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Introduction

This report discusses the results of a Geographical Information System build made
within the QGIS software environment.

The report begins with a discussion of the principles of data mapping, including how
maps can be utilized as a means of displaying data visually. A brief description of the
case study and data inputted into the QGIS environment is then provided, and
screenshots of the resulting outputs are provided. A discussion and analysis of the
outputs is then provided, alongside a review of additional data that may further enhance
the study. A conclusion completes the report alongside a list of references.




Principles of geographical data mapping

A Geographical Information System is defined by Zhang et al as a system used to
“capture...manipulate... and visualize geo-referenced data” [1]. Geo-referenced data
can be described as data containing a spatial element, which includes reference to the
earth’s geography, such as coordinate data.

If geo-referenced data is linked to attribute data (for example, data on numbers of
people who exercise in an area) then effective visualisations can be provided which
assistin answering key questions about the data. For example, and as described by
Heywood et al, linking spatial and non-spatial data using GIS software can assist with
easily identifying higher geographical concentrations of a specified data set, oridentify
trends in the data related to a particular area [2].

Maps can be utilised to bridge the gap between these two data types in an intelligible
visual format. This can be achieved via effective visualisation methods of the core
geometric types of vector data - such as points, lines, and polygons (e.g. boundaries on
a map) such as the Welsh MSOA boundaries used in this study.

Such visualisation involves the use of “visual variables” which, as described by Roth,
are how a map can be “varied to encode information” [3]. This can be achieved by
choropleth mapping, as employed in this study, which involves grouping data into
classes and assigning varied colours or shades to highlight variations in the data [4].

A GIS environment functions as a ‘visual information system’- one which “enable us to
relate to spatial phenomena beyond direct experience” [5]. As such, the created map
allows easier perception of and, more importantly, a clearer analysis into relationships
between data within a spatial context rather than, for example, viewing areport or
spreadsheet recording the information in isolation, which would make identifying
relationships much more cognitively complex due to the relationship between the
spatial and non-spatial data being far less obvious from a visual perspective.

Careful consideration must be given to how information is mapped within a
geographical information system —for reasons such as those highlighted by Klettner,
where their distinction of how a map can not only “denote but also connote” [5]
highlights that those viewing the data can draw inferences from not only the data, but
also how it is displayed (e.g. associating darker colours with ‘bad’ outcomes).




Case study overview

As outlined in the presentation element of this module, the following questions were
investigated as part of this case study for Welsh MSOAs:

Primary question - Is lower income associated with areduced adoption of healthier
behaviors and poorer mental health outcomes?

Secondary question - Are Primary Care and mental health services adequately
distributed in areas with lower income, poorer mental health, and reduced healthy
behaviours?

The case study below will therefore analyse the available data with a view to producing
insights into these questions.




Mapping approach for case study

Given Klettner’s findings, the way data is displayed on a map is crucial to ensure the end
user digests the full scope of the non-spatial data effectively. Brewer outlines that the
use of colour in mappingis particularly effective insofar that it “permits greater
accuracy in map reading” [6]. Brewer in particular highlights how the use of “diverging
lightness steps” [6], meaning a progression from lighter to darker colours, can
effectively be utilized to display data on a map.

Given the above and considering the case study questions posed below, a yellow-red
colour scheme is utilized in this project to visualise the health data presented.

Given the question requires the user to easily understand where poorer health
outcomes are presented within Wales, poorer outcomes are deliberately graded in
darker colours on the maps presented. Whilst utilizing light-to-dark colours to correlate
with better to poorer health outcome is described as a potential weakness in
visualisation by Klettner, it will be used in this study as a strength. This will be achieved
by deliberately colouring poorer outcomes with darker colours, thereby assisting in
presenting a clear visual reference point across all maps of where outcomes are poorer.

The colour scheme is repeated across all maps to ensure visual con 513 cy. Research
by Al-Samarraie et al identified that design characteristics in mapping have a direct
effect on a map viewer’s cognitive load (that being the mental effort required to process
data), particularly where more complex design choices are made [7].

Inthe maps presented below, effort has been made to reduce this cognitive load by
removing the need to refer to map legends when viewing the different maps available,
achieved via this colour consistency. This is particularly important given the study
question requires an element of comparison between health outcomes with reference
to household income and GP practices, and as such the analysis is eased by the
consistency in colour utilized.




Preparation of Health Data

Available data

Several datasets were obtained as part of this study as outlined in the presentation
element of this module. Details on the data sources can be obtained via the
presentation submitted, including the ONS, Census 2021, and Datamap Wales.

The raw data included for analysis is as follows:

Figure 1 - Same raw data: Income

R : c > : ; . " ) q
1 MSOAcoda MSOA nams Local autharitycode Local sumority name Region cods Region name Total annusl incoma (£) Uppar confidence limit (§] Lower confdsncs limit (£) Confidence imerval (£)
2 WO2000001 Iste of Anglesey 001 WOB00000 1 Isle of Anglesey WE200000  Wales 43138 50982 36,495 14487
Figure 2 - Sample raw data: Educational attainment
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Figure 3 - Sample raw data: BMI

Figure 5 - Sample raw data: Disabilities
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Figure 7 - Sample raw data: Suicide data

Al ~ [ Ie Table 1: Number of suicides [note 1) by Midkdle Layer Super Output Area (MSOA)
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Data preparation

Several of the datasets obtained were cleaned prior to importing into the QGIS
environment. The cleaning of datasets was considered an essential first step prior to
adding the data into QGIS, as datawhich is in an inconsistent format may not map
correctly to the base map layer.

Data cleaning was carried out for the following reasons:

- Toremove redundant title rows

- Tocheck no nil values existed within the data

- Toclean datainto one tab where multiple unrelated tabs were included (for
example, the suicide data which contained a title tab)

- Toremove rows unrelated to Wales (e.g. English MSOAs)

- Tocalculate percentages of chosen visual elements - this was carried out on
educational attainment to calculate the percentage of those with no educational
attainment, on disability data to calculate the percentage of those who identify
as having a disability, and on general health for those who identify as having bad
orvery bad health. Calculations within excel were utilized to calculate the
percentage of these columns against the entire sample size available.

The resulting amended tables imported into the QGIS environment. Forexample, a
percentage of those with no qualification was added to the educational attainment was
calculated and visualised in the end build (see column G below).

Figure 8 - No educational attainment cleaned data
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Creation of data visualisations

To begin, the base map and data was imported into the QGIS environment via the Data
Source Manager. As can be seen in the screenshot below, QGIS automatically maps the
various columns in the data sets to data types, for example integer or string. Care was
taken to ensure that the column which was to be later joined to the base map was
selected as an integer, which is required to ensure that a choropleth map is created
based on the integer values in that column.

Figure 9 - Example import of data via Data Source Manager
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Following adding the data into the environment, the data was joined to a copy of the
base map via the Joins function. Here an essential step took place of joining the
relevant MSOA codes within each dataset to ensure the attribute data successfully
connected to the spatial map data.




Figure 10 - Joining dataset to base map
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Symbology was then applied to the data alongside natural breaks to create a choropleth
map for each of the seven sets of data imported, as can be seen below.

Figure 11 -Symbology added to map
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With regards to the particular colours chosen, care was taken to reduce cognitive load
and ensure that poorer outcome for each dataset was easily visualised.




Experimentation was carried out with a green-red colour scale, however it was felt that
this did not accurately show good and bad outcomes (for example, poorervs higher
household income, or lower vs higher BMI) for the datasets collated. Instead, a yellow-
red colour range was employed to provide a clear visual spectral range (light to dark) as
discussed by Brewer et al, who outlined that “spectral schemes are effective if designed
to include diverging lightness steps suited to the logical structure of mapped data” [6].
Given the data here can be segmented easily by value ranges, a spectral colour range of
light to dark proved useful in easily identifying the areas of poorer health orincome
outcomes within the data.

GP vector points were added to the data with a buffer layer to visualize a ‘catchment’
area of GP access within a 3000-metre radius:

Figure 12— GP Buffer layer created
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Visualizations of Health Data

Figure 13 - Income data visualisation
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Figure 14 - Qualification visualisation

Percentage of residents with no qualifications by MSOA, Wales (Census 2021)
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Figure 15 - BMI Visualisation

BMI over 30 by MSOA, Wales (Claude.AI)
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Figure 16 — Physical inactivity visualisation

Physical Inactivity Prevalence by MSOA (Claude.Al)
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Figure 17 - Self-reported poor health visualisation

Percentage of self-reported poor health (bad and very bad) by MSOA (Infuse 2021)
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Figure 18 — Disability visualisation

Percentage of self-reported disability by MSOA (ONS, 2021)
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Figure 19 - Suicide visualisation

Total suicides per MSOA (ONS, 2017-2021)
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Analysis of Visualizations

The visualisations above can be analysed with regards to the study questions set.

As a contextual reference, the population of Wales is also mapped from mid 2024 ONS
data [8] here:

Figure 20— Welsh population map

Welsh Population per MSOA (ONS, 2024)
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The following is evident from viewing the maps generated:

- The maijority of primary care GP surgeries are contained in the south-east of
Wales, which accords with the highest percentage of population as noted above
(e.g. higher concentration of darker areas in South and South-east Wales):




Figure 21 - Higher cluster of GP surgeries in more densely populated area of Wales

Higher income within Wales is focused nearer to the South and southeast
English border lighter yellow) with noticeable darker red patchesin the South
central area (Rhondda Cynon Taf, Merthyr Tydfil, Blaenau Gwent) and in mid-
Wales, with higher household income in the north of Wales compared to mid-

Wales.




Figure 22 - South central Wales and West Wales income visualisation

Areas with no educational attainment are focused to the Welsh Valleys (the dark
red on the map being areas of Rhondda Cynon Taf, Merthyr Tydfil, Blaenau
Gwent) with better outcomes nearer the southeast English border, west Wales,
and North Wales.




Figure 23 — focus of area with no educational attainment:

- BMlI data shows poorer outcomes in North and South Wales, in contrast with Mid
Wales where BMI is generally lower.

- Higher percentages of inactive individuals per MSOA can be seen in south mid-
Wales and North Wales as opposed to South Wales.

- Those self-reporting poorer health outcomes are focused to the Welsh Valleys
(the dark red on the map being areas of Rhondda Cynon Taf, Merthyr Tydfil,
Blaenau Gwent)




Figure 24 — Concentration of poorer self reported health outcomes

- MSOAs with a higher percentage of self-reported disability are concentrated in
the Welsh Valleys (the dark red on the map being areas of Rhondda Cynon Taf,
Merthyr Tydfil, Blaenau Gwent)

Figure 25 — Higher concentration of disabilities in mid central Wales




- Suicide datais somewhat mixed, with reported suicides being small in number
throughout Wales and darker areas appearing sporadically across the map.




Discussion of Analysis

The spatial visualisations presented have identified some key findings relevant to the
two study questions.

With regards to the primary study question, given both poore I%l 1-5 ehold income and
poor educational attainment are visible in the Welsh Valleys and mid-Wales areas, it is
arguable that poorer household income and lack of education are related, given the
correlation of darker areas on both choropleth maps. Poorer household income and
poorer educational attainment may influence health outcomes by producing a lack of
access to paid healthcare when required.

Itis less arguable that household income has an impact on BMI, given there is a less of
an overlap between the two maps (e.g. a higher BMI is seen in North and Southwest
Wales as opposed to lower household income being seen in mid and south-central
Wales). Itis therefore arguable that factors outside of household income, such as
access to recreational spaces, may influence BMl rates rather than household income.

Regarding inactivity data, more inactive percentages can be seen around south-Mid
Wales and North Wales, correlating somewhat with lower household income. This may
suggest that higher incomes are indicative of better levels of activity —this can
particularly be seen in Southeast Wales where income levels are higher and activity
levels are also recorded as higher.

A strong correlation can be seen between those self-reporting poor health and a lower
income within the South Wales Valleys (the dark red on the map being areas of Rhondda
Cynon Taf, Merthyr Tydfil, Blaenau Gwent), with both areas being darker red. The same
conclusion can be drawn with regards to self-reports of disability, which are similarly
concentrated in the Welsh Valleys area. For these two measures, a strong argument
could be made that levels of self-reported poorer health outcomes correlate with lower
household income.

Itis less arguable that there is a relationship between income and suicide rates within
Wales, with the areas of darker colour correlation being more sporadic. This maybe due
to the low counts of suicides within each area correlating with a lower statistical
reliability, particularly when relating to larger MSOA areas. As such, itis difficult to argue
a correlation between the suicide data available and lower income - this could be
further explored with additional data, perhaps from a more localised data set at LSOA
level.

With regards to the secondary research question, one could argue that GP placement
being concentrated in the South Wales Valleys is suitable given the consistent reports of
disability and poorer health outcomes. However, the visualisations make clear that the
concentration of primary GP catchment areas (as visualised in the bufferincluded in the




maps) do not extend into many Mid and North Wales areas effectively and in proportion
to the poorer outcomes outlined above such as increased BMI levels and poorer activity
levels. Avalid argument could therefore be presented that additional primary care GPs
are required in Mid and North Wales to tackle poorer health outcomes - such a
conclusion is one reflected in real life studies of GP availability within Wales, such as
the study of the Economic and Social Research Council [9], which found that those in
rural areas may not register with their nearest GP surgery and may travel further to visit
their GP, suggesting not only a potential lack of GP quality in rural Wales (evidenced in
those joining further away GP surgeries rather than those closer to them, possibly due
to the quality of their local surgeries), but also directly reflecting the results of this study
regarding the concentration of GPs in rural Wales.




Limitations and additional data

There are various limitations with the conclusions presented which should be
highlighted.

Bl 16

Firstly, the data visualised (as outlined in the presentlement of this module) is
from varying years. This therefore leads to potential inaccuracies in drawing correlations
between data from differing time periods, as opposed to taking data from one period
alone.

Further and as outlined in the presentation element, part of the data used in this study
was data collected at USOA, rather than MSOA level. The data may therefore not
represent real world outcomes and rather may represent estimates per MSOA, and as
such the data per MSOA may be inaccurate.

Finally, use of MSOA coding may itation of the study as opposed to utilizi
more granular area levels such as LSOA. Increasing the granuality of data to smaller
areas may focus the study, for example identifying which specific boroughs suffer
poorer outcomes.

Additional data may assist in providing further views into the relationship between
income, poorer health outcomes, and GP placement. In particular, the following data
sets could assist:

- Green space/recreational ground data — a visual map of green spaces may assist
in understanding whether, for example, increased BMI can be correlated with a
lack of exercise space.

- Public transport data — incorporating data relating to public tr B119 may
strengthen the study by outlining journey times to primary care services. For
example, if public transport access is poorer in Mid and North Wales areas, then
this would strengthen the need for additional primary GP services alongside the
findings of this study. Data such asthe Transport (National Survey for Wales)
report outline, for example, that satisfaction with many public transport services
is lower in Mid Wales, which would support a need for further GP practices to
cover more difficult to access rural areas.

- Consumer data — Data such as food purchase data (e.g. healthier/unhealthy
foods) may assist in demonstrating where BMI is higher and health outcomes are
poorer, and may suggest where additional GP services are required.

- Hospital location/A&E data - to expand on a review of GP services only, data
concerning locations of hospitals and A&E wait times may assist in, for example,
strengthening the argument that further healthcare centres are required in Mid




and North Wales, or may demonstrate that adequate coverage is presentin the
poorer outcome areas identified.

Conclusion

In summary, the evidence available brupports the research question posed -
lower income can be associated with reduced adoption of healthier behaviours and
poorer health outcomes across Welsh MSOAs. A spatial consistency in poorer
outcomes has been identified in the South Wales Valleys, with the relationship between
BMI and physical activity being less clear, suggesting alternative factors may influence
the poorer outcomes seen (such as access to green spaces).

With regards to GP numbers, a clearer picture is presented of a higher need of primary
GP services within Mid and North Wales relative to the health needs of those areas
identified in this study.
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QGIS Assignment

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS
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PAGE 1
PAGE 2
’ Comment1 | = Transferable Skills(10)
- Comprehensive Table of Contents
Logical Report Structure
Technical decisions communicated effectively
PAGE 3
PAGE 4
’ Comment2 | & Literature (25)
genuine literature-grounded discussion of how maps function as visual information systems.
PAGE 5
PAGE 6
, Comment3 | :=E Literature (25)
literature connected to design decisions. well done
PAGE 7

’ Comment4 | === Knowledge&Understanding(20)



PAGE 8

Data import process documented

PAGE 9

PAGE 10

Comment5 | = Knowledge&Understanding(20)

CRS correctly stated and evidenced

®

PAGE 11

Comment6 | = Practical Application (20)

post-join attribute table confirming successful population of fields is missing

PAGE 12

®

PAGE 13

Comment7 | = Knowledge&Understanding(20)

buffer distance is explicitly stated and justified as a catchment area approximation

PAGE 14

®

PAGE 15

Comment8 | = Practical Application (20)

Maps are missing north arrows and scale bars on every single map

PAGE 16
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PAGE 18

Comment9 | = Practical Application (20)

No North arrows or scale bars on any map




PAGE 19

Comment 10 | = Cognitive and Intellectual(25)

a methodologically aware observation about suicidal data challenges identified

Comment 11 | & Practical Application (20)

Justification for the uniform 3km buffer without differentiating it by rural/urban classification
would have added credits

PAGE 20

Comment 12 | = Practical Application (20)

GP buffer applied consistently across all maps

Comment 13 | = Practical Application (20)

Every map includes a clearly labelled legend

PAGE 21

®

PAGE 22

Comment 14 | & Practical Application (20)

A closer-view of the South Wales Valleys region provides regional detail

PAGE 23

PAGE 24

PAGE 25

®

PAGE 26

Comment 15 | = Cognitive and Intellectual(25)

explicitly identified whether the data does support or not the hypothesis.

PAGE 27

®

®

Comment 16 | = Cognitive and Intellectual(25)

- modifiable areal unit problem is a theoretical methodological limitation not just a scale preference.

Comment17 | = Cognitive and Intellectual(25)



- patterns at MSOA level may look materially different at other scales.

, Comment 18 | = Cognitive and Intellectual(25)

limitations is less operational and less tied to specific mapping decisions

, Comment 19 | = Cognitive and Intellectual(25)

specific additional datasets identified with genuine analytical rationale.

PAGE 28

. Comment 20 | = Transferable Skills(10)
Conclusion is disproportionately brief: should have revisit all research questions and discussed
its significanceon what the study contributes.

PAGE 29

o Comment 21 | = Literature (25)

Literature directly addresses the criterion
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