? 

• What are the operational days and hours of each location delivering Lymphoedema 

treatment? 

• How many nurses are employed to deliver lymphoedema treatment at each location? 

• What is the operational capacity of each location delivering lymphoedema treatment? 

This should include: The maximum number of individuals that could be treated by 

location, and the actual number of individuals actually treated by location. 
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• How many beds or chairs are used for delivering lymphoedema treatment by location? 

• What is the average time a patient will spend receiving lymphoedema treatment? 

• What is the average distance a patient will travel for lymphoedema treatment at each 

site? 

 

And for chemotherapy: 

• At what locations do you deliver intravenous chemotherapy? 

• What are the operational days and hours of each location delivering intravenous 

chemotherapy? 

• How many nurses are employed to deliver chemotherapy at each location? 

• What is the operational capacity of each location delivering intravenous chemotherapy? 

This should include: The maximum number of individuals that could be treated by 

location and the actual number of individuals treated by location. 

• How many beds or chairs are used for delivering intravenous chemotherapy by location? 

• What is the average time a patient will spend receiving intravenous chemotherapy? 

• What is the average distance a patient will travel for intravenous chemotherapy at each 

site? 

 

Figure 4-11 Public Health Wales Health board map of Wales11  

 

 
11 https://phw.nhs.wales/services-and-teams/screening/diabetic-eye-screening-wales/service-

user-questions/health-boards-map/ 
 

https://phw.nhs.wales/services-and-teams/screening/diabetic-eye-screening-wales/service-user-questions/health-boards-map/
https://phw.nhs.wales/services-and-teams/screening/diabetic-eye-screening-wales/service-user-questions/health-boards-map/
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There is also Velindre University NHS Trust which controls the Welsh blood service and 

Velindre Cancer Centre based in Cardiff. This trust specialises in cancer care and is included 

here, Velindre is a special case and is located within the Cardiff and Vale UHB to operate the 

two services mentioned previously.  

 

4.5.2.2.1 Lymphoedema responses 

Each health board responded and it was possible to collate the information received in tables 

4.3 – 4.7. Velindre does not provide any lymphoedema treatments, but all of the other health 

boards do to varying extents. Figure 4-12 shows all of the different locations in Wales where it is 

possible to get lymphoedema treatment or education. 

 

 

Figure 4-12 Lymphoedema treatment sites in Wales
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Location Opening hours 

per week 

Nurses 

per week 

Capacity Beds/chairs 

Singleton Hospital 42.50 29  8 

Neath Port Talbot Hospital 13.50 1.5   

Morriston Hospital 1.00 1   

Gorseinon Hospital Complex 

Leg Clinic 

0.42 1   

Ystradgynlais Leg Club 1.25 1   

Table 4.3 Lymphoedema FOI response from Abertawe Bro Morgannwg  

 

Location Opening hours 

per week 

Nurses Capacity Beds/chairs 

St Woolos Hospital 40   6 

Ysbyty Ystrad Fawr 8   2 

Ysbyty Aneurin Bevan 8   2 

Nevill Hall Hospital 8   1 

County Hospital (Pontypool) 4   2 

Chepstow Community Hospital 4   2 

Table 4.4 Lymphoedema FOI response from Aneurin Bevan 
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Location Opening hours 

per week 

Nurses Capacity Beds/chairs 

Department 20, Wrexham 

Maelor Hospital 

42.5 5  3 

Satellite Clinic – Flint 

Community Hospital 

40   1 

Colwyn Bay Community Hospital 40 2  1 

Satellite Clinic – Llandudno 

Hospital 

40   1 

Lymphoedema Clinic, Ty Elan 

Surgery Rhyl 

40 2  1 

Ruthin Community Hospital 40 2  1 

Eryri Community Hospital, 

Caernarfon 

40 2  2 

Satellite Clinic – Penrhos 

Stanley Hospital 

40   1 

Dolgellau Community Hospital 40 2  1 

Satellite Clinic – Alltwen 

Community Hospital 

40   1 

Satellite Clinic –Tywyn 

Community Hospital 

40   1 

Table 4.5 Lymphoedema FOI response from Betsi Cadwaldr 

 

Location Opening hours 

per week 

Nurses Capacity 

per week 

Beds/chairs 

per week 

Dewi Sant Health Park 16 2 40 2 

Keir Hardie University Health 

Park 

40 3.5 146 3.2 

Table 4.6 Lymphoedema FOI response from Cwm Taf 
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Location Opening hours 

per week 

Nurses Capacity Beds/chairs 

Withybush Hospital 35.5   2 

Satellite Clinic – Tenby Cottage 

Hospital 

8   2 

Satellite Clinic – South 

Pembrokeshire Hospital 

8   2 

Satellite Clinic – Fishguard 

Health Centre 

8   2 

Ty Geraint, Bronglais Hospital 40   2 

Satellite Clinic – Aberaeron 16   2 

Satellite Clinic – Cardigan 

Community Hospital 

8   2 

Lymphoedema Clinic, Prince 

Philip Hospital 

40   2 

Satellite Clinic – Ty Cymorth 24   2 

Satellite Clinic – Glangwili 

Hospital 

8   2 

Satellite Clinic – Cross Hands 

Health Centre 

4   2 

Table 4.7 Lymphoedema FOI response from Hywel Dda 
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4.5.2.2.2 Chemotherapy responses 

Figure 4-13 is a map showing the chemotherapy locations in Wales. Cwm Taf and Powys do not 

provide these services, and most of the people living within these areas travel outside their 

Board areas for treatment. Tables 4.8 to 4.12 detail the responses received from each health 

board and show the raw data that is being worked with in this study. 

 

 

Figure 4-13 Chemotherapy location in Wales 
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Location Opening hours 

per week 

Nurses 

WTE 

Capacity Beds/chairs 

Ysbyty Maelor Wrecsam 42.5 9.15 30 11 

Ysbyty Glan Clwyd 42.5 9.86 40 21 

Ysbyty Gwynedd 42.5 7.31 30 20 

Table 4.8 Lymphoedema FOI response from Betsi Cadwaldr 

 

Location Opening hours 

per week 

Nurses 

WTE 

Capacity Beds/chairs 

Singleton Hospital 50 45.39 55 (avg 

per day) 

36 

Table 4.9 Chemotherapy FOI response from Abertawe Bro Morgannwg  

 

Location Opening hours 

per week 

Nurses 

WTE 

Capacity Beds/chairs 

Royal Gwent Hospital 40 9  26 

Nevill Hall Hospital 32 5  11 

Table 4.10 Chemotherapy FOI response from Aneurin Bevan 

 

Location Opening hours 

per week 

Nurses 

WTE 

Capacity Beds/chairs 

Bronglais General Hospital 40 2.76  6 

Glangwili General Hospital 40 4.8  8 

Prince Philip Hospital 40 3.2  6 

Withybush General Hospital 40 4.4  8 

Table 4.11 Chemotherapy FOI response from Hywel Dda 

 

Location Opening hours 

per week 

Nurses 

WTE 

Capacity Beds/chairs 

Chemo inpatient unit Velindre 

Cancer Centre 

45 4 6 14 

Chemo day unit Velindre 45 6 30 12 

Rhosyn day unit Velindre 42.5 5 25 9 
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Prince Charles Hospital 40 5 24 10 

Royal Glamorgan Hospital 30 2 12 3 

Nevill Hall Hospital 40 5 24 10 

Princess of Wales Hospital 25 2 12 3 

Ysbyty Ystrad Fawr 15 2 6 4 

St Davids 27.5 2 12 4 

Ysbyty Aneurin 15 2 6 3 

Table 4.12 Chemotherapy FOI response from Velindre 

 

The results of the FOI request show that there are large areas in Wales with poor levels of 

access to chemotherapy services. For example, those patients who live in Powys are forced to 

travel quite large distances for treatment, whether in England or in one of the locations within 

Wales that offer different types of treatment. It stands out that most of the locations of current 

provision are in the areas with higher populations. However, even if potential users of the 

service reside close to these locations, they may not provide for every type of chemotherapy 

service and ultimately individuals may need to travel further to obtain treatments and inevitably 

such patients will share these services with other potential users of these services. 

 

Using the FOI request data, it was possible to use a more advanced supply value. One of the 

ways this was done was to use the number of hours the site is open multiplied by the number of 

beds/chairs they have available for treatment. This supply-side value allowed for a more 

accurate understanding of the actual supply at each location as opposed to using the number of 

beds/chairs or opening hours on their own (section 6.2). It was an important consideration to 

have all of the data reported at this level as most of the online sources did not show the data at 

a small enough scale to enable it to be used accurately. This data was used in the case study 

(Section 6.2) to help the Tenovus research team demonstrate current levels of service provision 

and understand where the gaps in provision occur. The case study utilised the major retail sites 

in Wales and suggested locations for additional chemotherapy provision, this allowed Tenovus 

to understand the impact that they are currently having on chemotherapy provision in Wales and 

the ways in which they could potentially increase the impact of their services. 
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Figure 4-14 shows the level of accessibility for people within a 35 km catchment area, and it is 

possible to see the gaps in provision. The 35km distance was used as analysis of the Tenovus 

utilisation dataset and shows that the vast majority of patients are within a 35km catchment area 

(section 4.3.3). It also highlighted that those in areas with a large amount of provision did not 

necessarily have better access to those services. For example, in and around the Cardiff area 

there are a large number of sites but only small pockets within the area have a good access to 

these services because of the levels of potential demand on them. 

 

 

Figure 4-14 E2SFCA results chemotherapy sites in Wales as supply with LSOA total population 

as demand 
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4.5.3 Demand side data 

 

4.5.3.1 Census data 

The data used to understand the demand for chemotherapy services in Wales was sourced 

from the 2011 Census of Population, and variables that are used to calculate the various 

domains of the Welsh Index of Multiple Deprivation (WIMD). Lower Layer Super Output Area 

(LSOA) is a type of geographical unit used in England and Wales to display data at local level 

containing at least 1,200 households. Output Area (OA) are similar to LSOAs but they are even 

smaller areas that are directly linked to census data. They are required to have a minimum of 40 

households. Middle Layer Super Output Area (MSOA) is the largest area looked at in this 

section; they contain at least 6,000 households. There is a considerable amount of data 

released at this spatial resolution, and it is important to understand how the level of spatial 

aggregation impacts on E2SFCA results. LSOA level data was predominantly used as it was the 

smallest area that much of the meaningful data could be obtained because of confidentiality 

constraints. 

 

It is important to note that chemotherapy is not something in which someone normally has a 

choice, demand scores normally relate to something which is a choice (screening, exercise, 

etc.), and chemotherapy normally provides a critical service required by the population. To 

account for this it is important to look at more sensitive data which can more directly account for 

those who may require chemotherapy. The WIMD combines many different metrics to present 

an index score to evaluate the wellbeing of an area. To make this score there are metrics 

assigned from health, income, employment, education, housing, community safety, access to 

services, and the physical environment. Within the different metrics used to establish the 

wellbeing of an area, one of particular interest is the cancer incidence (indirectly age-sex 

standardised) (number by 100,000) at LSOA level. This figure was used to create a measure of 

potential demand to compare with the total population score provided by the census. Using a 

combination of the census and the WIMD it was possible to focus the data on particular parts of 

the population. For example, it may be of interest to investigate 60+ year old males when 

investigating the accessibility of prostate cancer services. 
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Median population weighted centroids were used to represent a single geographical location for 

each MSOA (Figure 4-15, LSOA) (Figure 4-16) and OA (Figure 4-17). Population weighted 

centroids are singular points within output areas that represent the distribution of the population 

in each output area at the last census (available from www.data.gov.uk12). These are commonly 

used in this type of study as they are easy to understand and represent the best estimation of 

where the population will potentially be travelling from. The benefit of using a centroid is that it 

allows for a single point to be identified as opposed to a polygon which would better represent 

the area of an area but would be much more troublesome to compute and visualise. Total 

population was also used from the 2011 census data which gives a value for each LSOA. 

 

 

Figure 4-15 MSOA centroids 

 
12 https://data.gov.uk/dataset/a40f54f7-b123-4185-952f-da90c56b0564/lower-layer-super-output-areas-
december-2011-population-weighted-centroids 

https://data.gov.uk/dataset/a40f54f7-b123-4185-952f-da90c56b0564/lower-layer-super-output-areas-december-2011-population-weighted-centroids
https://data.gov.uk/dataset/a40f54f7-b123-4185-952f-da90c56b0564/lower-layer-super-output-areas-december-2011-population-weighted-centroids
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Figure 4-16 LSOA Centroids 
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Figure 4-17 OA Centroids 

 

4.5.3.2 Distances travelled between Tenovus users and Tenovus mobile units 

In order to gain an understanding of the actual utilisation behaviour of patients Tenovus 

provided a dataset which showed the start and end journey of users of their services over the 

course of one year. The data showed the type of activity the unit is performing (Education, 

Lymphoedema or Chemotherapy), the cancer diagnosis of the user, the postcode of the user, 

the date of the treatment and the location of the unit. This section explored the distances 

travelled by users of these services, and broke down the totals in order to gain an insight into 

how far a typical user of the services would travel, and guide the parameters used in the FCA 

models. Understanding this data assisted in the size of catchments used going forward and 

potentially allowed for more accurate 2SFCA scores. Normally the catchment area is based on 

a ‘best-guess’ or anecdotal evidence so having access to actual user data increased the 

accuracy of the results and gave Tenovus a better understanding of their users. This data was 

not available from the static sites as requested in the FOI request. 
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4.5.3.3 Total Distances travelled 

This section looks at the distance travelled by Tenovus users, Tenovus provided the home 

postcode for every user of their services in a 12-month period. Using the home postcode of the 

user and the location of the mobile unit, a distance for each treatment was recorded. This data 

is rarely available to researchers but gave an insight into the distances that people travel for 

treatment, and gaining an understanding of this data allowed for the E2SFCA parameters to be 

guided by real data instead of anecdotal data or guesswork. Table 4.13 shows that the average 

user of the mobile units was travelling about 10km by car; this should take a maximum of 15 

minutes each way, and most of the locations have ample car parking. The longest journey was 

a 4-hour round trip and the shortest was 200 metres. As the histograms presented in Figures 4-

18 and 4-19 show, the vast majority of users travelled under 20kms to receive their treatment. 

 

 Euclidean 

(metres) 

Network 

(metres) 

 

Mean 

journey 

9,133.34 11,437.67  

Median 

Journey 

7,209.71 9,252.02  

Longest 

journey 

132,987.29 154,258.64 This journey is from Haverfordwest (SA61) to Cardiff 

(CF24). Google estimates that the journey would 

take around 2 hours in a car dependent on the time 

of day. 

Shortest 

journey 

200.55 358.58 This journey is to the Brecon location and there are 

several users that have to travel less than 1 km to 

access the unit. 

Table 4.13 Total distance travelled to a mobile unit 
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Figures 4-19 and 4-20 show histograms of the data and enable a clear view of the journeys 

being completed by Tenovus users. The data shows that the vast majority of use is within a 

short distance of the site, and that the data is Gaussian in nature in as much as access remains 

stable for a short distance then drops dramatically similarly to a Gaussian curve. A Gaussian 

curve is depicted in figure 4-18 and although this data only represents half of the Gaussian 

curve it is possible to see the similarities where the scores remain relatively high then quickly 

decrease before leveling off again in a long tail.  

 

 

 

Figure 4-18 example of a Gaussian curve  

 

 

Figure 4-19 Total Euclidean distance where the x axis is the number of journeys and the y axis 

is a range of distances travelled in metres 
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Figure 4-20 Total network distance where the x axis is the number of journeys and the y axis is 

a range of distances travelled in metres 
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4.5.3.4 Distance travelled for chemotherapy  

Table 4.14 shows that the longest journey for any user was for a chemotherapy session, but the 

histograms show that this was unusual, with the majority of users travelling less than 20km to 

the mobile unit. Table 4.15 shows that breast cancer treatment accounts for around half of all 

treatments provided on the chemotherapy unit, with blood cancers next. 

 

 Euclidean 

(metres) 

Network 

(metres) 

 

Mean 

journey 

9,896.35 12,443.51  

Median 

Journey 

7,568.30 

 

9,682.11 

 

 

Longest 

journey 

132,987.29 154,258.64 This journey is from Haverfordwest (SA61) to Cardiff 

(CF24). Google estimates that the journey would take 

around 2 hours in a car dependent on the time of day 

Shortest 

journey 

389.29 600.65 This journey is between two locations in Cwmbran 

Table 4.14 Distance travelled to the chemotherapy mobile unit 

 

Cancer type Treatments provided 

Breast 467 

Haematological 230 

Colorectal 179 

Gynaecological 6 

Lung 9 

Urological 13 

Upper GI 30 

Table 4.15 Chemotherapy treatments provided 
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Figures 4-21 and 4-22 show histograms of the Euclidean and Network distances travelled by the 

chemotherapy users of Tenovus, the data is again Gaussian in nature. 

 

Figure 4-191 Euclidean Chemotherapy distance where the x axis is the number of journeys and 

the y axis is a range of distances travelled in metres 

 

 

Figure 4-202 Network Chemotherapy distance where the x axis is the number of journeys and 

the y axis is a range of distances travelled in metres 
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4.5.3.5 Distance travelled for Lymphoedema  

Table 4.16 shows the lymphoedema unit has much lower travel times than the chemotherapy 

unit. The majority of users are within 11km, with a maximum journey of 43km. Lymphoedema 

treatment is much more commonly available, and the need to travel for the service is reduced. 

Table 4.17 highlights that breast cancer is again the cancer affecting the majority of the users of 

their services. 

 

 Euclidean 

(metres) 

Network 

(metres) 

 

Mean 

journey 

7,319.96 8,990.134  

Median 

Journey 

6,651.28 

 

8,453.12 

 

 

Longest 

journey 

38,740.97 43,247.72 This journey is between Llandovery and Carmarthen and 

should take between 45 minutes and an hour to complete 

each way. 

Shortest 

journey 

200.55 358.58 This journey is to the Brecon location and there are 

several users that have to travel less than 1km to access 

the unit. 

Table 4.16 Distance travelled to the lymphoedema mobile unit 

 

Cancer Type Treatments provided 

Breast 295 

Haematological 8 

Colorectal 7 

Gynaecological 54 

Urological 17 

Skin 20 

Sarcoma 6 

Head and Neck 8 

Table 4.17 Lymphoedema treatments provided 
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Figures 4-23 and 4-24 show histograms of the distances travelled by users of the lymphoedema 

treatment services offered by Tenovus. They are slightly different in nature to the those shown 

in figures 4-23 and 4-24 and are more linear in their decline. 

 

 

Figure 4-213 Euclidean distance to Lymphoedema Sites where the x axis is the number of 

journeys and the y axis is a range of distances travelled in metres 

 

 

Figure 4-224 Network distance to Lymphoedema Sites where the x axis is the number of 

journeys and the y axis is a range of distances travelled in metres 
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4.5.3.6  Distance travelled for education  

Educational services are provided on the lymphoedema unit; they are needed to help people 

with lymphoedema understand their condition and how to best treat it. The vast majority of users 

travelled less than 15km to use the service. Table 4.18 shows mean and median journeys as 

well as the longest and shortest journey. Table 4.19 shows that the vast number of users of this 

service have breast cancer. 

 

 Euclidean 

(metres) 

Network 

(metres) 

 

Mean 

journey 

12,708.19 14,996.22  

Median 

Journey 

11,423.86 

 

14,027.73 

 

 

Longest 

journey 

31,072.93 35,815.11 This journey is from Lampeter to Carmarthen and it 

should take between 45 minutes and an hour each way. 

Shortest 

journey 

1,103.96 1,317.54 This journey took around 5 minutes in a car between 

two points in Carmarthen. 

Table 4.18 Distance travelled to the education mobile unit 

 

Cancer Type Treatments provided 

Breast 14 

Haematological 1 

Sarcoma 1 

Table 4.19 Cancer types serviced by the education mobile unit 

 

4.5.4 Network data 

Euclidean distance is a good guide but it does not allow for a more detailed understanding of 

how people travel between two points. The most accurate way for this tool to be utilised is to 

use a road network and take into account how people would drive from one location to another. 

For this to happen a road network data set is needed, there are several available commercially; 

these can include speed limits and be as detailed as required. This project is developing a 

FOSS solution and for this open data needs to be utilised, in the UK there are two main open 

data sets, OSM and OS Open Roads. 
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The OSM initiative started in 2004 and uses local collaborators to map the world. In previous 

years it was not considered the most accurate (Mooney, Corcoran and Winstanley, 2010) and in 

some parts of the world it is still not fully complete (Sehra, Singh and Rai, 2017). In the UK, a 

large amount of OSM data is available, but to date there have been a limited number of studies 

that considered its utility in FCA studies (Frew et al, 2017). Most roads have been tagged with 

individual speed limits and it is also possible to use it with a focus on public transport or cycling, 

but that is not required for this particular application. Although there are a variety of tools 

available to create a network from OSM data (osm2po, osm2pgsql) these can be difficult and 

could be daunting to a non-expert as they involve using the computer terminal instead of a 

graphical user interface. 

 

OS Open Roads is offered on an open government licence. It does not contain as much 

information as the OSM dataset but it benefits from being in shapefile format, so it is quite easy 

for a non-expert to upload to a spatial database. It is possible to buy the more detailed road 

network from OS, and it is also an option to utilise the additional data provided from OS and 

their partners but these are all paid services. 

 

The main downfall for OS Open Roads is how the roads are divided into seven different 

categories which all need to be assigned a road speed. This means that every dual carriage 

way in Wales has the same speed attached. This does not provide any flexibility, and potentially 

will result in routes that are less accurate than those in OSM. 

 

4.6 Process for visualisation of FCA results 

The tool created two files which could be visualised so that the results are easy to interpret and 

share. To assist the user in this there is a file with all of the results in a standard database table 

which simply shows the FCA score, the location and unique identifier. This information is then 

joined to the LSOA boundaries map so that it can be easily visualised. For the purposes of this 

project, it is used with QGIS which provides a full FOSS desktop GIS solution and could prove 

to be useful for researchers in Tenovus for a wider range of projects. To show the map in QGIS 

several simple commands are required and described in the documentation, which allows them 

to share a map between offices and present the map to others inside and outside the Tenovus 

organisation. Although QGIS is recommended for use with this tool it should work equally well 

with any other GIS that PostGRESQL can connect with. 
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4.7 Documentation 

The use of this tool is dependent on the quality of the documentation provided; this is 

particularly important as the people using it have differing capabilities with computer systems. 

During the UX study it was established that the user instructions were as important as the 

program itself, and having clear and well-designed documentation enabled users to understand 

what they were doing and why. During the UX study it became clear that there would be a need 

for different documentation formats for different types of user, and that a full technical document 

would be needed to install and assist in the updating of the tool; a simple set of instructions 

which the end user can follow to get the 2SFCA results that they need, and some 

documentation about what the results mean and how they can be interpreted. 

 

The super user documentation assists in the entire set up of the tool. It discusses where to get 

the data that is required and how to organise it alongside the installation of the appropriate 

software and the versions required. The differences between using different network data are 

shown and the correct formats are presented. It is important for an administrator to add new 

data to the database at certain points and there are simple step by step instructions on all of the 

tasks that the administrator will be required to perform. 

 

The user documentation reads more as instructions with screen shots. This allows the user to 

see where they are and understand how to fix what they may have done wrong. Taking this on a 

screen by screen basis allows the user to get real help from the document, and by highlighting 

what needs to be changed the user should be able to stay on track. There are only a few inputs 

required, and the user is able to know the process after 2 or 3 attempts. 

 

The final document is needed to explain what 2SFCA is and what the results mean, and is 

relatively easy to understand. It is important for the user to see the benefit of this analysis and 

compare it to other methods in use. There is a further explanation of how to read the results on 

the map and why these results are the way they are. 

 

4.8 Chapter Summary 

This chapter discusses the process involved in the research and development of the second 

iteration of the 2SFCA tool, the different FOSS options available for a tool such as this and the 

advantages of certain pieces of software. There is a detailed description of the algorithm used to 
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compute the different E2SFCA scores and justifications for the choices made regarding the 

routing algorithm used. A description of the case study completed for Tenovus looking at 

modelling the implications of different locations for their mobile unit within Wales is discussed. 

For this project to be successful a large amount of accurate data is required to provide any 

meaningful results. This section described the different data and how it has been sourced and 

formatted. 

 

As there are so many different ways that this project could have been completed, it is important 

to understand the current FOSS options available for the development of a project like this. By 

evaluating many of the options in detail it was possible to present an overview of the FOSS GIS 

systems available and their respective strengths and weaknesses in relation to the project aims 

outlined in Chapter 1. 

 

There are many routing options available; if this project was intended for a sole user with a 

small static dataset it may have been possible to use a more efficient algorithm to compute the 

routes. To keep the flexibility of the tool and ensure that there are no large loading times the 

Dijkstra algorithm was used with the cost only function which reports a single summed total 

distance or time for the route. 

 

A case study was completed investigating the potential changes in accessibility to cancer 

services in Wales by moving the Tenovus mobile unit locations. Several sites were identified, 

and using the 2SFCA tool the accessibility maps were computed and described. This case 

study was not intended to be exhaustive but to show researchers within Tenovus the type of 

results that could be gained by using the tool. 

 

The data used in this project is incredibly important, and understanding the implications of data 

quality on the resulting patterns is important for assessing the validity of the results. There is a 

lot of data that could be purchased, as well as private data within organisations, which would 

provide insight into accessibility to chemotherapy services within Wales, but this project is 

limited to open data, and the data provided by Tenovus and several FOI requests. The data is 

as important to achieving meaningful results as are the algorithms which run the tool because 

the scale and abstract nature of the data has an important impact on findings.  
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This chapter has described many of the processes involved in the research and development of 

the tool, and this has enabled some useful scientific work to be completed alongside the 

development of a tool. By using these insights, it has been possible to get the best mix of 

performance and usability in the final iteration of the tool. 
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Chapter 5 Usability Studies 

 

5.1 Introduction 

This is a stand-alone chapter; it discusses the rationale behind undertaking user centred 

research by conducting a review of the types of techniques adopted in usability studies in the 

academic literature, and describing the two studies conducted with researchers based at 

Tenovus offices. This section describes the methods employed and provides the principal 

findings from this exercise. 

 

One of the fundamental goals of this project was to develop a tool which is usable by non-

experts, and to achieve this the user had to be at the centre of the design. Working with 

Tenovus Cancer Care it was possible to speak to many potential users and perform 2 user 

experience studies. These were needed to begin to understand user requirements and to gauge 

current levels of awareness of the terminology and functionality of the tool. 

 

There are numerous models which can be used in user centred design, and they all have their 

benefits (Rogers et al, 2007, ISO 13407). By using these models, it was possible to keep the 

user at the centre of the design and ensure that the final outcome was one which could be 

utilised by the intended user. There has been much research on the effects of different methods 

which can be used to investigate usability, such as questionnaires or focus groups. The 

literature review explores many of these methods and discusses their appropriateness in a 

range of application areas. Initially several meetings took place where user requirements were 

specified, and the scope of the project was discussed. There are many people within Tenovus 

Cancer Care that could utilise this tool, and establishing what tasks would be completed and 

who the users may be was critical to the project. Following the initial meetings, user experience 

study one (UX1) took place which consisted of a questionnaire, one-to-one sessions and a 

focus group. The purpose of this study was to show different types of users the initial iteration of 

the tool and to gain as much feedback as possible. By using different evaluation methods, it was 

possible to gain a good understanding of the ‘typical’ user (job title, IT literacy, etc.) and gain 

valuable feedback on the initial design. 

 

The results of UX1 were collected and analysed, this allowed for a redesign of the 2SFCA tool, 

and a second UX study (UX2) was completed using similar methods. The results of the UX2 
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study allowed for final changes to be made to the tool and testing could be completed. The 

results highlighted several problems with the software and showed the difference between the 

language used in informatics and geography, and those terms familiar to non-experts. The 

results also highlighted the learning curve that the user experienced and confirmed that they 

were happy to learn new tools as long as they could understand the reasons for it. 

 

Finally, a discussion of the process and some of the key findings are highlighted. These 

takeaways allowed the project to focus on delivering a tool which can be used rather than focus 

on functionality or performance, which seems to be the case with most of the geographical 

FOSS tools investigated in section 4.2.1. Using these methods has the potential to increase the 

use of the tool, and encourage the use of the software solution on measuring access to 

healthcare services in a range of scenarios. 

 

5.2 Literature review 

 

5.2.1  Introduction 

Usability studies are a mix of design, computing and social science and they use aspects from 

each of these specialisms to design and evaluate computer systems. This is an area of 

computing which is often overlooked but it can be the difference between project success and 

failure. There are multiple different approaches to usability studies and it would be impracticable 

to discuss each one. Instead, several models are discussed as well as many of the more 

popular methods for data gathering and usability evaluation. As with many aspects of this 

project this is not a scenario where one method is the correct one and the others have no value, 

but that many different solutions could have been used and several methods had to be selected 

which would follow the selected model and provide meaningful results. 

 

User centred design has been developing since the 1980s when two books were released 

(Norman and Draper, 1986; Norman, 1988). These stressed the importance of the user in the 

design process and offered some suggestions on how to design systems with the user at the 

centre of the design, making systems easy to use and understand. The development of the field 

continued, and with time many areas of specialism have been studied. Many of the models used 

today can be traced back to work from the late 1980s and 1990s. 
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For this project to be a success it is important to have a thorough understanding of the user 

requirements and how the user interacts with the tool. This is central to any good design; 

Garrett, (2011; p. 10) suggests that “the more complex a problem is, the more difficult it 

becomes to identify exactly how to deliver a successful experience to the user”. This section 

explores the history of usability studies and how these have progressed over time. 

 

Many models have been designed to keep the user at the centre of the design process, and 

some of these are explained and evaluated. There are many ways in which it is possible to 

conduct user experience studies and some of the key elements are discussed in more detail. 

Considering the scope of this study it is important to use methods which maximise the results 

with minimum impact to the participant. 

 

5.2.2  UX models 

There are a number of models that have been presented as a way to keep the user at the 

centre of the design process. There are common themes through many of the models and the 

study by Nassar, (2012) highlighted that there are 7 commonly used criteria, which may have 

different names in separate models but are used in most of the models, these are: 

 

• Consistency 

• User control 

• Ease of learning 

• Flexibility 

• Errors management 

• Reduction of excess 

• Visibility of system status 
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The International Organisation for Standardization (ISO) brings together experts in many 

different fields to agree standards across different industries; and within human computer 

interaction they have published several models to follow to ensure good quality standards are 

met within the industry. Figure 5-1 shows the ISO 13407 flow chart which suggests how 

usability can be central to the software design process. The iterative nature of the model is key 

and suggests showing the project to potential users as often as is practicable to ensure a sound 

design which is suitable for the intended user and limit any assumptions. 

 

 

Figure 5-1 ISO 13407 flow chart of the iterative design process 

 

Another framework created for user evaluation is called ‘DECIDE’ (Preece, Rogers and Sharp, 

2004) and the key points can be highlighted with six steps to be used iteratively: 

 

• Determine the goals 

• Explore the questions 

• Choose the evaluation method 

• Identify the practical issues 

• Decide how to deal with the ethical issues 

• Evaluate, analyse, interpret and present the data 
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ISO 9241-210 is a framework with six key principles to follow: 

 

• Iterative design process 

• Involve users in the entire design process 

• The design is driven through user-centred evaluation 

• A multidisciplinary team 

• An explicit understanding of the user and the task 

• The design addresses the whole user experience 

 

Figure 5-2, the ISO 9241-210 flow chart shows how these values should be implemented into 

the design, as with ISO 13407 this method is iterative and suggests going through the steps as 

often as needed until the user is comfortable with the design and it is fit for purpose: 

 

 

Figure 5-2 ISO 9241-210 flow chart of the iterative design process 
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5.2.3  Usability studies in FOSS 

How usability is used within FOSS development has been studied from several different angles. 

The research suggests that the use of usability studies in FOSS development is not seen as it is 

in the proprietary software companies. Kay, (2010) consulted with 27 people working on FOSS 

projects and found that although most had a good text book understanding of UX techniques the 

study recommended a model be created to assist FOSS developers get more from usability. 

Elhag and Abushama, (2009) conducted research concerned with migrating to a FOSS 

environment and noted that UX is not commonly used in FOSS development. This can cause an 

issue when people are deciding to move from a proprietary system. Benson, Muller-Prove and 

Mzourek, (2004) investigated the use of UX on large FOSS projects such as NetBeans and 

OpenOffice.org and suggested that the way open source projects normally work makes usability 

studies difficult, but suggested that corporations using these tools have a role to play in 

assisting with usability studies to help assist the end user. 

 

5.2.4  Discount usability 

Although the user is key to usability testing, this is not always the most economical way to test 

systems.  

 

Nielsen (1989) discussed discount usability, in the paper he suggested that there are some 

simple tests which can be completed and although they may not give the same results as a full 

user test, they highlight ‘most’ of the mistakes in the design. The paper highlighted three main 

areas’: 

 

• Simplified user testing (focussing on small numbers of participants and qualitative 

methods) 

• Paper prototypes  

• Heuristic evaluation 

 

A study completed by Nielsen and Landauer, (1993) evaluated a number of different studies to 

find the best cost-benefit return for usability studies and concluded that in a medium sized 

project up to 16 participants were worth their cost and 4 participants provided the best cost-

benefit ratio. Using as much resource as possible to assist with a user study is important but for 

many projects it is impossible to set aside as much resource as is suggested in the models. This 
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type of study shows that even if a small amount of resource is available it is still possible to 

conduct a user study and get meaningful results. 

 

5.2.5  Usability techniques 

Data gathering is a key part of any usability study and there are many ways in which this can be 

done. The important part of data collection is to triangulate the sources and not rely on a 

singular source of information. By doing this it is possible to mitigate any risks that one data 

source is poor or that the data is skewed. As with most studies the results depend on the data 

and gathering the correct data from multiple sources is key to the project. 

 

Preece, Rogers and Sharp, (2004) say that there are several sources of triangulation such as 

data drawn from different sources at different times and the use of several models to ensure 

that all the points are being completed, but the most common form of triangulation is that of 

different methodologies. They suggest that to get a true triangulation is very difficult but 

conclude that it is good practice to use more than one technique to collect data. 

 

Focus groups are led by a facilitator and allow people to discuss issues in a social setting. The 

facilitator will try and keep the conversation on topic whilst gaining knowledge from the 

conversation. Nielsen, (1997) suggested that although the information from focus groups is 

valuable, it should only be used in conjunction with other data gathering processes. Preece, 

Rogers and Sharp, (2004) suggested that focus groups allow diverse issues to be discussed 

which may be missed in other formats, and that people form opinions in social settings. 

 

Questionnaires have been used as a data gathering method in many different situations from 

market research to the social sciences for many years, and there have been many different 

studies into how a questionnaire should be constructed to gain the most usable results. 

Oppenheim (1992) discussed many of the options in questionnaire design. The Likert scale is 

used to measure opinion and is commonly used; it is a statement with a list of options where the 

respondent picks the most suitable for their experience. The use of an online questionnaire has 

been shown to gather more open results from participants (Chang 2004). Giving the participants 

time to reflect on their own and make anonymous responses was important to ensure that the 

user had a platform to convey any feelings they may have been uncomfortable discussing face 

to face. There are also benefits attached to response times as Sue & Ritter (2007) suggested as 

well as the ability to easily automate the answers from participants. Preece, Rogers and Sharp, 
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(2004) suggested that gathering some personal details such as age, gender or other attributes 

will help give context to the answers in the questionnaires. This would assist, but they suggest 

that only contextually relevant data should be collected. 

 

Interviews and observations have been used in many different settings from journalism to 

psychology for many years, and there is a great deal of literature on how these should take 

place and what should be asked within them.  Leech, (2002) suggested that prompts are key to 

a semi-structured interview and can assist in eliciting the required response from the participant. 

Hove and Anda, (2005) interviewed 12 software engineers multiple times, they suggested that 

interviews are expensive and that it may be difficult to establish if the interviewee viewed the 

interview in a positive light. 

 

Evaluation can be done in many ways, from statistical analysis to response times on a 

computer. As with many strategies with usability there are many different ways that this can be 

done. Ledo et al., (2018) examined 68 papers and highlighted some common techniques; 

demonstration, usage, technical performance and heuristics. Preece, Rogers and Sharp, (2004) 

suggested that the following points are required when evaluating results: 

 

Reliability – How well the method used provides the same results on different occasions. 

Validity – Does the method evaluate what it is meant to. 

Ecological Validity – How the environment effects the evaluation positively or negatively. 

Biases – Does the interviewer consistently miss a type of behaviour. 

Scope – How far the results of the study can be generalised. 

 

5.2.6  Summary 

It is difficult to cover all aspects of usability in this section, but by focusing on the major methods 

and models it is possible to conduct a valid user study which informs the design of the tool 

created. The literature shows that although there are many different ways a study can be done 

many of the models have consistent themes, and using a model benefits the end design. Using 

questionnaires, focus groups and one-to-one sessions it is possible to triangulate and help 

remove any negative findings that may have occurred by only using one technique, and whilst 

there are many more techniques that could be used the scale of the study needed to be 

carefully considered to ensure time and resource were used efficiently. 
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5.3 Tenovus requirements 

A meeting was held with the key stakeholders (Head of Research, Head of IT, Data controller 

and representatives from the mobile unit department) in the project to understand the 

requirements of Tenovus and discuss how a tool such as this would be used within the 

business. The main requirements highlighted were: 

 

• Be usable by non-GIS experts. 

• Run within their firewall to mitigate any security risk. 

• Be able to filter the data so that they can target specific metrics. 

• Be flexible and assist with other areas of their business (Shops, Financial support, 

Choirs). 

• Use different metrics (age, gender) to focus on different parts of the population. 

• Be able to use the tool for planning and site selection. 

• Use the tool for unit optimisation. 

• Create visualisations which can be used with their supporters and during interactions 

with external stakeholders (health boards, supporters). 

 

This functionality is new to researchers in Tenovus and so it is important to provide a wider 

understanding of the importance of these solutions. In order to examine the potential of these 

software tools several scenarios were discussed to help them visualise the advantages of such 

an approach to address their business needs. 

 

5.4  Super user 

This type of analysis is inherently complex, and there are certain tasks that require someone 

with some computing knowledge to complete. For this tool to be usable by non-experts it 

requires that several tasks are completed prior to the user having access. These tasks include 

setting up a spatial database and introducing additional data to the database when required. 

Some data such as census data and road network data need to be updated periodically, and 

having a super user allows these tasks to be completed prior to use. 

 

It is important to acknowledge that the documentation (appendix C.2) for a super user will need 

to be different and much more detailed than that for a typical user. It needs to show the user 

how to download the data and insert it in the correct format into the database. There are other 
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tasks that the super user is required to complete in order to set up the program initially, and all 

of these steps are discussed and documented thoroughly. 

 

Having the tool set up in this way enables many people to access it, as opposed to a single user 

doing all of the analysis, and this has benefits to many organisations. The super user also has 

the ability to amend the code to ensure the tool stays current, and has the option of streamlining 

their requirements based on the current version of the implemented solution. 

 

5.5  User Experience studies 

5.5.1  User Experience study one 

The user experience study took place in June 2018 at the Tenovus Cancer Care offices in 

Cardiff.  Eleven semi-structured one-to-one sessions, a focus group and several meetings with 

key stakeholders took place. The aim of the study was to understand who would be using the 

tool and what their capabilities are. To achieve this in the one-to-one sessions the participant 

completed a task using the tool, and an online questionnaire regarding their experience, and a 

focus group took place where the participants were encouraged to discuss their experience and 

provide feedback. 

 

The questionnaire captured some general information. It was a platform where participants 

could comment with no external influence as it was an online survey completed when the 

participant was alone at their desk. An online questionnaire developed on 

www.surveyplanet.com was used to ask the questions. In general, a Likert scale was used as 

this is easier to design than some others; it is often used to measure attitudes (Oppenheim, 

1992). 

 

Semi-structured one-to-ones consisted of the participant completing several documented tasks 

with the assistance of a helper, who could assist with any problems and make notes about any 

issues that were found. The one-to-one allowed for the participant to gain a better 

understanding of the project, and any questions that they had were answered and discussed. 

The sessions served to explain to the potential user more about how they could utilise spatial 

data and to see if they had any suitable suggestions of how a tool like this may be of assistance 

in their day-to-day role. Finally, a focus group was conducted with the participants. This was a 

good platform for discussion; it allowed the participants to talk about the project together and 
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voice any concerns they had and gave them space to talk around the subject whilst encouraging 

each other to feed in suggestions. 

 

5.5.1.1 One-to-ones 

A total of 11 one-to-one sessions took place with one cancellation. Each session lasted between 

30 minutes and an hour and it was possible to meet with all levels of staff from most 

departments within Tenovus. The sessions consisted of an introduction discussing the project 

and trying to relate it to their work. The participant was then asked to follow a set of instructions 

(appendix D.1) which requested they input the data into the tool. Each section was explained 

whilst they were completing it. They were using the mobile unit data as supply, with LSOA total 

population as demand and a 30km catchment area. Once the tool had completed the calculation 

the participant was asked to use QGIS to visualise the results, a join was completed and the 

results were mapped and discussed. Once this was completed the participant was asked to fill 

out an online questionnaire at their desk. 

 

The main points observed during the one-to-ones included: 

• The majority of staff did not know what the server was and that this was confusing for 

them to complete. 

• More than half of the participants made spelling mistakes, and they would all prefer the 

tool to either auto-complete or have dropdown boxes. 

• Help buttons next to each input explaining in detail what is required would be very 

useful. 

• The labels for the data and the sections should be as simple as possible. 

• The documentation needs more pictures and needs to be very simple. 

• QGIS would be useful for other parts of their role. 

• The QGIS section was complex. 

• The display needs to be bigger, font and size of boxes. 

• The majority of the staff would not be able to use the tool on their own and some 

guidance would be needed. 

 

These sessions were valuable to enable a good understanding of the IT literacy of the Tenovus 

staff, and for different individuals to know more about what the project is and how it may be of 

assistance to their team or their particular role. The above highlighted some really important 
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issues that would not have been considered, and these were addressed in the second iteration 

of the tool (see section 5.6.2).  

 

5.5.1.2 Questionnaire 

Surveyplanet.com was used to create an online questionnaire. 14 questions were asked giving 

a good understanding of how the tool is viewed, and the general IT literacy of the Tenovus staff. 

The full list of answers can be viewed in appendix D.4, the answers from the questionnaires 

were used to guide the development of the tool and ensure it is suitable for the intended user. 

Completing an online questionnaire allowed, the participant to provide answers with no pressure 

or external influence and has been shown to provide more insightful results (Chang, 2004). 

 

The first 3 questions asked some personal information to establish the job title, age and IT 

literacy of the participants. The positions of the participants within Tenovus varied greatly with 

PA, Head of Care, Marketing Manager, Research Officer, Prevention Lead, Prevention 

Campaign Advisor, Data Analyst, Choir Leader, Research Engagement Officer and Office 

Administrator all completing the study which highlights the different type of user that could 

potentially be asked to use the tool to perform the analysis. Question 2 established the age of 

the participants and found that there were four participants from 22-30 years old, four from 31-

40 years old and two between 51-60 years old which again helps to show a varied potential user 

base. Figure 5-3 shows the questionnaire response relating to perceived IT literacy; 50% of 

participants felt they were a medium level of literacy and used IT for work and were comfortable 

with the different Windows programs (Excel, Word and PowerPoint). Several users identified 

themselves as being comfortable using more complex programs such as databases and one 

user reported being able to program or manage databases. 
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Figure 5-3 Question 3 response 

 

Question 4 asked ‘How did you find completing the task?’ and using a 5 point response 70% 

found it to be moderately difficult. This is understandable when compared with the notes taken 

in the one-to-ones and within the focus group. Figure 5-4 shows the breakdown of the 

responses. 

 

 

Figure 5-4 Question 4 response 

 

Question five asked ‘Did the tool feel familiar to other programs that you use?’ and 70% 

suggested that the tool felt unfamiliar, the remaining participants said it felt familiar but none 

responded that it felt very familiar. The aim of this was to make the user comfortable, and 

creating a tool which feels familiar to them and where they know how to find help will be key to 

the success of the project. 
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Question 6 asked if the user found the tool intuitive, this question split the participants and 50% 

said it was not intuitive, 40% thought it was intuitive and 10% believed it was very intuitive. 50% 

is a large number of potential users who believe the tool is not easy to understand, and this 

could impact the uptake of the tool within the organisation. Identifying that it needed to be more 

intuitive allowed for further development of the tool to correct this. 

 

 

 

 

 

There were several stages to go through in the user study as can be seen in appendix D.2 and 

mapping played a large part so that the participant could see the result. The next question 

asked ‘Did you find creating the map difficult?’. Figure 5-5 shows the results and only 30% of 

participants found it easy to complete. This needed to be a higher number for the project to be a 

success and to aid with uptake. 

 

 

Figure 5-5 Question 7 response 

 

In question 8 the participant was asked if they could complete the task again without assistance 

and this led to 50% saying that they could complete some of the task and only two respondents 

feeling as if they could complete the task on their own. One participant responded that they 

would be unable to complete the task on their own and the remaining participants said they 

could complete all or most of the task. 
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Question 9 asked if the participant ever used database systems and 50% responded that they 

often use database systems with the remaining saying they use them rarely or never. There are 

two in house database systems in use at Tenovus which were used by many of the staff in most 

aspects of the charity’s business. Question 10 asked if the participant could see any benefits to 

this tool being available online and 50% were unsure, 30% yes and 20% said no. 

 

 

 

 

 

Question 11 asked ‘Would the additional functionality of QGIS be beneficial to you (creating 

maps and visualising spatial data)?’ Figure 5-6 shows the responses to this question where 

80% of respondents believed that QGIS would be beneficial in other aspects of their work. This 

was an important question as it helped lead the project and assist in how much functionality the 

user could access within a GIS. 

 

 

Figure 5-6 Question 11 response 

 

Working in computing or geographical environments may lead to the use of a specific 

vernacular with many acronyms used by most in these environments. With this in mind it was 

important to ascertain if the language used in the tool was easy to understand by the 

participants who may have less exposure to this type of language. Figure 5-7 shows the 

responses to the question and highlights the fact that half of participants did not understand any 

or little of the language used and none of the participants understood all of it. This highlighted 

the need to make the language accessible to non-experts in the field. Without discussing this 
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with the participants it would have been difficult for the project to understand what language is 

commonly used in non-GIS settings. 

 

Figure 5-7 Question 12 response 

 

Question 13 asked ‘Was the tool nice to look at?’ and while 60% found it to be nice or 

acceptable a large percentage of the responses suggested that it could be better. Question 14 

tried to establish if the tool was nice to use and 80% said the tool was very nice, nice or 

acceptable there were 20% who believed the tool could be better to use.  

 

These questions were designed to be replicated at the second user testing session to see if 

there was measured improvement over time. This gave an idea of the typical user and could be 

used to ensure that the tool is pitched at the correct audience. 

 

5.5.1.3 Focus group 

The focus group consisted of 4 participants who all took part in the one-to-one sessions, and it 

allowed them to discuss ideas between them. Most of the conversation confirmed what had 

been said before in terms of creating good documentation and making the tool as easy to use 

as possible. It was suggested that videos to demonstrate the tool would be useful as well as 

helping them to understand what the tool can do for them. It would be good to create some 

maps for each team and talk them through the possibilities before the project ends. The 

scheduling of the focus group was poor as it was held at 15:00 on a Friday and there was a 

skeleton crew in the office. 

 

The group discussed if categorising the data into the different teams would be beneficial to them 

so that they would know which data to look at. QGIS and its other merits were discussed in 

relation to each individual, and some of the different tasks that it can complete were mentioned. 
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5.5.1.4 Summary 

In general, the feedback was positive and everybody was happy to take part in the user study. 

The main points to be considered moving forward are: 

 

• Good documentation which shows users step by step what they need to do. 

• Larger size and font so that it is readable. 

• Remove the possibility of spelling errors. 

• Make the QGIS part of the process more straightforward (remove the join) and consider 

making a less busy interface. 

• Increase the visibility of the project within Tenovus. 

• Hide the server connection details. 

• Add help sections or prompts so that the user knows what data goes where. 

 

The next iteration of the tool took these points and created an improved user interface (UI) 

which could be further tested on users within Tenovus. 

 

5.5.2 User Experience study two 

The user experience study took place in September 2018 at the Tenovus Cancer Care offices in 

Cardiff. Eleven one-to-one sessions, a focus group and meetings with the key stakeholders took 

place. The aim of the study was to understand who would be using the tool and what their 

capabilities are. To achieve this the one-to-one sessions asked the user to complete a task, and 

then complete an online questionnaire about the task and some general questions. A focus 

group took place where the participants were encouraged to discuss their experience and 

provide feedback. 

 

After carefully redesigning the tool to address the issues highlighted by UX study 1, a second 

iteration of the tool was created. This tool was then used to perform a second user study. UX 

study 2 used a similar format to UX study 1 except for during the one-to-ones much less 

assistance was provided, and the participants were mainly monitored to see how they could 

follow the documentation and interact with the tool. 

 

The results of UX study 2 were positive and showed that this iteration of the tool was much 

easier to follow for the users; after 2 attempts most participants understood the process. The 
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study did highlight that users didn’t fully understand the scope of the tool, and that this needed 

to be addressed in the documentation. They also didn’t understand what 2SFCA is and would 

have liked to get a better understanding before they fully utilise the tool. The documentation also 

needed to be easier to understand. 

 

5.5.2.1 One to ones 

A total of 11 one-to-one sessions took place, with one cancelation. Each session lasted 

between 30 minutes and an hour and it was possible to meet with all levels of staff from most 

departments within Tenovus. The sessions composed of an introduction, discussing the project 

and trying to relate it to their work. The participant was then asked to follow a set of instructions 

which requested that they input the data for the tool; each section was explained whilst they 

were completing it. They were using the mobile unit and choir data as supply with LSOA total 

population and cancer incidence as demand, and 30km/40km catchment areas. Once the tool 

had completed the calculation the participant was asked to use QGIS to visualise the results. 

Once this was completed the participant was asked to complete an online questionnaire at their 

desk. 

 

The main points observed during the one-to-ones included: 

 

• The documentation is much improved but needs to be split into sections, with big titles 

and subtitles to clarify. 

• The tool was much easier for the participants to follow and by the second task they were 

able to get through it very quickly with some not needing the instructions. 

• Most people were unable to envisage a scenario where they could use it. This needs to 

be addressed so that individuals are able to understand the tool’s potential. 

• Removing the join in QGIS made it much easier for users. 

• The data layer names were confusing to the staff. This needs to be addressed to ensure 

they know what they are looking at. 

• Some of the language used should be friendlier, “back” instead of “previous”, or have 

explanations to better explain what is required. 

 

These sessions were valuable to understand how the user experience has progressed and to 

highlight any remaining issues. The UI was now acceptable to the users and all were able to 
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complete tasks on their own, the focus now needed to be the documentation and helping the 

user to understand the potential of the tool. 

 

5.5.2.2 Questionnaire 

Surveyplanet.com was used to create an online questionnaire, 20 questions were asked and 

this gives a good understanding of how the tool is viewed and the general IT literacy of the 

Tenovus staff. The full responses to the questionnaire can be seen in appendix D.6.  

 

The second questionnaire aimed to ask many of the same questions as the initial questionnaire 

to see if improvements could be measured over the different iterations. Initially the same 

questions regarding job title (PA, Head of Wellbeing, Head of Research, Marketing Manager, 

Research Officer, Prevention Campaign Advisor, Data Analyst, Choir Leader, Research 

Engagement Officer, Office Administrator and Head of Process Improvement) which were 

similar to those seen in UX study 1. Age was established which showed Four participants from 

22-30 years old, four from 31-40 years old one each between 41-50, 51-60 and 60+ years old. 

 

Question 3 asked about the IT literacy of the participants and found that all users have a 

standard level of IT literacy with several having a high level of computer literacy. 36% used 

computers for work, 45% used advanced programs such as databases and 2 respondents use 

computers for database management or programming. 

 

Question 4 asked ‘How did you find completing the task?’, Figure 5-8 shows that the 

participants found the tool easy to use with 10 saying it was easy and 1 saying it was very easy. 

This was a big upturn from the initial questionnaire which had a much more mixed response. 

This response suggested that the changes made to the UI and the documentation assisted in 

creating a much more usable program. 
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Figure 5-8 Question 4 response 

 

Question 5 asked the users ‘If you found the task difficult please expand on the parts of the 

process that were difficult or confusing?’ and there was only one response which implied there 

were problems by a respondent who suggested that on “A couple of occasions I might press the 

wrong button. If this was the case, I would need guidance as to how to get back to where I was 

originally to get on the right path.” Although there were not many responses to question 5 one 

participant suggested that they could get lost at certain points throughout the process. The 

documentation could be improved to assist the user as well as the UI help prompts. 

 

Question 6 asked if the tool felt familiar to other programs that they may have used? This has 

shown a large improvement over the results in UX study 1 where 70% of the responses 

suggested the tool felt unfamiliar to other programs that they have used. This iteration felt much 

more familiar and almost 65% of participants felt the tool was familiar or very familiar. Figure 5-9 

shows the split of the responses and this provides evidence that the tool has improved in 

usability from the first iteration. 
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Figure 5-9 Question 6 response 

 

Similarly, to question 6, question 7 highlighted the improvements made to the tool, and asked if 

the participant found the tool intuitive. In UX study 1 the results were 50% not intuitive, 40% 

intuitive and 10% very intuitive. The changes attempted to make the tool easy to use and 

understand, and the results displayed in figure 5-10 show that only 3 of the participants now 

found the tool not intuitive with a slight increase in those who found it intuitive, and over 27% 

finding it very intuitive. 

 

Figure 5-10 Question 7 response 

 

Question 8 asked the participant ‘Did you find creating the map difficult?’ and again the results 

show an improvement. The changes made to how the tool produces a layer which is easy to 

add to a map and does not require the user to use joins or advanced functionality in QGIS has 

been seen as beneficial. 54% found the tool easy to use compared to 30% in the initial study 
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and 45% found it OK. In the initial study the majority of participants found it OK with 10% saying 

it was difficult.   

 

Question 9 asked the participants to provide additional comments on how they found QGIS: 

 

• Impressive and easy to use. 

• Generally good. Might be worth naming the fields, and clearing up the UI just to make it 

a little more intuitive. 

• I found this really straightforward and interesting, I can see how a number of services 

would use it, the instructions were clear and easy to follow. 

• Good program, which I only found slightly more difficult as I had never seen or used it 

before, but the functionality and user-friendliness of it was clear to see. I don't think it 

would be long before I would feel comfortable to use and manipulate it in whatever way I 

needed. 

• I found it easy to use with the instructions and once used a few times it should be easy. 

It would be difficult to get to grips with without the instructions as it isn't like a program I 

use regularly. 

• Useful tool for providing visual examples of geographic analytical data. 

• Overall, I think it was excellent. I understood what I was doing, how and why. My only 

concern would be, as said previously, understanding what I might do to rectify a mistake 

if I was so reliant on the manual for the pathway to know what to do. A bit more 

knowledge and a lot more practice should overcome this. 

• Once you're familiar with the options you need to use it's fine. 

 

Most users found the QGIS experience was good but noted that some practice was needed, 

and that the documentation assisted them in completing the tasks. Having these comments 

away from the focus group allowed for a better understanding of the individual’s experience 

without feeling embarrassed or cautious of their peers. The positive feedback added weight to 

the choice of QGIS as a GIS and several comments suggested it could be useful in other 

aspects of their role. 

 

Following the same path as the initial questionnaire question 10 asked ‘Could you complete the 

task again without assistance?’ (Figure 5-11) and the responses were an improvement on those 

in UX study 1. All participants felt they could complete some of it on their own, over 70% could 
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complete most of it and 2 users believed they could complete the entire task on their own. This 

was a big difference to the first study where 50% could complete some of it and one participant 

could not have completed any of the task on their own. 

 

 

Figure 5-11 Question 10 response 

 

The next two questions asked ‘Do you ever use database systems?’ Over 72% responded that 

they do often and 27% do rarely, which shows that most users of this tool will have some 

experience with database systems and ‘Would the additional functionality of QGIS be beneficial 

to you (creating maps and visualising spatial data)?’ Over 80% of responses said that QGIS 

would be of benefit to them in other parts of their job.  

 

Question 13 asked ‘Could you run the program again with a different set of inputs?’ and every 

respondent would be happy to try and run through the process again, with several confident 

they could perform the calculation and visualise the result. This showed that the tool had been 

improved to help assist the user in the process and the prompts and help screen would allow 

the user to feel confident enough to try and use the tool with different data. 
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Question 14 asked ‘Did you understand the language used?’ and this highlighted an issue, the 

language was still not easily understood by the participants. Figure 5-12 shows the splits and 

compared with UX study 1 there is a slight improvement. This issue needs attention and could 

be addressed by using more simple language or by teaching users the language used in the 

documentation. 

 

 

Figure 5-12 Question 14 response 
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The next question tried to understand how the participants found the tool aesthetically and 

asked ‘Was the tool nice to look at?’ and this saw a marked improvement over the first iteration. 

In UX study 1 40% said the tool could look nicer, 30% found it nice and 30% found it 

acceptable. Figure 5-13 shows that 54% now find it nice to look at and 2 participants found it 

very nice. There was still room to improve the design, and some more aesthetic tweaks could 

improve the user experience. 

 

 

Figure 5-13 Question 15 response 

 

Question 16 asked the user if the tool was nice to use and this has seen a positive shift over UX 

study 1 with there now being over 70% saying they found it nice which is a change from 30%. 1 

user found the tool acceptable compared to 4 users in the previous study, and 2 found it very 

nice. This was further confirmation that the changes made had had a positive impact on the 

user experience.  

 

Question 17 asked ‘If the tool was not nice to look at or easy to use please expand on the parts 

that could be improved’: 

 

• Space out the field names and text boxes. Perhaps could try using Tenovus Colours? 

Change the field names to make it a little clearer to the end user what each one does. At 

the moment its very code like, could it be simplified? 

• It was quite easy to use and the menu bars were like other programs which I liked. 

However, it still felt a little bit like the 'back-end' of a program (which whilst easy to use 

with the instructions) was a little daunting initially. 
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• The only slightly complicated or that I can imagine would make it harder to use is getting 

to grips with the naming of the layers. I don't know how easy this would be to change, 

but this could perhaps make it an even easier tool to use. 

 

Having some direct feedback on specific issues the users found was essential to creating user 

friendly software. Only 3 participants responded but they gave valuable insight, suggesting that 

the tool looked “back end” or code like. One user suggested using the Tenovus colour scheme 

to make it more familiar and the use of better names for layers is something that can be 

implemented to aid the user experience.  

 

Question 18 asked ‘Have the changes to the tool made it easier for you to use?’ and the results 

showed that all participants noted an improvement with 63% saying the improvements helped 

and 36% saying they have helped a lot. This feedback added further backing to the changes 

and the design direction of the user interface. Question 19 asked ‘Does the tool fit in with the 

Tenovus brand?’ and over 72% believed it fitted the branding with 27% suggesting it does not 

really fit the branding. Although most participants found the branding suitable there is still room 

for improvement. 

 

The final question 19 asked the participant to ‘Please describe a task you might use the tool to 

complete’: 

 

• Establish the best place to locate a mobile treatment unit or choir. 

• To see what the catchment area of my choirs are. 

• Mapping our charity shops and trying to select and prioritise the ones to run research 

engagement events in. 

• To see where our sun cream van visits and where we could potentially visit in the future. 

• The tool could be used to help us to understand how much ground we cover (literally), 

how much 'reach' we actually make with each or a combination of services, and 

potentially where we could go next with a service to increase our coverage. Additionally, 

a function where we can overlay our services against others that operate in the same 

area could prove very useful, as we would then be able to understand the different 

areas' impact and how much of a difference we could actually make. Using all of this 

could be useful in a number of conversations, from speaking to potential sponsors, 

reporting and planning strategically - it could be a real valuable tool for us. 
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• Tracking where patients are in comparison to outreaches for CSA advice. 

• Although I like the tool as an extremely useful piece of software, it is unlikely that I would 

be using this in my current role. 

• To analyse whether our services are best placed to provide the best possible impact. 

• Three-fold. In the research team I might use the system to map in the future the impact 

of our research engagement in specific areas. We might try and see the grants we fund 

in relation to services offered in the area. Finally, as part of internally evaluation, we 

would use the multiple functions of the tool to be able to visualise the reach of all the 

service that we offer across Wales. 

 

All but one of the responses could find a use for the tool in their current role. This was with 

minimal exposure to what the tool is capable of and with further experience it could prove to be 

much more useful than they were able to establish at this time.  

 

Most of these questions were similar to the original questionnaire and it was possible to 

measure progress over the two studies. This gave an idea of the typical user and could be used 

to ensure that the tool was pitched at the correct audience. Being able to measure the progress 

of the tool in several iterations had allowed the user to be at the centre of the design process 

and ensure that the tool was fit for purpose. 

 

5.5.2.3 Focus group 

The focus group consisted of nine participants who all took part in one-to-one sessions, and it 

allowed them to discuss ideas between them. Most of the conversations confirmed what had 

been said before in terms of creating good documentation and making the tool as easy to use 

as possible. It was suggested that videos to demonstrate the tool would be useful as well as 

helping them to understand what the tool can do for them. It would be good to create some 

maps for each team and talk them through the possibilities before the project ends. 

 

The majority of the conversation was around the documentation and how to get people engaged 

in its capabilities. QGIS and its other merits were discussed in relation to each individual and 

some of the different tasks that it can complete were mentioned. 
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5.5.2.4 Summary 

In general, the feedback was good and everybody was happy to take part in the user study. The 

main points to be considered are: 

 

• It was easier for each participant to complete the tasks than the first iteration. 

• The documentation needs improvement to make it easier to follow. 

• The users need help to understand the scope of the tool and how it can help them. 

• 2SFCA needs to be explained. 

• Further training and documentation are required for the Tenovus super user. 

 

The UI is acceptable and all were able to use it. The documentation needs work and can be 

updated before the next visit. 

 

5.6 Results 

5.6.1  Iteration 1 

Figure 5-14 shows the initial design of the 2SFCA tool created. The initial design focused 

primarily on functionality and not usability. All of the inputs needed to be completed manually 

and there was no assistance as to what each input referred to. 

 

 

Figure 5-14 First iteration of the tool 
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The results were displayed in a PostGIS table which required significant editing to display in 

QGIS and this led to a great deal of confusion amongst the participants. The language used 

was not correct for the purpose, and the majority of the participants did not know what the 

different terms were referring to. The documentation (appendix C) did not effectively allow the 

user to follow the process and it was highlighted that more pictures were required with a more 

structured process. 

 

In general, the response was that the tool was hard to use and difficult to understand, and more 

help was required for the user to understand what they were doing and why. Having much 

clearer documentation was required, and a way to stop the user making mistakes needed to be 

implemented. On screen help was suggested, and making use of more simple language would 

assist in the usability of the tool. 

 

5.6.2  Iteration 2 

The redesign for the second iteration of the tool (Figure 5-15) encompassed the feedback from 

the first usability study and tried to focus on the main outcomes which were: 

 

• Good documentation which shows users step by step what they need to do. 

• Larger size and font so that it is readable. 

• Remove the possibility of spelling errors. 

• Make the QGIS part of the process more straightforward (remove the join) and consider 

making a less busy interface. 

• Increase the visibility of the project within Tenovus. 

• Hide the server connection details. 

• Add help sections or prompts so that the user knows what data is required at different 

inputs. 

 

The redesign tried to make the tool simpler and easier to understand. This was done by using a 

larger font and larger buttons where possible. The tool now only required 5 inputs before it could 

run; the server connection details and road network information were on a separate screen 

which the users could access if they wished, but if they did not understand it was all set up and 

ready for use. Using the 4 dropdown boxes the user now chose from preselected data what they 
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wished to run, rather than manually entering the names of each input. The catchment size was 

limited between 5 and 60km so that the user was guided to a suitable distance input. 

 

The introduction of help on the screen addressed some of the concerns. This allowed the user 

to read the help section and follow-on screen with no additional documentation. The help button 

presented the documentation, and hovering over each input prompted the user in what was 

required. 

 

Previously the user had quite a few processes to complete in QGIS before they could visualise 

the result; by adding additional process within PostGIS it was possible to make the visualisation 

more streamlined and simpler. 

 

 

Figure 5-15 Second iteration of the 2SFCA tool 
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Figure 5-16 shows the second screen of the tool with the network and server connection details. 

These needed to be accessible as they may be required by more advanced users, and having 

the ability to easily manipulate these fields without amending the code could be required. These 

inputs were required for the tool to run, and by moving them to a separate screen it allowed for 

the simplification of the main screen for the ‘standard user’ whilst allowing more flexibility for 

‘super users’.   

 

 

Figure 5-16 Second screen of the second iteration of the 2SFCA tool 

 

The changes made allowed for a much more usable interface and removed a lot of the margin 

for error. The documentation (appendix C) was greatly improved with better language, more 

pictures, and highlighted the pictures to allow users to know which stage they had reached. The 

insights from the user study drastically changed the design of the tool and guided the complexity 

of the format, language and documentation. 

 

5.6.3  Final iteration 

Following the second user study the main feedback points were: 
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• It was easier for each participant to complete the tasks than the first iteration. 

• The documentation needs improvement to make it easier to follow. 

• Users need help to understand the scope of the tool and how it can help them. 

• 2SFCA needs to be explained, perhaps using a video. 

• Further training and documentation are required for the Tenovus super user. 

 

Changes to the tool drastically increased the ability of the participant to complete the tasks, and 

the feedback was positive. Several changes were requested, mainly in the documentation, to 

increase the ease with which users could follow it; and also, to explain what 2SFCA is and why 

it is helpful for the analysis to take place. The final iteration (Figure 5-17) took on points from 

this and simplified the layout of the design whilst increasing the functionality of the tool. The 

data analysed from Tenovus showed that the demand side data is Gaussian in nature, so a 

Gaussian distance decay was included and positioned in the second more complex screen of 

the tool. 

 

 

Figure 5-17 Final iteration of the 2SFCA tool 
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Removing the different functions from the front screen took away several choices for the 

standard user and was configured to perform networked E2SFCA as standard. This 

configuration delivered accuracy without additional complexity for the user. 

 

The second screen (Figure 5-18) had a larger amount of detail and allowed the tool to be 

customised to the needs of the user. This did not need to be completed by a standard user 

unless they had a specific need for a particular dataset. The increased functionality and 

simplification of the interface created a more streamlined and powerful tool. 

 

 

Figure 5-18 Second screen of the final iteration of the 2SFCA tool 

 

5.6.4  Documentation 

Documentation is key to the success of this project and ensuring that it is used. The user 

studies highlighted its importance, and one of the key aims of the project was to create a tool 

which can be used by non-experts. There are 3 documents which address the non-expert user, 

the super user, and one which gives 2SFCA some context and assists in interpreting the results. 
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5.6.5  User documentation 

The user documentation (appendix C) uses images and text to assist users through the inputs in 

the program. Initially the tool is displayed (Figure 5-19) and each function is discussed. Each of 

the numbers is expanded upon so that the user understands it. 

 

 

Figure 5-19 Overview of Tool functionality 
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Following the introduction to the program, the documentation walks the user through each stage 

of the process. This is done by using a screen shot (example Figure 5-20) which highlights the 

areas in focus and explains what actions are required 

 

The user is then shown the advanced settings page in less detail. There is a lot of functionality 

and it could be confusing to go into too much detail at this stage. It is important to show each of 

the functions and give them context. 

 

 

Figure 5-20 Areas in focus and actions required 

 

The language used is simple and conversational to engage the user, jargon is limited and 

expanded upon where necessary. The user studies highlighted the importance of language and 

visual cues which have been central to the documentation. 

 

The first thing that needs to be entered is the supply layer. This refers to the table within the 

database which holds all of the information on a supply of services. In this example chemo_all is 

selected and this dataset holds all of the data regarding the different sites in Wales which 

provide chemotherapy services. Most of this data is not used in the front end and is required for 

the program to run (see below). 
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5.6.6  Super user manual 

For a tool such as this to work someone needs to have a decent knowledge of computer 

systems. It is not feasible for a tool utilising these methods and datasets to be maintainable 

without a super user. This was discussed with Tenovus in the initial meetings and the solution 

provided was designed to fit in with their existing capabilities. The superuser manual describes 

the processes required for installation and maintenance of the relevant programs and the main 

datasets. Regardless of who uses the system it needs several key data sets to provide useful 

results. 

 

Initially the documentation discusses the software required and where to download the versions 

required for this tool. As the software is FOSS it is possible to get it from many different 

locations. Some of the software is easier to get from one location and use the provided stack 

builder so that the tools work correctly when installed. 

 

Downloading and installing software 

 

The software required can be downloaded from OSGEO using https://download.osgeo.org/ 

there are other available sources. I would highly recommend using the PostgreSQL stack 

builder to do this as you can get most of the packages needed. The program should work with 

most of the versions of the software but the recommended versions are: 

QGIS – v. 2.14 (for visualisation only) 

PostgreSQL – v. 9.5 

PostGIS – v. 2.3 (stack builder) 

Microsoft Visual Studio (to change the code of the program) 

pgRouting – v. 2.3.2 (stack builder) 

NPGSQL (stack builder) 

osm2po – v. 5.2.43 (for transforming OSM data and can be downloaded from: 

https://osm2po.de/) 

Java runtime environment – (can be downloaded from https://www.java.com/en/download/) 

2SFCA tool from download or GitHub 

There is a good tutorial on the installation of the items 2,3,5, and 6 here: 

https://www.bostongis.com/PrinterFriendly.aspx?content_name=postgis_tut01 

 

https://download.osgeo.org/
https://osm2po.de/
https://www.java.com/en/download/
https://www.bostongis.com/PrinterFriendly.aspx?content_name=postgis_tut01
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There are several links to external videos or tutorials which can be of assistance in the 

installation of specific programs, FOSS systems have differing levels of documentation and 

some external links can be critical in the installation and de-bugging process. It is important that 

the user is able to customise the program to their specific needs. This is one of the key 

principles of FOSS and allows the tool to have more impact in more settings. The tool is really a 

series of SQL commands which could be implemented in many different scenarios, but it is not 

feasible to expand greatly in this document, and most of those attempting something like this 

are familiar with IDEs and different programming languages. 

 

Using OSM data can be complex and it needs to be formatted correctly to be used as a routable 

network. To do this osm2po has been utilised and the different steps required are explained 

point by point. There are links to tutorials as this can be complex for those not used to working 

in the command line. This is a process that does not need to be done often and, as section 

6.4.2 showed, there is an accuracy increase by using this data over the OS open data 

provisions. The tool works with other data and the methods for using OS Open roads is included 

in the code if the super user prefers this. 

 

The demand data is much the same as the supply data and a table is included for reference. A 

link to census data is shown as this is a good starting point. There is an assumption of 

knowledge here as these tasks require some technical skill to complete, but with the included 

instructions and the links to guides it is possible for someone with quite limited technical 

knowledge to set up a working E2SFCA accessibility tool. 

 

5.6.7  2SFCA explanation 

A brief high-level explanation of accessibility and 2SFCA has been created to help users put the 

tool into some context. The explanation is not designed to discuss the intricacies of the method 

but to help them to understand the potential benefits of using this method over the population to 

provider and proximity methods often used. 

 

Although there are many methods, only two examples have been shown here as they can easily 

be represented with images. Simple language and diagrams have been used to give a very 

high-level overview. A similar high-level approach has been used for the 2SFCA explanation. 

The use of images to explain the process aids in the user’s understanding. 
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Finally, it is important for the user to be able to understand the maps created at the end of the 

process and a very brief section on interpretation of the results is included. This imagery is 

important to show the potential of the tool and help convince the user of the advantages of a 

2SFCA approach to examine spatial variations in accessibility to facilities/services. 

 

5.7 Chapter Summary 

Completing user studies helped ensure that the user was central to the design of the tool. 

Keeping the end user involved in the design process from the outset enabled the tool to be 

more focused and allowed for the 2SFCA methods to be potentially used by more people. The 

studies highlighted the importance of documentation and removing terms that are commonly 

used within geography or informatics during the course of a GIS project, but needed to be 

tailored to the particular task in hand. The differences between the initial design and the final 

iteration are significant; such changes when implemented have increased the functionality of the 

software solution whilst making the design usable to a wider audience. By using different 

methods, it was possible to gain different perspectives from potential users and allow for a more 

rounded response. The one-to-one section of the study allowed the participants to gain an 

understanding of the tool and its capabilities which was central to boosting the knowledge of the 

user. 

 

Documentation has a large role in how the software is utilised and installed, and different 

formats of documentation tailored to particular types of users have been outlined and included 

as Appendices to this thesis. User studies highlighted specific needs for documentation to 

ensure that the aims of this project are met. The quality of FOSS documentation can vary and to 

have high quality documentation should facilitate wider use of the GIS tools. 
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Chapter 6 Results 

 

This chapter details the results of the investigations described in the methods section. The 

inclusion of performance testing, implemented case studies and data comparisons are 

discussed to address the aims and objectives outlined in Chapter One. During the development 

of the program, it was important to understand how the inclusion of different data sets and 

algorithms affected the performance of the tool and many tests were completed on performance 

under different scenarios. These included using data at different spatial scales to understand 

aggregation effects on the performance of the tool, and the accuracy of the applications of 

different 2SFCA algorithms using alternative data sources.  

 

A case study was completed to highlight the capabilities of the software solution. A discussion 

with researchers within Tenovus enabled the case study to incorporate the types of data sets 

available to a wider group of users and address a wider range of operational tasks that to date 

were conducted without the support of GIS technologies. For example, utilising supermarket 

data sourced from Geolytix, several scenarios were explored to understand the effect of moving 

a Tenovus mobile unit or adding additional capabilities to the current chemotherapy provisions 

within Wales. The results show how the Tenovus resource affects the accessibility to a wider 

range of cancer services within Wales. 

 

The tool was used to create map visualisations for Tenovus regarding its current offerings in 

chemotherapy and lymphoedema, and how these related to the current static provision provided 

by other NHS providers. These visualisations have been utilised by Tenovus internally to 

heighten knowledge within the research team as well as externally to show stakeholders trends 

in the overall provision of cancer services. 

 

As previously discussed, there were many ways that this software could have been 

implemented.  A large part of this research study involved gaining an understanding of the 

overall influence of some of these underlying factors on overall access to existing and modelled 

patterns of provision. With this in mind much work was undertaken to compare and contrast the 

different network algorithms and data. A comparison between Open Street Map and OSM 

network data with Google maps gave a better understanding of how each network is composed, 

and the times which the same Dijkstra algorithm takes to compute different routes on each 



175 
 

allowed for the correct choice to be made when selecting a network data set. Work was 

completed on the different network algorithms, and what effect they had on performance and 

how the program is assembled. 

 

Following on from network comparisons, different testing was completed on the choice of 

algorithm; whether it be how the program was constructed or the differing choices for E2SFCA 

algorithm, and the effect that each of these had on efficiency and accuracy. The aim here was 

to find the ‘best’ solution which may not always be the most accurate or the most efficient, but 

simply a happy medium with the best outcomes overall when data availability, complexity of 

computation, speed of analysis and quality of results are considered 

 

6.1 Testing  

 

6.1.1  Performance and stress testing 

It is important for this tool to work within an acceptable time to ensure the user continues to 

interact with it and that it maximises its value to potential users. Table 6.1 compares the 

differences between straight-line and networked 2SFCA calculations. Getting the time or 

distance for a networked 2SFCA calculation takes a considerable number of resources in 

comparison to the non-networked calculations and this is represented in the times taken to 

compute. If the data collation and analysis effort is large, then it may be worth considering using 

a straight-line calculation in the first instance. However, the routed results give a much more 

realistic representation such that it may be advantageous to allow a longer time to compute 

(even a relatively large catchment takes less than a minute to compute). 

 

Catchment size Straight-line 2SFCA Networked 2SFCA 

1,000 metres 0:0.13 0:50:74 

10,000 metres 0:0.16 0:50:92 

30,000 metres 0:0.20 0:54:38 

50,000 metres 0:0.24 0:58:92 

Table 6.1 Network and straight-line 2SFCA speed comparison 
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Table 6.2 shows the times taken to compute different E2SFCA calculations using the total 

population of each LSOA as the demand, and the number of beds or chairs at each location 

multiplied by the opening hours as supply. This shows that as the data gets larger the time 

taken to compute goes up dramatically 

 

 2SFCA Networked 

5,000 MSOA (410) LSOA  05:33.87 

50,000 MSOA LSOA (1909) 07:09.14 

5,000 LSOA LSOA 41:30.66 

50,000 LSOA LSOA 41:37.65 

5,000 OA (10,036) LSOA 1:51:13.82 

Table 6.2 Time taken to compute data at different size and scale 

 

The main reason for the time increase is the way the algorithm works; it takes all the records 

from each input and then assigns and finds the nearest position on the line of the road network. 

This needs to be done for every record. This can be seen in the difference between the 5km 

and 50km LSOA times which are very similar as there are a limited amount of LSOA centroids, 

and this number does not put a great deal of stress on a system, whereas when the OA 

centroids are added the amount of time to compute the calculations is greatly increased. 

 

6.1.2  Comparison with the ArcGIS tool 

There is a similar tool available at present which is an add-on in the ArcGIS environment. This 

tool is not FOSS and therefore does not cross over with the target audience for this project. It is 

therefore important to understand the differences between the two and to compare the accuracy 

of the results against each other. To do this several tests were completed using the same data 

and modelling parameters in both programs and the output data compared. This section 

discusses the difference between the two outputs and the way in which both programs work. 

 

A direct performance comparison is very difficult as both programs work in different ways. The 

ArcGIS tool uses just the ArcGIS platform to complete the entire task; there is a built-in network 

analyst and spatial database capabilities, with the ability to visualise the results directly in the 

ArcGIS platform. ArcGIS has some very useful capabilities and it enables the Langford et al tool 

to run differently. For example, the Langford et al tool requires some pre-processing to join the 

nodes to the network whereas this is done on the fly within this tool. As this is the case a direct 
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speed comparison is not being included in this project because there are too many variables 

and differences in the modes of operation to make this a useful activity 

 

A series of comparison tests was completed using both programs, and some basic statistics 

were taken from both. It would be expected that the sum would equal the number of supply 

points. Table 6.3 shows the difference between the Langford et al tool and the 2SFCA tool 

developed for this project to 6 decimal places. The 2SFCA analysis was completed on the 

Tenovus mobile unit locations with LSOA as demand at 5,000 metres. Figure 6-1 highlights how 

similar the results are across the data set used, and there are only a couple of points which 

show very slight changes in results. 

 

 AVG Max Min Sum Total count 

ArcGIS tool 0.046459 1 0.008333 26.90002 579 

2SFCA tool 0.046794 1 0.008333 27 577 

Table 6.3 Comparison 1 of ArcGIS and the 2SFCA tool results 

 

 

Figure 6-1 Comparison of ArcGIS tool and Tenovus tool where the y axis is the FCA score and 

the x axis is the series of results 
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Table 6.4 shows the differences in results between the Langford et al tool and the 2SFCA tool 

developed for this project to 6 decimal places. For demonstration purposes the 2SFCA analysis 

was completed on the Tenovus choir locations with LSOA as demand at 1,000 metres. Figure 6-

2 shows that at very small scale there are some differences in how the two programs work 

which would probably be due to how each round different numbers but that the results are 

similar and similar visualisation patterns are evident. 

 

 AVG Max Min Sum Total count 

ArcGIS tool 0.293103 1 0.111111 16.99999 58 

2SFCA tool 0.278689 1 0.111111 17 61 

Table 6.4 Comparison 2 of ArcGIS and the 2SFCA tool results 

 

 

Figure 6-2 Comparison of ArcGIS tool and Tenovus tool where the y axis is the FCA score and 

the x axis is the series of results 

 

6.2 Case study 

For this project to have an impact it needed to be tested in real world situations using real data. 

After discussions with Tenovus it was decided to run a case study to investigate the use of 

alternative mobile unit locations, and to understand the implications of adding additional 

provisions to new locations. A major benefit of being able to run this type of analysis stems from 
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the need to work collaboratively with new partners and demonstrate the effects of implementing 

additional resources on spatial patterns of accessibility. 

 

The majority of the locations used by Tenovus are large supermarket car parks that have the 

capacity to offer the 30 spaces the units require to operate. They also have the benefit of 

allowing a spouse or carer to collect some shopping during the chemotherapy session. A data 

set of the supermarkets throughout the UK (GEOLYTIX retail points) was utilised and mined to 

provide a list of large supermarkets in Wales. The criteria for the stores were that they must be 

over 2,800 square metres with the assumption that any of these megastores would be able to 

provide adequate parking for a mobile unit. Large retail units have historically offered Tenovus 

the opportunity to use their facilities free of charge, and they are normally well positioned to 

access transport links. Such factors may be investigated alongside other considerations which 

may influence the final choice of sites chosen, such as the ability to get staff for the units which 

are normally provided by the health board and the logistics of moving units across large 

distances and how they can be maintained. 

 

The suggested sites were not exhaustive, but they offered an insight into the use of GIS-based 

accessibility tools to examine existing patterns of accessibility, and how accessibility to either 

chemotherapy or lymphoedema treatments could be improved across Wales. The aim of this 

case study was to demonstrate to the research team within Tenovus the potential of the tool to 

identify new sites to potentially plan services. The locations shown are just an example, and 

with the knowledge within Tenovus other sites could be identified (sports clubs, cinemas etc.) 

using these types of techniques. 
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Geolytix provides a data set of all major supermarkets in the UK. Out of 13,860 shops it was 

possible to narrow the number down; firstly, by removing the smaller shops which would not 

have enough parking to accommodate the Tenovus mobile units, and also by removing 

locations that are not in Wales. Figure 6-3 shows the 79 remaining megastores within Wales 

that are over 2,800 square metres that could be considered as potential sites for services. 

 

 

 

 

 

Figure 6-3 All major supermarkets over 2,800 square metres 
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As might be expected, the majority of locations are around large metropolitan areas in the South  

and North of the country. This pattern is followed in the provision of chemotherapy throughout 

Wales as shown in figure 6-4. Having the majority of the services near the majority of the 

population centres follows logically. One of the main exceptions to this pattern is in Newtown, 

Powys which is located in the East near the border with England is near the centre of the 

country between the North and the South and has a megastore and no chemotherapy provision 

at all.  This is also the case in Holyhead. There are pockets of lower accessibility within the 

large amount of provision in the South East of Wales and Pyle would offer an opportunity to 

increase accessibility within the area. 

 

 

 

Figure 6-4 Chemotherapy sites within Wales 
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Figure 6-5 shows the E2SFCA for current NHS chemotherapy provision throughout Wales and 

the cancer rate within each LSOA. This does not include those individuals who travel to England 

to access care. This is due to the fact that Tenovus mainly operates in Wales; there are certain 

cancers which require specialist care and people are required to travel considerable distances 

to receive this. There are people in large parts of Wales who are unable to access any services 

within 35km, and many more who have very poor levels of accessibility 

 

 

Figure 6-5 35km Linear Distance Decay 2SFCA of the static chemotherapy sites using LSOA 

cancer rates as demand and a supply of the available hours of each bed/chair per week 
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Figure 6-6 shows the same accessibility calculations with the Tenovus mobile units included. 

The current positioning of the mobile units seems to have had very little effect on accessibility 

scores. This is due to the amount of extra provision they provide. Within the large hospitals the 

chemotherapy units are able to service a large volume of people. Singleton Hospital provides a 

supply of 1,800 per week (available hours for each bed/chair) and Royal Gwent Hospital 1,040 

whereas a mobile unit can only provide 56. To maximise the potential accessibility gains it was 

therefore important to address some of the gaps in provision with the types of mobile services 

offered by Tenovus. 

 

 

Figure 6-6 35km Linear Distance Decay 2SFCA of the static chemotherapy sites (orange stars) 

and the Tenovus mobile unit locations (green stars) using LSOA cancer rates as demand and a 

supply of the available hours of each bed/chair per week 
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By incorporating a unit at the site of the supermarket in Newtown (Figure 6-7) it is possible to 

increase the accessibility for individuals living in central Wales dramatically, and using LSOA 

cancer rate as a demand variable it suggests that the unit could go to the location more than 

once a week (Figure 6-8). 

 

 

Figure 6-7 E2SFCA and the retail site locations highlighting Newtown, Powys 
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Figure 6-835km Linear Distance Decay 2SFCA of the static chemotherapy sites, Tenovus 

mobile unit locations and the proposed supermarket in Newtown, Powys using LSOA cancer 

rates as demand and a supply of the available hours of each bed/chair per week 
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Figure 6-9 shows the retail units overlaid on the current chemotherapy accessibility map, there 

is an area of low accessibility surrounding Holyhead which could be improved with additional 

resource. 

 

 

Figure 6-9 E2SFCA and the retail site locations highlighting Holyhead 
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Figure 6-10 shows E2SFCA accessibility scores when the Holyhead location is serviced by a 

Tenovus unit, and it makes quite a large difference to the level of accessibility in the north west 

of Wales. This is another promising potential location for a unit to be positioned as it maximises 

the effect that the unit has on the surrounding area. By allowing this location to service the 

chemotherapy requirements of the area it frees up NHS capacity at other locations. 

 

 

Figure 6-1035km Linear Distance Decay 2SFCA of the static chemotherapy sites (orange stars), 

Tenovus mobile unit locations (blue stars) and the proposed supermarket in Holyhead (green 

star) 
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There is an area of patchy accessibility in the Pyle area of South Wales (Figure 6-11). This 

could potentially be rectified by adding additional resource from Tenovus. One issue with this 

part of Wales is that it has a comparatively high population and good transport links with the 

capital city of Cardiff. 

 

 

Figure 6-11 E2SFCA and the retail site locations highlighting Pyle 
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Adding a mobile unit in the Pyle (Figure 6-12) area just West of Cardiff and highlighted in figure 

6-11 has very little effect on the surrounding area. There is a boost to the LSOA affected, but it 

has a limited effect on the surrounding area. This is another important situation where it is 

possible to show that there is very little benefit in adding additional resources to the area. It is 

useful for Tenovus to be able to understand not only the positive effects of their presence but 

also the times in which additional resource has a limited effect in the surrounding area. 

 

 

Figure 6-12 35km Linear Distance Decay 2SFCA of the static chemotherapy sites (red stars), 

Tenovus mobile unit locations (yellow stars) and the proposed supermarket in Pyle (Blue star) 
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Using chemotherapy supply data that has been gathered, it is possible to get an overview of 

current chemotherapy provision in Wales. The purpose of this exercise is to show the effects of 

adding additional resources to a new location. 

 

The case study showed that Tenovus was having a minimal effect in terms of the overall 

patterns of accessibility to Chemotherapy services in Wales based on the current locations of 

the mobile units. It also demonstrated that there were some potential locations which could 

improve access to these services for potential patients in other areas of Wales. It must be noted 

that it is not just Tenovus that decide where their resources should be deployed. Currently, the 

local health boards decide whether they would like Tenovus in their area; and they are also 

governed by how far the NHS staff that provide the treatments are able to travel. 

 

The location with the largest potential effect is in Powys, many of whose patients are travelling 

across the border to England to access cancer services. They have no chemotherapy 

provisions at all in the health board; as such it would be difficult for Tenovus to provide this 

service as there would be no staff to operate the unit. With this in mind it is still important to 

acknowledge the effects a potential supply in these locations could have. This would provide 

Tenovus with the ability to speak to Powys health board with an informed opinion of the 

difference they could make if patients were to be offered provision within Wales. 

 

6.3 Visualisation of results 

Several visualisations have been created for Tenovus Cancer Care to give them further 

understanding of current chemotherapy provisions within Wales. These visualisations have 

been created utilising the 2SFCA tool and QGIS. Having the ability to create visualisations 

enables Tenovus to gain an understanding of current and modelled levels of provision and 

present the data to interested stakeholders in a variety of forms.  

 

There were also requests to create maps of other services such as the choirs they run for those 

affected by cancer, their outreach services and their charity shops. It has been important to 

visualise the data so that the people at Tenovus could understand the potential of the 2SFCA 

tool and help create a dialogue between key stakeholders in the project. 
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Figure 6-13 shows the different chemotherapy sites in Wales. An E2SFCA method was used 

with cancer rate of each LSOA as the demand, and the number of beds or chairs at each 

location multiplied by the opening hours, to create a supply with a 35km catchment area. The 

35km catchment area was chosen as Tenovus user data showed the vast majority of users 

travel within this distance (See section 4.3.3). The results showed that there is a large part of 

Wales with no access to chemotherapy and access outside of the larger metropolitan areas of 

Cardiff, Aberystwyth, Swansea, Bangor and Llandudno is low. When looking at chemotherapy 

provision across Wales it was possible to identify areas which could be improved to influence 

overall patterns of accessibility.  

 

 

Figure 6-13 Chemotherapy provisions in Wales E2SFCA 
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Figure 6-14 shows different chemotherapy sites in Wales. An E2SFCA method was used with 

the total population of each LSOA as the demand, and the number of beds or chairs at each 

location multiplied by the opening hours, to create a supply with a 35km catchment area. This 

map highlights that apart from a spike in the Bangor region there is reasonably low accessibility 

to cancer services across Wales. 

 

 

Figure 6-14 E2SFCA Chemotherapy sites supply total population demand 
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Figure 6-15 shows Tenovus choir sites across Wales. 2SFCA was completed using LSOA 

cancer incidence as the demand with a 40km catchment area. The visualisation highlights that 

although the majority of the choir sites are in the South East it is not saturated, and although 

there are relatively few sites in mid and west Wales general access to these choirs is 

comparatively high. 

 

Figure 6-15 Tenovus Choir sites LSOA cancer incidence 2SFCA 
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Figure 6-16 shows Tenovus outreach sites across Wales. 2SFCA was completed using LSOA 

cancer incidence as demand with a 40km catchment. The data shows that there is a large 

proportion of Wales with no access to the service, and although the south east has a high 

proportion of the sites it is not saturated. By using the cancer incidence rate, it was possible to 

gain a richer understanding of the users of the service than by using the total population as 

whole. 

 

 

Figure 6-16 2SFCA Tenovus Outreach Clinics locations LSOA cancer incidence 2SFCA 
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In Figure 6-17 it is possible to see locations of Tenovus charity shops. 2SFCA was used to 

show accessibility, although this is not the best measure for retail units. For instance, much of 

the footfall in west Wales may come from holiday makers, and people travel to shop differently 

from how they access healthcare provisions. Total population was used as the demand and a 

40km catchment was employed. The map shows that although a large proportion of the sites 

are in the south east, the area is not saturated and there is very good access in the west of 

Wales. 

 

 

Figure 6-17 Tenovus Charity Shop locations LSOA total population 2SFCA 
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Figure 6-18 shows all Tenovus sites across Wales and volunteer locations surrounding them. 

This visualisation was used to see trends in whether volunteers spiked around the service 

provision. It is clear that the coast of Wales is fairly well serviced but mid Wales is still 

reasonably under-represented. 

 

 

Figure 6-18 Tenovus sites across Wales and volunteer data 

 

These visualisations have enabled Tenovus to have a richer understanding of their services, 

and enabled key stakeholders of the project to understand the potential of the tool. Creating 

these and explaining them to Tenovus employees initiated a dialogue and enabled more 

feedback to be presented. These maps could be created by Tenovus to show their supporters 

the work they are doing, or they could be used to help show partners’ needs in accessibility 

throughout Wales in order to gain more funding 
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6.4 Data 

 

6.4.1  Scale comparison 

The following images look at the differences in results when E2SFCA and linear E2SFCA have 

been calculated at different scales.  The calculations were performed at 10km and at 40km 

across OA, LSOA and MSOA. The NHS defines the LSOA as follows, “Lower Layer Super 

Output Area (LSOA) is a GEOGRAPHIC AREA. Lower Layer Super Output Areas are a 

geographic hierarchy designed to improve the reporting of small area statistics in England and 

Wales”. MSOA can be described as “A Middle Layer Super Output Area (MSOA) is a 

GEOGRAPHIC AREA. Middle Layer Super Output Areas are a geographic hierarchy designed 

to improve the reporting of small area statistics in England and Wales, and are built from groups 

of contiguous Lower Layer Super Output Areas.” Finally, OAs are the Output Areas that make 

up the MSOA and LSOAs. 
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Figures 6-19, 6-20 and 6-21 show the differences between different scales. The maps show the 

E2SFCA results with a Gaussian distance decay function applied at OA, LSOA and MSOA 

levels with a 10km catchment area. In general, the maps show a similar pattern with the most 

detail showing with the OA data followed by the LSOA data as would be expected. This is most 

prevalent in the built-up areas of south east Wales.  

 

 

Figure 6-19 10km Gaussian E2SFCA results at OA scale 
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Figure 6-20 10km Gaussian E2SFCA results at LSOA scale 
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Figure 6-2110km Gaussian E2SFCA results at MSOA scale 

 

Table 6.5 shows that there are many more results for the OA data, as there are many more 

datapoints, having 5 times that of the LSOA data, and the LSOA being around 5 times more 

than MSOA. These results helped assist with the visualisation, and were important when 

investigating data in built up areas where the small area variations could remain hidden with the 

aggregation of the data. 

10km Mean Total results 

OA 1.7 6530 

LSOA 8.8 1257 

MSOA 42.1 266 

Table 6.5 10km means and number of results 
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Figures 6-22, 6-23 and 6-24 investigated the scale effects at a distance more relevant to 

Tenovus. As shown in section 4.3.3 the furthest distance most Tenovus users travel is within a 

35km catchment area and understanding the effect of scale on the data helps in guiding 

Tenovus to the correct data to use. A similar pattern was apparent as with the 10km results and 

in the large areas there was more distinction in more built up areas. It also showed slightly 

different areas due to the size of the output areas. 

 

 

Figure 6-22 35km Gaussian E2SFCA results at OA scale 
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Figure 6-23 35km Gaussian E2SFCA results at LSOA scale 
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Figure 6-24 35km Gaussian E2SFCA results at MSOA scale 

Table 6.6 shows a similar pattern to that at 10km and there are considerable variations between 

the data sets. This results in a difference in granularity on the maps produced. At this scale the 

differences seem to be smaller in appearance, and although utilising the OA data would 

produce a more complete picture, analysis of provision at a variety of spatial scales results in 

readable maps which can provide valuable insights. 

35km Mean Total results 

OA 1.1 9624 

LSOA 6.1 1837 

MSOA 28.7 390 

Table 6.6 35km means and number of results 
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Figures 6-25, 6-26 and 6-27 compare scale of a larger catchment size again. At 50km the 

differences between the data scales had less of an impact as the size of the catchment 

increased. It still highlighted built up areas in more detail, and this should be considered when 

designing a study which is predominantly in metropolitan areas. 

 

 

Figure 6-25 50km Gaussian E2SFCA results at OA scale 
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Figure 6-26 50km Gaussian E2SFCA results at LSOA scale 
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Figure 6-27 50km Gaussian E2SFCA results at MSOA scale 

 

Table 6.7 is very similar to table 6.6 and it indicates that the 35km catchment area already 

included most of the results. The differences between the data were vast and it would be 

advisable to work with the data at the smallest scale where available. The results indicated that 

although they are not as intricate it is still possible to get a good understanding of accessibility 

with MSOA level data. 

50km Mean Total results 

OA 1.1 9903 

LSOA 5.9 1837 

MSOA 27.6 405 

Table 6.7 50km means and number of results 
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Although the preference would be to work with data at the smallest scale it is often difficult to 

obtain data at a fine resolution especially with healthcare records as it needs to be respectful of 

individuals’ data. These results would indicate that on a country sized study it is possible to gain 

useful results from MSOA data, although LSOA data would be preferable and enables 

comparisons to be made with deprivation measures such as the Welsh Index of Multiple 

Deprivation (WIMD). 

 

6.4.2 Network data 

Following on from section 4.5.4 a number of tests have been completed on OSM and OS Open 

Roads and Google routing data. To understand the differences between the data a comparative 

test was completed using the two open data sets and Google. 100 postcodes in Wales were 

randomly selected from a dataset of Tenovus users which represent different areas within 

Wales. The postcode data was arbitrary and was chosen to test random routes within Wales 

across the 3 separate networks. Routes were computed to and from each using each network. 

Routes were of varying size and utilised different types of road. It is anticipated that Google 

uses a more complex algorithm (traffic variations) to establish routes than the Dijkstra which is 

utilised by the tool which may make their journeys longer in distance. 

 

Table 6.8 shows that Google times are the highest with OSM next, followed by OS Open Roads. 

This makes sense as OSM has different road speeds assigned to each road, and OS Open 

Roads is using the seven different categories which is less accurate. The distances between 

OSM and OS Open Roads are very similar with a slight difference in the mean distances which 

highlights the differences in speed limit attribution. 

 

 

Table 6.8 OSM, OS Open Roads and Google comparison 

 

 OS Open 

Roads 

(Time) 

Google 

(Time) 

OSM 

Time 

OS Open 

Roads 

(Distance) 

KM 

Google 

(Distance) KM 

OSM 

(Distance) 

KM 

Max 02:58:17 04:14:00 03:32:52 270.8 329 270.5 

Min 00:01:12 00:05:00 00:01:31 1.2 1.7 1.2 

Mean 01:12:12 01:42:00 01:26:57 110.1 125.6 111.5 
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In addition to the statistical data, Figures 6-28 and 6-29 show the pattern across different 

journeys and suggest that if time is to be used, then OSM provides a time which is closer to that 

produced by Google Maps. 

 

Figure 6-28 Time comparison between Google Maps, OSM and OS Open Roads where the y 

axis is the time taken to complete the journey and the x axis is the journey number 

 

Figure 6-29 Distance comparison between Google Maps, OSM and OS Open Roads where the 

y axis is the distance taken to complete the journey and the x axis is the journey number 
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The main variance in distances is between Google and the open source data sets. This may be 

due to the fact that Google picks the quickest route, and this may not always be the shortest. 

There are some differences between OSM and OS Open Roads which can be explained by the 

quality of the OSM data set, and the fact that it more accurately accounts for one-way streets, 

tunnels and bridges. 

 

The implementation for OSM data is more complicated, it requires the user to change the spatial 

reference identifier (srid) and import the data using one of the available importers. These may 

be daunting to a non-expert, and this should be kept in mind when deciding the best data set to 

use in an operational environment. 

 

Table 6.9 shows the times taken to compute different E2SFCA calculations using the total 

population of each LSOA as the demand and the number of beds or chairs at each location 

multiplied by the opening hours as supply. These times reflect the more complex nature of the 

OSM data set and although the compute time is longer the quality of the results justifies the 

increase. 

 

Catchment size OSM OS Open Roads 

10,000 0:51:18 0:43:57 

30,000 0:54:72 0:46:56 

Table 6.9 Time taken to compute analysis using OSM or OS Open Roads 

 

6.4.3 Network join comparisons 

With the knowledge that the OSM dataset is more accurate and only slightly more 

computationally heavy, it is possible to recommend the OSM dataset wherever possible. The 

OS Open Roads data set is still capable of providing meaningful results, but is not as accurate 

and unless road speeds are obtained from an alternative source it is difficult to suggest its use 

when both are available.  

 

To ensure the best fit algorithm is used, it is important to understand the differences between 

connecting data points to the network. There are several ways in which this can be done. It is 

possible to connect the points to the nearest node (junction) on the network, and it is possible to 

split the nearest line on the network (road) and insert a new node. To add a new node requires 
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either more pre-processing when the data set is added, or another function can be used but this 

makes it more computationally difficult for the program. 

 

To assess the effects this may have, several tests were completed. This section explores the 

differences that occurred when connecting a point to the line or to the nearest node and what, if 

any, effect this had on overall accessibility results. These are small details which can make 

quite a substantial difference to how the program is constructed and the results it provides. 

Ideally, every dataset would have each point joined to the network at the appropriate position by 

an individual going through each one and selecting the position/positions that the datapoint 

connects with the network. This does not work when using centroids as they are positioned 

based on population and not networks. For the addition of supply such as hospitals this is 

possible, but impractical when working on a large scale such as a country. 

 

This leaves two options: to connect the point to the network which involve using the nearest 

node on the network (Figure 6-33), or the nearest point on the line of a network (Figure 6-32). 

By utilising different functions, it is possible to do both and the findings presented in this section 

explore whether it makes any ‘practical difference’ to the results. Within this section the idea of 

connecting to the line or nearest node is explained and the differences between the two are 

shown through a series of examples and scenarios. 

 

Figure 6-30 shows a small-scale example of the differences between joining a point to the 

nearest line on a network or the nearest node. The results are similar and they both show 

results that can be interpreted visually.  

 

 

Figure 6-30 Comparison of differences in 2SFCA scores between OSM and OS Open Roads 

where the y axis is the FCA score and the x axis is the series of results from 1 to 61 
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The differences in table 6.10 show that even though both are similar connecting to the node has 

removed 3 results. These removals increase the accessibility in other areas and in general 

make the results less accurate. This does not necessarily mean that these points are wrong as 

there is the potential for a site to connect to the nearest line and be closer to the target than its 

actual entry point to a road, or in the case of hospitals there are potentially many entrances and 

exits to the road network and it is implausible to get an accurate representation of this.  

 

 To Point To Line 

AVG 0.2931 0.2786 

Min 0.11 0.11 

Max 1 1 

Sum 17 17 

Number of Scores 57 60 

Table 6.10 Comparison between connecting to the nearest point on a line or the nearest node to 

4 decimal places 
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Figure 6-31 shows the difference between connecting to the line or connecting to the nearest 

node. Node 376562 needs to be attached to the network for the network distance to be 

recorded, to do this it can be connected to node 376562 or the brown dot which represents its 

nearest position on the network. There is only a small difference between these two connections 

and the difference in the output is likely to be negligible. It is also important to clarify that the 

entrance to the site of node 376562 may occur from any of the different lines that surround it. 

 

 

Figure 6-31 Example of nodes on a network where the line is closer than the nearest node 
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It may also occur that a node is the nearest position on the network as shown in Figure 6-32. 

Node 19923 needs to connect to node 19923 as the closest line segment is further away. This 

is less common than the nearest line being closest but does occur. In these scenarios there is 

no advantage to connecting to the line but the vast majority of connections are to line. When 

tested 8.02% or 805 from 10,037 connect to the nearest node when using OA data set and this 

is similar when looking at LSOA data which is 10.31% or 197 from 1910 connections 

 

 

Figure 6-32 Example of nodes on a network where a node is the closest point of connection 
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This is also represented in Figure 6-33 where node 102446 needs to connect with node 102446. 

Figure 6-33 shows that although it may be best to connect to node 102446 it is very close to 

being connected to node 102344 or 102334 which have impacts on the routes created. 

 

 

Figure 6-33 Example of nodes on a network where the nearest node may not be the best choice 

for connection 
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Figure 6-34 shows a situation where the nearest node is considerably further away than the 

nearest line. Point 166065 can connect to the network on the line which would be the most 

reasonable position to join, but by connecting to the nearest node it would connect to node 

166065 which adds extra distance or time to the route. Although this is a small distance or time, 

when these are accounted for across the network, they have the potential to make the results 

less accurate than they could be. This is a more common occurrence and explains why 

connecting to the nearest point on the network is the best way to work with routing data. 

 

 

Figure 6-34 Example of the nearest node on a network being considerably farther away than the 

nearest line 
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Figures 6-35 and 6-36 show the differences that arise in the output scores when basing the 

calculation on an algorithm that connects to the nearest node (Figure 6-35) and to the nearest 

place on the network (Figure 6-36). The maps themselves are very similar and this suggests 

that when reviewing the results from a practical standpoint there is typically very little difference 

between the two methods. 

 

 

Figure 6-35 E2SFCA score when connecting to the nearest node 
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Figure 6-36 E2SFCA scores when connecting to the nearest line on the network 

 

Although neither method is perfect the images and statistics show that it is better for a network 

to connect at the nearest point rather than the nearest node. That said it is possible to use both 

of these methods and get interpretable results as there is error in any large-scale network. It is 

also worth considering that much of the data connected to the network is a single point for a 

large area, or an aggregated point for population weighted centroids and as such is inherently 

not perfect to join to a network in any case. 

 

6.5 2SFCA comparisons 

Table 6.11 shows the times taken to compute 2SFCA and E2SFCA with a linear and Gaussian 

distance decay function using the total population of each LSOA as the demand and the number 
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of beds or chairs at each location multiplied by the opening hours as supply. The differences in 

time taken to compute is very small, and at most practical scales there is very little difference 

computationally. This indicates that it is better to use one of the more complex methods to 

measure accessibility as standard on the tool. By using a distance decay function as standard, it 

allows the non-experts to get a more detailed understanding of their data 

 

Catchment size No Distance 

Decay 

Linear Distance 

Decay 

Gaussian Distance 

Decay 

10,000 0:51:18 0:50:92 0:51:10 

30,000 0:54:72 0:54:38 0:54:36 

Table 6.11 Computational time taken to calculate 2SFCA scores with no distance decay, linear 

distance decay and Gaussian distance decay 
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Figures 6-37, 6-38 and 6-39 show the differences between 2SFCA and E2SFCA with a linear 

distance decay and a Gaussian distance decay. The maps show that at a national scale there is 

very little difference overall, but the differences may be important when analysing this data. 

 

 

Figure 6-37 Chemotherapy sites as supply, LSOA population weighted centroids as demand at 

35km with no distance decay 

 

Both of the distance decay maps offer more detailed descriptions of the data, which is well 

represented in the middle of Wales where everyone has the same access over a large part of 

the country. The linear distance decay function addresses this slightly but it is more evident in 

the Gaussian distance decay map (figure 6-39). 
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Figure 6-38 Chemotherapy sites as supply, LSOA population weighted centroids as demand at 

35km with linear distance decay 

 

The difference throughout the rest of Wales is more subtle but visible between the maps. The 

north west has a more detailed interpretation with the Gaussian distance decay and the gap in 

the south east of Wales is more pronounced with the Gaussian function applied. 
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Figure 6-39 Chemotherapy sites as supply, LSOA population weighted centroids as demand at 

35km with Gaussian distance decay 

 

Table 6.12 shows that the maximum and minimum values (to 5 decimal places) separate when 

using distance decay functions, which allows for a more detailed description of the data. 

Showing that those closer to a supply point have better access than those further away is more 

reflective of the real situation and produces results that fit more in line with expectations. 

 AVG Max Min Sum 

No DD 0.00954 0.05714 0.00129 17 

Linear DD 0.00954 0.08149 0.00024 17 

Gaussian DD 0.00954 0.14449 0.00006 17 

Table 6.12 Results comparison between different distance decay functions 
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As discussed in section 4.3.3 based on the utilisation, data provided by Tenovus is more likely 

to be Gaussian in nature and this is used wherever possible. There are several issues with 

using the Gaussian distance decay for non-experts, as it requires additional inputs compared to 

the linear distance decay. Nevertheless, it should be offered as an option so that someone who 

understands the inputs has the ability to run the most suitable analysis. 

 

6.6 Chapter Summary 

The results section highlights the principal findings from the study.  This project has several 

dimensions which encapsulate different types of findings. Understanding the performance of the 

tool and stress testing it allowed for comparisons with the other available tools that have been 

developed using proprietary tools (Higgs et al., 2018; Langford, Higgs and Radcliffe, 2018).  

This was key in ensuring that the software solution that was developed is capable of working 

with operational datasets in an acceptable timeframe. 

 

A case study was completed to investigate the effects of moving the Tenovus mobile units to a 

variety of geographical locations. This case study not only permitted an opportunity to better 

understand chemotherapy provision within Wales but allowed the tool to be showcased and 

show its potential. Images created from the case study could be used to highlight areas with 

poor accessibility, and hopefully feed into plans to increase accessibility to those potential 

patients living in those areas of Wales that are currently poorly served by this type of healthcare 

provision. A large number of visualisations were created during the project; these have been 

highlighted as the output is useful in representing very large datasets. It would be very difficult to 

understand the accessibility scores without these visualisations, and they have a potential to 

help those who are not experts within the field to plan services. 

 

Investigating the impact of employing different data sets was a huge part of the project with the 

ultimate aim of making recommendations regarding the suitability of certain data sources. 

Findings from the study highlighted the subtle differences in the end results from using data at 

different scales. The variety of network data available is large, and a comparison between the 

two popular open data sources (OSM, OS Open Roads) and Google was completed to 

understand the differences in the data. This comparison highlighted the advantages of OSM and 

although it is more complex to create a network, the results are much more in line with the 

proprietary options available.  
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As with many parts of this project, there are many ways in which the data could be connected to 

a network, and two potential options were explored in detail. One had the potential to be more 

accurate whilst the other offered easier implementation and smaller computation effort which 

would affect the speed of the program. The differences in these results are of particular interest 

as a considerable amount of the data they are connecting to the network is aggregated, and 

therefore itself not wholly accurate. The results suggested that it is better to connect a point to 

the nearest part of the network, but in practical application it appears to make very little 

difference. 

 

The shortfalls of the different types of 2SFCA were discussed in the literature review in detail, 

but many different iterations of the method exist and they attempt to make the method more 

accurate or more suited to specific data types. This study compared the standard 2SFCA, a 

linear and a Gaussian distance decay to observe the differences in visualisation. There are 

obvious benefits in terms of computation and simplicity by using less involved methods and 

understanding the differences for the end user help to guide the implementation of different 

methods. The results suggested that the Gaussian distance decay produces the most detailed 

images, although the linear distance decay also had the advantage of the standard 2SFCA 

method.  

 

The results provided a different perspective from that normally found when including the use of 

SFCA methods in measuring access to services. Although they showed that more complex 

methods provided the most complete results, findings from the use of different spatial 

aggregations also highlights that at each scale of analysis the methods offer value. The 

investigations into the data provided additional insight into the quality of the open data networks 

available and the best options for implementation. The data results highlighted interesting 

observations and as highlighted in the remaining chapters could be included in future iterations 

of the software. 
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Chapter 7 Discussion and evaluation 

 

7.1 Introduction 

In previous chapters, the results from applying floating catchment area tools for locating 

potential sites for cancer services and for monitoring the implications of changes to the overall 

infrastructure were demonstrated through map and tabular outputs. Chapter 2 illustrated how 

useful FCA approaches can be in planning cancer services in relation to potential demand and 

examined the use of such tools in modelling the impacts of different planning scenarios 

associated with siting of cancer services. By drawing on case studies, the advantages of such 

approaches over the use of ‘traditional’ accessibility measures in siting facilities, and the use of 

open sources of data to help run these models within over source GIS frameworks was 

demonstrated. Chapter 4 highlighted design considerations and the development of such tools 

for non-GIS experts and drew attention to a wide range of usability issues that needed to be 

addressed in order that planners and policy makers have a suite of open source tools that can 

be used to plan the location of mobile services. These sizeable chapters provided a body of 

empirical evidence that showed how such approaches can benefit healthcare professionals 

concerned with providing locations for cancer support, screening and chemotherapy services.  

 

This chapter aims to present the key results from this research, and compare these findings to 

those of previous research studies concerned with examining the use of accessibility measures 

in general, and floating catchment areas techniques in particular, in health domains. In so doing, 

the aim is to document the principal advantages of an open source approach to investigating 

access to services/facilities, and consider the main themes that have arisen from this research. 

By highlighting the potential of such tools to address real world planning issues such as the 

location of cancer services, and demonstrating how such tools can be packaged in user-friendly 

formats to enable those charged with managing such services to examine the implications of 

changes to the location and characteristics of facilities, this research has advanced previous 

studies in a number of ways – these are discussed further in section 7.3. During the course of 

this research, a number of potential limitations of the approach have been highlighted and these 

are discussed in section 7.5 in terms of the potential impact on research findings. Finally, the 

policy significance of this research is discussed in relation to the overall planning of cancer 

services in Wales and the relevance of such work to wider national and international contexts. 
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7.2 Summary of the Research Design 

This project spanned across several areas of speciality, computing, human geography and 

usability. The ability to accurately address these areas was key in the success of the project. 

The work initially focused on the different research of methods that would be suitable for a 

project such as this (Chapter 2). This base level of understanding of the current research 

assisted in the design of the tool, and allowed a proof-of-concept tool (Chapter 3) to be 

developed. The proof-of-concept tool used a very popular GIS to compute the FCA calculations 

using straight line distance. This tool assisted in focusing the requirements of the project and 

allowed for time to investigate the different options available for development. 

 

Usability was a very important part of this project, and as such many models were researched to 

ensure a positive outcome (Chapter 5). One of the similarities amongst many of the models was 

to keep the user at the centre of the design, and to do this there was a high level of contact with 

Tenovus at each stage. Initially high-level conversations took place with the key stakeholders to 

understand the requirements of the organisation and to help them understand the potential of 

these accessibility measures. Once the requirements had been discussed it was important to 

show the initial results and gain feedback in user study 1 (section 5.5.1) this was followed with a 

further user study (section 5.5.2) which was able to provide feedback and ensure that the tool 

was usable by its intended users.  

 

There are numerous ways in which a tool like this could be developed. It has been integral to 

the project to investigate these options and provide feedback on many of the free and open 

source development options available (section 4.2.1). There are a number of different 

approaches that could be taken to develop a tool such as this and the research has been 

designed to investigate the effects of these choices relating to how a network is formed or the 

different ways in which the FCA methods can be implemented. The goal was to see what, if any, 

effect these changes had with real data at a national level. This knowledge should be able to 

assist researchers and industry to understand the effects of scale, or the nature of algorithm 

used to investigate spatial patterns in accessibility. 

 

Real data was key to understanding the current state of play in chemotherapy provision in 

Wales. Gathering and presenting this data allowed for the project to have real benefit to key 

stakeholders in Wales who plan and deliver cancer services. The data gathered by this project 

(section 4.3) gives an accurate insight into the supply of chemotherapy and lymphoedema 
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treatment, as well as the demand for these services. Understanding the impact of variations in 

demand on service provision was important and the data provided by Tenovus on utilisation of 

their services provided an important insight into the way people interact with treatment, which 

can be used by others. 

 

A case study was completed to assist Tenovus in understanding their current impact upon 

chemotherapy services within Wales as well as to gain further knowledge on how adding 

additional resource to areas would affect the chemotherapy provision as a whole. This case 

study used the data that had been gathered and produced visualisations which could be used 

by key stakeholders to plan services and monitor the impact of service reconfiguration. 

 

7.3 Key findings 

During this project there were several key findings, these can be summarised as; 

 

• Creation of a tool which can be used by non-GIS experts to return complex accessibility 

scores. 

• Visualisations which provide an overview of the current chemotherapy provision within 

Wales (at a national level, including non-NHS parties) including accurate demand side 

travel data. 

• A network comparison between OSM and OS Open Roads. 

• Algorithm comparisons (network and distance decay). 

• A case study using live data to show areas which could enhance accessibility to 

chemotherapy throughout Wales. 

• Data gathering of supply and demand side metrics. 

• FOSS GIS comparison of the main solutions available. 

• Adding to previous literature with accurate demand side data (Luo, 2014, Dai, 2011) and 

national scale cancer service provision (Shi et al., 2012). 

• Conducting full user experience studies with people involved in cancer service provision 

on FOSS GIS. 

• Addressing multiple policy requirements. 

 

The tool created for this project can be used by non-experts to create complex accessibility 

maps. As this is all completely free and open source it allows anyone who has an interest in 

healthcare accessibility to use these advanced methods. The tool has not reinvented the 
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methods used but has tried to package them in an easy-to-use format which can potentially 

have a real-world impact. The way the program is written should enable flexibility for those who 

want to use and adapt it further by utilising a series of SQL commands which could easily be 

used as a standalone series of inputs, or with a different programming language to enhance a 

current GIS application or create new functionality. By making these methods more accessible it 

is hoped that further enhancements could be made to ensure wider utilisation of the methods.  

 

Maps created during this process were used to assist in the development of the tool and also to 

help Tenovus understand the current state of chemotherapy provision within Wales, as well as 

several of their other services. The visualisations take complex accessibility scores and display 

them in an easy to interpret way. These outputs assisted in the planning of future unit locations, 

and also provided a tool for them to show the effects of their services. Conducting a scale 

comparison assisted in showing that although the smaller the scale the more detailed the 

output, there is a scale which describes the data well enough for most purposes. In this example 

the LSOA visualisations were completely acceptable for maps at this scale and although a small 

amount of detail was lost, it is still worth completing the analysis at this level as the data is often 

unavailable at smaller scales. It is possible to dis-aggregate data to smaller scales but this 

would also not have an ideal result as data aggregation does not provide a more realistic result. 

 

The network comparison was an integral part of the project and the results of the comparison 

helped with the general understanding of those open data network datasets that are available to 

researchers. Using Google maps as a standard and investigating the differences in results in 

terms of times per route and distance per route showed the quality of the OSM road network 

and the limitations of the OS Open Roads network data set. The differences in implementation 

are large and often the network database used within these models depended on the prior 

experience of users and the overall aims of the project. 

 

The development of appropriate documentation and user-friendly guides was a large part of this 

project, and understanding how users interact with a system helped in creating detailed and 

well-thought-out documentation to ensure that the user can follow each stage of the floating 

catchment area methodology. The development of the UI incorporated many prompts which 

should limit the need for documentation, as after the first one or two interactions with the 

program the on-screen help should provide adequate assistance.  
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The case study helped to provide meaningful results to Tenovus and assisted in showing the 

capabilities of the tool. Using a free to access dataset it was possible to find those supermarket 

carparks available in the UK that could host the mobile units in order to identify those locations 

that could have an impact on the current chemotherapy provision, and then visualise the results 

of these changes so that potential partners and stakeholders could make a judgement on the 

efficacy of future plans. It was also possible to understand how much provision a place needed 

in terms of days at each location by increasing the supply points for the selected units. This 

case study was reasonably small in scale but fulfilled the purpose of showing the potential of the 

tool. 

 

A large part of the project was spent investigating the benefits and negatives of connecting 

datapoints to the road network. There were several ways in which this could be done and all 

have their benefits. It was easier to connect to the nearest node on a network computationally 

because the network does not require the lines of the graph to be split and a new node to be 

inserted. Although this was easier computationally, it was not as accurate as connecting the 

datapoint to the nearest line on the network which required the network to split a line and insert 

a new node. This was also not 100% accurate as the nearest line may be a road with no access 

point. To get this type of accuracy would have required going through each individual point and 

investigating Google maps’ street view or similar, which was impractical. The fact that the 

datapoints are often aggregations and are therefore not an actual place meant that the data was 

itself not particularly accurate. The question this tried to address was; is it worth connecting to 

the line when the data being connected is aggregated, and would this make any difference to 

the results? The comparison showed connecting to the line appeared a reasonable assumption 

to make and that there were several examples where the nearest node was a considerable 

distance away which could have skewed the results. Consequently, the to-line methods have 

been implemented but the to-node code is still available in the program. 

 

Using informed demand side metrics helped the project to have some real impact. Using 

historical Tenovus data enabled a genuine insight into those utilising chemotherapy services 

within Wales and as a result could be used as a guide for setting the parameters in the E2SFCA 

methods. The fact that the data-decay utilisation suggested that the tailoring with distance was 

Gaussian in nature and had a clear cut off at around 35 kms helped inform the actual 

implementation of the models.  The data can also be used for greater insight into the users of 

such facilities to focus the demand side variables either by sex or age. 
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Completing a FOSS GIS comparison increased knowledge within this space. There are many 

FOSS GIS solutions and covering all of them would have been very difficult, but by comparing 

the main options available and explaining their network analyst capabilities allow future research 

in this area to be completed more smoothly with less groundwork required. One difficulty with 

this type of comparison is that the speed of development on each platform is fast, and keeping 

abreast of all of the updates is challenging. The main findings of this project highlight how this 

tool can be of use when evaluating and planning cancer provisions. The project has presented 

an up-to-date overview of the current chemotherapy services within Wales; this knowledge 

helps healthcare professionals understand the current state of provision and highlights potential 

gaps in cancer services across Wales (see section 6.2). 

 

Many of the studies conducted in the peer reviewed research (section 2.7) are concerned with 

cancer screening or very large-scale studies investigating cancer centres in the USA. This study 

built on the work conducted within those studies in several ways, firstly it provided a detailed 

understanding of chemotherapy provisions in Wales with accurate supply and demand metrics. 

Most studies do not have an accurate estimation of the extent of catchment area to include 

within FCA models as they are unable to estimate the distance travelled by potential users. 

Understanding and including accurate behaviours of the demand variable increased the validity 

of the results. Secondly this project moved from researchers being able to provide results to the 

supply organisations themselves. Allowing these studies to happen at much more frequent 

intervals provided more data to the providers, and hopefully assisted in real time assessment of 

the provision. 

 

Tools such as this can be used in a variety of ways to assist in decisions relating to the planning 

and provision of services. They can be used to evaluate the current provisions in place. This 

allows for greater knowledge for the key stakeholders, and any gaps that appear in the service 

provision can be evaluated and plans made to address this shortage. The methodology used in 

this project has highlighted that even with relatively high-level data it is possible to gain a more 

realistic perspective of accessibility by using these methods in tools such as this. 

 

7.3.1 Evaluation of research objectives 

The different aims and objectives in this study can be appraised by collating the results 

gathered during the project and evaluating their usefulness for organisations such as Tenovus 
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in their operational and strategic planning of service provision, and the contribution the work has 

provided to the different areas of focus. 

 

7.3.1.1 Research Objective 1  

The objective to examine the utility of accessibility models based around the use of floating 

catchment area (FCA) methods in healthcare studies with specific emphasis on the provision of 

cancer services has been met with in several chapters of this thesis. Such an evaluation 

includes an examination of the utility of accessibility models based around the use of floating 

catchment area (FCA) methods in relation to previous studies concerned with examining the 

provision of cancer services. This builds on the findings of those studies highlighted in Chapter 

2 that have used FCA approaches to investigate cancer service provision, the work conducted 

in this thesis has expanded on the study by Shi et al., (2012) which investigated access to 

cancer services across the USA. By evaluating access to chemotherapy services in Wales this 

project is on a smaller geographical scale but agreed with some of the findings; such as the 

different distance decay gave more detail but did not have a large effect on the overall pattern. 

In section 6.5 it was clear that although the most detailed results were present in the Gaussian 

E2SFCA, the linear E2SFCA showed a similar pattern across Wales. 

 

7.3.1.2 Research Objective 2  

The objective to investigate and evaluate the development of solutions based on the free and 

open source ethos that can be utilised to help administrators and managers and other non-GIS 

experts to plan the provision of healthcare (cancer) services was achieved during the analysis 

contained in Chapters 3, 4 and 6. There was a vast array of options which could have been 

investigated; by investigating the different offerings with a focus on how they could be used for 

healthcare accessibility studies such approaches provided an alternative perspective to the 

existing studies that could be compared to the use of alternative open source solutions based 

around the use of Grass or gvSIG. 

 

7.3.1.3 Research Objective 3  

The objective to illustrate the practical application of these tools by using data on the current 

availability of cancer care services in Wales using implementations based on FCA solutions was 

met in chapter 6. By gaining access to current static site data, it was possible to produce 

accurate visualisations of the current chemotherapy provisions within Wales. These provided an 

insight into chemotherapy provisions which were not publically available, and could be used to 
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assist in the planning of future chemotherapy provision. The data is only for Wales, and as there 

is a large border with England the visualisations may not show the most accurate picture they 

did not address cross border movement. 

 

7.3.1.4 Research Objective 4  

This objective to collate and analyse a number of datasets which can be used to give a 

meaningful insight into the current provision of chemotherapy services as they exist within 

Wales was addressed in sections 4.3 and 6.4. This proved to be a challenging objective given 

the paucity of data in the public domain and variable quality of some of the data sources. This 

highlighted some of the lessons that need to be learnt if these methods are to be widely 

employed to examine accessibility to healthcare provision. For example, most of the health 

boards report their services differently and finding common metrics at a suitable scale was 

impossible with the data that is publicly available. After an FOI request it has been possible to 

collate data on some aspects of provision and provide some preliminary estimates of service 

availability and characteristics. With many FCA studies it is very difficult to understand the 

behaviour of the demand and to having access to data which gave the journeys taken by each 

Tenovus mobile unit allowed for more accurate catchment areas to be used and also assisted in 

implementing the most suitable distance decay function to get the best possible results. The 

studies by Luo (2014) which uses a continuous distance decay, and the study from Dai (2011) 

which uses a Gaussian distance decay have been enhanced by incorporating this data. This 

study used similar methods but used accurate demand data to scale the catchment areas, this 

demand side travel data is very rare and being able to implement it with these advanced 

measures provided an uncommon insight. 

 

7.3.1.5 Research Objective 5  

The objective to demonstrate that the use of GIS-based accessibility models to examine the 

supply of mobile services in relation to potential demand for cancer services was met in chapter 

6, which showed how the use of these models highlighted variations in accessibility within 

Wales. Many different variations were utilised such as different distance decay functions (linear, 

Gaussian, none), different scales (OA, LSOA, MSOA), different demand data (chemotherapy, 

lymphoedema, age) and different supply data (static site, all sites, mobile unit data). Although 

much work was done on this objective there is scope to go further and investigate different 

methods and models and compare them. This would have been a useful addition to the 

methodology adopted by demonstrating some the key differences between some of the less 
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advanced methods and the FCA methods used here which have been the focus of many of the 

earlier studies on variations in healthcare provision reviewed in Chapter 2. 

 

7.3.1.6 Research Objective 6  

The objective to develop user-friendly software to enable non-specialists to explore the 

implications of alternative models of provision of mobile services was met in Chapter 5 using 

human computer interaction models and methods, the ISO 9241-210 model was selected as a 

basic framework because it ensures the user stays at the centre of the development and design 

process whilst working in an iterative pattern where a design is tested and re-evaluated. This 

study followed work from Preece, Rogers and Sharp (2004) which suggested the use of multiple 

data gathering techniques to mitigate the risk of missed behaviours or data and the discount 

usability testing (Nielsen and Landauer, 1993) to ensure the best cost-benefit was achieved, 

using this technique allowed for maximum return of data for the time invested by the people at 

Tenovus. The inherent problem in creating a complex program to be used by non-experts was 

that there needed to be someone technical to assist in the set-up and updating of data. This 

was been managed by creating detailed documentation tailored to particular user 

responsibilities.  

 

7.3.1.7 Research Objective 7  

The objective to test the usability of these tools with professionals concerned with helping to 

deliver cancer services has been met in the user studies conducted (section 5.5) these studies 

used participants whose job was to assist in the planning and provision of cancer services 

throughout Wales. The user study participants were from a wide range of backgrounds within 

this sphere from administrators to management and provided a unique insight. The results show 

the IT literacy of people within the field and their capability to learn new techniques and skills. 

This objective has been met and provides interesting insights into the type of typical users 

positioned within a charity concerned with cancer services provision.   

 

7.3.1.8 Research Objective 8  

The objective to draw on these findings to show how such programs can be used by the 

profession to plan and manage the provision of a wider range of healthcare services has been 

met in section 6.2, which shows a case study of how these methods have been utilised to 

provide 3 potential locations which could increase the accessibility of services throughout 

Wales. By utilising data of large supermarkets within Wales it has been possible to postulate 
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several positions which could have an impact on the accessibility to chemotherapy throughout 

the Country. The case study shows that it is possible to provide results which can assist in 

improving knowledge of accessibility and has the potential be used as a guide for key 

stakeholders.  

 

7.3.2  The application of floating catchment area tools in planning service locations 

FCA was shown to be effective for healthcare accessibility (chapter 2) and specifically within 

cancer studies (section 2.8). This empirical evidence showed that FCA could be used in projects 

such as this and that it was able to produce insightful results. In large scale cancer studies such 

as Xu et al., (2017) FCA methods were shown to give a more complete picture of accessibility to 

cancer services, and Donohoe et al., (2016) showed that smaller scale studies benefitted from 

the FCA methods when investigating the links between screening services and cancer rates in 

Alberta, Canada. 

 

There were many methods available to measure accessibility (see section 2.2) and the FCA 

method had an advantage over many of the other choices. Apparicio et al., (2008) suggested 5 

commonly used methods and the non-gravity-based models all accounted for either the supply 

or the demand but did not account for both. A major advantage of the FCA method was that it 

measured the amount of supply available and also the potential demand that had access to it. 

Another advantage of the FCA method was the amount of research that had occurred for 

healthcare specific accessibility, and the number of optimisations which had been tested and 

worked in different scenarios. The gravity model was shown to be useful in measuring 

accessibility but was more difficult to compute and less intuitive. For a study such as this the 

FCA methods offered a high level of detail within an acceptable tolerance for computing power 

and usability.  

 

Currently Tenovus decide the location of their mobile units with collaboration from the 

participating health board, and approach different sites which may allow them to use space in 

their car park at certain times. The addition of this tool to the process could affect the impact 

that the mobile units have on the surrounding population. The ability to understand the effects of 

static provision on their services provides a great deal more information than they currently have 

access to, and this should lead to more effective planning of services. 
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The tool has been designed with the user at the centre of the process with the intention that it is 

utilised by non-experts, and this capability for non-experts to conduct the analysis allows for a 

much wider uptake within the organisation. By enabling those whose role it is to plan for 

chemotherapy provision, the availability of tools to interactively analyse various scenarios can 

empower stakeholders to make more informed decisions. There were some technical 

challenges when implementing the software in Tenovus, and these need to be discussed by the 

internal stakeholders as there are several ways in which it can be used. It could be set up on a 

standalone laptop which is managed by the super user and is accessible when needed by 

relevant departments, or it could be implemented as a server with the software installed on the 

individuals’ work machines. Both solutions are viable but as it is used irregularly it may be easier 

to have it as a stand-alone solution which can be used by whoever needs it at the time. 

 

The proposed solution shown in this study is one which uses a spatial database to store and 

manipulate the data, a standalone C# program which manages the inputs, and QGIS which 

visualises the results. By using a spatial database, a number of advantages are available like 

the security of the data and the speed of the manipulation. It is very difficult to manipulate large 

datasets efficiently and PostgreSQL/GIS is a very well-maintained solution which is used by 

many organisations worldwide. The standalone tool was created in C# as this was the expertise 

which Tenovus had in house and the idea was that it could be further customised at a later date. 

Alternative user interfaces could be developed using the SQL code, or if someone was familiar 

with the program, they could set it as a stored procedure or a list of commands, but this limits 

the scope of usability. The results could be visualised using any program connecting with 

PostGIS as the table is created and needs minimal input to be visualised. QGIS was chosen for 

this as it provides a lot of additional functionality that Tenovus suggested would be useful in 

other parts of their work 

 

7.3.3  Design considerations for user-friendly tools to implement accessibility models 

Multiple lessons have been learned from the usability studies that were completed for this 

project. These lessons are important to note as there is very little usability research focusing on 

free and open source software, or geographical information systems. It became clear that most 

of the users were able to follow a process and could complete the tasks with each iteration of 

the tool, most people now use a computer on a daily basis, and are able to follow basic 

instruction.  
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The main areas of interest came from the quality of the documentation which needed to not only 

explain the different steps in each task, but to explain why they are doing these steps. The 

documentation needed to have clear visual cues to ensure that if they got lost, they could find 

their way back. Once the quality of the documentation got better the users found the tasks much 

easier to complete, and often remembered how to complete the task without the use of it. 

 

The language used was an important factor, and as a researcher it is easy to forget that many 

of the specialist terms used in computing or geography are not commonly understood. By using 

clear, concise and simple language it was possible to make the user feel more comfortable, and 

stopped the need for the user to either carry on with a task not knowing what something meant 

or feeling embarrassed by asking. Inclusive language in tools such as this is key to the success 

of the tool, and can play a large part in the utilisation of such solutions in the longer term.  

 

The way a piece of software looks can play an important part in how it is perceived. By 

mimicking current software in terms of help and file locations it can make a big difference to the 

end user when they consider their comfort using such programs. It is tempting as a designer to 

attempt to develop something unique or special, but for usability it is better to make a user 

interface which is as familiar as possible.  

 

7.4 Challenges of working with Tenovus Cancer Care 

 

The experience of working with the partner organisation, Tenovus Cancer Care, was 

predominantly good. They were supportive and always interested to listen to ideas and input 

into the project. Over the course of the PhD one of the noted challenges was staff turnover at 

the organisation, this made planning more difficult as all of the contacts I had left on more than 

one occasion. For instance, the IT department left after the first year, the data team changed in 

the second year and the director of the department changed twice during the project. Those 

who remained at Tenovus were great at helping to re direct us but it was difficult to keep 

enthusiasm high within the company without a single point of contact.  

 

During the course of the PhD Tenovus also decided to change how they gathered, stored and 

manipulated data which proved difficult for the project as the new system was being delivered 

over several years and was managed by multiple departments. A final challenge was gathering 

data for the project and finding someone to take ownership for this within the organisation. 
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Although they provided some rare insights with the data they provided FOI requests needed to 

be made to obtain further information and the contacts of the organisation could not be 

leveraged which is disappointing. This said, there are many challenges to overcome in all 

organisations and the experience of working with those within Tenovus was positive and 

encouraging.  

 

7.5 Strengths of the approach taken 

There are many strengths to the approach taken in this project, and by utilising a multi-

disciplinary strategy to focus on usability, advanced geographical methods and free and open 

source software, the project was able to provide a tool which delivers insight into the current 

chemotherapy provisions within Wales. There are also advantages to working so closely with 

Tenovus and gathering real demand data coupled with access to potential users for the user 

studies. This project was able to draw on an overview of utilisation patterns for those patients 

who use Tenovus’ facilities to inform the choice of parameters within the accessibility models. 

This data is important in how it has assisted the methods implemented within the tool, as well as 

guiding how the accessibility studies are set up to provide more realistic results. This knowledge 

has the potential to assist other researchers when designing accessibility studies as this data is 

not commonly available. One of the main strengths of this project was having such a close 

relationship with Tenovus which allowed for a considerable amount of collaboration on the 

project. It was possible to meet with the key stakeholders in Tenovus and understand what they 

did and were aiming to do (section 1.4). The ability to conduct multiple user studies at the 

Tenovus office and have such a large amount of time from them was central to this project. 

Having considerable time with the organisation over several years allowed the project to keep 

the potential user at the centre of the process and informed many decisions made. 

 

The user studies conducted at Tenovus not only allowed information to flow from Tenovus, but 

also enabled key members of staff to be part of the development process and gain a detailed 

understanding of what this technology can do for their service planning and delivery. Getting this 

knowledge into the organisation has created a better dialogue and allowed for a more focused 

tool which can really assist them in their day-to-day duties. 

 

By interacting with Tenovus it was possible to design a case study which has value. The case 

study highlights the current state of chemotherapy provision within Wales whilst investigating 

the potential opportunities to add additional resource to areas which are underserved by the 
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current provisions. Many of the choices made during this project were based on the 

requirements of Tenovus and this should assist other charities and organisations who are in a 

similar situation to utilise the tool. 

 

7.6 Chapter Summary 

In this chapter the major parts of the project have been discussed. This has provided a more 

detailed discussion on a number of the interesting observations presented in earlier chapters. 

The application of FCA models have been shown to have real potential to address real world 

issues such as the planning of cancer services. The case study scenarios have illustrated the 

types of benefits that could stem from the use of these accessibility measures in the health 

domain. However, a number of technical and organisational challenges remain to be addressed 

before the use of these tools becomes mainstream in healthcare applications. To date, there 

remain relatively few examples of the transferability of these models from their development and 

implementation in academic studies to real world applications. Therefore, studies of the usability 

of such tools within organisations such as Tenovus would appear to be particularly timely. 
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Chapter 8 Conclusions 

 

8.1 Summary 

This project involved the use of a range of methodologies drawing on themes in geography, 

computing and usability studies and the research added to the knowledge in a number of ways. 

The key conclusions from the project show that there are many ways in which it is possible to 

build a tool to provide advanced accessibility methods and that none of these are a clear ‘best’ 

solution. This project shows the importance of usability studies especially within the FOSS 

sphere where it is often overlooked, and it has helped to highlight the need for non-experts to 

have access to the methods being created within academia. Finally, whilst the types of tools 

developed can be used in a range of application areas, this research was concerned with 

applying FCA models to understand current and projected levels of chemotherapy provision 

within Wales, and with developing user-friendly tools that can help to assist key stakeholders in 

the planning and provision of resources. 

 

In this chapter there is a reflection on the research that took place during the project, an 

evaluation of the aims and objectives which highlight the parts of the methodology which have 

attempted to address them. The contributions to knowledge are discussed highlighting the 

academic and policy implications. There is a section with some reflections of the project which 

use hindsight to focus on some areas where the project could have changed. The limitations of 

the project are explored and finally, there is a section detailing some future work which this 

project has highlighted. 

 

8.2 Reflections on research aims and objectives 

The aim of this PhD was to develop a free and open source tool which can be used by non-

experts to model accessibility to healthcare (chemotherapy) services and provide meaningful 

insights into the provision of cancer services in Wales. This was achieved by providing a tool 

which was developed with the end user at the heart of the design. The tool is capable of multiple 

methods and it produces results that can be visualised very simply. It has been used to provide 

a current overview of the chemotherapy services within Wales, as well as providing a case 

study for alternative locations for additional resource. 
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The first objective of this project was to examine the uses of the 2SFCA method within 

healthcare and specifically within cancer related studies. This was achieved through the 

literature review which showed the different progressions within the 2SFCA methods and how 

these were used within different healthcare settings. Section 2.8 focused on different studies 

which were used specifically to investigate the management, treatment and planning of cancer 

services in different nations throughout the world. 

 

Another objective was to investigate and evaluate the development of FOSS solutions that 

could be utilised to plan the provision of healthcare services. Section 4.2.1 investigated many of 

the available FOSS solutions available at the time of writing. This overview shows the main 

strengths and weaknesses of the different solutions with a particular focus on their routing and 

data handling capabilities. As well as this overview, the project built two tools capable of 

healthcare accessibility planning using two different FOSS solutions, and compared the 

strengths and weaknesses of the two platforms. 

 

The need to collate and analyse a number of datasets which could be used to give a meaningful 

insight into the current provision of chemotherapy services within Wales was an objective which 

was met by compiling supply side data (Tenovus, FOI requests), demand side data (LSOA data, 

Tenovus user data) and network data. The data collected for this project gave an overview of 

the current chemotherapy provision within Wales where this data had not been publicly 

available. 

 

The third objective was to illustrate the practical application of these tools using data on the 

current availability of cancer services in Wales through implementations based on FCA 

solutions. Using the tools developed it was possible to provide an up to date overview of 

chemotherapy accessibility in Wales, this was done using multiple methods from the 2SFCA 

family, Gaussian 2SFCA, E2SFCA (linear) and 2SFCA. 

 

The fourth objective was to demonstrate the use of GIS-based accessibility models to examine 

the supply of mobile services in relation to potential demand for cancer services. This was 

achieved through the creation of multiple accessibility maps using Tenovus data to provide a 

detailed understanding of their current services, and also to suggest alternative locations for 

services such as chemotherapy mobile units, lymphoedema mobile units, choir sites, retail units 

and outreach services. 
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The aim of developing user-friendly tools to enable non-specialists to explore the implications of 

alternative models of provision of mobile services objective, and the test the usability of these 

tools with professionals concerned with helping to deliver cancer services objective were met by 

putting the user at the centre of the development process. Using a human computer interaction 

model, and utilising multiple methods with the Tenovus staff, it was possible to gather data on 3 

iterations of the tool and refine the process, language and appearance of the tool so that it is 

usable by non-experts. 

 

The final objective to draw on these findings to show how such tools can be used by the 

profession to plan and manage the provision of a wider range of healthcare services was met by 

completing a case study showcasing the capabilities of the tool with current chemotherapy data 

in Wales. The case study showed the possibility of adding additional or moving resources and 

re-computing the scores to understand the effects that these services are having in the different 

communities. 

 

This project contributed to the collective knowledge in several ways. Many aspects of this 

project were approached from a different view point than they may normally be, and this has 

helped to provide some interesting contributions. By focusing on usability and not necessarily 

the ultimate algorithm for a specific data set, many of the findings should provide a good starting 

point for FOSS GIS projects and healthcare accessibility in practice. 

 

There is great potential for this work to assist NHS Wales to reach one of their key actions 

highlighted in The Cancer Delivery Plan for Wales. Key action 40 (p. 11) which is “Where 

possible health boards should provide care locally and support patients who need assistance to 

travel or stay away from home.” The software solution developed during the course of this study 

has the capacity to be used to assist in measuring the current accessibility throughout Wales, 

but also to assist in the planning of additional services to maximise the equity of accessibility. 

 

This tool has the ability to assist with advancing several of the policies laid out by Wales Cancer 

Network. It has the potential to assist with number 21 of the key actions set out in p.11, Cancer 

Delivery Plan for Wales 2016-2020 by helping policy makers understand the current level of 

accessibility within Wales; and also, as a tool to highlight the implications of additional services 

(see section 6.2). This also assists with several of the key points highlighted by charities such 
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as The Wales Cancer Alliance priority policy calls which aim to address inequity in access 

throughout Wales. 

 

An overview of the major FOSS GIS routing capabilities and open data allowed for future works 

to get a base understanding of the different programs and data, without needing to conduct the 

research on all the platforms. It was possible to pick some of the programs that are most closely 

aligned and then complete additional research on those specific platforms. There had previously 

been research in this area but it was more general and had not looked as closely at the routing 

capabilities of these platforms. 

 

This project showed that at practical levels of use the difference between connecting a datapoint 

to a node or the nearest position on a line of a road network has minimal benefit at country 

scale, but can dramatically increase the complexity of the program; and therefore, the time that 

this takes to compute. For many instances of large-scale accessibility planning the difference is 

visually negligible and this knowledge can assist future research in managing time. 

 

The work in this thesis highlighted the current state of chemotherapy accessibility in Wales 

which was previously unavailable at this scale. It used this data to share with key stakeholders 

what possible changes could affect large areas of Wales. This study had access to demand side 

data and was able to show the patterns of chemotherapy users to establish that the data is 

Gaussian in nature and provide a more precise catchment area for future studies. There are 

relatively few studies that have access to real demand data at this scale, and this has assisted 

in giving many future studies an ability to use a real metric as a catchment area, as opposed to 

an arbitrary distance or time. 

 

8.3 Contributions to knowledge 

 

This project has multiple key findings (section 7.3) and has made contributions to knowledge in 

several ways. It has helped to answer multiple policy actions and has added to the knowledge 

with several advancements within healthcare accessibility, usability studies and computing. The 

following contributions have been made. 
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A network comparison between OSM and OS Open Roads has been completed which shows 

the difference in performance between OSM and OS Open Roads compared to Google Maps 

sections 4.5.4, 6.4.2). The analysis used different length journeys within Wales and shows the 

differences between the datasets. The findings show the differences between ease of 

implementation and accuracy with OSM being closer to that of Google Maps and OS Open 

Roads being more straight forward to implement.  

 

A FOSS GIS comparison was conducted which focussed on the different capabilities of the 

different options available (section 4.2.1). This comparison has added to the knowledge by 

having a source of information focussing on FOSS GIS and network analyst capabilities and will 

assist future researchers to understand the options available to them within this space.  

 

A comparison of different routing options was completed, testing the differences in network 

performance with the different options of connecting to the nearest node or the nearest line 

(sections 4.3.2.4, 6.4.3). This work shows that connecting to the line is more computationally 

demanding but provides more realistic results although connecting to the nearest line is no 

guarantee that the node connects to the actual line that it should.  The results showed that 

where possible connecting to the nearest line is optimal. 

 

This project has continued the work of several previous papers by using accurate demand side 

data derived from Tenovus Cancer Care (Luo, 2014, Dai, 2011) and by conducting national 

scale cancer analysis (Shi et al., 2012). The use of this data provides a more accurate 

catchment size setting and allows for more confidence in the results. 

 

User experience studies have been conducted with people involved in cancer service provision 

on FOSS GIS (section 5.5). There is little literature on FOSS GIS usability studies and also for 

academic user studies to be completed with cancer charities. These studies show how it is 

possible to keep the user at the centre of the development cycle whilst using tried and tested 

methods from usability literature.  

 

This project compared the E2SFCA method using linear and Gaussian distance decay functions 

and compared these with the results of the original 2SFCA model. The results showed that the 
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more advanced methods provided more realistic results but that even the 2SFCA method had 

the ability to highlight areas of poor accessibility. 

 

These contributions will assist researchers to be more agile in the development of FOSS 

solutions as well as providing real world demand side data directly gathered from the source. By 

using the details within the FOSS GIS comparison table with the results of the network 

comparison and the user studies it should provide a solid foundation for future work. The use of 

the demand side data will enable cancer researchers in Wales to be more confident in their 

catchment sizes and provide further insight.  

8.4 Limitations 

There are limitations to the work completed during this thesis, and many lessons to be learned 

from completing a project of this type. There were technical challenges that were faced when 

using advanced methods and creating a tool for non-experts, and several technical limitations 

within this project. Many of these arose from the compromise between performance and 

complexity with usability. The focus of the project was not to make the fastest or most advanced 

tool but to make a usable tool that can be used in real world situations to help make decisions 

on service allocation. 

 

The FCA methods used in this tool are not the most complete, there were several different 

methods that could have been optimised for this project, but these would have required 

increased complexity in terms of data preparation, computationally and operationally. 

Compromising on the FCA methods implemented in the tool allowed for advanced methods to 

be used, but whilst keeping a degree of usability which several of the alternative methods would 

not have allowed for (see table 2.1 and 2.2). Many of these proposed methods were designed 

for one type of dataset (Kim, Byon and Yeo, 2018) and to address one limitation (catchment 

size (Luo and Whippo, 2012), and different transport types (Langford, Higgs and Fry, 2016). 

This tool is designed to be used by multiple organisations across a range of data sets therefore 

optimisation of a method for a particular dataset is beyond the scope of the project. 

 

This could be addressed by future users enabling more functionality within the tool and 

expanding upon the base that has been built with this program. By future users customising and 

adding additional functionality it could follow the same path as many open source software 

projects which get built upon by users willing to contribute to the project. 
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The way in which the results were visualised could have been more streamlined, and by having 

the tool in a GIS which uses a spatial database, or works alongside one would have assisted 

the user in only interacting with one GUI. Or it is possible to create a program from the ground 

up which would produce these visualisations. The advantages of QGIS for a company like 

Tenovus were huge and the security of a stand-alone spatial database mitigated the extra step 

in visualisation. However, this could be made a more streamlined process in the future if 

someone was able to work with QGIS and set up a process which is able to take the data and 

produce the map in the same way, there are also options in other FOSS GIS which could make 

this process more streamlined. 

 

The scale of the analysis was a limitation in this project and more analysis could have taken 

place using different methods. Several more FCA methods could have been implemented to 

compare and contrast generated findings with those highlighted in this research. Trying to keep 

the user at the centre of the design and minimising complexity stopped this from being as 

expansive as it could have been, and more analysis would have assisted in understanding the 

effects of different methods on the data gathered. 

 

The scale comparison could have included a larger range of data, and although the 

investigation highlighted that the finest data available provides the best results, it would have 

been of interest to show at what scale the data results in outcomes that offer little extra insight 

for the amount of increased effort required in data collation and analysis. Understanding the 

scale of the data required allows the tool to be used operationally with the data that they have 

available. Understanding that MSOA data is not as desirable as OA data could assist the users 

in data gathering and result in more detailed visualisations. 

 

Due to the limits of Tenovus and the size of facility needed for their mobile units the case study 

was small. More consideration could have gone into alternative sites for the case study to 

provide more alternative locations for study and it may have been advantageous to identify new 

types of location which have not historically been used by Tenovus. A large amount of time was 

spent analysing data and ensuring the data produced insightful and actionable results, and this 

resulted in some of the empirical work having less detail than it could have. 
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This project was limited by the availability of complete data at suitable scales which could be 

used, supply side data was incredibly difficult to obtain. There is no known central place or 

organisation with data on where chemotherapy is provided within Wales, and the available data 

did not match between the different health boards. This made trying to understand the effects 

that Tenovus had throughout Wales very difficult, and with the FOI requests meant that output 

from this study is showing data that is not typically available. 

 

The multiple FOI requests during this project caused considerable delay to delivering quality 

outputs. The requests were made to each health board with a variety of metrics required; this 

provided a good amount of choice when defining the supply side variable. The project mainly 

used the number of hours each unit is open per week multiplied by the number of chairs or beds 

available for treatment. This helped to stop the results being skewed by a 24-hour ward or a 

large ward offering services 2 hours a week (see section 4.3.2). 

 

Before the FOI requests were made there were multiple contacts with many different industry 

bodies with, and without the aid of Tenovus to get this information. Many people offered to 

assist, but there were never any results from these conversations. There was a large amount of 

time spent investigating each health board to understand their offerings, but from the available 

resources online it was almost impossible to decipher the locations at which chemotherapy was 

offered. 

 

As well as the difficulties in obtaining accurate supply side data, the open network data varied in 

quality dramatically depending on where it was sourced. Network data is very large and 

complex in nature and the quality of it can have a large effect upon the results by skewing the 

sizes of the catchments created. Keeping to the open data meant that the data available was 

limited, the open street map dataset was very detailed and the OS Open Roads dataset was 

more limited in its feature set. Ideally it would have been good to connect to an API and use 

something like Google maps to provide the routing functions, but this could have become quite 

expensive very quickly. It would have removed a lot of the complexity from the super user which 

is something that any potential user could investigate moving forward. The full Ordnance Survey 

paid for data set is also of good quality and could be considered by an organisation which had 

access to it. 
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Overall, it was very difficult to get data at a scale suitable for this project and this difficulty could 

make utilisation of the tool by organisations less frequent. It was noted that the FOI requests 

worked well, and would have been completed much earlier in if the project was to be 

undertaken again. It would also be important to gain additional data in the neighbouring 

countries such as England to provide a much clearer picture of the border regions. Finally, as 

chemotherapy varies hugely, it would have been good to gain a richer understanding of the 

different types of treatments and the locations at which these were provided, so that an analysis 

of different types of cancer treatments could have been conducted. 

 

This could be mitigated in future by setting up in house processes to capture the relevant data 

and store it in the correct format and by building relationships with the health boards and 

requesting the same data from each one. The relationships that Tenovus has with the health 

boards could assist in providing a standard of reporting to assist with chemotherapy, and 

potentially other areas of interest moving forward. 

 

There were several organisational limitations which need to be addressed by Tenovus before 

the tool can be fully implemented. The need for a super user needs to be discussed internally 

and the competent user needs to spend some time either reading the documentation or having 

a training session where the installations can take place and the database can be set up. 

Decisions will have to be made within Tenovus on how they implement this; whether it is on one 

machine, or whether it is rolled out to desktop throughout the organisation. 

 

Tenovus also needs to decide how and when the tool is used and there needs to be a 

conversation between the key stakeholders to ensure that it is discussed during planning 

meetings. The potential this tool has to assist them and others in planning should be highlighted 

and also discussed with external organisations who can make use of this (cancer screening 

charities, health boards). There is a learning curve involved with this tool, and some staff may 

be reluctant to take on additional tasks, or ones where they need to spend some time learning 

how unfamiliar systems work. There is often resistance to change, and some staff may be 

hesitant to change how they have been working previously. This learning curve has been 

mitigated as far as possible without losing vital functionality, but it could still affect potential 

usage. 
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One of the more notable results of the user studies was that the participant did not necessarily 

understand the potential of these methods and how they could be used within their role. This 

was mitigated within Tenovus by using examples close to the work of the participant and having 

assistance from the management team; in other organisations it may be more difficult to 

introduce these measures from the top down without first helping them understand the potential. 

Although this tool provides advanced accessibility measures it should only be one part of a 

process used to understand accessibility. Other factors remain such as the distance different 

nurses are able to travel to work on the unit, and the lack of a facility to host the mobile unit. The 

health boards also have a considerable say in this process, and they may limit the movement of 

the units based on their boundaries. Tenovus also provides many other services for which this 

tool may not be the most suitable accessibility measure (charity shops), as the method has 

been optimised for healthcare accessibility, not retail. 

 

8.5 Future Directions 

A number of limitations were identified throughout the research leading to potential for further 

research development. These limitations are; 

 

Application to a wider range of scenarios 

The tool could be used in many other ways, it would be interesting to apply these methods in 

other scenarios such as financial support for cancer services, or psychological counselling for 

the recently bereaved. These services are offered by Tenovus and other organisations, and 

optimising the tool for these uses would help create a more useful tool which could be of use to 

more people. 

 

Research on Utility 

It would be of interest to understand how Tenovus and other organisations actually use tools 

such as this. With this information it would be possible to create a better design brief for future 

projects. Understanding how these tools are used and what the outputs are used for in reality 

would be valuable to academia and policy makers when deciding how best to move this 

research from an academic proposition to one which is used more regularly in practice. 

 

Advancements in cancer applications 

There are constant improvements in how cancer is treated and this is done with many different 

treatment types. It would be of interest to evaluate these different methods and establish if they 
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could be used to plan how and where these treatments could be positioned from an accessibility 

viewpoint. By optimising the tool for different treatments, it could be possible to provide real 

input to the policy makers and assist in better all-round cancer treatment. This could build on 

previous research that has examined potential relationships between access to cancer services 

and healthcare outcomes, or the stage of diagnosis of cancer so as to examine the potential 

impacts of inequalities in service provision. 

 

Developments within FCA 

FCA methods are increasingly being extended both from methodological and thematic 

standpoints, and there is room to evaluate the different methods and provide either a framework 

or additional methods to the tool which can be used by treatment providers and policy makers 

alike. Having the knowledge of which method should be used for a particular type of analysis 

would assist in the efficacy of the tool and could be useful outside of cancer provision as well. 

 

Methodology 

Throughout this project there has been a strong emphasis on providing complex methods to 

non-experts who are actually working in these fields. A number of the different accessibility 

methods proposed are technically more rounded, or deal with a particular problem better, but 

many of these improvements are making the methodology more complicated and relying on 

complex specialist computer programming; and many organisations simply cannot or will not 

pay for this type of analysis to take place. Some analysis should be conducted using standard 

data to understand the level of benefit these methodologies offer, and look at ways to simplify 

the process to increase the use of the methods which can assist in real world change. 

 

Human Computer Interaction 

There is minimal work in the human computer interaction focusing on FOSS or GIS. This is 

something that could assist in the growth of FOSS utilisation in non-expert settings and would 

enable potential users to have a better experience. It would be interesting to find out how much 

resource projects allow for user studies, and if they use any particular models, and then finally 

the production of a specific model for FOSS systems focusing on the unique challenges of 

FOSS development and laying out a foundation for them to follow. 

 

Data 
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Much work has been done investigating the supply side data for healthcare accessibility, but 

there is very limited work investigating the demand side travel time; in many studies arbitrary 

numbers are used to propose travel time or distance. The data for this can be very sensitive and 

difficult to obtain, but having knowledge of how healthcare users travel to a service and the 

times taken would allow for more accurate findings from studies. 

 

This study gathered the chemotherapy and lymphoedema provisions within Wales to provide an 

accurate overview of cancer provisions, but as cancer is complex there are many patients who 

have travelled elsewhere within the UK to get treatment. It would be of great benefit to 

understand how far individuals are travelling to access a wider range of cancer services offered 

by other providers, and obtain data on which patients get treatment at which facilities. Strict 

ethical guidelines often prohibit the use of such datasets, but this study has shown how they 

could potentially be used to inform the use of accessibility models. This would help provide a 

more complete picture of the cancer provisions within the UK, and highlight the outlier patients 

who are required to travel many miles for treatment. 

 

Finally, this project has been interested in demonstrating at what scales different elements of 

the methodology have an impact. It would be interesting to see this developed further to 

establish at what point the quality of data has diminishing returns, and whether this data can 

provide misleading results if it is not implemented correctly. By investigating the effects, the data 

has upon the methodology it is possible to get a more detailed understanding of the results and 

assist in collecting correct data at the appropriate scale in relation to project objectives. 

 

8.6 Policy implications 

The cancer delivery plan for Wales (Cancer Delivery Plan for Wales 2016-2020) highlights 

several areas. In service delivery the plan suggests that “Services should meet the different 

needs of the population” and “The whole issue of local access to services is one which must 

form a delicate balance between accessibility and access to high quality, sustainable services” 

(p.10, Cancer Delivery Plan for Wales 2016-2020). 

 

Key action 21 (page 12) is “The regional cancer centres, Wales Cancer Network and WHSSC to 

work together to ensure equity of access and delivery of service quality”. It is clear that access 

to services is a priority within Wales, and having access to a free and open source tool which 

can be used by non-experts to assist in the delivery of this could be of great benefit to achieving 



250 
 

this action. It is possible for key stakeholders to work individually or across the Welsh healthcare 

spectrum to better understand the current state of chemotherapy provision within Wales, but to 

also address the issues with cancer screening and after care services. 

 

Key action 31 (page 12) is “Health boards to continue to monitor performance against national 

waiting times targets and focus on improving performance”. This key action can be assisted by 

having further understanding of the current provisions, and this tool could be utilised to plan 

extra capacity in the areas of greatest need. It can be a useful tool to add further knowledge 

which can be assessed by the key stakeholders.  

 

Key action 32 (page 13) is “Health boards to ensure cross border flows do not disadvantage 

patients in access to treatment and care.” Understanding the level of access within Wales and 

with the border provisions being shown, would allow the different health boards to gain a better 

knowledge of when and where people are crossing the border for treatment. This tool could 

provide assistance in the planning of provisions to mitigate any unnecessary cross border 

treatments that may occur. 

 

Key action 40 (page 15) is “Where possible health boards should provide care locally and 

support patients who need assistance to travel or stay away from home.” This action is directly 

linked to this tool, and could be used by the different stakeholders to provide a current overview 

of the provisions as well as to assist in providing more cancer services closer to home. 

 

This tool could be used for several of the Cancer Delivery Plan for Wales’ key actions, and is 

versatile enough to be of use in other areas of healthcare provision. It has the potential to affect 

and enhance the way in which NHS Wales plan and monitor their services. 

 

Aim number 1 of Tenovus is “To provide support and treatment to people with cancer and their 

loved ones, closer to home in unique ways”13 and this tool is designed to assist them in being 

more effective with this aim. The ability to understand the effect that their service has on the 

overall chemotherapy treatments within Wales enables them to be more targeted in areas 

where they have maximum impact. It is important for Tenovus to ensure that they deliver the 

best value from their donations, and being able to show supporters how they are affecting the 

chemotherapy delivery within Wales is of great help to them.  

 
13 https://www.tenovuscancercare.org.uk/about/about-us/ 

https://www.tenovuscancercare.org.uk/about/about-us/
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Tenovus have presented a manifesto “More than medicine” as the Welsh Assembly is being 

formed in 202114 and this project has the potential to assist in several key areas. One of the top 

priorities is to “Take treatment closer to home” where clinically possible using their mobile units. 

This tool is ideally positioned to assist Tenovus and the different stakeholders to understand the 

current state of cancer provisions within Wales but to also assist in the planning of additional 

provision. It has the potential to add some accuracy to the process which currently is not very 

scientific. 

 

The manifesto also outlines the need for better data across Wales as a whole to allow health 

boards to be accountable (p. 1315). On many occasions during the course of this project data 

gathering was difficult and this was highlighted within Tenovus at many meetings. It is hoped 

that this project has had some influence in highlighting the difficulty in data gathering, and why it 

is important to have all the health boards reporting consistently. 

 

Tenovus (p.1616) have highlighted that lung cancer could be screened for, and suggested 

targeted groups. The ability to use the WIMD data to precisely target different age and sex 

groups for screening locations would add huge value in the planning and execution of lung and 

other screening strategies. 

 

This study has highlighted some gaps within the FCA research at present by focusing on 

usability and real-world uptake. It has highlighted that increasing complexity and methods are 

important, but it is just as important to make these methods available to those in industry who 

can affect change. This project has highlighted the need to investigate the ways in which these 

methods are being utilised, and has been able to show that patients receiving treatment in 

Wales travel within around 35km. The data is Gaussian in nature, this can be accessed by 

future studies to provide a more solid benchmark for the catchment areas being proposed. 

 

 

 
14 https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-
medicine.pdf  
15 https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-
medicine.pdf  
16 https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-
medicine.pdf  

https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-medicine.pdf
https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-medicine.pdf
https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-medicine.pdf
https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-medicine.pdf
https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-medicine.pdf
https://www.tenovuscancercare.org.uk/wp-content/uploads/2020/06/tenovus-cancer-care-more-than-medicine.pdf
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8.7 Project reflections 

Within the project and with hindsight there may have been some missed opportunities to try 

different solutions or take different routes. These decisions are difficult to understand in real 

time, but reflection allows for some questions to be asked. gvSIG or GRASS may have provided 

a better solution as they allow for an internal spatial database, and they have a network analyst 

function within them. The GRASS geodatabase could also have been accessed from QGIS and 

most of the functionality would have been kept within one platform. Whilst acknowledging the 

potential of such an approach, there would still be the need for the tool to be opened for 

information to be input, and it would not make the program quicker or any more intuitive. The 

fact that both gvSIG and GRASS are updated regularly would mean that a super user would 

have to be able to ensure the updates were backwards compatible, and potentially change parts 

of the program to keep it current. 

 

Further network research with APIs would have been a useful addition to the project. The fact 

that it costs money to access these types of service meant they were discounted, but things like 

the Open Source Routing Machine could have been investigated more, and potentially having a 

server which could be used by those accessing the tool. Further investigation into this type of 

route provision would have been beneficial. 

 

Additional user studies and different methods would have been interesting as there is very little 

user experience research within FOSS GIS; this could have been impactful and provided some 

meaningful results for the open source community. This is something that could have added to 

the project, but the results have assisted in showing how the non-expert user operates in these 

types of systems, and there is a reason why most people that use them have a considerable 

amount of training. 

 

There was room to incorporate many additional types of E2SFCA models, highlighted in chapter 

2, such as the 3-step model or those that adopt a multi-modal FCA approach. This would have 

made the tool more advanced, and increased its effectiveness at different scales and with 

different types of data. Increasing the functionality would have been a good way to give the user 

more and would have made the tool more versatile. The problem with this is that it would also 

increase the knowledge needed by the user, and make it more difficult to explain to them how it 

works. Many of the advancements within the FCA methods family have required additional 

special or aspatial data and additional inputs for them to work, which is fine in an academic or 
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professional setting but does not translate well to non-expert users. The inclusion of the 

Gaussian method was only done as the unique demand side dataset highlighted that it was 

Gaussian in nature. 
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Appendices 

 

Appendix A Table of papers relating to cancer 

Author Date Method Synopsis 

Wang et al 2008 2SFCA Investigates the link between late stage breast cancer 

diagnosis, access to primary healthcare and mammography 

screening services in Illinois, US. Using 2SFCA the study 

showed that poor accessibility to primary healthcare 

increased the late stage breast cancer diagnosis, particularly 

noting that those living in a high concentration of 

disadvantaged people are at the most significant risk. There 

was no significant link between mammography screening 

accessibility and late stage breast cancer diagnosis in this 

study. The authors point out the limitations with the data they 

used but, this study shows important results for healthcare 

policy makers. 

Gu et al 2010 Modified 

2SFCA 

Suggests a new framework to measure accessibility, building 

on the 2SFCA method the authors add a distance factor and 

a Huff-based competitive model. The authors conduct a case 

study on breast cancer screening services in Alberta, 

Canada and the results show that it is beneficial when 

planning where to locate preventative healthcare facilities.  

McLafferty 

et al 

2011 2SFCA Investigated the rural-urban inequalities in late stage breast 

cancer diagnosis for both the overall population and the 

African-American population, in two time periods 1988-1992 

and 1998-2002. They did this by using several techniques 

including 2SFCA for the spatial aspect of the paper. The 

results showed that there was no significant rural-urban 

inequality for the overall population, there was a decline in 

late stage breast cancer diagnosis between the two-time 

periods with bigger decreases in higher population areas. 

There was a large disparity between the overall population 

and the African-American population in both time periods. 
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Lian et al 2012 2SFCA Evaluated several different ways of evaluating the link 

between accessibility to mammography services and late 

stage cancer. Two 2SFCA models were used and they both 

showed an increase in odds of late stage breast cancer. The 

methods evaluated were 2SFCA, travel time and service 

density. 

Wan et al 2012 E2SFCA Using E2SFCA and aspatial methods to investigate the links 

between accessibility and colorectal cancer in the Texas, US 

region. The study used three weights for the different 

oncologists in each catchment area. The study showed that 

accessibility to oncologists did make a difference in rural 

areas but not in urban areas. The aspatial data showed that 

disadvantaged groups had more chance of dying from 

colorectal cancer. 

Wang 2012 2SFCA, 

KD2SFCA 

Evaluates current methodology from the gravity model 

through 2SFCA and includes KD2SFCA, and discusses 

different decay functions. The paper discusses the need for 

greater utilisation of spatial and aspatial data and discusses 

the implications it has on mortality rates using cancer in the 

USA as an example. The paper suggests a framework 

should be implemented and suggests using optimisation 

techniques. 

Wan et al 2012 E2SFCA Introduces the idea of using a spatial access ratio derived 

from the E2SFCA spatial access index (SPAI). A case study 

into the accessibility of colorectal cancer facilities in Texas, 

US is used to trial the proposed methods. The study used a 

sensitivity analysis to show that the SPAI value fluctuates 

with changes in the impedance coefficient whereas the 

SPAR stays stable throughout. The authors note that if the 

impedance is from some basis and not an arbitrary input then 

the SPAI value would be valuable and could show more 

detailed results. 

Wan et al 2012 E2SFCA Using E2SFCA and a factor analysis to assess the effect of 
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spatial and aspatial accessibility to oncologists in Texas, US. 

The study examines the effect of accessibility with regard to 

colorectal cancer survival, the E2SFCA method used a 

Gaussian function and a three-step catchment area. Cox 

proportional hazard regression was used to analyse the 

association between healthcare accessibility and colorectal 

cancer survival. The factor analysis and principal 

components analysis was completed and nine aspatial data 

were included in the study, including household income, 

home valuation and high school education. The results 

showed that several minority groups were more likely to die 

from colorectal cancer and that spatial access to oncologists 

had a significant effect on colorectal survival in non-urban 

areas but not in urban areas themselves. 

Shi et al 2012 2SFCA Using 2SFCA to evaluate accessibility to cancer care 

facilities in the USA. The study suggests that the travel 

impedance threshold is the crucial factor when conducting a 

2SFCA calculation as this is a special case of the gravity 

model. It also suggests that different choices in distance 

decay should not affect the overall pattern when used. This is 

a very large area for a 2SFCA study and it showed that there 

were two main regions with lower accessibility; the east and 

the west of the US, the west had deeper pockets of poor 

accessibility whereas the east had larger areas with slightly 

lower accessibility ratings. 

Table 1 
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Appendix B Table of 2SFCA papers 

Author Year Method Subject area aspatial 

data 

Luo & Wang 2003 2SFCA Primary healthcare physician accessibility in 

Chicago 

N 

Wang & Luo 2004 2SFCA  Primary healthcare accessibility in Illinois 

combining spatial and aspatial data 

Y 

Luo 2004 2SFCA Primary healthcare physician accessibility in 

Northern Illinois 

N 

Wang 2007 2SFCA Access to healthcare for Chinese immigrants in 

Toronto using spatial and aspatial data 

Y 

Wang et al 2008 2SFCA Late stage breast cancer diagnosis and access 

to primary healthcare in Illinois 

N 

Langford et al 2008 2SFCA & 

Dasymetric 

2SFCA 

Using postcode database data and raster 

maps to balance the effects of heavily 

populated areas and give clearer results 

N 

McGrail & 

Humphreys 

2009 2SFCA Accessibility to primary healthcare in Victoria, 

Australia 

N 

Luo & Qi 2009 2SFCA & 

E2SFCA 

Primary healthcare physicians in Northern 

Illinois 

N 

McGrail & 

Humphreys 

2009 Modified 

2SFCA 

Access to healthcare in Victoria, Australia 

using spatial and aspatial data  

Y 

Gu et al 2010 Modified 

2SFCA 

Breast cancer screening services accessibility 

in Alberta, Canada 

N 

Wang  2011 2SFCA Accessibility to primary healthcare for different 

types of immigrant in Toronto using spatial and 

aspatial data 

Y 

Ngui & 

Apparicio 

2011 2SFCA & 

Optimised 

2SFCA 

Accessibility to healthcare in clinics in Montreal N 

McLafferty et 

al 

2011 2SFCA Investigated the inequalities between rural and 

urban populations and the African-American 

Y 
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and overall population at different times for late 

stage breast cancer diagnosis  

Lian et al 2012 2SFCA Investigated the links between accessibility to 

mammography services and late stage breast 

cancer diagnosis 

N 

Wan et al  2012 3SFCA Access to primary healthcare physicians in the 

central Texas region 

N 

Wan et al 2012 E2SFCA Used spatial and aspatial data to investigate 

the link between colorectal cancer and 

healthcare accessibility in Texas 

Y 

Luo & Whippo 2012 V2SFCA This method uses small increments in 

catchment size until a predetermined supply to 

demand ratio is met. This method attempts to 

address the arbitrary nature of catchment size 

selection and make the method more effective 

over larger and more rural areas. 

N 

McGrail  2012 2SFCA Investigates the effects of variable catchment 

sizes and distance decay functions in rural 

Victoria, Australia for healthcare accessibility 

N 

Ngui & 

Vanasse 

2012 Modified 

2SFCA 

Mental healthcare accessibility in Montreal N 

Bisonnette et 

al 

2012 3SFCA Neighbourhood level access to primary 

healthcare in Ontario, Canada 

N 

Bell et al 2012 3SFCA Primary healthcare accessibility  N 

Wang  2012 2SFCA & 

KD2SFCA 

Uses spatial and aspatial data to investigate 

the effects of accessibility on cancer mortality 

rates in the USA 

Y 

Wan et al 2012 E2SFCA Colorectal cancer facility accessibility in Texas N 

Wan et al 2012 E2SFCA Uses spatial and aspatial data to investigate 

accessibility to Oncology in Texas 

Y 

Shi et al 2012 2SFCA Access to cancer care facilities in the USA N 

Delameter  2013 E2SFCA, 

3SFCA & 

Acute care hospitals in Michigan, accessibility  N 
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M2SFCA 

Dewulf et al 2013 2SFCA & 

E2SFCA 

Used different methods to investigate 

accessibility to primary healthcare in Belgium 

N 

Song et al 2013 2SFCA Access to maternity units in Shenzen, China N 

Hu et al 2013 E2SFCA Access to healthcare in Donghai County and 

compare the urban and rural results 

N 

Mao & 

Nekorchuk 

2013 2SFCA & a 

modified 

Multi-

transport 

E2SFCA 

Access to primary healthcare in Florida N 

McGrail & 

Humphreys 

2014 V2SFCA  Access to healthcare across the whole of 

Australia 

N 

Polzin et al 2014 KD2SFCA Aim to improve the standard KD2SFCA 

method and investigate access to healthcare 

facilities in Portugal 

N 

Ranga & 

Panda 

2014 3SFCA Access to inpatient care in rural Northern India N 

Luo 2014 Modified 

2SFCA 

Access to healthcare in Springfield, MO using 

a huff-model based population selection 

technique 

N 

Shah et al 2015 3SFCA Compared the accessibility of family physicians 

and physiotherapists in Saskatchewan, 

Canada 

N 

Jamtsho et al 2015 Nearest 

neighbour 

modified 

2SFCA 

(NN-

M2SFCA) 

This modification is intended to be used over 

large areas; this study investigated access to 

primary healthcare in Bhutan. 

N 

Barona & 

Blaschke 

2015 2SFCA Used spatial and aspatial data to investigate 

the health centre accessibility in Quito, 

Ecuador 

Y 
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Pan et al 2015 E2SFCA Access to hospitals in Sichuan Province, China N 

Lin et al 2016 Modified 

2SFCA 

Investigating accessibility to automated 

external defibrillator accessibility in Kaohsiung, 

Taiwan using spatial and aspatial data 

Y 

Jones et al 2016 3SFCA Using spatial and aspatial data to compare the 

accessibility of dental services and primary 

healthcare in Saskatoon, Saskatchewan 

Y 

Donohoe et al 2016 2SFCA Compared different types of accessibility 

measures in the Appalachia region of the USA 

N 

Cheng et al 2016 KD2SFCA Access to high level hospitals in Shenzhen, 

China 

N 

Gao et al 2016 E2SFCA Investigated access to healthcare services for 

pregnant women in France 

N 

Kanuganti et al 2016 E2SFCA Healthcare accessibility in Rajasthan, India N 

Wang & Pan 2016 E2SFCA Investigated the inequity of hospital 

accessibility between ethnic minorities and the 

overall population in Sichuan Province, China 

Y 

Cao et al  2016 E2SFCA Investigation into end stage renal disease in 

Midwestern USA. The study analyses spatial 

and aspatial data to see if variations in end 

stage renal disease occur between White, 

Black and Native American and rural/urban 

populations 

Y 

Langford et al 2016 Multi-

Modal 

2SFCA 

(MM-

2SFCA) 

Access to primary healthcare in South Wales 

using two different types of transportation 

network 

N 

Luo et al 2016 E3SFCA Access to primary healthcare in Springfield, 

MO 

N 

Vadrevu & 

Kanijilal 

2016 E2SFCA Accessibility to healthcare for pregnant women 

in the Sundarbans region of India 

N 

Table 1 
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Appendix C Documentation 

 

C.1 End User Documentation 

 

Tool layout 

This document will explain the layout of the tool and provide an example to follow when you use 

it for the first time. Some of the functions may not be applicable to you and these will be 

explained as and when they arise. The following section will expand on this and detail the 

method for visualising results in QGIS.  

 

Figure 1: 2SFCA tool (main page) 

 

Figure 1 shows the main page of the 2SFCA tool which is where most of the inputs are added 

and program starts. The numbers above relate to the functions; 

1. The help button opens this document. It can be used if you get stuck in the future and 

require detailed assistance 
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2. This is the help screen and it will guide you through the required steps form the start, if 

you become stuck at any point this is a good place to get a hint on the next task to be 

completed 

3. Several inputs are required for the program to run and this is the first, it relates to the 

supply layer, the supply is what people may need to access (mobile unit). This is likely to 

be a Tenovus service such as mobile units or choirs it could also be used to look at other 

data like the NHS chemotherapy locations or NHS lymphoedema locations 

4. This is the demand layer which is similar to the supply layer but it is likely to represent 

the public and will probably be the census data (total population) or some data from the 

Welsh Index of Multiple Deprivation (WIMD) (Cancer rate) 

5. The supply field is the particular part of the data that you are interested in, this may be 

the supply value (number of beds/chairs multiplied by the number of hours the site is 

open) or the number of beds within a unit 

6. The demand value looks at the specifics of the layer, there will probably be a demand 

value to select or it may be total population or over 60s population 

7. The catchment area size is the distance people will travel for the service, using Tenovus 

data it was possible to see that most of the Tenovus users travel 35km to utilise the 

services offered. The catchment size is very important to the calculation, this will vary 

depending upon what service is being assessed. If it is a very niche or specialised 

service (chemotherapy) the catchment will be larger than if it is a very popular or often 

used service (dentist, optician) 

8. This button will open the advanced options screen 

9. This button will use all of the inputs added above and run the 2SFCA calculation 

10. This is the exit button 
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Figure 2: 2SFCA tool (advanced options page) 

Numbers 11-18 are an input for the server and should have been set up by the super user using 

part 2 of the documentation 

11. This is the server that the tool is connecting with to retrieve the information  

12. This is the port that the tool is connecting with 

13. This is the user ID  

14. This is the password for the connection to the database 

15. This is the database that the tool is connecting with 

16. This is the schema on the database 

17. To be able to get accurate times a routable road network is required and this is the 

network vertices name 

18. This is the network name 

19. There are several types of distance decay function which can be used, as standard the 

linear distance decay is setup but this can be changed to a Gaussian distance decay or 

no distance decay. See section 3 for more information on the different distance decay 

functions 

20. This is the size of the curve only used with the Gaussian distance decay 
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21. It is possible to run the tool by using the road network to estimate travel time (set up as 

standard) or without this and a straight-line is connected between the supply and 

demand point (less accurate) 

22. It is possible to use distance in metres (standard) or time in minutes for the catchment 

size. It may be easier to say that people travel for 30 minutes to access a service rather 

than 25,000 metres  

23. This is the test connection button and allows a user to ensure they are connected to the 

server (a pop-up with connection good will appear) 

24. This button returns to the main screen 

 

Using the tool 

This section will run through an example of how to use the tool. By following the 6 below the 

2SFCA method will run and a results table will be created in the database for visualisation. 

 

 

The first thing that needs to be entered is the supply layer. This refers to the table within the 

database which holds all of the information on a supply of services. In this example chemo_all is 

selected and this dataset holds all of the data regarding the different sites in Wales which 
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provide chemotherapy services. Most of this data is not used in the front end and is required for 

the program to run (see below). 

  

The database holds lots of information and can show whether the location is a hospital or a 

Tenovus unit. The interesting columns for entry would be nurses_wte which is the whole time 

equivalent of the nurses working at the location, capacity which is the number of patients that 

can be treated or the open_weekly column which shows the number of hours each location is 

open per week.  

 

Next, the column from the database needs to be selected, the supply column is being used in 

this example and that takes the number of beds or chairs at each location and multiplies it by 

the opening hours to give a good overview of the amount of supply each location provides.  
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The demand layer is similar to the supply layer but it is used to represent the people who use 

the service so this could be defined by the current cancer rate of each location, the average age 

of the population at each location or just the total population at each demand point. The data 

used here is at LSOA level which is a way of categorising households for census data. The 

below map shows the different LSOAs in Wales and each one has a minimum of 1000 people 

with a mean of 1500. 
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The demand field needs to be completed to show which column from the database table is 

required and, in this example, demand is selected. This can vary depending upon the data that 

is being used. 
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The last input is the distance which people travel; this can vary depending upon the services 

being supplied. It is likely that people will travel further for chemotherapy than they would to go 

to a dentist or an optician. This study found that the majority of people travelled less than 35km 

to use the Tenovus mobile units which is the distance being used in this example. 

 

Pressing the Run 2SFCA button will start the program which will use a linear distance decay 

function (see section 3) and a networked distance as standard.  
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This pop-up shows that the tool has finished and the results are ready to visualised on a map.  

QGIS visualisation 
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Open the LSOA2011_gc layer – do this by double clicking on it, this layer has the boundaries of 

the LSOAs in Wales. Double click on the layer once it is open and change the colour to white. 

Change the feature blending mode to Lighten to remove the strong lines of each LSOA. 

 

Open the amapnetworkfcascore table – do this by double clicking on it. This is the layer which 

holds all of the scores, if you right click on it and select attribute table it is possible to see the 

raw data we are going to display. The column of interest is fcascore which holds the 2SFCA 

scores 
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Open the chemo_all layer – do the same as you did before, locate it and double click it to add it 

to the screen. 

Map the data – All the data that is needed is in one location now, we finally need to visualise it 

in map form. Double click on the amapnetworkfcascore layer, and click on the style tab.  
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Graduate –there are many ways to visualise information using QGIS but for the best results with 

this type of data, it is better to follow the above. First, we select Graduated at the top, then we 

select the column that we want to visualise in this case it is the fcascore column. I like to use the 

blues colour ramp but there are many to experiment with, if you click on this option you can try 

and see which ones you think work best with the data. We then need to select the Quantile 

mode but again these can be experimented with and then press classify. The last thing we need 

to do on this page is to lighten the feature blending mode as it makes it easier to see the map. 

Once this is completed press the apply button and then OK.  

Show original supply locations – drag the chemo_all layer to the top and it should be possible to 

see the effect that each choir is having on its surrounding. 

The map below shows what you should have, the darker the blue the better the accessibility. It 

is possible to see from the results that although the south east of Wales has many of the choirs 

there are still gaps where people have poor access to them. This may be as they are too far 

away or because they are sharing the choir with many other users.  
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This is a good visual aid to understand the data but it is not well suited to sharing with others, 

there are several steps to creating a map and then saving it as a PDF or PNG. There are many 

good videos available on www.youtube.com which will show you some of the possibilities and 

below is a short guide to creating a map for presentation.  

 

A name will need to be given to the composer and this can be called Map1. 
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The above is the blank print composer screen that will be displayed. By using the buttons 

highlighted in red the map will be displayed. 

1. The first button to press brings the map from QGIS to the print composer. Once it is 

pressed the user needs to drag an area across the map and the map will be imposed 

upon it 

2. This allows the user to centre the map in the frame 

3. It is important to show the results and the legend will display the results of the graduation 

in QGIS 

4. Every map should have a scale bar 

5. Every map should have a North arrow 

6. Every map should have a title which explains what it is displaying 
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Drag a box across the map and then let go to show the map from QGIS. 

 

Using button 2 you can move the map on the canvas and make it bigger and smaller. Use the 

control key on the keyboard with the mouse wheel to make smaller size changes. 
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Insert the legend, it is good practice to change the names and tidy it up which can be done 

using the panel on the right of the screen. 

 

A scale bar needs to be inserted, there are multiple style choices that can be made and it can 

be made to show larger or smaller distances using the panel on the right. 
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Insert the north bar into the image, this can be put wherever suits best. This can be customised 

and adjusted by using the panel on the right. 

 

It is important to give each map a title which describes what is happening in the image. This one 

says the size of the catchment (35km), the type of analysis (linear E2SFCA), the supply data 

(chemotherapy locations) and the demand data (2011 census population). The font button on 

the right panel can be opened to adjust the font and size of the text. 
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The image can be saved as a PDF using the button highlighted in the top tool bar. Save the 

image in a sensible way which can help you to know what data is being displayed.  
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The final image is above and can be easily shared with others via printing or email.  
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C.2 Super user documentation 

This document will outline the software required to run the tool, the process for installing them 

and how to download and transform the required data. The tool may work with other data and in 

terms of visualisation most GIS packages should work but for this document the tried and tested 

options will be explained.  

Downloading & Installing software 

The software required can be downloaded from OSGEO using https://download.osgeo.org/ 

there are other available sources. I would highly recommend using the PostgreSQL stack 

builder to do this as you can get most of the packages needed. The program should work with 

most of the versions of the software but the recommended versions are; 

QGIS – v. 2.14 (for visualisation only) 

PostgreSQL – v. 9.5 

PostGIS – v. 2.3 (stack builder) 

Microsoft Visual Studio (to change the code of the program) 

pgRouting – v. 2.3.2 (stack builder) 

NPGSQL (stack builder) 

osm2po – v. 5.2.43 (for transforming OSM data and can be downloaded from: 

https://osm2po.de/)  

Java runtime environment – (can be downloaded from https://www.java.com/en/download/) 

2SFCA tool from download or GitHub 

There is a good tutorial on the installation of the items 2,3,5, and 6 here: 

https://www.bostongis.com/PrinterFriendly.aspx?content_name=postgis_tut01 

Updating the program 

To do this it is best to use the visual studio IDE available from 

https://visualstudio.microsoft.com/downloads/. The code can be changed and it may be useful to 

change the pre-completed fields to the ones most suitable to your organisation. It is also 

possible to change the different methods and add functionality if required. There is a lot of 

https://download.osgeo.org/
https://osm2po.de/
https://www.java.com/en/download/
https://www.bostongis.com/PrinterFriendly.aspx?content_name=postgis_tut01
https://visualstudio.microsoft.com/downloads/
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documentation surrounding visual studio and it would be good to look at these when making 

updates. 

Downloading and transforming data 

Network Data  

Open Street Map Data  

This can be quite a complex process depending on how experienced you are with computers. 

Java runtime will need to be installed before this process is started. The dataset for Wales can 

be downloaded from http://download.geofabrik.de/europe/great-britain.html. The .pbf format 

needs to be used in for the process to work. There are two good tutorials for this at 

https://www.bostongis.com/PrinterFriendly.aspx?content_name=pgrouting_osm2po_1 and 

another is https://anitagraser.com/2011/12/18/osm2po-part-2-pgrouting-on-osm-the-easy-way/. I 

would encourage you to read these first.  

Initially copy the .pbf data file and move it to the osm2po folder.  

 

Once the data has been downloaded and Java and osm2po are on your machine the command 

window needs to be opened. In the command window you will need to use a command like the 

one below; 

D:\Downloads\osm2po-5.2.43>java -jar osm2po-core-5.2.43-signed.jar prefix=at 

"D:\Downloads\osm2po-5.2.43\wales.osm.pbf" 

This will run osm2po and it may take a few minutes to complete depending on the dataset.  

Once it is complete it is possible to see the data in your browser using 

http://localhost:8888/Osm2poService.  

http://download.geofabrik.de/europe/great-britain.html
https://www.bostongis.com/PrinterFriendly.aspx?content_name=pgrouting_osm2po_1
https://anitagraser.com/2011/12/18/osm2po-part-2-pgrouting-on-osm-the-easy-way/
http://localhost:8888/Osm2poService
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Next the data needs to be input in Postgres. A template can be found in the log file create.  

 

The command looks like, you will need to update with your information; 

psql -U postgres -d routing -q -f "D:\Downloads\osm2po-5.2.43\at\at_2po_4pgr.sql" 

The data has been uploaded in the wrong format for the tool, the following command needs to 

run to change it from a multilinestring to a linestring. The section highlighted in red needs to be 

your schema.tablename. 

create table public.hh_2po_4pgr1 AS  

  select id as gid,  x1, y1, x2, y2, (ST_Dump(geom_way)).geom As geom from 

public.at_2po_4pgr; 

The data has been imported in the wrong SRID for this to work, it will also be in the public 

schema and have some column names which need to be changed. To do use the below SQL 

command and it will make the amendments.  

CREATE TABLE routing.osm_poa AS 

SELECT gid, osm_id, osm_name, osm_source_id, osm_target_id, clazz, flags, source, 
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  target, kmh, km, cost AS cost_len, reverse_cost AS rcost_len,   

 ST_X(ST_StartPoint(ST_Transform(geom, 27700))) as x1, 

 ST_Y(ST_StartPoint(ST_Transform(geom, 27700))) as y1, 

 ST_X(ST_EndPoint(ST_Transform(geom, 27700))) as x2, 

 ST_Y(ST_EndPoint(ST_Transform(geom, 27700))) as y2, 

 ST_Transform(geom, 27700) as geom 

FROM public.at_2po_4pgr  

LEFT JOIN public.hh_2po_4pgr1  

ON public.hh_2po_4pgr1.gid = public.at_2po_4pgr.id ; 

The part on the last line highlighted in red needs to be changed to your schema.tablename.  

The final part is to add 2 additional columns; 

ALTER TABLE routing.osm_poa 

ADD COLUMN cost_time double precision, 

ADD COLUMN rcost_time double precision, 

 

The columns then need to be filled using the following; 

 

UPDATE my_schema.hw_roadlink 

SET cost_time = ST_Length(centrelinegeometry)/1000.0/speed_km::numeric*3600.0, 

rcost_time = ST_Length(centrelinegeometry)/1000.0/speed_km::numeric*3600.0; 

 

This should have created a routable network in the routing schema on PostGIS which can be 

accessed by the program.  

 

This is an example of the finished table; 

http://public.at_2po_4pgr.id/
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Ordnance Survey OS Open Roads Data 

 

The OS Open Roads data set is available for free as a download from 

https://www.ordnancesurvey.co.uk/business-government/products/open-map-roads this data set 

is easier to set up but less accurate and has less data than the OSM data.  There are several 

good tutorials to look at like: https://ghost.mixedbredie.net/processing-thousands-of-journeys-a-

pgrouting-function/. 

First the data needs to be added to Postgres, to do this use the shapefile loader extension.  

https://www.ordnancesurvey.co.uk/business-government/products/open-map-roads
https://ghost.mixedbredie.net/processing-thousands-of-journeys-a-pgrouting-function/
https://ghost.mixedbredie.net/processing-thousands-of-journeys-a-pgrouting-function/
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The SRID needs to be 27700 and the schema name will need to be updated in this example the 

schema is ‘routing’ and the table is ‘openroads’.  

Once the data is in the required table the following SQL needs to be completed; 

ALTER TABLE routing.openroads 

  ADD COLUMN source integer, 

  ADD COLUMN target integer, 

  ADD COLUMN speed_km integer, 
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  ADD COLUMN cost_len double precision, 

  ADD COLUMN rcost_len double precision, 

  ADD COLUMN cost_time double precision, 

  ADD COLUMN rcost_time double precision, 

  ADD COLUMN x1 double precision, 

  ADD COLUMN y1 double precision, 

  ADD COLUMN x2 double precision, 

  ADD COLUMN y2 double precision, 

  ADD COLUMN to_cost double precision, 

  ADD COLUMN rule text, 

  ADD COLUMN isolated integer; 

The above command adds the required columns to the table, these columns will be filled in the 

following steps.   

CREATE INDEX os_om_openroads_source_idx ON routing.openroads USING btree(source); 

CREATE INDEX os_om_openroads_target_idx ON routing.openroads USING btree(target); 

-- takes a few minutes 

 

CREATE INDEX os_om_openroads_class_idx ON routing.openroads USING btree(class); 

CREATE INDEX os_om_openroads_formofway_idx ON routing.openroads USING 

btree(formofway); 

-- takes a few more minutes 

The above statements create the required indexes and increases the performance of the 

network. 

UPDATE routing.openroads  

  SET x1 = st_x(st_startpoint(geom)), 
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    y1 = st_y(st_startpoint(geom)), 

    x2 = st_x(st_endpoint(geom)), 

    y2 = st_y(st_endpoint(geom)); 

       

  UPDATE routing.openroads 

    SET cost_len = ST_Length(geom), 

    rcost_len = ST_Length(geom); 

The above statements calculate the start and endpoint of each row and use the geom field to do 

this. It must be in 27700. 

 

UPDATE routing.openroads SET speed_km =  

  CASE WHEN class = 'A Road' AND formofway = 'Roundabout' THEN 20 

  WHEN class = 'A Road' AND formofway = 'Collapsed Dual Carriageway' THEN 60 

  WHEN class = 'A Road' AND formofway = 'Dual Carriageway' THEN 60 

  WHEN class = 'A Road' AND formofway = 'Single Carriageway' THEN 55 

  WHEN class = 'A Road' AND formofway = 'Slip Road' THEN 30 

  WHEN class = 'B Road' AND formofway = 'Single Carriageway' THEN 50 

  WHEN class = 'B Road' AND formofway = 'Collapsed Dual Carriageway' THEN 55 

  WHEN class = 'B Road' AND formofway = 'Slip Road' THEN 30 

  WHEN class = 'B Road' AND formofway = 'Roundabout' THEN 20 

  WHEN class = 'B Road' AND formofway = 'Dual Carriageway' THEN 55 

  WHEN class = 'Motorway' AND formofway = 'Collapsed Dual Carriageway' THEN 70 

  WHEN class = 'Motorway' AND formofway = 'Dual Carriageway' THEN 70 

  WHEN class = 'Motorway' AND formofway = 'Roundabout' THEN 20 
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  WHEN class = 'Motorway' AND formofway = 'Slip Road' THEN 30 

  WHEN class = 'Motorway' AND formofway = 'Single Carriageway' THEN 60 

  WHEN class = 'Not Classified' AND formofway = 'Roundabout' THEN 1 

  WHEN class = 'Not Classified' AND formofway = 'Single Carriageway' THEN 30 

  WHEN class = 'Not Classified' AND formofway = 'Slip Road' THEN 20 

  WHEN class = 'Not Classified' AND formofway = 'Dual Carriageway' THEN 30 

  WHEN class = 'Not Classified' AND formofway = 'Collapsed Dual Carriageway' THEN 30 

  WHEN class = 'Unclassified' AND formofway = 'Single Carriageway' THEN 30 

  WHEN class = 'Unclassified' AND formofway = 'Dual Carriageway' THEN 40 

  WHEN class = 'Unclassified' AND formofway = 'Roundabout' THEN 20 

  WHEN class = 'Unclassified' AND formofway = 'Slip Road' THEN 30 

  WHEN class = 'Unclassified' AND formofway = 'Collapsed Dual Carriageway' THEN 40 

  ELSE 1 END; 

The above adds speed limits to the different classifications of roads within the dataset. These 

can be adjusted as is seen fit.  

UPDATE routing.openroads 

  SET cost_time = ST_Length(geom)/1000.0/speed_km::numeric*3600.0, 

  rcost_time = ST_Length(geom)/1000.0/speed_km::numeric*3600.0; 

Input a time cost and reverse cost.  

 

ALTER TABLE routing.openroads  

ALTER COLUMN geom TYPE geometry(MultiLineString) 

USING ST_Force_2D(geom); 

Ensuring the geometry type is correct. 
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SELECT pgr_createTopology('routing.openroads'::text, 0.001::float, 'geom'::text, 'gid'::text, 

'source'::text, 'target'::text); 

The above builds the topology which is what takes the data set and creates a routable network 

of nodes and lines.  

SELECT pgr_analyzegraph('routing.openroads', 0.001, 'geom', 'gid', 'source', 'target'); 

 

VACUUM ANALYZE VERBOSE routing.openroads; 

 

The above commands analyse the graph and look for errors.  

 

SELECT * FROM pgr_drivingdistance(' 

      SELECT gid AS id, 

          source::int4 AS source, 

          target::int4 AS target, 

          cost_len::float8 AS cost 

      FROM routing.openroads', 

      2000, 

      10000, 

      false, 

      false) 

## 2000 is the start node and 100000 is the distance 

The last entry is a quick test which will output all the nodes within 10000 metres of node 2000. 

This will check that everything is working.  

A vertices table will need to be created and the following command can do this; 
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SELECT pgr_createVerticesTable(routing.openroads, 'geom', 'source', 'target'); 

 

The documentation for this can be found here: 

https://docs.pgrouting.org/2.0/en/src/common/doc/functions/create_vert_table.html 

Supply Data 

I have included 2 tables from Tenovus in the file which can be uploaded using the shapefile 

loader in PostGIS. These tables can be used a template for additional data to be loaded. There 

needs to be the following columns; 

GID – an ID for each row 

Geom – hold the location of each point, this may need to be renamed if it is geometry or 

the_geom 

Supply – a value to be used as the supply, this could be named anything and there may be 

several columns with this data, number of beds, opening hours etc 

Supply_nn – this is the nearest node to the location and will be filled with data in the program 

Id– filled by program 

Edge_id– filled by program 

Pid– filled by program 

Fraction – filled by program 

An example of a supply table; 

 

https://docs.pgrouting.org/2.0/en/src/common/doc/functions/create_vert_table.html
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Demand Data  

I have included 2 tables of census data and this can be used as a template. The columns 

needed are the same as above. New data can be retrieved by using online resources such as 

https://census.ukdataservice.ac.uk/get-data.aspx. Any dataset that gives an insight into the 

people using the service will be good here and the data would be better at smaller sizes so 

LSOA is ideal. 

 

2 3.2 SFCA Documentation 

 

1 Introduction to healthcare accessibility 

There are many ways for an organisation to decide where to put its resources. Within healthcare 

there are several commonly used methods including population to provider ratio (Figure 1), 

proximity (Figure 2) and a more complex solution called 2SFCA (figure 3). These are just a sub-

section of the methods used by organisations but helps explain how the 2SFCA method works. 

 

1.1 Population to provider ratio 

One method used to measure accessibility is to count the amount of people within an area and 

then provide the services those people need. Figure 1 shows the different Welsh health boards; 

each one could calculate how many people live in its boundaries and then provide the amount 

of hospital beds for those people. 

 

This works well but suggests that people do not move across these boundaries, and some of 

the health boards are quite large. For instance, if Powys decided to build a big single hospital in 

Newtown many of those who should use it may end up in either Cardiff or one of the north 

Wales hospitals. 

https://census.ukdataservice.ac.uk/get-data.aspx
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Figure 1 
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1.2 Proximity 

Proximity testing investigates how far people have to travel for a service and says that if people 

can access a service within a certain threshold then there is enough service. This can work well 

for some services but as demonstrated in Figure 2, just because someone is close to a service 

in a large area does not indicate that they have better access to that service than someone who 

has to travel further. For example, someone in Cardiff may have to travel a short distance to 

access their nearest hospital, but they are going to share that hospital with a large number of 

people. Whereas in Aberystwyth someone may need to travel further to reach the hospital but 

they then share it with less people and may get seen more quickly.  

 

 

Figure 2 

 

1.3 Benefits of 2SFCA 

2SFCA tries to use both of these methods to understand not only the distance travelled to a 

service, but also the amount of people likely to access the service. It does this by completing the 

following steps: 
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Figure 3 

 

You do not need to understand how 2SFCA works in full but this should allow you an insight into 

why these types of studies are important. Many books delve much further into the subject and 

can assist in explaining how it works in detail. 

 

1.4 Interpretations of 2SFCA results 

Once the data has been visualised in QGIS a map should have been produced like figure 4 or 5. 

Figure 4 shows hospital locations in Wales with chemotherapy capacity. The results are banded 

into 6 classifications. The completely white area has no access to any chemotherapy unless 

they travel further than 35km. Then the colours are faded to show that the lighter the blue the 

poorer the access to the services. The dark blue areas on the map have the best accessibility in 

Wales.  
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Figure 4 

 

Figure 5 shows the accessibility people have to the Tenovus charity shops within Wales. Again, 

the colours are gradual and show that the dark blue areas have better access. So, west Wales 

has better access even though it has less shops, this is due to the size of the population that 

accesses them. 
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Figure 5 
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Appendix D User Studies 

 

D.1 User study 1 Documentation 

2SFCA Tool user study 

 

This tutorial walks the user through how to use the 2SFCA tool from opening it to creating a 

map using QGIS. 

 

Open the tool from the file explorer, C:\2sfca. 

 

Complete the boxes on the left-hand side – there is a lot of information required for the program 

to run. 

 

 

Figure 1 

 

Complete the supply boxes on the right-hand side of the table – this is how the program knows 

what data to take for the computations. The supply table in the example is all of the Tenovus 

mobile unit data that is held in the database and the supply field is the particular field of interest 

within that table. This means that we are interested in the mobile units table and that the supply 

field within that table is where we are getting our supply value from. 
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Complete the demand boxes on the right-hand side of the table – in this example population 

weighted centroids are used at an LSOA level and we are using the population of each LSOA. 

 

Catchment size – this is the size of the catchment that we are interested in. If you are looking at 

a large area like a country then a larger catchment is advised and if you are looking at smaller 

areas then a smaller catchment is better. It should be based on how far the demand side is 

willing to travel for the service, in the case of cancer care that can be quite far but for a 

pharmacist it may be a lot smaller. In this case try catchment size of 30,000 which is in metres. 

 

Run the program – Initially run the without distance decay button. This runs a straight-line 

program like the one that was created in QGIS, it is quicker to run it this way. 

 

 

Figure 2 

 

Close the program – Once you see this the process has been completed and we have our 

results. Click the button to exit the program. 

 

Check the results – Open QGIS 2.14.14. In the browser panel on the left-hand side of the 

screen scroll down to the bottom and look at the PostGIS tables. Right click on the routing 

schema and click refresh which updates the tables. 
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Figure 3 

 

Open the LSOA2011_gc layer by double clicking on it, this layer has the boundaries of the 

LSOAs in Wales, do this twice so there are two open. 

 

Open the straightlinefcascore table by double clicking on it. This is the layer which holds all of 

the scores. If you right click on it and select attribute table it is possible to see the raw data we 

are going to display. The column of interest is Sum which holds the 2SFCA scores. 
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Figure 4 

 

Open the mobile unit data layer as you did before, locate it and double click it to add it to the 

screen. 

 

Join – Now we need to join the tables, to do this double click on the LSOA2011_gc layer. This 

brings up a menu, from the menu select the joins tab. Complete the fields as below and click OK 

then apply. This is telling QGIS which fields to join the two tables on and the code is a unique 

reference. Eventually this is done automatically to save the user time. 
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Figure 5 

 

Map the data – All the data that is needed is in one location now, we finally need to visualise it 

in map form by accessing the style tab which is just above the join tab. 

 

 

Figure 6 
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Graduate – as shown above there are many ways to visualise information using QGIS but for 

the best results with this type of data it is better to follow the above. First we select Graduated at 

the top, then we select the column that we want to visualise; in this case it is the 

straightlinefcascore_sum column. I like to use the blues colour ramp but there are many to 

experiment with, if you click on this option you can try and see which ones you think work best 

with the data. We then need to select the Quantile mode, these can be experimented with, and 

then press classify. The last thing we need to do on this page is to lighten the feature blending 

mode as it makes it easier to see the map. Once this is completed press the apply button and 

then OK. 

 

Show original supply locations – drag the mobile unit data layer to the top and it should be 

possible to see the effect that each choir is having on its surroundings. 
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Figure 7 

 

Double click on the other LSOA2011_gc layer, change the colour to white and lighten this so 

that there is a white background showing the remaining places in Wales. 
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Saving – Once this is done it is possible to save this information to come back to at a later date. 

Right click on the selected layer then you can save as and select a location on the machine to 

save this data. 
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D.2 User study 2 documentation 

2SFCA Tool user study 

 

This tutorial walks the user through how to use the 2SFCA tool from opening the tool and then 

running the 2SFCA calculations through opening QGIS and saving the map on the local system. 

 

Open the tool from the file explorer, C:\2sfca. 

 

 

Figure 8 

 

Click on the connection details box located in the top left-hand corner of the form. This displays 

the connection details and allows you to check that the connection to the database is working. 

These details can be changed but this will normally be pre-set and can be ignored. 

 

Press the test connection button to ensure the connection is good. 
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Figure 9 

 

Press the previous button to get to the main screen. 

 

The main screen has several options which need to be completed. The help button opens the 

full help document in text file, but the box has directions for what needs to be input at what time 

and if you hover the mouse over any button it will display a tip about what each button does. 

 

Input the supply layer by selecting an option from the drop-down list. For this example, select 

‘choir’. This will allow the computer to find all the data associated with choirs and will populate 

the next box. 
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Figure 10 

 

The next box that needs to be completed is the supply field box, this box tells the program what 

will be used as a supply amount. In this case the option to select is ‘supply’ but any numerical 

unit could be used. For example, this could be the maximum capacity of a choir or the number 

of treatments that a mobile unit could perform in a day. 
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Figure 11 

 

The demand layer box needs to have the ‘lsoacanceravg’ option selected. This is the LSOA 

Cancer Incidence (indirectly age-sex standardised) (number per 100,000) from the Welsh index 

of multiple deprivation. This could be anything which you use to identify people who may use 

your services but LSOA level or finer provides better results. 
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Figure 12 

 

For the demand field the ‘cancerincl’ option needs to be selected, which is the actual number for 

each LSOA. 
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Figure 13 

 

In this example, the program is using the Tenovus choir sites with cancer incidence rate. This 

should provide an overview of how well positioned the Tenovus choirs are, and highlight any 

potential gaps in coverage across Wales. 

 

Catchment size – this is the size of the catchment that we are interested in. If you are looking at 

a large area like a country then a larger catchment is advised and if you are looking at smaller 

areas then a smaller catchment is better. It should be based on how far the demand side is 

willing to travel for the service, in the case of cancer care that can be quite far but for a 

pharmacist it may be a lot smaller. In this case try catchment size of 30,000 which is in metres. 
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Figure 14 

 

Run the program – Initially the standard ‘2SFCA’ calculation by pressing the 2SFCA button 

located at the bottom right of the screen. This uses the supply (choir) and the demand (cancer 

incidence) to better understand how accessible the choirs are and also highlight areas with poor 

accessibility. 
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Figure 15 

 

Once the program has completed the following message box will appear. 

 

Figure 16 

 

Close the program – Once you see that this the process has been completed we have our 

results. Click the button and then exit the program. 

 

Check the results – Open QGIS 2.14.14. In the browser panel on the left-hand side of the 

screen scroll down to the bottom and look at the PostGIS tables. Right click on the routing 

schema and click refresh which will update the tables. 
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Figure 17 

 

Open the LSOA2011_gc layer – do this by double clicking on it, this layer has the boundaries of 

the LSOAs in Wales. Double click on the layer once it is open and change the colour to white. 
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Figure 18 

 

Open the mapnetworkfcascore table by double clicking on it. This is the layer which holds all of 

the scores, if you right click on it and select attribute table it is possible to see the raw data we 

are going to display. The column of interest is fcascore which holds the 2SFCA scores. 
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Figure 19 

 

Open the choir layer – do the same as you did before, locate it and double click it to add it to the 

screen. 

 

Map the data – All the data that is needed is in one location now, we finally need to visualise it 

in map form. Double click on the mapnetworkfcascore layer, and click on the style tab. 

 

 

Figure 20 

 

Graduate –there are many ways to visualise information using QGIS but for the best results with 

this type of data, it is better to follow the above. First, we select Graduated at the top, then we 

select the column that we want to visualise in this case it is the fcascore column. I like to use the 

blues colour ramp but there are many to experiment with, if you click on this option you can try 

and see which ones you think work best with the data. We then need to select the Quantile 

mode but again these can be experimented with and then press classify. The last thing we need 

to do on this page is to lighten the feature blending mode as it makes it easier to see the map. 

Once this is completed press the apply button and then OK. 
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Show original supply locations – drag the choir layer to the top and it should be possible to see 

the effect that each choir is having on its surrounding. 

 

The map below shows what you should have, the darker the blue the better the accessibility. It 

is possible to see from the results that although the south east of Wales has many of the choirs 

there are still gaps where people have poor access to them. This may be as they are too far 

away or because they are sharing the choir with many other users. 
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Figure 21 

 

Saving – Once this is done it is possible to save this information to come back to at a later date. 

If you right click on the selected layer then you can save as and select a location on the 

machine to save this data. If you save the map on the desktop as ‘yourname’_choircancermap it 

can be looked at later on. 

 

Now we will use different data and create a proper map which can be shared. 

 

Open the tool from the file explorer, C:\2sfca. 

 

This time we will look at the mobile unit data and actual population of each LSOA. 

 

Populate the boxes as you did previously with the supply layer as ‘mobileunitdata’ and the 

supply field as ‘supply’. The demand layer is ‘lsoa2011_pwcpop’ and the demand field is 

‘lsoa_pop_1’. Finally, the size of the catchments will be 40,000 metres. 

 

 

Figure 22 
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Run the 2SFCA calculation by pressing the 2SFCA button and exit the program once it has 

completed. 

 

Open QGIS and open the mobile unit layer, lsoa2011_gc layer and mapnetworkfcascore layer. 

 

Change the map as you did before to show the graduated scores. Double click the 

mapnetworkfcascore layer, opening the style tab and changing it to graduated. Then, change 

the mode to quantile and lighten the colours. 

 

 

Figure 23 

 

This will provide a map like last time but it does not look very professional. First, open the print 

composer in the project dropdown. It will ask you to save the project and this should be a 

sensible name which describes the data used such as, ‘population mobile unit 40km’. 
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Figure 24 

 

Once in the print composer the map needs to be added. To do this use the 5th button down on 

the right-hand side. You need to click in the top left hand corner and drag the box to cover the 

whole canvas. 
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Figure 25 

 

Once the map shows use the 4th button on the right-hand side to scale the map to fit across the 

right side of the panel. 

 

A title of the map needs to be added as well, I have called mine 40km networked 2SFCA of 

Tenovus mobile units and 2011 census population. The results are displayed using a 5-

classification quantile scheme. This needs to be descriptive and describe the data being used. 

This is accessed by using the add label button which is the 7th down on the left-hand side. 

Once selected it is possible to enter the title on the right side of the screen and by clicking on 

font we can change it to Arial and make it bigger. 

 

A legend needs to be added, this takes the information from the classification that was done in 

QGIS but it can be edited to appear more nicely. This is the 8th button down on the left. 

 

Finally, a scale bar and a north arrow need to be added both using their respective buttons (9 

and 11). These can be placed anywhere but it is better to make them smaller and discrete. 

 

There is a lot of customisation that can be done at every stage during this process and it is 

beyond the scope of this project to explore it all, but there are many great tutorial videos on 

YouTube which can assist you in making the maps look great. 
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Figure 26 

 

The image needs to be saved. This is best done using the PDF exporter and this is found in the 

composer tab. Save the PDF to desktop and call it ‘yourname_40kmmobileunitmap’. 

 

These are the basics of what this tool will allow you to do, and QGIS has a great deal of 

functionality which may be able to assist you in other parts of your job. It has a great deal of 

documentation and tutorials available freely online and if you plan to utilise this tool regularly it 

may be worth exploring in more detail. 
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D.3 User Experience Study 1 Questionnaire 
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345 
 

 

 

D.4 User Experience Study 1 Questionnaire results 
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Surveyplanet.com was used to create an online questionnaire. 14 questions were asked giving 

a good understanding of how the tool is viewed, and the general IT literacy of the Tenovus staff. 

 

The questions and responses are as follows: 

 

What is your job title? 

PA, Head of Care, Marketing Manager, Research Officer, Prevention Lead, Prevention 

Campaign Advisor, Data Analyst, Choir Leader, Research Engagement Officer and Office 

Administrator. 

 

The participant’s positions within Tenovus varied from lower level administration assistants to 

Head of department. It is important to understand the variety of potential users and their roles 

within the organisation. 

 

What is your age? 

Four participants from 22-30 years old, four from 31-40 years old and two between 51-60 years 

old. 

 

How IT literate are you? 
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Figure 27 

 

How did you find completing the task? 

 

 

Figure 28 

 

Did the tool feel familiar to other programs that you use? 
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Figure 29 

 

Did you find the tool intuitive? 

 

 

Figure 30 

 

Did you find creating the map difficult? 

 

 

Figure 31 

 

Could you complete the task again without assistance? 
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Figure 32 

 

Do you ever use database systems? 

 

 

Figure 33 

 

Do you think this would be better if it was online? 

 

 

Figure 34 
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Would the additional functionality of QGIS be beneficial to you (creating maps and visualising 

spatial data)? 

 

 

Figure 35 

 

Did you understand the language used? 

 

 

Figure 36 

 

Was the tool nice to look at? 

 

 

Figure 37 
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Was the tool nice to use? 

 

 

Figure 38 

 

D.5 User Experience Study 2 Questionnaire 
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D.6 User Experience Study 2 Questionnaire results 

 

Surveyplanet.com was used to create an online questionnaire, 20 questions were asked and 

this gives a good understanding of how the tool is viewed and the general IT literacy of the 

Tenovus staff. 

 

The questions asked were: 

 

What is your job title? 

PA, Head of Wellbeing, Head of Research, Marketing Manager, Research Officer, Prevention 

Campaign Advisor, Data Analyst, Choir Leader, Research Engagement Officer, Office 

Administrator and Head of Process Improvement. 

 

This set of participants was similar to those in UX study 1. A wide range of positions are 

represented. 

 

What is your age? 

Four participants from 22-30 years old, four from 31-40 years old one each between 41-50, 51-

60 and 60+ years old. 

 

How IT literate are you? 
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Figure 39 

 

How did you find completing the task? 

 

Figure 40 

 

If you found the task difficult please expand on the parts of the process that were difficult or 

confusing? 

 

A couple of occasions I might press the wrong button. If this was the case, I would need 

guidance as to how to get back to where I was originally to get on the right path. 
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Did the tool feel familiar to other programs that you use? 

 

 

Figure 41 

 

Did you find the tool intuitive? 

 

 

Figure 42 

 

Did you find creating the map difficult? 
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Figure 43 

 

Please provide any additional comments on how you found QGIS 

 

• Impressive and easy to use 

• Generally good. Might be worth naming the fields, and clearing up the UI just to make it 

a little more intuitive. 

• I found this really straightforward and interesting, I can see how a number of services 

would use it, the instructions were clear and easy to follow. 

• Good program, which I only found slightly more difficult as I had never seen or used it 

before, but the functionality and user-friendliness of it was clear to see. I don't think it 

would be long before I would feel comfortable to use and manipulate it in whatever way I 

needed. 

• I found it easy to use with the instructions and once used a few times it should be easy. 

It would be difficult to get to grips with without the instructions as it isn't like a program I 

use regularly. 

• Useful tool for providing visual examples of geographic analytical data. 

• Overall, I think it was excellent. I understood what I was doing, how and why. My only 

concern would be, as said previously, understanding what I might do to rectify a mistake 

if I was so reliant on the manual for the pathway to know what to do. A bit more 

knowledge and a lot more practice should overcome this. 

• Once you're familiar with the options you need to use it's fine. 

 

Could you complete the task again without assistance? 

 

 

Figure 44 



360 
 

 

Do you ever use database systems? 

 

 

Figure 45 

 

Would the additional functionality of QGIS be beneficial to you (creating maps and visualising 

spatial data)? 

 

 

Figure 46 

 

Could you run the program again with a different set of inputs? 
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Figure 47 

 

Did you understand the language used? 

 

 

Figure 48 

 

Was the tool nice to look at? 

 

 

Figure 49 
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Was the tool nice to use? 

 

 

Figure 50 

 

If the tool was not nice to look at or easy to use please expand on the parts that could be 

improved. 

 

• Space out the field names and text boxes. Perhaps could try using Tenovus Colours? 

Change the field names to make it a little clearer to the end user what each one does. At 

the moment its very code like, could it be simplified? 

• It was quite easy to use and the menu bars were like other programs which I liked. 

However, it still felt a little bit like the 'back-end' of a program (which whilst easy to use 

with the instructions) was a little daunting initially. 

• The only slightly complicated or that I can imagine would make it harder to use is getting 

to grips with the naming of the layers. I don't know how easy this would be to change, 

but this could perhaps make it an even easier tool to use. 

 

Have the changes to the tool made it easier for you to use? 
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Figure 51 

 

Does the tool fit in with the Tenovus brand? 

 

 

Figure 52 

 

Please describe a task you might use the tool to complete. 

 

• Establish the best place to locate a mobile treatment unit or choir. 

• To see what the catchment area of my choirs are. 

• Mapping our charity shops and trying to select and prioritise the ones to run research 

engagement events in. 

• To see where our sun cream van visits and where we could potentially visit in the future. 

• The tool could be used to help us to understand how much ground we cover (literally), 

how much 'reach' we actually make with each or a combination of services and 

potentially where we could go next with a service to increase our coverage. Additionally, 

a function where we can overlay our services against others that operate in the same 

area could prove very useful, as we would then be able to understand the different 
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areas' impact and how much of a difference we could actually make. Using all of this 

could be useful in a number of conversations, from speaking to potential sponsors, 

reporting and planning strategically - it could be a real valuable tool for us. 

• Tracking where patients are in comparison to outreaches for CSA advice. 

• Although I like the tool as an extremely useful piece of software, it is unlikely that I would 

be using this in my current role. 

• To analyse whether our services are best placed to provide the best possible impact. 

• Three-fold. In the research team I might use the system to map in the future the impact 

of our research engagement in specific areas. We might try and see the grants we fund 

in relation to services offered in the area. Finally, as part of internally evaluation, we 

would use the multiple functions of the tool to be able to visualise the reach of all the 

service that we offer across Wales. 

 


