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[bookmark: _Toc108976561]Abstract
This report and Geographical Information System (GIS) MapInfo workspace pdf, tasks 1 & 2, demonstrate how to build a system to inform healthcare professionals on the uptake of a vaccination programme.
Employing the Covid-19 case study data supplied, areas within a health authority will be highlighted to show where vaccination uptake is good and where at risk of not reaching herd immunity.
Task 1 – Development Log 
Utilising the data tables provided for both Rapid Covid-19 Surveillance and Covid Vacation, an initial data analysis and overview is founded and a development log showing how the GIS workspace is established.
Plus, an accompanying MapInfo workspace pdf, supplied as a separate submission.
Task 2 – Report 
Through the development of the GIS workspace, a report reviewing and discussing the GIS build findings is provided, incorporating various thematic maps and spatial queries.
Initial hypotheses will be challenged and conclusions derived, utilising these mapping techniques, to aid relevant health authorities in future planning activities.
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[bookmark: _Toc108976564]Aim
This development log and report aim to show an understanding of the science technology and management of geographical information.
[bookmark: _Toc108976565]Objectives
Through practical implementation of the GIS workspaces, utilising MapInfo software and other related GIS databases, a critical appreciation of the underlying GIS theories is developed along with an understanding of geo-visualisation, as a key concept.
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[bookmark: _Toc108976567]Data Cleansing and Assumptions
The provided dataset details for Rapid Covid-19 surveillance data.xls [1] and Covid Vaccination data download.xls [2], were reviewed for content, duly cleansed and reformatted to enable an in initial analysis of the data.
Only the seven (7) Wales Local Health Board (LHB) authorities [3] were considered as the entire Welsh HB authorities, within this review:
1. Powys Teaching HB
2. Cwm Taff Morgannwg University HB
3. Aneurin Bevan University HB
4. Betsi Cadwaladr University HB
5. Hywel Dda University HB
6. Swansea Bay University HB
7. Cardiff and Vale University HB 
Initial Data categories considered covered:
· LHB Dosage Uptake Overview
· LHB Dosage Uptake by Risk Group
· LHB Deaths v Dosage v National Wales average
· LHB Population Density v LHB Area v National Wales average
· Wales - Population Herd Immunity
· [bookmark: _Hlk108778302]Wales - Weekly Deaths v Doses
· Wales – Gender & Age group Cases v Tests
· Wales - Tests v Doses v Deaths
· LHB Medical Facilities [4]
In order to compare LHB’s on a ‘like-for-like’ basis, various Data Cleansing activities were undertaken, including:
· Removal of outliers and various data related to Outside Wales, Unknown, Wales residents aged 18years and older, those 50 years and older and Unknown gender, where fair comparisons could not be held.
Assumptions: 
The National Centre for Biotechnology Information (NCBI) confirm that, to obtain herd immunity 63% to 76% of the population would need to each have had 2 doses of a vaccine that claims a 95% efficacy [5].
· Individuals have had to receive at least two (2) vaccination doses be considered fully immunised.
· Herd immunity is only achieved when 63-76% of the population have received 2 vaccination doses.
[bookmark: _Toc108976568]Initial Analysis of Data
[bookmark: _Toc108976569]Dosage Uptake by LHB
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[bookmark: _Toc108970842]Figure 1 - Dosage Uptake by LHB
[bookmark: _Toc108976570]Dosage Uptake by Risk Group
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[bookmark: _Toc108970843]Figure 2 - Dosage Uptake by Risk Group
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[bookmark: _Toc108970844]Figure 3 - Deaths & Dosage
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[bookmark: _Toc108970845]Figure 4 - Population Density by LHB
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[bookmark: _Toc108970846]Figure 5 - Herd Immunity [5]
[bookmark: _Toc108976574]Deaths v Doses
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[bookmark: _Toc108970847]Figure 6 - Deaths v Doses
Observations:
· Deaths started to decline before doses administered.
· Deaths lower in 2021 v same period in 2020, after doses.
· Generally, deaths lower in Summer months (June-August).
[bookmark: _Toc108976575]Gender & Age Groups – Cases v Tests
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[bookmark: _Toc108970848]Figure 7 - Cases v Tests : Gender & Age Groups
Observations:
· Apart from under 10, and 11 to 20 years age groups, Male % cases v test are higher than Female, particularly in the 51 to 60 years age group.
[bookmark: _Toc108976576]Tests v Doses v Deaths
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[bookmark: _Toc108970849]Figure 8 - Test, Doses & Deaths
[bookmark: _Toc108976577]Medical Facilities
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[bookmark: _Toc108970850]Figure 9 - Medical Facilities by LHB [4]
Observations:
· Betsi Cadwaladr has more than double the medical centres than the others.
· Cardiff & Vale and Swansea have much fewer facilities (74% & 57%) respectively against the average of 23. 
[bookmark: _Toc108976578]Hypotheses
[bookmark: _Toc108976579]Overall LHB Rankings
From the initial analysis of the above-mentioned data categories, utilising a score ranking system, suggests that the potential Best and Worst performing LHB’s are as follows:
Best = Powys Teaching HB
Worst = Cwm Taff Morgannwg University HB
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[bookmark: _Toc108970851]Figure 10 - Overall LHB Rankings
[bookmark: _Toc108976580]GIS Workspace Development
(Please note that a pdf version of the MapInfo workspace (ref: MD5.WOR) has been submitted separately.
The following GIS workspace development was undertaken to test the hypothesis that Powys Teaching HB performed the best out of the whole of Wales, ranking 1st in each of the five(5) categories initially selected.
[bookmark: _Toc108976581]Datasets Utilised
Various differing datasets are supported by MapInfo Pro [6], from which the following were utilised in the creation of this workspace; TAB, SHP, WOR, XLS.
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[bookmark: _Toc108970852]Figure 11 - Typical MapInfo Pro Datasets [6]

[bookmark: _Toc108976582]File Types Utilised
A MapInfo TAB (or native) file is an ASCII format geospatial vector data format for GIS software , this is the main file and links all other files (ID, IND, MAP and TAB) together and holds information about the other types of data held/dataset. The attribute data (DAT) is stored in binary format, where those files support a BROWSER view of the tabular data, similar to an Excel spreadsheet.
Graphic representation of this (MAP file) data in vector form, uses two(2) additional files, graphic data via an ID file data and a binary format IND file to serve as an index to the MapInfo tabular (TAB) file [7].

[bookmark: _Toc108976583]Workspace Creation

Downloading the GIS ACCA 5027 module provided GIS Data and Maps information from both the UK data and Tutorial data folders, along with various downloads from DigiMap (for Ordinance Survey data) and Infuse (for various LHB boundary and deprivation type data).
The following UK Region maps are created as the basis for the workspace, this data is initially detailed as UK Map c/w UK regions, as determined by the downloaded browser information.
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[bookmark: _Toc108970853]Figure 12 - UK Regions
Further enhancements to the UK map visualisations include Ocean using the provided Tutorial/World/Ocean data and Aerial views utilising MapInfo Pro Home/Open/Base Maps/Aerial to include the Bing Aerial view.
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[bookmark: _Toc108970854]Figure 13 - UK Map Ocean & Aerial views
Separating Wales from the UK via new map selection and incorporating the seven(7) Welsh LHB’s. 
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[bookmark: _Toc108970855]Figure 14 - Wales LHB's
Downloading motorway data from Tutorial Data/World/Europe/UK/UK motorways, the major UK motorways added, showing limited connection to Wales (M4 only).
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[bookmark: _Toc108970856]Figure 15 - UK Motorways
Further detailed road connections added using Digi Map details via the UK Data Loader ArcGIS Pro Toolbox which contains a set of tools allowing loading of Ordnance Survey data into an ArcGIS workspace [8].
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[bookmark: _Toc108970857]Figure 16 - Wales road connections [8].
Utilising the LHB authorities medical facility location postcodes, these were converted into Latitude & Longitude coordinates using Gridreferencefinder.com [9], in order to identify locations in MapInfo Pro.
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[bookmark: _Toc108970858]Figure 17 - LHB Medical Facilities
MapInfo Pro showing LHB medical locations and road connections.
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[bookmark: _Toc108970859]Figure 18 - LHB Medical Facilities & Road connections

[image: Map

Description automatically generated]
[bookmark: _Toc108970860]Figure 19 - Wales LHB’s and respective regional boundaries
[image: Map

Description automatically generated]
[bookmark: _Toc108970861]Figure 20 - Powys Regional Boundaries [10]
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[bookmark: _Hlk108968033][bookmark: _Toc108970862]Figure 21 - Powys regional boundaries and sub-groups.
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[bookmark: _Toc108970863]Figure 22 - Powys regional boundaries and medical facilities.
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[bookmark: _Toc108970864]Figure 23 -Powys sub-groups and medical facilities.
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[bookmark: _Toc108970865]Figure 24 – Powys Medical facilities and road networks.
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[bookmark: _Hlk108968114][bookmark: _Toc108970866]Figure 25 – Powys Medical, Roads network & resident occupations
Vast majority of people are involved within the Agricultural Community and/or Rural Workers & Families.
All of which are well served by both the road networks making medical facilities accessible.
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[bookmark: _Toc108970867]Figure 26 -Powys Population Deprivation and Resident occupations [11]
[bookmark: _Toc108976584]Task 2 – reporting results
[bookmark: _Toc108976585]Thematic Maps
Thematic maps are used within MapInfo Pro to create a map of colours to visually distinguish between areas in terms of their relative values/percentages, as utilised within;
· Powys regional boundaries & sub-groups (fig 21)
· Powys sub-groups & medical facilities (fig 23)
· Powys Medical, Roads Networks & Resident Occupations (fig 25)
· Powys Population Deprivation & Resident Occupations (fig 26)
[bookmark: _Toc108976586]Spatial Queries
Spatial queries, thru geodatabases,  allow the usage of geometry shapes, such as points, lines & polygons to be shown as data within a thematic map and are different to SQL queries.
Spatial queries have been utilised within;
· LHB Medical Facilities (fig 17)
· LHB Medical Facilities & Road Networks (fig 18)
· Powys Regional Boundaries & Medical Facilities (fig 22)
· Powys sub-groups & Medical Facilities (fig 23)
· Powys Medical Facilities & Road Networks (fig 24)
· Powys Medical, Road Network & Resident Occupations (fig 25)
· Powys Population Deprivation & Resident Occupations (fig 26)
[bookmark: _Toc108976587]Differing Datasets & File Types
Various different Datasets and File types have been utilised in the creation of this MapInfo Pro workspace and screenshots, covering;
· Rapid Covid-19 surveillance data
· Covid vaccination data
· UK data 
· Tutorial data 
· DigiMap (for Ordinance Survey data)  
· Infuse/UK data service (for various LHB boundary, population and deprivation type data).
· TAB, WOR, ID, IND, MAP, DAT
· XLS
· SHP – Shapefile
[bookmark: _Toc108976588]Powys - Findings
It is found that the Powys Teaching HB performance relates to;
· Highest level of dosage uptake of all the LHB’s (87.7%), particularly in the Clinical risk group and resident population.
· High dosage rate level contributes to the lowest numbers of death (89), a rate of 0.075 compared to the national average of 0.254.
· Herd immunity across the whole of Wales is achieved in week 53 (16 Jan 2022), but with the high dosage rates, Powys will have shortened this timeline. 
· With Powys being the 3rd largest land area in Wales, due to the agricultural and rural community nature of the LHB, the residents benefit from individual space, 6 times larger than the national average.
· Betsi Cadwaladr had more than double (52) the number of medical facilities within their LHB, more than double the rest of the LHB’s and Powys (20), but only performed at an average level, therefore the number of facilities is not an issue.
· Large areas of agricultural work/communities, which contributes to the much larger amount of space each individual seems to enjoy, 6 times more than the national average
· The highest dosage levels, at nearly 5 (4.837) per person.
· Adequate road connection networks to sufficient Medical facilities.
· Low levels of Deprivation across wide areas of the Powys population.












[bookmark: _Toc108976589]conclusion
From the above anecdotal findings, initial analysis, thematic maps, spatial queries and findings, it is concluded that the initial hypothesis is proven in that Powys Teaching HB has overall performed the best out of all the Welsh HB’s.
With the main considerations for other LHB’s to deliberate would be:
· Space per person
· Uptake and number of doses
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[bookmark: _Toc108976591]report Planning Methodology
This Geographical Information Systems (GIS) assignment was completed by adhering to the following;
· Read and understand the report brief.
· Make plan (Gantt chart) including time management – planning/research most time consuming, catering for other exams.
· Create report format and style – using Moodle template example.
· Follow structure of:
· Title Page
· Abstract/Acknowledgements
· Introduction
· Main Body
· Conclusion (if applicable)
· References
· Define the problem and purpose of the report – decide assignment title, aims & objectives.
· Define audience – Lecturer/Tutor (Beverley Holland/ Gaynor Thomas).
· Brainstorm (Mindmaps) and Determine ideas to include.
· Research and gather information (Library, internet etc).
· Collect, sort, evaluate organise material.
· Complete references (as you go) during all research phases.
· Analysing my research/material.
· Prepare outline drafts.
· Write the report, check spelling and grammar.
· Upload draft into Turnitin for draft check
· Incorporate changes into final redraft.
· Submit final report via Turnitin by 18th July 2022 (Extenuating Circumstances)
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Instructions / Information
As of Mapinfo Pro 16, here are the the supported file formats in Mapinfo Pro:
« ACCDB - Microsoft Access 2007 or later files
+ CSV - Comma Delimited files
+ DBF - dBASE DBF files
« MDB - Microsoft Access files
+ TAB - Mapinfo TAB files (includes Mapinfo Extended - Type NATIVEX)
« Raster image files - (“bil, "sid, “gen, “adf, “img, “ntf, “ecw, “url, “tif, grc, “bmp, “gif, “tga,
* *jpg,"pox, " p2, %j2k, *png, *psd, “wmf, “em, “map)
* SHP - ESRI Shapefiles
« TXT - Delimited ASCII files
* WKS - Lotus 1-2-3files (w1, “wks, "wk3, “wid)
* WOR - Maplnfoworkspace files
+ MWS - Mapinfoworkspace files
* XLS - Microsoft Excel files
* XLSX - Microsoft Excel 2007 or later files
* Gridimages - (“adf, *fit, “txt, “asc, "img, “dem, ~dt0, “dt1, “dt2, “mig, *grd). This release does not support XLSM and XLSB Excel files.
* GPKG - GeoPackage files
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