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[bookmark: _Toc8342281]Abstract
Deprivation amongst Welsh communities is an increasing concern for the Welsh Government. This report and project dives deeply into the deprivation in Wales. 
The purpose of this study was to investigate the connection between deprivation indices and the changing world around Wales. This project explores deprivation it its entirety in Wales in 2011 and 2014. The main aim was to carry out research into what deprivation is, how it is measured and how deprivation has changed in Wales from 2011 to 2014. 
The methods used were the research onion and timeboxing. I followed the research onion from Saunders et al. to guide my research with a methodology. This project follows an inductive approach which is linked to phenomenology. Utilising a cross-sectional analysis with the research onion, this study analysed the deprivation data in Welsh lower super output areas from 2011 and 2014 and measured these results against each other. The timeboxing approach was developed by P Jalote and was followed as it provides a development framework that is ideal for a project with a strict time frame. 
I used secondary data from the welsh index of multiple deprivation as secondary data and then combined multiple years to create data that could be analysed and visualized by a GIS project. 
This project found that there was a massive change in deprivation throughout Wales in just a 3-year period for some areas, specifically areas that had schools opened and closed such as Port Talbot. It also unearthed correlations between different indicators of deprivation, with income deprived areas being more deprived in other indicators such as education and health.
The deliverables are a full data warehouse, this report and interactive maps. 
This study contributes to the field of deprivation studies within human geography and particularly to geographical information systems. The key point to the project is that it is a measure of deprivation over multiple years, rather than previous research that was a singular year. By using two years, there is comparisons and analysis that can be carried out using real-world infrastructure upgrades and service upgrades to justify the changes. Further research is needed to find causes of deprivation and develop preventative measures to stop areas from becoming so deprived. 
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1. [bookmark: _Toc8342282]
Introduction
Deprivation is defined as the damaging lack of material benefits considered to be necessities within society. Deprivation is not simply defined as lacking money, as affluent areas are able to be deprived, and low-income areas that people would deem deprived, can rank higher than more affluent areas.
Since the 1970s, the Department for Communities and Local Government and its predecessors have calculated local measures of deprivation in England. The Welsh Index began tracking deprivation in 2004, with its first publication in 2005 (1).  
Over the past 20 years, the UK government has been measuring deprivation on a national scale. They were inspired to do so by the advent of a deprivation index called the Carstairs Index that was developed by Vera Carstairs and Russell Morris (2 & 3) in the 1970’s and first used to measure deprivation by using the 1981 census data. The Carstairs index was calculated using postcode sectors that were broken up to areas with approximately 5,000 persons. The Carstairs index is a building block for measuring deprivation, as it only measures male unemployment, lack of car ownership, overcrowding and low social class. 
Deprivation can be measured in many ways. The English indices of deprivation uses thirty-seven separate indices to measure deprivation, whereas the Welsh Index of Multiple Deprivation uses eight main indexes which are made up of the smaller indexes. The first eight are identical to the WIMD, however, are worded slightly differently. They then separate the indices further into supplementary indices being the income deprivation affecting children index and the income deprivation affecting older people index (4). This is allowing for more analysis and provides data for manipulation; however, it would take an enormous amount of time and resources to collect, process and refine that data. 
The indexes that are used measure deprivation which can be used to measure area-based deprivation and relative deprivation. It is very difficult to measure absolute deprivation, and as such, these indices and indexes are not suited for measuring absolute deprivation. 
Area-based deprivation has no singular definition. There are multiple definitions of area-deprivation, Anderson et al (4) claims that area deprivation “may summarise an area’s potential for health risk from ecological concentration of poverty, unemployment, economic disinvestment and social disorganisation”. 
Relative deprivation is defined by Runciman (5) as follows: “We can roughly say that [a person] is relatively deprived of X when (i) he does not have X, (ii) he sees some other person or persons, which may include himself at some previous or expected time, as having X (whether or not this is or will be in fact the case), (iii) he wants X, and (iv) he sees it as feasible that he should have X.”
Absolute deprivation or absolute poverty is defined by A. Sen and J.E Foster as “that absolute deprivation in terms of a person’s capabilities relates to relative deprivation in terms of commodities, incomes and resources” (6).
[bookmark: _Toc8342283]2. Research & Review of Literature
[bookmark: _Toc8342284]2.1 Welsh Index of Multiple Deprivation (WIMD)
The Welsh Index of Multiple Deprivation (WIMD) is a government run organisation to identify the areas of Wales that are the most deprived. There are eight factors that are used to measure deprivation according to the WIMD, they are: 
· Income
· Employment
· Health
· Education
· Access to services
· Community Safety
· Physical Environment
· Housing
(1) (7)
These indexes are created by using numerous measurable factors that are given weighting based on the reliability of the data and the effects that it has on a resident. 
Some of the benefits of using a multiple index of deprivation is that it allows for deprivation rankings throughout areas using multiple factors, or singular factors of deprivation. 
There are limitations with a deprivation study, as noted by the WIMD. One of the major limitations is that the deprivation is shown by area, however, there can be individuals in a rich area that are deprived, or individuals in a poor area that are not deprived, based on the eight deprivation factors. Another limitation of the WIMD is that it does not identify individuals who are deprived in several different ways, for example, they could have access to education and healthcare but have a low income and poor access to services. There is no way to measure absolute deprivation with the WIMD. 
[bookmark: _Toc8342285]2.2 English Indices of Deprivation (EID)
In England, since the 1970s, deprivation has been measured by the department for communities and local government and its predecessors. However, it was replaced by The English Indices of Deprivation. The EID is a government run organisation that is used to identify the lower-layer super output areas (LSOAs) that are deprived in England. A lower-layer super output area is a geographical area in the country, usually split up into a Postcode area. A LSOA has a minimum population of 1000, and a mean population of 1500. There are 32,844 LSOA’s in England (8).  
The English Indices of Deprivation uses seven domains to produce and overall measure of deprivation, much like the Welsh Index. The domains are as follows:
· Income Deprivation (22.5%)
· Employment Deprivation (22.5%)
· Education, Skills and Training Deprivation (13.5%)
· Health Deprivation and Disability (13.5%)
· Crime (9.3%)
· Barriers to Housing and Services (9.3%)
· Living Environment Deprivation (9.3%)
(4)
These indicators given scores based on academic literature and the robustness of the data. The EID produces a report when there are meaningful changes to the indices, and when the census data is released. 
[bookmark: _Toc8342286]2.3 Indicators of Deprivation
[bookmark: _Toc8342287]2.3.1 Income
Income deprivation is measured as having 60% or less of the average UK income in at least 3 out of 4 years (9). In 2015 to 2016, the average UK income for a couple with no children was £27,000, which would class low income as £16,200 or less based on those figures (9). There are six other indicators that are factored into income deprivation and they are:
· [image: ]Adults’ and children in Income Support families 
· Adults’ and children in Income-based Jobseeker’s allowance families
· Adults’ and children in Income-based Employment and Support Allowance families
· Adults’ and children in Pension Credit (Guarantee) families
· Adults’ and children in Working Tax Credit and Child Tax Credit families not already counted, that is those who are not in receipt of Income Support, income-based Jobseeker’s Allowance, income-based Employment and Support Allowance or Pension Credit (Guarantee) and whose equivalised income (excluding housing benefit) is below 60% of the median before housing costs
· Asylum seekers in England in receipt of subsistence support, accommodation support or both. (10)
(8)
The index uses these factors, sums them together and divides by the area’s population to form an indicator. Additionally, there are indices for Income Deprivation Affecting Children and Income Deprivation Affecting Older People, which represents those 0-15 and 60+ in income deprived households. 21.7% of people in Wales in 2014 were income deprived & lived in the 10% most deprived area (10).
[bookmark: _Toc8342288]2.3.2 Employment
[image: https://i.imgur.com/pVnWCJi.png]The employment domain is measured as those members of the area who are involuntarily excluded from the labour market (11), unable to work due to ill-health and those who are seeking work actively. The employment index has been given a 23.5% weighting in the overall index. This makes it one of the most important indexes for deprivation. 
The indicators that are used for the index are:
· Those claiming Job Seekers Allowance
· Those claiming employment and support allowance.
· Those incapable of working and/or claiming disability allowance.
Each of these factors is summed together and divided by the working population of the area. This is done to measure the unemployment of the area, which directly correlates to the income of the area. With a lower income, there are less opportunities for housing, education, health and in some cases, community safety. Low employment can have a knock-on effect across every other domain. 
In the WIMD, employment records are sourced from the Department for Work and Pensions (DWP), and the population is estimated by the Office for National Statistics (ONS) from a mid-2012 small area population estimate. It must also be noted that in the 2014 report, there was no Universal Credit in Wales, which will change the weighting and calculations used in future reports. 
The English Indices of Deprivation uses different indicators to create their index. Their indicators are:
· Claimants of Jobseeker’s Allowance (both contribution-based and income based), women aged 18 to 59 and men aged 18 to 64
· Claimants of Employment and Support Allowance (both contribution-based and income-based), women aged 18 to 59 and men aged 18 to 64
· Claimants of Incapacity Benefit, women aged 18 to 59 and men aged 18 to 64
· Claimants of Severe Disablement Allowance, women aged 18 to 59 and men aged 18 to 64
· Claimants of Carer’s Allowance, women aged 18 to 59 and men aged 18 to 64 
(8) (12).
The data for these indicators is also provided by the Department for Work and Pensions (DWP). The indicator is split into four quarters to account for seasonal work, with average claimants being calculated for each of the five indicators.
[bookmark: _Toc8342289]2.3.3 Health
The health domain measures the risk of premature death and has a prominent focus on the impairment of quality of life through poor physical and mental health (13). 
[image: https://i.imgur.com/iVTaapZ.png]The indicators that are used to create the index in Wales are;
· Limiting long-term illnesses. This is a combined measure of those with a limiting long-term illness per 100,000 people and is based on the 2011 census (ONS)
· The indicator on All Cause Death Rate measures the number of deaths per 100,000 people, and is based on the 2004-2013 average (ONS)
· The indicator on Cancer Incidence measures the number of incidences per 100,000 people and is based on the 2003-2012 average (Welsh Cancer Intelligence and Surveillance Unit, Velindre NHS Trust).
· The indicator on Low Birth Weight measures the percentage of live single births less than 2.5 kg (5.51lb) and is based on the 2004-2013 average (ONS).
(8)
Healthcare has been weighted at 14% of the WIMD in 2014, whereas the EID weighs it as 13.5%. Healthcare is a necessity in society and limited or no access to it can lower the life expectancy of a person dramatically. More affluent people have better access to healthcare according to K Norton (14) due to the indirect costs of utilising healthcare such as transport and time off work. It must be noted that the health index does consider the age and sex distributions among populations, as you are more likely to have a higher death rate in an aging populous than with a young family population area.
The English indices uses separate deprivation indicators (13):
· Years of potential life lost: An age and sex standardised measure of premature death
· Comparative illness and disability ratio: An age and sex standardised morbidity/disability ratio 
· Acute morbidity: An age and sex standardised rate of emergency admission to hospital 
· Mood and anxiety disorders: A composite based on the rate of adults suffering from mood and anxiety disorders, hospital episodes data, suicide mortality data and health benefits data.
[bookmark: _Toc8342290]2.3.4 Education
The purpose of this domain is to measure the extent of deprivation relating to education, training and skills. It is designed to reflect educational disadvantage within an area in terms of lack of qualifications and skills. 
[image: https://i.imgur.com/ZJcprLV.png]This index was split into seven indicators for the WIMD of 2011. They were:
· Key stage 2 average point scores
· Key stage 3 average point scores
· Key stage 4 wider average point scores
· Percentage of people not entering higher education aged 18-19
· Percentage of adults aged 25-59/64 (Female/Male) with no qualifications
· Percentage primary school half day absence
· Percentage secondary school half day absence
(8)

The education domain has been weighted at 14% in the overall WIMD, whereas the EID weighs it as 13.5%. Education, skills and training are essential in a first world country to allow for a more skilled workforce. In the United Kingdom, 79% of the Gross Domestic Product (GDP) market came from the service sector in 2013 (15) In Wales in 2014, 71.7% of the GDP is from the service sector. 
The data for these indicators is provided by Pupil Level Annual School Census (PLASC), the Welsh Examinations Database (WED) and the Welsh Government. These indicators are a mix between young people, and adults. Four of the indicators are designed to focus on citizens who are under 18, whereas the indicators for No Qualifications and Not entering higher education are used to look at those 18-64. The no qualification data has been provided by the office of national statistics from the 2011 Census. 
The English indicators of deprivation uses the same indicators in their index. These indexes were carefully selected to have an overall view of the education and training from a young age to adulthood. Each of the indicators within the index are weighted. 
	Indicator
	Indicator weight

	Key stage 2 attainment
	0.210

	Key stage 4 attainment
	0.232

	Secondary school absence
	0.224

	Staying on in education post 16
	0.130

	Entry to higher education
	0.204


(8).
[bookmark: _Toc532930892][bookmark: _Toc8342291]2.3.5 Access to Services
The purpose of the Access to services domain is to capture a household’s inability to access necessary services for day-to-day living. This access to services can be both social and material. For this domain, it is a time management system. The time to a service is measured using public and private transport. This domain only measures the access to the services, but it does not consider personal choices in not pursuing those activities or the inability to get an appointment. 
[image: https://i.imgur.com/m6KO6Vz.png]There are nine indicators in this domain. These are weighted by average travel time in minutes to a service. They are:
· Pharmacy
· Food shop
· General Practitioner (GP)
· Public Library
· Post Office
· Primary School
· Leisure Centre
· Petrol Station
· Secondary School
(8)
They are weighted as seen in the diagram.
The travel time to a petrol station only considers using private transport. Private transport is considered use of a private car, which was introduced to the WIMD in 2014. 
The EID uses a different measurement for the access to services domain. They combine housing and services into one domain. This domain has been split into two separate sub-domains called “geographical barriers” and “wider barriers”. Their geographical barrier indicators are as follows:
· Road distance to a post office: A measure of the mean distance to the closest post office for people living in the Lower-layer Super Output Area
· Road distance to a primary school: A measure of the mean distance to the closest primary school for people living in the Lower-layer Super Output Area
· Road distance to a general store or supermarket: A measure of the mean distance to the closest supermarket or general store for people living in the Lower-layer Super Output Area
· Road distance to a GP surgery: A measure of the mean distance to the closest GP surgery for people living in the Lower-layer Super Output Area
The wider barriers indicators are as follows:
· Household overcrowding: The proportion of all households in a Lower-layer Super Output Area which are judged to have insufficient space to meet the household’s needs
· Homelessness: Local authority district level rate of acceptances for housing assistance under the homelessness provisions of the 1996 Housing Act, assigned to the constituent Lower-layer Super Output Areas.
· Housing affordability: Difficulty of access to owner-occupation or the private rental market, expressed as the inability to afford to enter owner-occupation or the private rental market.
(8)
These indicators are justified in the technical report (17) that accompanies the index. 
[bookmark: _Toc532930893][bookmark: _Toc8342292]2.3.6 Community Safety
The purpose of the community safety or crime domain is to measure the effects that it has on individuals and communities in Lower-layer Super Output Areas. The domain is constructed by using the following 6 indicators:
· [image: https://i.imgur.com/kVzJNRf.png]Police Recorded Criminal Damage
· Police Recorded Violent Crime
· Police Recorded Anti-Social Behaviour
· Police Recorded Theft
· Police Recorded Burglary
· Fire Incidents
(8)
The indicator weighting is shown in a diagram to the left.
This data is provided by the Police force. It has a weighting of 5% in the WIMD. 
The domain is constructed by ranking each of the LSOA’s in order by the indicators and then assigned to a normal distribution, with lower ranks receiving a lower normalised value. The final values were all transformed to form a domain score. The data is transformed into a domain by using the following equation; 
-23 × log{1 – R × [1 - exp(-100/23)]} (16 Annex F)
(17)
Where log denotes natural logarithm and exp the exponential or antilog transformation. This gives the transformed domain a range of 0-100 with a score of 100 for the most deprived area.
The English Indices of Deprivation uses different indicators for their domain construction;
· Violence: The rate of violence per 1,000 at-risk population
· Burglary: The rate of burglary per 1,000 at-risk population
· Theft: The rate of theft per 1,000 at-risk population
Criminal damage: The rate of criminal damage per 1,000 at-risk population

[bookmark: _Toc532930894][bookmark: _Toc8342293]2.3.7 Physical Environment
The physical environment domain was created to measure factors in the local area that may impact the wellbeing or quality of life for those living in that lower-layer super output area. The domain has a weighting of 5% in the 2014 WIMD. The domain is constructed using the following indicators: 
· [image: https://i.imgur.com/crYJxQi.png]Air quality (two indicators)
· Proximity to Waste Disposal and Industrial Sites (one indicator)
· Flood Risk (one indicator)
(8).
Environmental deprivation has been found to not correlate to social or economic deprivation in Wales in a study carried out by Walker et al (17). 
The data and technical expertise are provided by the Natural Resources Wales (NRW) organisation. 
The indicators are given equal weighting and are combined and transformed in a similar fashion to the community safety domain. Poor air quality suggests proximity to traffic, domestic combustion and industrial zones, which can negatively affect quality of life, the environment and health. 
The English indices of deprivation has separate weighting, indicators and measures to create their environmental domain. The big difference between the WIMD and EID is that there is an indoors and outdoors sub-domain. 
[bookmark: _Toc532930895][bookmark: _Toc8342294]2.3.8 Housing
The housing domain was created to measure the access to adequate housing in a lower-layer super output area. Housing is considered adequate when it is in good physical condition, is available and is not overcrowded. The domain is constructed with two indicators, they are:
· [image: https://i.imgur.com/YBW5q4v.png]Proportion of people living in overcrowded households (bedroom measure)
· Proportion of people living in households with no central heating
(8).
These are weighted as 67% by overcrowding and 33% by the central heating available in the house. 
There is an issue with the housing domain, as there is not solid data available for the domain to be constructed. This has led to the housing domain being given weighting of 5% in the overall index. 


[bookmark: _Toc8342295]2.4 Current tools
[bookmark: _Toc8342296]2.4.1 English deprivation interactive map
There are numerous tools available for people to use to see deprivation indexes on maps already. The first is the English indices of deprivation, which was developed in 2015 (http://dclgapps.communities.gov.uk/imd/idmap.html). 
[image: https://i.imgur.com/tUD3jmq.jpg]This was developed using the English indices of deprivation data and mapped using OpenStreetMap with the tags provided by Leaflet. 


[image: ]
This is a very strong application with features that could be used in the application this project is striving to develop. Leaflet is a very nice piece of JavaScript that accomplishes the information store that would suit the project well. 
The application only shows data about 2015, which is a shame as the leaflet popup could show far more data and the changes between the years quite easily. The maps are well made using OpenStreetMap, and the data is well mapped. 



[bookmark: _Toc8342297][image: https://i.imgur.com/6HoRA22.png]2.4.2 Welsh Index maps

[image: ]
The main interactive map that has been created for the Welsh index of multiple deprivation was created by James Trimble (https://jamestrimble.github.io/imdmaps/wimd2014/). This map uses MapBox and OpenStreetMap to create an interactive colourful design. MapBox is a GIS software that focuses on mobile SDK and web application development using GIS. The popup information is very well created, showing what this application wants to achieve, but only for one year, whereas the application being developed strives to show numerous years and the change per index. This application allows for the selection per domain, which is a very nice feature that can be included in the final product. 


[bookmark: _Toc8342298]2.4.3 Irish Index of Deprivation (Pobal) maps
[image: https://i.imgur.com/iUx1CW9.png]
The Irish Index of deprivation was developed by Pobal, using numerous years data. It was also created using OpenStreetMap and Mapbox. This is what my application is striving to look like, with a year-toggle and information shown about multiple years in a pop-up box.
[image: https://i.imgur.com/FeT2ygD.png]
This application was the inspiration for this project, as there was not one made for Wales. There are numerous advantages of this application as the system is fluid, conveys information easily to expert and novice users and is very understandable. The only issue with this application is that it does have a long-load time, but that is expected with GIS programs.


[bookmark: _Toc8342299]2.5 Potential Technologies
There are many software packages and approaches that are available to complete the project. In this section, several technologies and software packages will be explored that could be used by a developer to make a final verdict on how to design, develop and implement the project.
One of the technologies that is going to explored is using an online geographical information system (GIS). One of the benefits of using a service such as QGIS Cloud (https://qgiscloud.com/) is that it can use it across multiple devices with no issues and would be able to use it on a low power machine due to the small amount of resources that are required. These systems have low load times, low resource needs but require additional programming in HTML, JavaScript, JQuery and access to online databases of spatial data to run effectively. 
Another technology to explore is a mobile application. The benefits to using a mobile application are that they are extremely portable and can be accessed from anywhere. One of the technologies that can run a GIS solution on mobile is Wolf-GIS (http://www.wolfgisapex.com/). This piece of software can be run on at least an iPhone 5S, iPad 2 or iPad mini. This is relatively low specifications for GIS software, however, as the developer is unable to access any of these devices, it is not accessible for this project. This is suitable software for the project but unfortunately with the equipment available, it isn’t feasible to complete.
The final technology to explore is GIS Desktop software. The software that will be assessed is QGIS Desktop, Grass GIS and GeoDa. Some of the benefits of using a desktop application is that the software has more control over a users’ computer so there are more resources available to it. Another benefit is that they are always available, this allows for work on a desktop without connection or laptop on the move. Geographic Resources Analysis Support System or Grass GIS is an open-source piece of software that was developed by the US Army Corps of Engineers (https://grass.osgeo.org/home/history/). 
After reviewing and testing some of the tools available, it is the authors opinion that the MapBox online GIS system is the best tool for the project. The simplicity of the HTML code that draws in resources online and allows for editing, clear maps, quick load times and data analysis overlaid as polygons on a map means it is the best technology for the project at hand. However, MapBox is a relatively new software which has limited support, add-ons and plugins that can be used; therefore, it is the authors opinion that the Quantum Geographic Information System (QGIS) package be used. It is an older system with more thorough plugins and technology behind it. The drawback to it is that it is a desktop application which increases the load-times and the overall technology costs would go up, but the extra plugins will increase the overall project’s effectiveness.
[bookmark: _Toc8342300]2.6 Conclusion
The project is going to be a data warehouse using the WIMD data behind a GIS application using the QGIS package to show deprivation over numerous years rather than a snapshot of a singular year. The unique part of the project is that it will show how the deprivation has changed over time using tools within the QGIS package to allow for visualization of the changes in data, which has not been done effectively yet for Wales. The reasons for undertaking this project are that there is no direct, interactive mapping system made for Wales like there is for Ireland and England. Having a mapping system to show deprivation is incredibly important to visualize the data, as people understand pictures and graphics more than numbers and words. This makes the data more accessible to a larger number of people, which is vital to have an informed, intelligent society who can make active changes in their day to day lives, voting habits and overall outlook on life to influence society going forward. 
[bookmark: _Toc8342301]3.1.1 Research Methodology
For the project, I am going to follow a research methodology that suits the project. My chosen methodology that I am going to follow the research onion, which was developed by Saunders et al. 
[image: C:\Users\Josh\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\3B04A735.tmp]











For my research methodology, I am going to be following an inductive approach. An inductive approach is linked to phenomenology.  There are many reasons to use a phenomenological approach including:
· Allows theories to be generated around the questions Why and How
· The data collected with by very qualitative
· Provides a very flexible project structure which permits the changes of research emphasis. 
· It is ideal for a small-scale low budget research project with a researcher as the main resource.
· Induction is ampliative. The conclusion of an inductive argument has content that goes beyond the content of its premises.
· A correct inductive argument may have true premises and a false conclusion. Induction is not truth preserving.
(19).
The reason that I am going to be using an inductive approach is that the data that I am going to collect is extensively quantitative. As the project is a research project with unknown variables in the data, the flexible approach that the inductive approach provides incredibly helpful to the outcome of the project. The inductive approach is highly focused around data, patterns and hypotheses, which, for the project at hand, is ideal. Some of the main reasons to use inductive reasoning are:
· Inductive reasoning allows you to prove your theory correct or incorrect. With the hypotheses of the paper, there could be areas where my hypothesis is proven or disproven, it simply will not be clear until the project is complete
However, there are some weaknesses that need to be overcome with inductive reasoning. They are:
· Inductive reasoning is never 100% certain, meaning a change in variables could destroy the entire findings. 
· Inductive reasoning is prone to human bias – this can be any number of cognitive biases such as confirmation bias or illusory correlation. 
To overcome these issues, I am going to use only quantitative data to eliminate any chance of human bias. By allowing for only qualitative data, I am removing any chance of confirmation bias as there would only be qualitative data to draw conclusions from, which would not allow someone to confirm an opinion without using the data. Illusory correlation is a difficult bias to overcome, as people will erroneously assume a cause and effect relationship that doesn’t exist. 
The strategy that will be followed in the third layer is case study. As deprivation indexes already exist, and are carried out by governments around the world, the project aims to add to the body of knowledge and evaluate the results of the addition of a geographical information system. The advantages of using case studies in the project is that there is extensive, detailed qualitative information readily available for me to use. There are links between phenomenological methodology and case studies, so they are many of the same reasons for being used. There are more reasons including:
· Low reliability (unlikely to be repeatable)
· High validity (captures the phenomenon, data is rich)
· The research includes why and how technology is used in context.
As the research and project must be completed in six-months, a time horizon has been selected. The reason for a time horizon is that the project has a strict deadline. Within the research onion there are two to choose from, Cross-sectional and Longitudinal. 
Cross-sectional studies allow for researchers to compare multiple variables of a single “snapshot” of data of a population group at one single point in time. This is good because it allows tracking of numerous variables at once. However, it does not allow us to figure out cause-and-effect relationships between the data points or let us look at the correlation between data points over time.
At the centre of the onion, is the data collection method. The data collection method that will be used for this project will be secondary data.  As the government and other bodies have already collected the data for the projects, the project can be completed using these data sources. It is not feasible to survey an entire country within the time-scale and the economics of that are far out of the scope of this project. 
[bookmark: _Toc8342302]3.1.2 Development Methodology
The development methodology of the project will be timeboxing which was proposed by P Jalote (20). The reason that timeboxing is going to be used for the project is that it is an iterative development approach. In a time-limited project, splitting tasks into manageable pieces with a set deadline is a good way of managing time and resources. Each of these parts can have a deliverable, deadline and budget. The first part of timeboxing is creating a list of headings and sub-headings that can be clearly split to show exactly what needs to be completed in the project in manageable chunks. 
The system development model that has been chosen for this project is the prototype model. With such a strict and short timeframe to complete the project, it is imperative that a prototype model is followed. 
[image: Prototype Model]
The prototype model breaks down into requirement gathering, design, prototype, customer evaluation, refined prototype and final product, allowing for a refined prototype to be re-designed, prototyped and evaluated by a customer before finally creating a final product. The prototype model allows clients and users to get a “feel” for the system. There are many advantages to using a prototype model, some of them are:
· Users’ are involved in the development
· Errors can be detected earlier
· Missing functionality can be easily identified
· Quick implementation of an incomplete yet functional application.
These advantages lend themselves well to a short, solo project. It allows for errors to be caught during development and therefore, fixed earlier. This reduces the time spent later during a testing period. The prototype model also shows the missing functionality that will be required, allowing for features to be added when they are seen to be missing, rather than trying to retroactively fit them after providing the client a version of the software. 
There are some disadvantages that need to be overcome, such as limiting the complexity of the system. One common issue with prototyping is that a system becomes far too complex and will expand beyond the original scope. To combat this, it is imperative that the plan and designs are adhered to. 

[bookmark: _Toc8342303]3.1.3 Success Criteria
The success criteria for this project are as follows:
· Create a data warehouse from WIMD data 
· Create Dimension and Fact tables
· Add spatial data to fact table
· Create CSV files for the GIS project
· [bookmark: _GoBack]Connect to Google servers for OpenStreetMap maps
· Use QGIS plugins to manipulate and export data 
[bookmark: _Toc8342304]4. Design & Implementation
The processes used were data collection, data manipulation and data warehousing. The most important part of the GIS project is the data. The software would not function without a solid database behind it with spatial data as well as any data relevant to the location such as a name, their rankings based on the WIMD and individual indices of deprivation. This was the main challenge of the project, creating a data warehouse to fit the needs of the project considering that there was no database that would have achieved the goals of the project, everything needed to be created from scratch using multiple data sources from different government agencies. 
[bookmark: _Toc8342305]4.1 File Naming Conventions
[image: https://i.imgur.com/sOXE3hF.png]File name conventions have long been recognised as a good practise to follow when developing a database system and storing multiple files for a project. According to Stanford University (23), “files should be consistent and descriptive in naming and organizing files so that it is obvious where to find specific data and what the files contain.” This naming convention will be easy to follow as there is only one developer for the project at the moment, however, the future of the project is unknown and could be expanded upon, and thus, adhering to the strict standards will allow a future developer to maintain and update and use the data.
[bookmark: _Toc8342306]4.2 Database Naming Conventions
Database objects have also been long recognised as an imperative part of a good database. The Illinois State Board of Education (24), has a guide on naming conventions for SQL, which will be followed. Each of the database objects will be named using PascalCase which is a subset of camelCase. Each database object will be limited to under 50 characters and there will be no underscores included in the database system. 
The tables will be using a modular prefix system, changing Dimension to Dim and Environment to Env for an example. A full table could be called DimEnv14. 
The Fact table will be a linked fact table then a fact followed by the year.
SQL statements will be formatted in an easy-to-read manner to allow for an easily followable body of text. 
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[bookmark: _Toc8342307]4.3 Data design
[image: ]The first and most important part of the project was designing the data warehouse to ensure that the correct map could be made to give the best chance for analytics to be performed. As there was no current system in place, the data flow diagram shown is hypothetical and the authors opinion on what would happen to the data that is collected by the Welsh Government. 

 















	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
Fact
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The Fact table holds all Lower Super Output areas, their names, their postcodes and their 2014 and 2011 rankings in the WIMD as well as individual rankings on indices. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	LSOA Name
	Text
	200
	abc
	Name of LSOA
	

	Postcode
	Text
	8
	##aa
	Postcode of LSOA
	

	WIMD2014 
	Number
	4
	#
	2014 deprivation rank of LSOA
	

	WIMD2011
	Number
	4
	#
	2011 deprivation rank of LSOA
	

	Emp2011
	Number
	4
	#
	2011 employment rank of LSOA
	

	Emp2014
	Number
	4
	#
	2014 employment rank of LSOA
	

	Env2011
	Number
	4
	#
	2011 environment rank of LSOA
	

	Env2014
	Number
	4
	#
	2014 environment rank of LSOA
	

	Inc2011
	Number
	4
	#
	2011 income rank of LSOA
	

	Inc2014
	Number
	4
	#
	2014 income rank of LSOA
	

	Edu2011
	Number
	4
	#
	2011 education rank of LSOA
	

	Edu2014
	Number
	4
	#
	2014 education rank of LSOA
	

	Health2011
	Number
	4
	#
	2011 health rank of LSOA
	

	Health2014
	Number
	4
	#
	2014 health rank of LSOA
	

	Housing2011
	Number
	4
	#
	2011 housing rank of LSOA
	

	Housing2014
	Number
	4
	#
	2014 housing rank of LSOA
	

	ATS2011
	Number
	4
	#
	2011 access to services rank of LSOA
	

	ATS2014
	Number
	4
	#
	2014 access to services rank of LSOA
	

	CS2011
	Number
	4
	#
	2011 community safety rank of LSOA
	

	CS2014
	Number
	4
	#
	2014 community safety rank of LSOA
	






	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimATS14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimATS14 table holds all Lower Super Output area codes and their access to services ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 ATS RANK
	Number
	4
	#
	2014 ATS rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimATS11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimATS11 table holds all Lower Super Output area codes and their access to services ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 ATS RANK
	Number
	4
	#
	2011 Access to Services rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimCS14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimCS14 table holds all Lower Super Output area codes and their community safety ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 CS RANK
	Number
	4
	#
	2014 community safety rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimCS11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimCS11 table holds all Lower Super Output area codes and their community safety ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 health RANK
	Number
	4
	#
	2014 health rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimEducation14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimEducation14 table holds all Lower Super Output area codes and their education ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 education RANK
	Number
	4
	#
	2014 education rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimEducation11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimEducation11 table holds all Lower Super Output area codes and their education ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 education RANK
	Number
	4
	#
	2014 education rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimHousing14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimHousing14 table holds all Lower Super Output area codes and their housing ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 housing RANK
	Number
	4
	#
	2014 housing rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimHousing11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimEducation11 table holds all Lower Super Output area codes and their housing ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 housing RANK
	Number
	4
	#
	2014 housing rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimHealth14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimHealth14 table holds all Lower Super Output area codes and their health ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 health RANK
	Number
	4
	#
	2014 health rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimHealth11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimHealth11 table holds all Lower Super Output area codes and their health ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 health RANK
	Number
	4
	#
	2014 health rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimIncome14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimIncome14 table holds all Lower Super Output area codes and their income ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 income RANK
	Number
	4
	#
	2014 income rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimIncome11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimIncome11 table holds all Lower Super Output area codes and their income ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 income RANK
	Number
	4
	#
	2014 income rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimEnv14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimEnv14 table holds all Lower Super Output area codes and their environment ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 environment RANK
	Number
	4
	#
	2014 environment rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimEnv11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimEnv11 table holds all Lower Super Output area codes and their environment ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 environment RANK
	Number
	4
	#
	2014 environment rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimEmp14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimHealth14 table holds all Lower Super Output area codes and their education ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 health RANK
	Number
	4
	#
	2014 health rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimHealth11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimHealth11 table holds all Lower Super Output area codes and their education ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 health RANK
	Number
	4
	#
	2014 health rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
Wimd14
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The Wimd14 table holds all Lower Super Output area codes and their overall ranking in 2014. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2014 health RANK
	Number
	4
	#
	2014 health rank of LSOA
	

	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
Wimd11
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The Wimd11 table holds all Lower Super Output area codes and their overall ranking in 2011. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	WIMD 2011 overall RANK
	Number
	4
	#
	2014 overall rank of LSOA
	



	Data Definition 

	Application Name
Data Source Name
Primary Key
	MajorProject_DB
DimPostcode
LSOA Code#

	Connection
	Details
	Comments

	Database Location
Database Platform
Dataset
	C:\Users\Josh\MajorProject_DB.accdb
Access 
	The DimPostcode table holds all the Postcodes and their relation to the Lower Super Output Area number. 

	File Name
	Type
	Size
	Format
	Description
	Validation

	LSOA Code#
	Number
	4
	#
	Primary Key
	Must be Unique

	Postcode
	Number
	4
	#
	Postcode of LSOA
	

	X
	Number
	8
	#
	X co-ordinates of the LSOA
	

	Y
	Number
	8
	#
	Y co-ordinates of the LSOA
	





[bookmark: _Toc8342308][image: https://i.imgur.com/5zzZCHt.png]4.4 Fact ERD


[bookmark: _Toc8342309]4.5 CSV Files
[image: https://i.imgur.com/SWBbC5w.png]The .CSV files that are essential to any GIS project were sourced from Ordnance Survey (21), specifically using the Ordnance Survey Code-Point Open (22). This data was delivered via email and has all the UK Postcodes split into map squares, shown below. The first task was to remove all CSV’s that were not relevant. 



[image: ]This allowed the developer to trim the number down to 776 separate .CSV files to combine and use. The developer decided to research which of the files were needed by looking at the Ordnance survey national grid map, this allowed them to cut down the number of .csv files to 304. To combine the files, they were put into a separate folder and manipulated by the command line interface, shown to the left. The copy* command makes a copy of all the files you specify in a folder. The files chosen were the. csv’s, which were combined into a file specified as “combine.csv”. 























[image: https://i.imgur.com/LXVJR3y.png][image: https://i.imgur.com/ahtAc7n.png][image: https://i.imgur.com/zvFCg2M.png][image: https://i.imgur.com/pAHFazo.png]


[image: https://i.imgur.com/bpHVggC.png]After using the combine feature, the data had to be trimmed drastically. The first thing that was done was to remove the non-welsh entries in the data by removing all Scottish and English areas, leaving just Welsh data. It had to then be trimmed down to include only postcodes, this means removing all transport links, landforms, landcover, hydrography and “others”. This allowed the developer to have a .csv file with only the names of places, their postcode and the X/Y geometric data required for mapping them. Once this was fully trimmed, it was uploaded to Access to begin making queries. 
[bookmark: _Toc8342310]4.6 Quantum Geographical Information System (QGIS) maps
The data was sourced from google using an XYZ tile in QGIS. The database was connected to using the following string:
type=xyz&url=http://mt0.google.com/vt/lyrs%3Dy%26hl%3Den%26x%3D%7Bx%7D%26y%3D%7By%7D%26z%3D%7Bz%7D&zmax=18&zmin=0
[image: https://i.imgur.com/rriFVAp.png]
[image: ]This provides this map



[image: ]When zoomed, this provides this map:
I also added an alternative view to the program using the following string:
type=xyz&url=http://mt0.google.com/vt/lyrs%3Dy%26hl%3Den%26x%3D%7Bx%7D%26y%3D%7By%7D%26z%3D%7Bz%7D&zmax=18&zmin=0
[image: https://i.imgur.com/vdU9Zf1.jpg]This produced the following map:


I exported tables as CSV files and add as delimited text layer.
[image: ]

[image: ]



















[image: ]


[image: https://i.imgur.com/NXDNxTU.png]These were all added and named. They are set up as heatmaps with a radius of 10, weighted by their rankings, with a layer rendering opacity of 44.5%.
[image: ]


[image: ]This is the view that is provided when a layer is selected, it darkens the map, so the white pockets of deprivation stick out. The more deprived the area, the brighter the circle. 

This is exacerbated when zoomed in:
[image: https://i.imgur.com/QIdyuLo.png]


These maps were then exported using the QGIS2Web plugin to export them to a webpage. 
[image: ]
[bookmark: _Toc8342311]5. Evaluation
The conclusions that can be drawn from the outcome of this project are that deprivation has changed drastically in urban areas in Wales, whereas rural areas have stayed much the same.
The literature review shows that there are no current interactive systems to show a multi-year, multi-layer mapping system and therefore, this outcome has filled a gap in the knowledge base in human geography, geographical information systems and data warehousing. 
The projects overarching objectives were changed and met. Initially, the idea was to create an interactive map that would allow for a singular year of data to be loaded and explored, however, after further research, it was discovered that such a system already existed, and therefore, the objective had to change to include multiple years.  
The data warehouse was created by taking the Welsh Index of Multiple Deprivation data and importing it as a CSV into an Access database. The first task was to split the WIMD into separate dimension tables rather than having one solid table. This allowed for greater flexibility in queries. 
There was a requirement for the GIS project for the table to have spatial data to allow for the data to be correctly mapped to a map using the co-ordinate reference system EPSG:4326, WGS 84. This meant that there needed to be two co-ordinates of X and Y. This meant finding data to link to the welsh index of multiple deprivation, which was found on the Ordnance Survey website. This data was very large and needed substantial trimming to create a simple .CSV that contained the name of the area, the spatial data, the WIMD 2014 ranking and the LSOA code as a unique identifier. This data was imported to the database and added to the Fact table via a query. This met one of the success criteria set earlier in the report.
After the database tables were created, named and each had been checked fully, they were exported from Access as a .CSV file to be imported onto the GIS project, which met the objective set out earlier.
The map was created by sourcing data from Ordnance survey in the form of an ESRI shapefile to create a map using many layers. This objective was met, and the map was a full, comprehensive view of Wales. 
Once it was realised that there was only a single year of data for the project, and there needed to be a secondary year added to allow for more views and for comparisons, the data was located and downloaded from the WIMD 2011. It was treated the same way as the 2014 data, where it was split into numerous dimension 
The aim of this project was to contribute to the field of GIS, the field of human geography, the knowledge base available on the Welsh Government website by creating an interactive map that can be easily customised to create numerous views that could be analysed. Another aim was to increase the developers’ capabilities with data warehouses, data analytics and geographical information systems, which, as evidenced by the practical work, has been achieved. 
Overall, the project set out to be an interactive mapping system for a singular year with a report to accompany it analysing the data and attempting to find a correlation between the data. However, as the project progressed, the project turned into an interactive mapping system for multiple years without a report to accompany it as the lower super output areas changed drastically over the three years of data due to changing population density, 62 new Lower Super Output Areas were added to Wales, this, alongside the additional postcodes and spatial data being unavailable, it changed the GIS application from showing all 1909 LSOA’s in 2014 as well as the 1847 LSOA’s in 2011. Due to this, the project was trimmed from 1909 to 1847 and then due to the lack of spatial data, to 1501, to allow direct analysis and comparisons between them in 2011 and 2014. 
If the project was undertaken again, the only different thing that would be carried out is to test more software packages in advance to really ensure that the correct package for the project was being used. The most important distinction between GIS software packages is the difference between a free and a paid package. This distinction should be catered for in the cost analysis of the project, as it is the authors opinion that there could be better software available on the market that was not accessed due to the paywall. This would include software packages such as MapInfo, Global Mapper and GeoTime and web-based packages such as MapBox, ArcGIS and MangoMaps. 
[bookmark: _Toc8342312]6. Conclusions and Recommendations
The rationale for this research was to investigate deprivation in Wales and how GIS software can be used to visualize and augment the data. 
The literature review provided many benefits and confirmed the relevance and potential benefits of geographical information systems in the area of deprivation studies and human geography. GIS software has been explored by previous researchers with the aim of creating maps for deprivation studies.
This project dove into the foundations of deprivation and explored it from the bottom-up. This project expands upon deprivation studies using geographical information systems. The project was run over the course of 7 months, allowing plenty of time for the report, research, data sourcing, data warehousing and data manipulation to take place. 
The first part of the project was to write a project proposal to create an idea and to set up a report structure. This was done over several weeks to ensure every aspect of the project proposal was correct and that the final report was set up correctly. 
One of the early tasks included creating a project plan and Gantt chart to ensure that the project was completed in time and that each of the steps to the project had the required amount of time to complete it to a good standard. 
Potential free technologies were researched and analysed for the project. Desktop applications provided a secure environment to develop a map, without the need for a powerful computer, any connectivity or internet connection. Web-based applications on the other than required specific security handling and required knowledge of HTML and CSS. The web-based applications also required internet connection to view, which could have been an issue at some points.
Both development and research methodologies were compared and analysed to realise their suitability for the project. The author chose a phenomenological philosophy and inductive reasoning since the project was complex and these methods are deemed suitable for a small-scale, low budget research project where the researcher is the main resource. 
Wolf-GIS, QGIS web, Grass GIS and QGIS were all recommended approaches to develop a GIS solution, and each was individually researched. Although QGIS is the oldest of these software packages and is a desktop application which would take good processing power, it also had the most dedicated user-base, with custom plugins and a seemingly endless supply of advantages with disadvantages coming up few and far between, and as such, it was chosen as the software package for this project.
[bookmark: _Toc8342313]7. Reflection
To carry out a thorough and structured reflection, the Gibbs’ reflective model (26) is going to be followed. The Gibbs’ model is shown below:
[image: A circular diagram showing the 6 stages of Gibbs' Reflective cycle]The first stage of the Gibbs’ reflective model is the description of the experience. The experience was a GIS and data warehouse system that was undertaken to increase the knowledge base of the developer as well as increase the tools available for future researchers of deprivation in the human geography and GIS field. The project was run from October 2018 to May 2019 on the Neath Campus of the NPTC Group as well as in Cwmavon, Port Talbot. The main researcher, manager and developer was Joshua Southwell. During this project, Josh was responsible for the research and development of the data warehouse as well as the GIS application. He was also responsible for this report. The outcome of this project was this report, a data warehouse and a GIS application. This was the objective of the project, and it was met fully.
The second stage is feelings. During this experience I was feeling calm, collected and confident about the project. The data work made me feel excited and the GIS work challenged me to learn more, making me a better developer. Before the project I felt calm and after the project I felt relieved that such a large project had been completed to a high standard.
The third stage is evaluation. The best part of the experience was the development. The experience was challenging, fun and made me think hard about design decisions. It also highlighted my weaknesses, which allowed me to grow as a developer. The data warehouse and GIS went very well whereas the methodologies section of the project did not go so well. 
The fourth stage is analysis. The project went well overall. Particularly the data warehouse and the GIS development went very well, they went well because I have a passion for data warehouse, data analytics and GIS development. This played well in this project as it gave me the motivation to complete it to a high standard. The things that didn’t go well were the research and development methodologies. I had a difficult time understanding some stages of the research onion, and this led to an incredibly poor section. The entire section had to be scrapped and rewritten after I had gained a firm understanding of the research onion. The timeboxing research methodology that was followed also confused me to begin with. I had previously used the SDLC, but that was not feasible for this project, so I had to learn a new development methodology. 
The fifth stage is conclusion. This project taught me how to manage my time, and how to apply myself to high level projects. I learnt to create data warehouses and how to enforce data relationships in access with fact and dimension tables which has increased my knowledge of data warehouses, data mining and data analytics. I also learnt how to research a topic in depth and explore all the overarching factors, and any subtopics that arose which will help me in future roles. The only extra thing I could have done is to have found out the spatial data for the 430 areas that did not have any spatial data in them – this would have made the project more complete.
The final stage is action plan. If I were to have a do-over, I would have split the headings into more subheadings and allotted more time to my weaker topics and less time to my stronger topics. I would also have a clearer understanding of my strengths and weaknesses as well as the packages strengths and weaknesses, which would allow me to know what to do. I would also have found more spatial data for LSOA’s, to allow for every area to be mapped. 
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