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Abstract
This document contains research and investigates accessibility provision in urban environments using spatial data analysis and other analytical methods. The project was developed using spatial data and data visualization technologies such as the proprietary Tableau software and the open-source R language. The findings established that spatial analysis is a useful tool for identifying accessibility provision within urban environments.
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[bookmark: _Toc196750682]Introduction 
Accessibility and spatial data analysis are overly broad subjects. The topics and areas within them are extensive based on many years of research. The project focuses and investigates the intersection of these two topics. Throughout my research, results [demonstrate that spatial data analysis is a fundamental technology in the investigation of disability needs. According to the WHO, 1.3 billion people globally live with and are affected by a disability (WHO, Disability 2023). Therefore, it is important for society and our cities to ensure that we have the proper support for this substantial portion of our population. These supports can vary from funding for wheelchairs to building accessible infrastructure and supports. The research section of this paper investigates accessibility provisions in urban environments and the main sectors where problems occur. The literature review explored how navigation and transportation are the primary problem areas for accessibility provision with our cities. Furthermore, it investigates what spatial data analysis is, its applications and uses in identifying accessibility provision in urban environments. The latter half of the paper discusses the importance of WCAG and the A11y project in designing user accessible data dashboards and user interfaces. Furthermore, it discusses fundamentals of accessibility in web applications such as perceivability, operability, understandability, and robustness. 

The original aim of this project was to improve access to urban environments and public spaces through a navigation application. The application would display accessible transport routes and essential services nearby. However, it was found through research that there is a lacking data on accessible spaces and urban environments. As a result, the project's proposal and scope changed to a focus on investigating disability within urban environments and how to identify problems. The project will be developed using R and Tableau to create a data visualization and spatial analysis of the issue under consideration. 

The project proposal came from working alongside children with disabilities and accessibility needs during my summers. I learned and observed the challenges that people with disabilities face in daily life and the accessibility needs they require to live independently. Additionally, I wanted to investigate how we can improve accessibility within our cities and how well provisioned our cities are. Throughout my research, the importance of accessible urban infrastructure that is easily navigable. Additionally it was found how transport can empower or bring challenges to those with accessibility needs.


[bookmark: _Toc196750683]Research
[bookmark: _Toc1430258104][bookmark: _Toc856642352][bookmark: _Toc196750684] Introduction 

The intial research for the project focused on the issues of disability in modern society and barriers to accessible living. Furthermore, investigations into how spatial analysis could be utlised as a tool and method to identify solutions or problems for those with disabilites. The first focus was on the accessibility of navigating urban environments and provision on public transport for those with disabilites. The objective was to examine the relationship between well provisoned navigable infrastructure and independent living.Analysis of studies on urban environments and public transport had shown well enginered urban infrastructure such as tactile paving, dropped curbs alongside acesssible public transit.
[bookmark: _Toc307478013][bookmark: _Toc474907426][bookmark: _Toc196750685] Accessible Provision for Special Populations in Urban Environments

Accessibility provisions for special populations empower independent living and freedom to integrate better and be functioning members of society. Such provisions within urban environments include dropped curbs, level transit boarding, and audio and physical cues at pedestrian crossings. In the following sections, we will discuss these two aspects further and how they can be the primary areas for special populations in accessibility challenges.

[bookmark: _Toc535269294][bookmark: _Toc922643942][bookmark: _Toc196750686] Navigation
 Examples of such studies include (Beale et al., 2006) which conducted a GIS analysis survey of urban environments to a (Stjernborg, 2019) research report on identifying acessibility variations across the Swedish rail network. The objective of the paper by Beale et al., 2006), was to investigate environmental and physical barriers to accessibility within urban environments. The research methods utilised spatial analysis and GIS surverys to create databases for pathfinding. Pathfinding was used to develop mapping software for acessibility purposes and empower those with disabilities to live independently. Secondly (Stjernborg, 2019), examines how existing acessible transport and infrastructure can present inconsistencies. One major issue identified was the lack of assistance boarding and deboarding trains across the network. Therefore, it is understood the importance of acessibility of urban environments and methods such as spatial analyis can identify gaps in acessibility provisions. 

In addition, further examples of spatial analysis can improve access to our cities and essential services are studies such as (Scott & Horner, 2008). The paper underlines the link between acess to essential services and higher opportunities within cities. The study examined how urban citizens who lived in high-density neighborhoods had higher access to essential services. In addition, a study completed (Le Texier et al., 2018) examined the level of access to green spaces in Brussels, Belgium for those with disabilities. 
[bookmark: _Toc1105064212][bookmark: _Toc266636336][bookmark: _Toc196750687] Transport 

Transportation is another aspect of daily life where challenges for accessibility can arise. Problems can vary from boarding public transport to accessing assistance to navigating public transport hubs. In the research report (Stjernborg, 2019), it was identified that there were variations in accessibility across Sweden, where the report was conducted. Results show that the primary barriers were during the primary boarding and deboarding phase. Furthermore, it was also shown that a lack of assistance was provided to reinforce existing social barriers. This illustrates the importance of providing better infrastructure and accessible assistance to special populations. Otherwise, we are already reemphasizing special populations' barriers to an independent life. This is also discussed in navigation, where mobility with no barriers can empower accessible movement around cities (Beale et al., 2006). As we can see, transport and navigation are intertwined to allow access to an accessible daily life.

[bookmark: _Int_8VLcuAKZ]Also (Lindsay & Lamptey 2018) discuss these problems and the interventions we can implement. Reports and studies are showing repeatedly the variations and failures of accessible environments—the paper aimed to investigate best practices and outcomes for effective navigation and public transit usage. Results showed an increase in safety, general navigation skills and routing knowledge. In addition, the study concluded a potential increase in participation and inclusion in daily life. In consideration, accessibility provision is possible and can be achieved with proper support. Moreover, accessible transport and navigation are the keys to allowing special populations an excellent quality of life and independent living.
[bookmark: _Toc1461942256][bookmark: _Toc1971280965][bookmark: _Toc196750688] Integration of Spatial Data Analysis and Data Visualization
Spatial data analysis and visualization are tools we can use to identify patterns and observations in our physical or spatial environment. These patterns and observations can be made from simple lines of latitude and longitude to spatial data grid cells. Charts and geo-maps can be generated from these lines to bring about scientific hypotheses and results. This is extremely valuable when identifying problems and solutions, particularly concerning accessibility.
[bookmark: _Toc1079009075][bookmark: _Toc1838493387][bookmark: _Toc196750689]What is Data Visualization 
Data visualization is an important aspect of statistics, communication of research results, and data gathering. It illustrates charts, lines, graphs and maps for scientific research and business. The paper (Muskan et al., 2022) discusses data visualization as a key component of corporate business and scientific research with key relations to decision-making and generating scientific hypotheses. It also discusses the rising need for this technology due to the increasing volume of data we process yearly. Furthermore, according to (Unwin, 2020), the field of data visualisation is ever-increasing in technological development. Coding languages and software such as R, Tableau, and Plotly have allowed precise production and higher standards in data visualisation. Secondly, with the advancement in computer technology, computer scientists can now process large datasets and display graphics that are difficult to draw previously. 

[bookmark: _Toc1370128657][bookmark: _Toc1086129027][bookmark: _Toc196750690] What is spatial data analysis
Spatial data analysis can be observed as data in a series of shapes, lines, points, spatial joins, and geometries etc. They can be used to analyze and investigate spatial relationships and patterns around us in our environment. This can be displayed through software such as Tableau or through dashboards created with the R language. According to the R spatial book, spatial data (Pebesma & Bivand, 2023) describes spatial data as "observation are often associated with spatial lines, areas, or grid cells, spatial distances between observations". This spatial analysis can range from simple points on a map within a polygon shape to a intersection of lines of latitude and longitude. Furthermore, it can also range to added layers of polygon, choropleth map, circles etc. 
[bookmark: _Toc1356637362][bookmark: _Toc1288054584][bookmark: _Toc196750691] How Spatial Data Analysis could be applied in Data Visualisation.

According to (Anselin et al., 2009), data visualisation could be applied to spatial data analysis by creating various mapping capabilities to illustrate geographic data results. This can be especially useful when identifying issues in a geographic space, particularly concerning accessibility within urban environments. In addition, using technologies such as R, graphic data visualizations can be created to communicate spatial data analysis results. 

[bookmark: _Toc1572988814][bookmark: _Toc1106549699][bookmark: _Toc196750692] How Spatial Data Analysis Could Solve the Problem of Accessibility Provision

Spatial analysis has the potential to identify issues with accessibility and identify potential solutions, as discussed in previous sections. Firstly, patterns and variables among points in geographic data. Secondly, using geo-visualisation, comprehensive results and findings can illustrated to identify barriers to accessibility. The research paper (Scott & Horner, 2008) used spatial data analysis to measure opportunities for those with accessibility needs. The study measured opportunities as access to essential services such as grocery stores, schools, hospitals and more. Results showed that those in lower socio-economic backgrounds had better access to essential services due to their relative closeness to the location in a dense inner city.
In comparison, citizens who lived on the urban outskirts had lower access to essential services than those of lower urban density levels. From this, it can be concluded that access to opportunities is one key factor in accessibility provision. Also, in the study  (Le Texier et al., 2018), investigations were conducted to measure accessible access to green spaces within Brussels. The investigation found inconsistencies and variables in access to the city's parks. Proper access to a city's social places is critical to allow special populations to integrate into society daily. Without it, they may feel stigma and ostracized, unable to live a fulfilling, independent life.
[bookmark: _Toc957672429][bookmark: _Toc827550731][bookmark: _Toc196750693] Usability and Accessibility in Mapping Software for Special Populations
[bookmark: _Toc483021887][bookmark: _Toc1191254930][bookmark: _Toc196750694] WCAG

The WCAG is the primary source for guidelines on building accessible software for all. Guidelines, W. A. (n.d.). How to meet WCAG (quick reference). Firstly, WCAG states that all content and information needs to be easily perceivable to the user. The organization interprets this information and UI as easily presentable and readable. Secondly, the user interface layout and navigation must be easy to use and operable. This can vary from the font size to the design of navigation links. Thirdly, the software must be easily understandable to the user throughout the application. Fourthly, the application must be robust and compatible with accessibility software. 

Moreover, these guidelines must be implemented, mainly when designing for accessibility across the user interface. Without it, users would be unable to understand, perceive, or use mapping software that would empower them to navigate independently. 
[bookmark: _Toc446585436][bookmark: _Toc776259514][bookmark: _Toc196750695] A11Y 
[bookmark: _Int_j4zG3F4h]A11y stands for accessibility, with 11 referring to the number of characters in the word. It is an ongoing project driven for the community by a community. The project ideals are centered around Disability, Law, Inclusion, Opportunity, and Community A11y. (n.d.). Home - the A11Y project. Home - The A11Y Project. The project ideas are applicable to accessibility provision in urban cities. We can improve accessibility provision through community-driven efforts and legal legislation.



[bookmark: _Toc459773862][bookmark: _Toc1946883526][bookmark: _Toc196750696] Conclusion

Many methods and ways exist to improve accessibility for special populations within our cities. However, community-driven activism and the use of spatial data analysis are exceptional ways to improve potential positive outcomes for those with accessibility needs.

As discussed throughout, spatial data analysis within data visualization is an invaluable tool identifying outcomes and results from research studies. We can map out relations among spatial data and identify environmental barriers for special populations to live independently. Furthermore, we can use spatial data to generate geo-maps and mapping software to empower them to route around urban environments better. 

Also, through usage of WCAG and community driven projects such as A11Y, we can raise awareness around accessibility. In addition, through the usage of GIS software and languages such as R we empower special populations to identify barriers when they arise.

[bookmark: _Toc196750697]Requirements

[bookmark: _Toc196750698]Introduction

The purpose of this project is to investigate the level of accessibility provision provided in urban environments and identify problems that currently exist within these areas. The aim is to develop an interactive dashboard illustrating disability levels in relation to essential services within urban areas across Ireland. Furthermore, the dashboard would include options to search areas of Ireland and filter various data points for the user to select. 
Taking all of this into account, the following technologies, data, and packages were chosen to develop the application: 
· Data Sources: 
· CSO Census
· Geohive Hub 
· Dashboard Technologies
· Tableau Desktop
· R Studio 
· Packages 
· Leaflet 
· readxlsx
· mapview 
· csodata
· st 
· R shiny 
· FlexDashboard 


[bookmark: _Toc349322295][bookmark: _Toc1672273637][bookmark: _Toc196750699]Exisiting Dashboards 
[bookmark: _Toc382168699][bookmark: _Toc228821304][bookmark: _Toc196750700]3.2.1  New Zealand Trade Intelligence
[image: ]
[bookmark: _Toc196746765][bookmark: _Toc196750462]Figure 1-New Zealand Government Dashboard
Features: 
· Ability to generate, export and download the data reports in various formats such as CSV, PDF, and Excel, 
· View trade relations and data based on markets and regions selected by a user. 
Pros: 
· Free 
· Simple to acess reports and trade data 
· Ability to filter based on relevance and regions. 
Cons: 
· User interface is cluttered and difficult to navigate
· Lack of user interactivity 
[bookmark: _Toc681326227][bookmark: _Toc1841907132][bookmark: _Toc196750701]3.2.2 CBA Tool Dashboard -  Berkely  Centre of Built Environment 

[image: ]
[bookmark: _Toc196746766][bookmark: _Toc196750463]Figure 2-CBA Tool Dashboard-Berkely Centre of Built Environment
Features: 
· Ability to select and view climate data globally and filter based on weather type
· Able to export data for selected region 

Pros: 
· Good visualization of climate data with acess to data points globally 
· Has variations in data displayed based on region selection and climate type 

Cons: 
· User interface is cluttered with charts that are not well organised and layed out. 

[bookmark: _Toc756998105][bookmark: _Toc366250691][bookmark: _Toc196750702]3.2.3  Berkley Materials Project 
[image: ]
[bookmark: _Toc196746767][bookmark: _Toc196750464]Figure 3-Berkley Materials Project
Features: 
· Ability to search various scientific elements and materials by properties, structure, and composition.
· Users interactivity with periodic table allowing user to filter by element. 

Pros: 
· Dashboard interface is easy to navigate and not cluttered for the user to use.
· Ability to generate reports and charts based on user selection. 

Cons: 
· Requires previous knowledge of a STEM field to use

[bookmark: _Toc1673940296][bookmark: _Toc36148192][bookmark: _Toc196750703]3.3 Requirements 
Based comparison of existing dashboards and literature review of the topic, a list of requirements for the project were created. They are sorted into four categories of requirements such user, functional, and non functional requirements. 
[bookmark: _Toc1705519592][bookmark: _Toc1108346362][bookmark: _Toc196750704]3.3.1 Personas 
[image: ]
[bookmark: _Toc196746768][bookmark: _Toc196750465]Figure 4-Sarah Persona-Policymaker
[image: ]
[bookmark: _Toc196746769][bookmark: _Toc196750466]Figure 5-Jonathan -Reseacher Persona
[bookmark: _Toc1892797872][bookmark: _Toc1493519668][bookmark: _Toc196750705]3.3.2 User Requirements 
User requirements are used to determine how the user interacts with a program like the actions they can complete. 
The dashboard should be able to: 

· Let the user move across the map and view the data displayed
· Enable user to filter by urban region 
· View data by gender or health status
· Select various map layers and turn on/off as desired. 
· Filter data on a nightlight table to view disability status by region. 

[bookmark: _Toc509929491][bookmark: _Toc1612249544][bookmark: _Toc196750706]3.3.3 Functional Requirements
Functional requirements are segments or features the program must offer to a user. They are created in a list of highest priority to lowest. These requirements were developed using research gathered from the literature review and comparison of existing applications. 
The program should : 
1.  Load and read spatial files alongside data files in csv or excel format. 
2.  Should do spatial join between a data file and spatial file
3. The spatial join should render a range of polygons with color representing the data that has been joined 
4. The map should plot along the republic Ireland across points of longitude and latitude. 
5. The program should allow map layers displaying essential services such as GP's and Pharmacies. 
[bookmark: _Toc1326605689][bookmark: _Toc1902328754][bookmark: _Toc196750707]3.3.4 Non Functional Requirements
The non functional requirements define how scalable and performative the program needs to be. The application would still run without these requirements but it would not be at it's full performance. These requirements differ from the functional and user requirements that outline behaviors and functionality expected. 
The program should have a : 
· User friendly interactive dashboard that is easy to navigate. 
· Load the mapping data with ease and quickly. 
· The dashboard should filter data displayed based region and gender/health status.
· The dashboard visualizes the trend of disability across Ireland. 


[bookmark: _Toc196750708]Conclusion

Throughout this section, we examined existing dashboards and how they visualized data. Additionally, we analyzed the features they had, the pro/cons of the design and program. Furthermore, we defined how a user may interact with the program and their user needs. Also, we also specified how the program should function and the features that should be included within the program. 
[bookmark: _Toc196750709]Design

[bookmark: _Toc196750710]Introduction

After completing the research and requirements, it was then able to move into the project's design phase. This section is divided into various parts such as system application design, user interface design etc. This chapter's goal is to develop the designs necessary for the project established in the requirements phase. The chapter will be broken down into two sections which will be system application design and user interface design

[bookmark: _Toc196750711] Program Design

[bookmark: _Toc1250096573][bookmark: _Toc1961834698][bookmark: _Toc196750712]4.2.1 Technologies 
[bookmark: _Int_HTuEnGOb]The technologies used to develop our interactive dashboard are Tableau Desktop, R Studio, Leaflet, mapview, dyphr and csodata Api. Data will also be sourced from the CSO website and mapping files from Geohive. Tableau Desktop will be used initially to develop the mvp dashboard and view the data pulled from CSO and GeoHive. Tableau is an interactive data visualization software created by Salesforce used to query, process, and visualize substantial amounts of data. The software includes features such as mapping capabilities, data calculations and various chart formats. 
[bookmark: _Toc574251790][bookmark: _Toc1816138807][bookmark: _Toc196750713]4.2.2 R Technologies
Developing the application using the R language requires the usage of various R packages listed in the previous section. These packages range from sf or open xlsx for reading our data to ggplot and mapview/leaflet for plotting our data. The sf package incorporates functions and features to read spatial data from spatial files. The files are plotted either in shapes of polygons or points or lines of latitude and longitude. The openxlsx pacakge renders and processes numerical data into our R code to be plotted. The spatial data plotting uses mapview or leaflet with both having functionality to visualise our data. These plotting packages visualize our data in diverse ways. Mapview abstracts the plotting functionality of our data in comparison to leaflet. The mapview package creates our maps with one simple r function with ease in comparison to leaflet. The leaflet package requires individual functions for each functionality you implement.
[bookmark: _Toc356653690][bookmark: _Toc1284578748][bookmark: _Toc196750714]4.2.3 Mapping and Chart Design 
Data charts are basic of how we visualize the data we collect and surround us. Charts can range from pie charts, bar charts, line graphs, table charts etc. The choice of charts depends and ranges on the data being displayed such as financial data or level of disability by area ( see figure). As shown, the table chart visualizes the population amount with a level of disability by small area. Furthermore, the data can be filtered based on the specific urban region selected such as Galway. 


[image: ]
[bookmark: _Toc196746770][bookmark: _Toc196750467]Figure 6-Disability Dashboard in Tableau
Also, mapping data is another method we can use and view data in our environment. Mapping visualization can manifest in shapes of polygons, lines, and points. In addition, these visualizations can form heatmaps, choropleths maps, flow maps etc. As per (figure), a choropleth map was chosen to better represent the range of disability in a city such as Cork. Furthermore, points data and polygons form the foundation of the data visualization within the spatial data. In addition, we can filter and map layers to add interactivity for the user. 
[image: ]
[bookmark: _Toc196746771][bookmark: _Toc196750468]Figure 7-Tableau Spatial map of cork with filters


[bookmark: _Toc1099046106][bookmark: _Toc971255302][bookmark: _Toc196750715]4.3  User Interface Design 
After competition of the system application design, the user interface is the next stage of the design process. Throughout this section, the overall dashboard design will be designed from a wireframe to a final low fidelity design based off user requirements and existing dashboards.
[bookmark: _Toc989862727][bookmark: _Toc1958827469][bookmark: _Toc196750716]4.3.1 Wireframes
The first task of the user interface design phase was to create a wireframe to represent how the program should appear. The top bar of the dashboard contains the basic navigation for the user interface. The main section contains the data visualization charts such as the map and the highlight table to display the plotting data and disability/health data. In addition, beside the main section is the filters and dropdown for data manipulation and navigation between our datasets. 
[image: ]
[bookmark: _Toc196746772][bookmark: _Toc196750469]Figure 8- Dashboard-Wireframe
In the second iteration of the UI design, more detail was added to the dashboards, and a slider was added to the filter section. The top bar now contains buttons to navigate to various data worksheets for the user to view. The main sections now contain the map chart and highlight table to visualize the level of disability/health. On the right-hand side of the dashboard contains our various filters dropdowns and slider buttons for interactivity for the user. [image: ]
[bookmark: _Toc196746773][bookmark: _Toc196750470]Figure 9-Dashboard Design

[bookmark: _Toc1521288256][bookmark: _Toc1211604456][bookmark: _Toc196750717]4.4 Conclusion
The design of the systems and user interface provides a clear picture of how the program should be developed, designed, and implemented. The technologies and mapping design demonstrate how the dashboards function to provide an accurate visualization.
Additionally, the section also considered the overall user interface of the program. The wireframes and system design dictated the interactivity and layout of the program for the overall user experience. 




[bookmark: _Toc196750718]Implementation

[bookmark: _Toc1022411438][bookmark: _Toc1691414825][bookmark: _Toc196750719]5.1 Introduction 

The next stage in the process was to start implementing the program. This involved processing, loading, and visualizing the data on a dashboard through Tableau Desktop and R Studio. The first initial steps involved processing the data to conduct a spatial join to allow a spatial visualization. Then secondly, rendering the data in shapes of polygons on points of latitude and longitude. Subsequently, various mapping layers were generated with legends and filters to provide context and interactivity for the user. 
[bookmark: _Toc1552402623][bookmark: _Toc1997910225][bookmark: _Toc196750720]Sprint 1- Learning about Spatial Mapping, Data Collection and Sourcing of Files

[bookmark: _Toc1525433344][bookmark: _Toc155082351][bookmark: _Toc196750721]Goal- Learning about Spatial Mapping and sourcing our data from public databases.
The goal for the sprint was to research the language of spatial analylsis and source our data files from various public databases such as the CSO and GeoHIve.
[bookmark: _Toc1822629555][bookmark: _Toc1001230585][bookmark: _Toc196750722]-Learning about spatial mapping and language 
As we learned in our research section, spatial mapping can be referred to " observations are often associated with spatial lines, areas, or grid cells, spatial distances between observations" as stated in the R spatial book (Pebesma & Bivand, 2023). Throughout this sprint, I aimed to further understand the language of spatial data analysis and how R language can be utilized to visualize spatial data. The sprint started by reading an eBook called "The Language of spatial analysis" by ERSI, a gis software company. The eBook started with an introduction to spatial analysis and how we define spatial data.Later, it discussed the language of spatial analysis and it's six categories. The book lists the categories as understanding where, measuring size, shape, determine place relation, detecting patterns and so forth. These categories can be analyzed using points, polygons, spatial joins, line distances and lines of latitude or longitude etc. 
A book by Edzer J. Pebesma " Spatial Data Science: With Applications in R " discusses how R can be applied to spatial data analysis. Within the R language, concepts such maps, projections, vectors etc. form the basis of spatial data analysis. Additionally, the sf package is also used to read and write geometries from various data sources. Furthermore, the st_join function is used to plot spatial data onto map alongside packages such as leaflet and mapview which we will discuss in further sprints. 
[bookmark: _Toc2082878270][bookmark: _Toc662182247][bookmark: _Toc196750723]- Sourcing our data and shape files from public databases. 
The second half of the sprint started with the required data files needed to plot our disability and health data to our maps. We first started by sorting the CSO databases to find data on disability and health status across Ireland. The CSO has data and statistics gathered from various government departments and agencies as well as the Census. The main data files we pulled were Persons with a disability and current health status of of respondents. Additionally, we also sorted through Geohive which is a governmental database of geospatial data. The main shp files we sourced were polygons of various regions across Ireland and points of essential services such as gp's and hospitals.
[image: ]
[bookmark: _Toc196746774][bookmark: _Toc196750471]Figure 10-CSO Databases File
[image: ]
[bookmark: _Toc196746775][bookmark: _Toc196750472]Figure 11-Geohive Spatial Map

[bookmark: _Toc511879828][bookmark: _Toc1026106444][bookmark: _Toc196750724]Sprint 2
[bookmark: _Toc842553970][bookmark: _Toc6484302][bookmark: _Toc196750725]5.2.1 Goal - Processing and Loading, visualising Data in Tableau

[bookmark: _Toc492504346][bookmark: _Toc528388547][bookmark: _Toc196750726]Importing the Data and processing the files for visulisation and plotting. 
Tableau Desktop software allows quick for data visualization with minimal setup required. The spatial and data files were sourced from CSO and Geohive database to imported into the software. Following this, spatial joins were completed using calculations using the calculated field features. Alongside this, data was cleaned and processed into a pivot table for improved analysis and data filtering. 
[image: ]
[bookmark: _Toc196746776][bookmark: _Toc196750473]Figure 12-Tableau Spatial Join
As we can see from the figure above (insert figure), the small areas shape file has been joined with an excel data file. The type of join that is shown is an inner join which combines two data souces using a common field. After this, we processed the data into a pivot table as discussed above (see figure). 
[image: ]
[bookmark: _Toc196746777][bookmark: _Toc196750474]Figure 13-Pivot table of data in long format

[bookmark: _Toc1912171061][bookmark: _Toc127483532][bookmark: _Toc196750727]Visualise and plot the joined data on a tableau worksheet 

Following the data processing and loading of the various files, the data was then plotted on a tableau worksheet along lines of latitude and longitude (see figure). The data would be visualised in shapes of polygons with a colour range representing the data. Alongside the plotted data are various filters that change the data based on gender and region. 
[image: ]
[bookmark: _Toc196746778][bookmark: _Toc196750475]Figure 14-Polgyon Layers of Southeast Dublin

[bookmark: _Toc1275546808][bookmark: _Toc1313375877][bookmark: _Toc196750728]Sprint 2 - Adding layers and filters 

[bookmark: _Toc677062172][bookmark: _Toc1233702222][bookmark: _Toc196750729]Goal - Essential services plotted and interactive filters 
The goal for this sprint is to implement the essential services map plots as spatial data layers. Additionally, filters for the map layers are needed to be implemented for interactivity and data visualization. 

[bookmark: _Toc1923906477][bookmark: _Toc251582839][bookmark: _Toc196750730]. Implement spatial data layers
The sprint started with retrieving the relevant files from the geohive website to import them into tableau for a spatial join. Next, the essential services spatial file is joined up with the small areas data from sprint 2. Subsequently, the file is plotted onto the visualisation in a series of points layered onto the polygon shapes. 
[image: ]
[bookmark: _Toc196746779][bookmark: _Toc196750476]Figure 15-Layers of Polygons and Spatial Points of SE Dublin

[bookmark: _Toc1953487644][bookmark: _Toc1970525025][bookmark: _Toc196750731] Adding filters to the visualization of data and points/lines

Succeeding adding additional mapping layers, data filters were added to better visualise the data being displayed. The filters created focused on the visualised data by gender and urban region. As a result, the user can manipulate and dynamic filter the data visualisation on the dashboard. 
[image: ]
[bookmark: _Toc196746780][bookmark: _Toc196750477]Figure 16-Spatial Filter for Gender and Location

[bookmark: _Toc700655385][bookmark: _Toc787859440][bookmark: _Toc196750732] Sprint 4
[bookmark: _Toc88948548][bookmark: _Toc122747314][bookmark: _Toc196750733] Goal - Adding Buffers and Line Distances
The next steps and main goal in sprint 4 were to implement spatial functions such as buffers, line distances and custom parameters. The aim was to visualise the relational distances between essential services and access to those with disabilities in urban regions. 

[bookmark: _Toc738475686][bookmark: _Toc2025300354][bookmark: _Toc196750734] Calculated fields and buffer function 
The sprint started with creating the calcuations to map the distances and radius between points or lines on the visualisation. The calculations extracted the spatial data from the spatial file to plot the necessary points. Next, distance calculations were conducted to find the length between the different points. This calculation charts the intersection points among essential services on the map. Subsequently, the buffer spatial function was made to visualise the intersection points amid the plotted essential services. Following this, a line distance plot was made to visualise the length between the buffers and their intersections. Lastly, a custom parameter was made to add interactivity for the user to allow them to control the size of the buffers. 

[image: ]
[bookmark: _Toc196746781][bookmark: _Toc196750478]Figure 17-Distance Calculation to view the distance between points
 
[image: ]
[bookmark: _Toc196746782][bookmark: _Toc196750479]Figure 18-Calculation to find the intersect point for buffers

[image: ]
[bookmark: _Toc196746783][bookmark: _Toc196750480]Figure 19-Map of Dublin with Polygons and Line Buffers
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[bookmark: _Toc196746784][bookmark: _Toc196750481]Figure 20-Buffer Radius filter to adjust buffer size


[bookmark: _Toc2104558787][bookmark: _Toc1337884357][bookmark: _Toc196750735] Sprint 5
[bookmark: _Toc1027023624][bookmark: _Toc1013154847][bookmark: _Toc196750736] Goal - Loading and processing the data in R Studio using packages such as sf and openxlsx to generate spatial plot in mapview 
[bookmark: _Int_pamCIusB]
The goal of this sprint was to implement the mapping data visualisation in R like Tableau in previous sprints. This would enable deeper levels of interactivity and visualisation for the end user.
[bookmark: _Toc568410004][bookmark: _Toc1445123387][bookmark: _Toc196750737] Loading and processing the data files into R 
The sprint started with installing the necessary packages into R studio to load our files. The packages we used were our sf which reads spatial files and readxlsx which reads excel files. Following this, we imported the data using the included functions from the downloaded packages. 

[image: ]
[bookmark: _Toc196746785][bookmark: _Toc196750482]Figure 21-Loading Libraries and inital data
 
The first eight lines consists of importing the required libraries for data processing and visualisations. In this sprint, the libraires that would be used are dplyr, mapview and the ones mentioned above. The following code loaded the shape files as a variable to render the data. The excel files were imported and processed similarily. Following this, both files GUID column was renmamed to maintain consistency and reduce errors when performing the inner join. The two files were joined using the sf package inner join function. The joined data was then rendered and logged in the console. 
[image: ]
[bookmark: _Toc196746786][bookmark: _Toc196750483]Figure 22-Console Spatial output of our data
[bookmark: _Toc196607022][bookmark: _Toc453734855][bookmark: _Toc196750738] Plotting and visualising our data 
The following lines logged the outpot of the joined data as seen in the previous item. Following this, mapview package was used to plot our data in shapes of polgyons with colours broken into ranges. The color breaks represent the level of disability in different areas across Ireland. Additionally, mapview has built in functionality for viewing different map types and filtering mapping layers. 

[image: ]
[bookmark: _Toc196746787][bookmark: _Toc196750484]Figure 23-Mapview Function to generate our chloropleth map in R with polygons
[image: ]
[bookmark: _Toc196746788][bookmark: _Toc196750485]Figure 24-Generated Mapview Sketch
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[bookmark: _Toc196746789][bookmark: _Toc196750486]Figure 25-Map type filters

[bookmark: _Toc1273146921][bookmark: _Toc1085369857][bookmark: _Toc196750739] Adding Essential services shape files 
Following the visualising of our data and areas, adding our essential service was the next step of the process. The gp and pharamcies shp files were loaded similarily to our small areas file was processed into our R script. The visualisation of these files onto our joined data required cleaning and standarising of our geometries. Subsequently, both files were interjoined with our joined data. Once our additional shp files were processed and joined, a buffer was created to demostrate the distance between the different points on the map. In the following lines, additional color breaks are added to the plot and popup text is also added. Also, additonal mapview functions are added to plot the gp and pharamcy points. 

[image: ]
[bookmark: _Toc196746790][bookmark: _Toc196750487]Figure 26-Adding a modal to our polygons to give context for the user
[image: ]
[bookmark: _Toc196746791][bookmark: _Toc196750488]Figure 27-GP and Pharamcy services with buffers
[bookmark: _Toc1605540259][bookmark: _Toc1073872222][bookmark: _Toc196750740] Sprint 6
[bookmark: _Toc1573827627][bookmark: _Toc109568542][bookmark: _Toc196750741] Goal - Loading and Processing Health Data into a mapview plot
[bookmark: _Int_EUQS1Gx0]The goal for sprint 5 was like the previous sprint, however we wanted to implement and visualise our health data instead. The same degree of interacvity and visualisation would be present.
[bookmark: _Toc1255213659][bookmark: _Toc314489195][bookmark: _Toc196750742] Adding our health data and plotting in mapview package
The first item completed during sprint 5 was to load and process our health data files to visualised and cleaned. We started with loading our small areas shp file and excel file as before using the sf and openxlsx package. 
[image: ]
[bookmark: _Toc196746792][bookmark: _Toc196750489]Figure 28-Adding Health Data map in mapview

[bookmark: _Toc68300241][bookmark: _Toc53125851][bookmark: _Toc196750743] Plotting the Health Data
The first 5 lines loaded and processed data as variables using the packages we discussed.Following this, we renamed the guid columns in both files to ensure consistency and reduce conflicts in the data. After this was completed, we joined files to be plotted using the sf package. Again, the color breaks represent the range of health level in our plot alongside the layer selection functionality discussed in the previous sprint. 

[image: ]
[bookmark: _Toc196746793][bookmark: _Toc196750490]Figure 29-Health Data chloropleth map with polygons

[bookmark: _Toc1521342582][bookmark: _Toc686026742][bookmark: _Toc196750744] Adding Health Services Points
Subsequently, the hospital and health centre shp files we needed were added and processed as per the previous sprint.The geometries of both files were cleaned and standardized as per the previous sprint before being joined with the health data. Furthermore, a buffer was created around health centre locations to mark the distance and intersection points between our health shp files. In addition to the buffers, we added our colour break points and additional mapview plot functions to map our additional shp files.
[image: ]
[bookmark: _Toc196746794][bookmark: _Toc196750491]Figure 30-Hospitals and Health Centres
[bookmark: _Toc1650223152][bookmark: _Toc264286311][bookmark: _Toc196750745] Sprint 7
[bookmark: _Toc909954360][bookmark: _Toc134709638][bookmark: _Toc196750746] Goal- Adding Flex Dashboard with leaflet and ggplot
The main goal for the sprint was to create a dashboard that a user could interact with and visualise the datasets from our code. The dashboard would contain maps for the data and charts for visualising the number of services by small area. Additionally, we rewrote our disability code to render with leaflet. Previously, we used mapview to visualise our data with a simple function, however we encountered errors when running the script in flex dashboard. Upon further investigation, we found that this was due to incompatibility with the required dependencies such as htmlwidgets for flex dashboard to run. Mapview plots spatial data using one simple function with additional parameters for spatial mapping such as label, map types, legend and so forth. Leaflet in comparison requires multiple functions to render spatial data such as addPolygons, addLabels, addLegened and so forth.

[bookmark: _Toc362773094][bookmark: _Toc1539057968][bookmark: _Toc196750747] Refactoring Disability script to run with leaflet
[bookmark: _Int_UQgtqnsZ]The first item of the sprint was to load and process our data like how it was processed in mapview. The data was loaded,processed and logged as before in the other sprints however errors had arisen with joining the data. The console outputs a degenerate and invalid geomerty errors. As a result, the data files required standardisation for the data to be joined. The below code example demonstrates a helper function ensure no inconsistencies with the coordinates in our data 
[image: ]
[bookmark: _Toc196746795][bookmark: _Toc196750492]Figure 31-Standarised and simplified our geometries for leaflet package.
Following the helper function, we continued loading in our data into our script checking for errors and invalid geometries. Additionally, a simplified function from the sf package to streamline the processing of small area and disability data file. Once, we standarised and simplified our geometries, an inner join of the two files was completed with its output logged in the console.
[image: ]
[bookmark: _Toc196746796][bookmark: _Toc196750493]Figure 32-Loading our small areas and disability data file.
[bookmark: _Toc1983447988][bookmark: _Toc87402515][bookmark: _Toc196750748] Disability Essential Services Point
Similarly, we load the gp and pharamcies shp file into our leaflet script to plot our points onto the joined data polygons. The loaded shp files were standardised as per small area code with sf package functions. Following the shp files being streamlined, we joined the shp files with our joined data. 
[image: ]
[bookmark: _Toc196746797][bookmark: _Toc196750494]Figure 33-Loading and processing our gp and pharmacy files.

[bookmark: _Toc267154934][bookmark: _Toc881230233][bookmark: _Toc196750749] Color Range Breaks and Leaflet Plotting
After we joined our disability services shp files, we started to create our color breaks for our plot to illustrate the range of disability within small areas.The breaks were split into numeric intervals of five using the classInterval package.Following the defining of our colour breaks, we set our colour palette and our map type. Additionally, we added our polygon shapes for our joined data alongside our points for the essential services as circle markers.Also, we added a reference legend for our joined data and essential services. 
[image: ]
[bookmark: _Toc196746798][bookmark: _Toc196750495]Figure 34-Adding our Leaflet map functionality

[bookmark: _Toc846653287][bookmark: _Toc1507513822][bookmark: _Toc196750750] Running Flex Dashboard  
After creating the leaflet map script, we started constructing the dashboard for better visualisation of our data. Flex Dashboard utilises r markdown to render the r scripts into a dashboard with various customisable chart styles.We first started with defining the layout we needed for our maps and charts using flex dashboard functions. After defining the UI layout of our dashboards, we loaded the necessary libraries for our charts and data to be displayed. Following this, we displayed the disability data map and charts on the first page of the dashboard.
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[bookmark: _Toc196746799][bookmark: _Toc196750496]Figure 35-Flex Dashboard Functionality


[bookmark: _Toc1613156710][bookmark: _Toc667881607][bookmark: _Toc196750751] Sprint 8
[bookmark: _Toc342581366][bookmark: _Toc1313107798][bookmark: _Toc196750752] Goal - Adding the health data to the dashboard and refactoring to work with leaflet.
The goal for this sprint was similarily to sprint 6 was to add the health data to the dashboards with all relevant charts and maps.This would bring deep visualisation and interactivity for the user.

[bookmark: _Toc1085498225][bookmark: _Toc1551985950][bookmark: _Toc196750753] Adding and processing the health data to the dashboard
The sprint started with refactoring our health data code to run with leaflet mapping package. We started the refactoring with adding a helper function to standarise the geomerty coordinates from the irish system to the international coordinate system. Following this we added and processed our small areas and health excel file to be read and standarised. This was done using the sf and openxlsx packages.After this, we checked and simplified the geometries in the loaded files to joined as per previous sprints. Prior to the prepartion of the join, we renamed the GUID columns for consistency to prevent errors when intersecting our data. 
[image: ]
[bookmark: _Toc196746800][bookmark: _Toc196750497]Figure 36-Simplifying and Standarising our Geometry coordinates
[bookmark: _Toc641005756][bookmark: _Toc70161762][bookmark: _Toc196750754] Health Essential Services

Following the join of our data, we began to load our hosptial and health centre into our code. We started with reading and standarising our data using the simplify and read functions built into the sf package in R studio. After this was completed, the shp files were joined with our health data in our small areas to be plotted as points. 
[image: ]
[bookmark: _Toc196746801][bookmark: _Toc196750498]Figure 37-Loading, processing, and spatial join of our health data shape files
[bookmark: _Toc1660393399][bookmark: _Toc1555092669][bookmark: _Toc196750755] Color Breaks and Leaflet 
Following the join of all our necessary files and standarisation, we started to add color palettes and breaks for our map. This was necessary to illustrate the range of health levels within certain regions across Ireland. This was completed using classInterval and Rcolorbrewer package with range based on joined data. Subsequently, we began to create our leaflet plot starting with our map type and polygons.The addProviderTiles and addPolygons functionaility in leaflet allows us to add various map types and polygon shapes with custom styling. After creating the polygons, we added the addCircleMarkers for our essential services alongside our addLegend functions for differentiation of the various data sources. Finally, layer control was created to allow the user to toggle between the different data sources.
[image: ]
[bookmark: _Toc196746802][bookmark: _Toc196750499]Figure 38- Generating our Health Data leaflet map
[bookmark: _Toc1477206307][bookmark: _Toc2030822103][bookmark: _Toc196750756] Adding to Flex Dashboard 
After the leaflet plotting and color breaks were added, we began to implement the health data into the second page of our flex dashboard. We started with loading our necessary data as per the previous items alongside the libaries required for the map to render. Subsequently, the map with its data sources was displayed on the second page of our dashboard. 
[image: ]
[bookmark: _Toc196746803][bookmark: _Toc196750500]Figure 39-Standarising our geometeries in flex dashboard

[bookmark: _Toc812335066][bookmark: _Toc1116715436][bookmark: _Toc196750757] Sprint 9
[bookmark: _Toc1675878553][bookmark: _Toc58846481][bookmark: _Toc196750758] Goal - Adding Disability data charts to our disability dashboard page
The primary goal for this sprint was to add bar charts for our gp's and pharamcies data sources to illustrate the number of essential services per small area across Ireland. 
[bookmark: _Toc1788169464][bookmark: _Toc824751891][bookmark: _Toc196750759] Creating the GP Plot using ggplot 2 r package
The sprint started with loading the required libaries needed to create a chart to visualise the amount of gps per small area. These included dplyr, openxlsx, sf and ggplot2. The script started with a helper function to standarise crs coordinates like previous sprints alongside a simplifer function to ensure no invalid geometries. The small areas shp file is then loaded and checked for issues with its geometries. After this, the gp shp files were loaded and processed similarly to the joined data. The gp shp file was then interjoined with the joined data. Following the joins of our data, we calculated the amount of gps that were in each small area in the count function. Subsequently, we used ggplot2 built in functions to plot our count calculations with small areas on the x axis and gp count on the y axis.
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[bookmark: _Toc196746804][bookmark: _Toc196750501]Figure 40-Creating bar charts for our gp shp files
[bookmark: _Toc761194469][bookmark: _Toc1690297507][bookmark: _Toc196750760] Creating the Pharamcies Plot
Simarily to the gp's, we created a plot to visualise the amount of pharamcies per small area using the packages we discussed previously. Firstly, we created helper functions to standardise and simplify our geometries within our shp files. Following this, we loaded and processed our disability data. The excel file was loaded soon after which was joined with the small areas as a joined data variable. This was followed by the pharmacy shp being loaded into the r script to standardised and joined with the joined data variable. The amount of pharmacies per small area count function was then created to be used with ggplot 2 functions to visualise our data. 
[image: ]
[bookmark: _Toc196746805][bookmark: _Toc196750502]Figure 41-Creating our pharamcy barchart plot
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[bookmark: _Toc196746806][bookmark: _Toc196750503]Figure 42-Pharamcy Barchart Plot

[bookmark: _Toc710759828][bookmark: _Toc1582099861][bookmark: _Toc196750761] Sprint 10
[bookmark: _Toc1770281437][bookmark: _Toc65794756][bookmark: _Toc196750762] Goal- Adding the Health Data charts to our health data dashboard
The goal for this print was to add health data charts to illustrate the amount of health essential services per small area like the disability charts. 
[bookmark: _Toc1499995028][bookmark: _Toc1440751233][bookmark: _Toc196750763] Creating the Hospital Plot using ggplot2 
The sprint started first with creating a plot to visualise the amount of hospitals per small area using our small area and hospital shp files.We started by creating our helper functions to standarise and simplify the geometries in our data.After this was completed, we loaded and processed our small areas data into our R script.Following this we checked for errors and invalid geometries in the data files. Additionally, we loaded the health data excel file alongside the small areas file to be joined together for the plot. Following this, we loaded the hospital shp file after the small area join. The shp file was checked for invalid geometries similarily to the small area's files. We then joined the hospital shp file with the small areas joined data. A count function was created to check the number of hospitals in each small area. Next, we created a ggplot2 function to plot our data along the x and y axes to be visualised. The small areas were visualised on the x axis and the the number of hospitals on the y axis.
[bookmark: _Toc1182162239][bookmark: _Toc378957620][bookmark: _Toc196750764] Creating the Health Centres Plot using ggplot2
Similarity to the hospital plot, similar method was used to create the plot. A helper function was created to standarise and simplify the geometries in our data that was to be used.Following this,we loaded our small areas file to be read into our script and then standarised the geometries in the file. After, we also loaded the health data file to be joined with the small area file as a joined data variable. Next, we added our health centre shp file to be loaded in and joined with our joined data variable. A count function was added after to calcuate the number of health centers per small area.Later, we started to make the ggplot with an our small areas as our y and count of health centres as our x axis.

[bookmark: _Toc636949800][bookmark: _Toc1955218606][bookmark: _Toc196750765] Sprint 11
[bookmark: _Toc1186695030][bookmark: _Toc643384655][bookmark: _Toc196750766] Goal-Adding all our charts to the various dashboard pages
The goal for this sprint was to add the charts we created using ggplot2 in sprint six and seven to our dashboards to visualise the level of essential services access across Ireland.
[bookmark: _Toc2044883845][bookmark: _Toc51105998][bookmark: _Toc196750767] Adding the GP's and Pharamcies Charts to the Disability Data page
We started the sprint by adding the plots using the disability data to our disability dashboard page in flex dashboard. This started with copying the r script into a r markdown file we created previously to first create the dashboard using flex dashboard. We loaded the necessary libaries for these charts to render correctly such as ggplot2, sf and openxlsx. Flex dashboard splits plots into different sections such as Chart A, B and C. We placed GP's plot in chart B and Pharamcies plot in chart C. 
[bookmark: _Toc1930579258][bookmark: _Toc710603726][bookmark: _Toc196750768]. Adding the hospital and health centre plots to the health data page.
Similarly to the disability data plots, we added our hospital and health centre plots to our health data dashboard page. We started by bringing over our R script into the r markdown file as we did above with the gps and pharamcies.We then processed the libaries as before into the markdown file to render the plots.Following this, hospital chart was placed into chart A and health centre chart was placed in chart c. 
[bookmark: _Toc196750769]5.12 Sprint 12
[bookmark: _Toc196750770] Goal - Creating a Shiny Dashboard and a pivot table for disability data

[bookmark: _Toc196750771] Creating the pivot table to filter through our data Shiny 
We started the first item of sprint 11 by loading and standarising our shp or data files as done in previous sprints. Firstly the small areas and excel data file was added like sprint 7 and 8. Following this, we conducted a join of the two files and standarise the data to check for errors and validity.
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[bookmark: _Toc196746807][bookmark: _Toc196750504]Figure 43-Disability data functionality being loaded in shiny
We continued after with loading our gp and pharamcy data using the sf package to read the files and standardised the geometries. After, we joined the two files into a joined data variable with our two files from earlier. Subsequently, we began to create our UI for our data dashboard using Shiny's built-in functionality. This started with making the sidebar for our filtered data through a dropdown which a user could select. We also coded the functionality to display our map using the main panel function.
[image: ]
[bookmark: _Toc196746808][bookmark: _Toc196750505]Figure 44-Creating the Shiny UI Layout
 
Once the UI was created for the dashboard, we started to begin coding the server functionality. We began by creating the filter function to filter through the joined data object on select of the dropdown. The dropdown would display options to view level of disability among gender and total amount. Once we coded the filter functionality, we started to generate our spatial map for our disability data. This started with creating our colour palette for polygons and adding our leaflet function to generate the map.
[bookmark: _Toc196750772]5.12.3 Creating our Leaflet Map for our disability data in Shiny
We continued from the first item of the sprint was finishing the creation of the leaflet map. Following us adding the leaflet function, we added the addPolygons function to generate our small areas shp file with its data, then our markers for our gps and pharamcies with layer control. We then added the run shiny app function at the end to render our shiny dashboard.
[image: ]
[bookmark: _Toc196746809][bookmark: _Toc196750506]Figure 45-Leaflet Functionality in Shiny Server
[image: ]
[bookmark: _Toc196746810][bookmark: _Toc196750507]Figure 46-running the shiny app command and centering the view

[bookmark: _Toc1860245011][bookmark: _Toc809242331][bookmark: _Toc196750773]5 Conclusion
This chapter has shown a range of different analytical approached using a range of data sourses [I have collected, researched, processed, and plotted various amounts of data]. The implementation started with sourcing and processing our files from various sources such as the CSO and Geohive. Various shp and excel files were downloaded and processed using R Studio or Tableau. This was followed by creating spatial maps visualising our data sources as polygons, points, lines of latitude and longitude and so forth. Furthermore, I have become famililar with the use of R language and tableau alongside the creation of interactive dashboards in tableau desktop and R Studio through flex dashboard package. Additionally, we also developed an interactive filter to display disability by gender through the R shiny package. We also experimented with creating interactive dashboards through Shiny server which allows us to host our dashboards on the web. 



[bookmark: _Toc196750774]Testing

[bookmark: _Toc196750775]Introduction

Throughout this chapter, testing was conducted for the application. The purpose of testing is to evaluate how well the program functions as expected. Testing is beneficial to catch errors and malfunctions throughout the application we developed. Additionally, the process can further enhance the development cycle and quality of our software. 
The testing methods primarily focused on functional testing of the application focusing the dashboard and map interface. The methods were based on the program requirements in the project's requirements section. The main aim of this test was to outline and investigate any potential issues with the code and our dashboard. 
Additionally, user testing is another testing method used in ux design to assess usability of our program and its user interface. This is conducted by giving a list of tasks to a user for them to complete and rate their ability to complete them.


[bookmark: _Toc196750776]Functional Testing

We carried out functional testing was conducted to understand if the program functioned as we expected. The testing method that we used was creating a series of tasks to be carried out and have an expected outcome. The testing was focused on mapping navigation, user interaction and user interface. 


[bookmark: _Toc196750777]Navigation
	Test No.
	Test 
Description
	Input 
	Expected 
Outcome
	Resulted
Outcome

	1.
	Navigate to Dublin using the trackpad and zoom function
	Drag using mouse and zoom input
	Should be able to navigate to Dublin area and view desired info
	Correct result was outputted and able to view the data on the dashboard

	2.
	Toggle Data and Shape Layers
	Click on the Data Layers 
	Ability to toggle different data on and off
	Expected outcome was a success and could select data layers

	3.
	Select small area and view tooltip information
	Navigate using mouse and left click on shape
	Tooltip should appear on selection of small area
	Tooltip appears with the small area name and disability/health data






[bookmark: _Toc196750778]User Interactivity and Interface

[bookmark: _Toc1331643217][bookmark: _Toc944438491][bookmark: _Toc196750779]6.2 User interactivity and interface
	Test No. 
	Test 
Description
	Input 
	Expected 
Outcome
	Resulted Outcome

	1.
	Select a Pharamcy and view tooltip info
	Navigate to a Pharamcy location and select
	Ability to view pharamcy data and name
	Visualising pharamcy data was successful

	2. 
	Select a GP and view tooltip info
	Navigate to a GP location and select
	Ability to view GP data and name
	Selecting GP was successful, but data was not outputted as expected

	3. 
	Navigate between disability and health dashboard data
	Select the toolbar buttons for disability and health data
	Ability to navigate between the two dashboards
	Navigating between disability and health data dashboards was successful





[bookmark: _Toc196750780]User Testing
User testing was conducted on 2 individuals on laptop given to them with the dashboard running. An explanation of the program and overall project was given before testing.
[bookmark: _Toc994180158][bookmark: _Toc1017820634]6.3.1 User Interface
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



[bookmark: _Toc1870924867][bookmark: _Toc611513144]6.3.2 User Experience
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




[bookmark: _Toc196750781]Conclusion

Functional Testing was conducted throughout the dashboard and user interface which acknowledged that the program worked as expected. The testing phase gave us an invaluable insight into how the function worked and areas that could be improved. Overall, this section provided valuable information on the functions of our data dashboard and if it performed as we anticipated it to.



[bookmark: _Toc196750782]Project Management

[bookmark: _Toc196750783]Introduction

The project management section discusses how the project was run and managed throughout each section. The project was broken down into the sprint method. The various how the project was conducted are outlined in the following sections


[bookmark: _Toc196750784]Project Proposal

The project proposal involved planning project ideas for the thesis. The topic of accessibility and disability was appealing, and we wanted to create a project around these areas. As the proposal evolved, the project began to focus on data visualisation of level of disability and accessibility across Ireland.

[bookmark: _Toc196750785]SCRUM Methodology

The Scrum method of sprinting was used throughout the entire project from start to finish. The sprints brought structure and direction to the thesis with immense success. Each task and requirement could be broken into small pieces for each sprint and if one could not be completed, it was moved to the next one.


[bookmark: _Toc196750786]Project Management Tools

[bookmark: _Toc196750787]Notebook and Weekly Meetings
Personal notebook and weekly meetings with the project supervisor were important throughout the project. This assisted with project direction, feedback and making notes of issues that had arisen.

[bookmark: _Toc196750788]Miro
Miro is a digital whiteboarding software and was primarily for documentation and project research in the initial stages. The software was particularly useful for producing ideas for the project and direction in the planning and proposal phases. Additionally, it was used initially for documentation of the project, especially developing the initial prototype.

[bookmark: _Toc196750789]Reflection

[bookmark: _Toc196750790]Your views on the project 
In general, we felt the project went well. All desired functionality and the program were completed as planned. The overall cycle of the application development was demanding but fulfilling, especially working shape files in generating the maps for our data.
[bookmark: _Toc196750791]Working with a supervisor 
Working alongside the main project supervisor and second reader was a rewarding and great learning experience throughout the project. Feedback and guidance from project supervisors were significant for the project's success.

[bookmark: _Toc196750792]Technical skills 
The main technical skills developed and improved throughout this project were working with the R language and spatial data analysis. The student had limited experience in developing within the R language and spatial data files for creating mapping data. It was a challenging but rewarding experience overall. Additionally, prior experience working with the tableau software was also improved upon.


[bookmark: _Toc196750793]Conclusion
Completing and conducting this project was a rewarding and a great learning experience overall. Weekly meetings and notes with the project supervisors made the management of the direction and success of the project straightforward. The supervisors' guidance and feedback were invaluable and contributed to the project's success. Throughout every stage, many requirements and overall skills were improved, especially working with spatial files.



[bookmark: _Toc196750794]Conclusion

[bookmark: _Int_ZV6DiffT]The project's aim was to investigate disability and accessibility provision through spatial data analysis with a focus on spatial data. The approach of the project was to create dashboard with mapping data visualising level of disability using a choropleth maps. Additionally, various data charts were utilised such as highlight tables and bar charts.
The application was developed initially through the tableau software which is a data visualisation program. Tableau was used to develop the initial prototype dashboard to learn and interact with spatial data at first. Following this, the application was further developed in the R Studio using the R language and its various packages. 
The initial research section focuses on applications of spatial data analysis and its applications for identifying accessibility provision. This phase of the project formed the core of the project proposal and its requirements.
The requirements section set out the key factors of the application for the application to be successful and function as expected.
The design phase of the project outlined the technologies required to develop the project and its functions. Wireframes and existing dashboards assisted in the direction and development of the program. 
The project's implementation phase discussed the program's development in the SCRUM methodology framework. Each phase of the development cycle was broken down into sprints with each task laid out for that specific sprint. This method assisted with the direction and development deadlines.
The testing phase of the project detailed the various testing methods conducted to investigate how effectively the project aligned with requirements set out. Additionally, the phase ensured all functions of the dashboard worked as expected.
Further development of the dashboard and the overall project could be considered in a variety of ways. This would include increased interactivity within the data dashboard itself allowing a user to filter different data and select different regions. Additionally, the program could also be developed to have route mapping using the r routing package. This additional functionality would allow a user to navigate from point to point on the mapping dashboard. Overall, the student is satisfied with the finished program and dashboard. The project has aligned with the requirements and is substantial portion for illustrating the importance of disability within Ireland. Furthermore, it illustrates further how spatial data analysis can form a great tool for investigating problems within our environment. Various hard and soft skills were developed throughout this project especially in the spatial data space. Communicating with supervisors, receiving feedback, learning about the R language and spatial data analysis
Lastly throughout this project, We have learned about spatial language and data, spatial mapping, dashboard design etc. Furthermore, the language of spatial analysis various from polygon shapes to, points to geometric variables.  Additionally, we also explored creating spatial maps with laye filtering. Also, we developed interactive visual dashboards with flex dashboard and R shiny.

Finally, we concluded that spatial data analysis can be a great tool for to investigate accessibility provision and detect coloration between access to services and rates of disability.
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Library(dplyr)
Library(openxlsx)
Library(sf)
Library(mapview)
library(classInt)
Library(tidyr)
Library(RColorBrewer)
library(scales)

# Load the shapefile and Excel data
shapefile_path <~
small_areas <- st_read(shapefile_path)

data_path <- "/Users/christianbutler/Desktop/T12t1.xIsx"
theme12_tablel <- read.xlsx(data_path, sheet = 1)

# Renane GUID columns for consistency
snall_areas <~ small_areas %% rename(GUID = SA_GUID__1)
themel2_tablel <- themel2_tablel %% renane(GUID - GUID)

# Perform inner join between small areas and T12 data
joined_data <- inner_join(small_areas, themel2_tablel, by =

GuID")

Users/christianbutler/Desktop/New (SO 2022 Shape Files/Shape/Small Areas/SMALL_AREA_2022_Genralised_20m. shp"
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Simple feature collection with 6 features and 33 fields
Geometry type: MULTIPOLYGON

Dimension: XY

Bounding box: xmin: 625405.7 ynin: 621699.4 xmax: 722647.4 ymax: 937523.8
Projected CRS: IRENET9S / Irish Transverse Mercator
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2 2 4c07d11e-1d31-851d-e053-ca3caBcdca7f 4cO7d11e-1d31-851d-e053-calcaBeOca7f 247091008 247091008
3 3 4c07d11d-fae7-851d-e053-ca3caBc0Ca7f 4c07d11d-fae7-851d-e053-ca3caBedca7f 057103001 57103001
4 4 407d11d-£d90-851d-e053-ca3caBcdca7f 4cO7d11d-fd90-851d-e053-ca3caBeOca7f 027053002 027053002
s 5 4c07d11e-17b0-851d-e053-ca3caBcOca7f 4c07d1le-17ba-851d-e053-ca3caBedca7f 217041003 217041003
6 6 4c07d11e-0642-851d-e053-ca3caBcca7f 983699bb-8473-4a36-9f cc-ec71d66Beed6 267065001
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s o 1 Carrick-on-Suir  IEQ  Ireland  IEQS Southern  TEGS1 Mid-West
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ED_GUID ED_OFFICIA ED_ENGLISH ED_GAEILGE ED_ID_STR

1 20e19629-195d-1303-e055-000000000001 N CARLINGFORD CATRLINN 147005
2 20e19629-1eac-13a3-e055-000000000001 Y NEW ROSS URBAN ROS MHIC THRIUIN (UIRBEACH) 247091
3 2ae19629-20dc-133-e055-000000000001 Y KNOCKALLA CNOC COLBHA 057103
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1 14
1 33
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# Check the result of the join
head(joined_data)
#

mapview(joined_data, zcol = "T12_1_T", col.regions = colors, at = breaks, layer.n
legend.labels = lapply(breaks, function(x) percent(x / 100)))
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popup_text <- paste(
"<b>Small Area: </b>", joined_data$ED_ENGLISH,
"<br/><b>Disability Data: </b>", percent(joined_data$T12_1_T/100),
"<br/><b>Additional Information: </b>", joined_data$Additional_Info, # Example for additional information
sep = ""

)

# Step 5: Visualize the results on a map
mapview(joined_data, zcol = "T12_1_T", col.regions = colors, at = breaks, layer.name = "Disability Data", legend.-
tooltip = tooltip_text, legend.labels = lapply(breaks, function(x) percent(x / 100))) +
mapview(gp_buffer, color = '-", alpha = 0.4, lwd = 2, layer.name = "GP Locations (with Buffer)") + # GP bi
mapview(gp_in_small_area, color = " ", pch = 16, cex = 2, layer.name = "Pharmacy Locations") + # GP loca
mapview(pharmacies_in_buffer, color = ", pch = 17, cex = 2, layer.name = "GP Locations (Raw)") # Pharmaci
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library(dplyr)
library(Copenxlsx)
library(sf)
library(mapview)
library(classInt)
library(RColorBrewer)

# Load shapefiles and data
shapefile_path <- "/Users/christianbutler/Desktop/New CSO 2022 Shape Files/Shape/
small_areas <- st_read(shapefile_path)

data_path <- "/Users/christianbutler/Desktop/T12t3.x1sx"
themel2_table3 <- read.xlsx(data_path, sheet = 1)

# Rename columns for consistency
small_areas <- small_areas %>% rename(GUID = SA_GUID__1)
themel2_table3 <- themel2_table3 %>% rename(GUID = GUID)

# Join the shapefile and data table
joined_data <- inner_join(small_areas, themel2_table3, by = "GUID")

# Define a color palette for the map
colors <- brewer.pal(3, "YLOrRd")

mapview(joined_data, zcol = "T12_3_TT", col.regions = colors, at = breaks, layer.
legend.labels = lapply(breaks, function(x) percent(x / 100)))
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# Helper function to standardize coordinate reference systems
standardize_crs <- function(sf_object) {
if (st_crs(sf_object)sepsg I= 4326) {
message("Converting coordinate system to WGS84 (EPSG:
return(st_transforn(sf_object, 4326))
3
message(*Data already in WGS84 (EPSG:4326)")
return(sf_object)
N

326)")
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# Load the shapefile and Excel data for Small Areas (disability data)
shapefile_path <- */Users/christianbutler/Desktop/New (SO 2022 Shape Files/Shape/Small Areas/SMALL_AREA_2022_Genr
small_areas <- st_read(shapefile_path)

# Check CRS and print it
print(*Original GRS of small areas:")
print(st_crs(small_areas))

# Transform small_areas to WS84 (EPSG:4326) if needed
small_areas <- standardize_crs(snall_areas)

# Ensure the geometries are valid
small_areas_valid <- st_make_valid(small_areas)

# Now simpLify the valid geometries of small_areas
snall_areas_simplified <~ st_simplify(small_areas_valid, dTolerance = 0.01) # Adjust dTolerance for simplificati

# Load the correct Excel data (themel2_tablel for disability data)
data_path_disability <- "/Users/christianbutler/Desktop/TI2t1.xIsx" # Corrected path for disability data
theme12_tablel <- read.xlsx(data_path_disability, sheet = 1)

# Rename columns for consistency
small_areas_simplified <- small_areas_simplified %% renane(GUID = SA_GUID__1)
theme12_tablel <- themel2_tablel %% renane(GUID = GUID)

# Perform inner join between small areas and T12 data (disability data)
joined_data <- inner_join(small_areas_simplified, themel2_tablel, by
print(joined_data)

"GUID")
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# Load the GP locations shapefile for disability data
gp_path <- "/Users/christianbutler/Desktop/GPs_-_HSE_Ireland/
gp_locations <- st_read(gp_path)

# Load the Pharmacies shapefile for disability datd|
pharmacy_path <- “/Users/christianbutler/Desktop/Pharmacies.
pharmacy_locations <- st_read(pharmacy_path)

# Ensure all datasets are using the correct CRS (WGS84 - EPSC
gp_locations <- standardize_crs(gp_locations)
pharmacy_locations <- standardize_crs(pharmacy_Locations)
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# Helper function to standardize coordinate reference systems
- standardize_crs <- function(sf_object) {
if (st_crs(sf_object)$epsg != 4326) {
message("Converting coordinate system to WGS84 (EPSG:4326)")
return(st_transform(sf_object, 4326))
}
message("Data already in WGS84 (EPSG:4326)")
return(sf_object)
-}

# Load the shapefile and Excel data for Small Areas
shapefile_path <- "/Users/christianbutler/Desktop/New CSO 2022 Shape Files/Shape/Small Areas/SMALL_AREA_2022_Genrali
small_areas <- st_read(shapefile_path)

# Check CRS and print it
print("Original CRS of small areas:")
print(st_crs(small_areas))

# Transform small_areas to WGS84 (EPSG:4326) if needed
small_areas <- standardize_crs(small_areas)

# Ensure the geometries are valid
small_areas_valid <- st_make_valid(small_areas)

# Now simplify the valid geometries of small_areas
small_areas_simplified <- st_simplify(small_areas_valid, dTolerance = 0.01) # Adjust dTolerance for simplification

# Load the Excel data
data_path <- "/Users/christianbutler/Desktop/T12t3.x1sx"
themel2_table3 <- read.xlsx(data_path, sheet = 1)

# Rename columns for consistency
small_areas_simplified <- small_areas_simplified %>% rename(GUID = SA_GUID__1)
themel2_table3 <- themel2_table3 %>% rename(GUID = GUID)
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# Load the hospital locations shapefile
hospital_path <- "/Users/christianbutler/Desktop/Hospitals_-_HSE_Ireland/23b@1el0-0db9-416d-91c2-
hospital_locations <- st_read(hospital_path)

# Check CRS of hospital locations
print(st_crs(hospital_locations))

# Transform hospital_locations to WGS84 (EPSG:4326)
hospital_locations <- standardize_crs(hospital_locations)

# Simplify hospital location geometries if needed (optional)
hospital_locations_simplified <- st_simplify(hospital_locations, dTolerance = 0.01)

# Load the Health Centres shapefile
health_centres_path <- "/Users/christianbutler/Desktop/Health_Centres_-_HSE_Ireland/e307e4fa-291¢
health_centres <- st_read(health_centres_path)

# Check CRS of Health Centres
print(st_crs(health_centres))

# Transform Health Centres to WGS84 (EPSG:4326)
health_centres <- standardize_crs(health_centres)

# Simplify Health Centres location geometries if needed (optional)
health_centres_simplified <- st_simplify(health_centres, dTolerance = 0.01)

# Perform the spatial join between hospital locations and the joined data (small areas + T12 datc
hospitals_in_areas <- st_join(hospital_locations_simplified, joined_data, join = st_within)

health_centres_in_areas <- st_join(health_centres_simplified, joined_data, join = st_within)
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leaflet() %%

addProviderTiles("CartoDB.Positron") %>%

# Add Small Areas polygons with color scale
addPolygons(
data = joined_data,
fillColor al(T12_3_TT),
color
weight = 1,
opacity = 0.7,
fillOpacity = 0.4,
popup paste("Small Area: ", ED_ENGLISE
group "Small Areas"
) %%

# Add hospitals as Ci

addCircleMarkers(
data = hospitals_in_areas,
~st_coordinates(hospitals_in_areas)[, 1],
~st_coordinates(hospitals_in_areas)[, 2],
radius

leMarkers on the mar

color ",
fillOpacity = 0.8,
popup = ~paste("Hospital: ", name,
"<br/>Small Area: ", ED_EN
"<br/>Health Data: ", rour
group = "Hospitals"
) %%

# Add health centres as CircleMarkers on tt
addCircleMarkers(
data = health_centres_in_areas,
~st_coordinates(health_centres_in_areas)|
~st_coordinates(health_centres_in_areas)|
radius = 5,
color - 'lgreen",

fillOpacity = 0.8,

popup = ~paste("Health Centre: ", name,
"<br/>Small Area: ", ED_EN
"<br/>Health Data: ", rour
group = "Health Centres"
) %%

# Add a legend for the health data
addLegend(
position = "bottomright",
pal = pal,
values = joined_data$T12_3_TT,
title = "Health Data",
opacity = 0.7
) %%

# Add a custom legend for Hospitals
addLegend(

position = "bottomright",

colors = c(""),

labels = c("Hospitals"),

title = "Hospital Locations",
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# Helper function to standardize coordinate reference systems
- standardize_crs <- function(sf_object) {
if (st_crs(sf_object)$epsg != 4326) {
message("Converting coordinate system to WGS84 (EPSG:4326)")
return(st_transform(sf_object, 4326))
}
message("Data already in WGS84 (EPSG:4326)")
return(sf_object)
}

# Load the shapefile and Excel data for Small Areas
shapefile_path <- "/Users/christianbutler/Desktop/New CSO 2022 Shc
small_areas <- st_read(shapefile_path)

# Transform small_areas to WGS84 (EPSG:4326) if needed
small_areas <- standardize_crs(small_areas)

# Ensure the geometries are valid
small_areas_valid <- st_make_valid(small_areas)

# Now simplify the valid geometries of small_areas
small_areas_simplified <- st_simplify(small_areas_valid, dToleranc

# Load the Excel data
data_path <- "/Users/christianbutler/Desktop/T12t3.x1sx"
themel2_table3 <- read.xlsx(data_path, sheet = 1)

# Rename columns for consistency
small_areas_simplified <- small_areas_simplified %>% rename(GUID -
theme12_table3 <- themel2_table3 %>% rename(GUID = GUID)

# Perform inner join between small areas and T12 data
joined_data <- inner_join(small_areas_simplified, themel2_table3,

hospital_path <- "/Users/christianbutler/Desktop/Hospitals_-_HSE_
hospital_locations <- st_readChospital_path)

# Transform hospital_locations to WGS84 (EPSG:4326)




image41.png
# 10. Count number of GPs per Small Area (group by GUID and count)
gp_counts <- gp_in_small_area %>%

group_by(GUID, ED_ENGLISH) %>%

summarise(num_gps = n()) %>%

arrange(desc(num_gps)) # Arrange in descending order of GP count

# 11. Limit to top 10 small areas with most GPs
top_10_gps <- head(gp_counts, 10)

# Display the top 10 GP counts
print(top_10_gps)

# Step 12: Plotting the number of GPs per Small Area (Top 10)
ggplot(top_10_gps, aes(x = reorder(ED_ENGLISH, num_gps), y = num_gps)) +
geom_bar(stat = "identity", fill = 'skyblue, color - 'BJEIER" +
coord_flip() + # Flip coordinates for better readability
labs(
title = "Top 10 Small Areas with Most GPs",
x = "Small Area",
y = "Number of GPs"
)+

theme_minimal() +
Alhamal mvt e tavd v aTl mmamt tavdl et mn  ONY B AdS el mut e dmod ctmn Lo mmm Al T e,
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# Helper function to standardize coordinate reference systems
standardize_crs <- function(sf_object) {
if (st_crs(sf_object)$epsg != 4326) {
message("Converting coordinate system to WGS84 (EPSG:4326)")
return(st_transform(sf_object, 4326))
}
message("Data already in WGS84 (EPSG:4326)")
return(sf_object)
}

# Load the shapefile and Excel data for Small Areas (disability data)
shapefile_path <- "/Users/christianbutler/Desktop/New CSO 2022 Shape Files/Shape/Small Areas/SMALL_AREA_2022_Genralised_20m.shp"
small_areas <- st_read(shapefile_path)

# Ensure the geometries are valid
small_areas_valid <- st_make_valid(small_areas)

# Now simplify the valid geometries of small_areas
small_areas_simplified <- st_simplify(small_areas_valid, dTolerance = 0.01) # Adjust dT:

for simplification

# Load the Pharmacies shapefile for disability data
pharmacy_path <- "/Users/christianbutler/Desktop/Pharmacies_-_HSE_Ireland/a538cc@8-54db-4978-8b26-6628ddf442a62020314-1-1wzr35.dvnss. shp"
pharmacy_locations <- st_read(pharmacy_path)

# Ensure the (RS of pharmacy locations matches the CRS of small areas (WGS84 - EPSG:4326)
pharmacy_locations <- standardize_crs(pharmacy_locations)

# Check if CRS match
if (st_crs(small_areas_simplified) != st_crs(pharmacy_locations)) {
pharmacy_locations <- st_transform(pharmacy_locations, st_crs(small_areas_simplified)) # Transform CRS

}

# Perform spatial join for Pharmacy locations
pharmacy_in_small_area <- st_join(pharmacy_locations, small_areas_simplified, join = st_within)

# Count the number of pharmacies in each small area
pharmacy_counts <- pharmacy_in_small_area %>%
group_by(ED_ENGLISH) %>%
summarise(num_pharmacies = n()) %%
filter(!is.na(num_pharmacies) & !is.na(ED_ENGLISH)) # Filter out NA values

# Get the top 10 small areas based on number of pharmacies
top_pharmacies <- pharmacy_counts %%
arrange(desc(num_pharmacies)) %>%
head(10)
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Library(shiny)
Library(dplyr)
Library(openxlsx)
Library(sf)
Tibrary(leaflet)
Library(classInt)
Library(RColorBrewer)

# Helper function to standardize coordinate reference systems
standardize_crs <~ function(sf_object) {
if (st_crs(sf_object)Sepsg = 4326) {
message("Converting coordinate system to WGS84 (EPSG:4326)")
return(st_transform(sf_object, 4326))
}
message("Data already in WGS84 (EPSG:4326)")
return(sf_object)
}

# Load the shapefile and Excel data for Small Areas (disability data)
shapefile_path <- "/Users/christianbutler/Desktop/New CSO 2022 Shape Files/Shape/Small Areas/SMALL_AREA_2022_Genralised_20m.shp"
small_areas <- st_read(shapefile_path)

# Ensure the data is in WGS84 (EPSG:4326)
small_areas <- standardize_crs(small_areas)

# Ensure all geometries are valid
small_areas_valid <~ st_make_valid(small_areas)
small_areas_simplified <~ st_simplify(small_areas_valid, dTolerance - 0.01)

# Load the correct Excel data (themel2_tablel for disability data)
data_path_disability <- "/Users/christianbutler/Desktop/T12t1.x1sx"
themel2_tablel <- read.xlsx(data_path_disability, sheet = 1)

# Rename columns for consistency
small_areas_simplified <~ small_areas_simplified %% rename(GUID = SA_GUID__1)
‘themel2_tablel <- themel2_tablel %-% rename(GUID = GUID)

# Perform inner join between small areas and disability data
joined_data <- inner_join(small_areas_simplified, themel2_tablel, by = "GUID")

# Ensure (RS for all layers is consistent
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pharmacy_locations <- standardize_crs(pharmacy_locations)

# Perform spatial join for GP and Pharmacy locations with Small Areas data
gp_in_small_area <- st_join(gp_locations, joined_data, join = st_within)
pharmacy_in_small_area <- st_join(pharmacy_locations, joined_data, join = st_within)

#--- UL ---
ui <- fluidPage(
titlePanel("Disability Data Map with GP, Pharmacy Locations and Urban Areas"),
sidebarLayout(
sidebarPanel(
selectInput(
inputId = "gender_column",
label = "Select Disability Type:",
choices = c("Male" = "T12_1_M", "Female" = "T12_1_F", "Total" = "T12_1.T"),
selected = "T12_1.T"
Js
selectInput(
inputId = "urban_area",
label = "Select Urban Area:",
choices = unique(joined_data$ED_ENGLISH),
selected = "Dublin"
)
J,
mainPanel(
leafletOutput("map", height = "650px")
)
)
D)




image46.png
setview(ilng = center_Lon, Lat = center_Lat, zoom = lc) A>%

# Add Small Areas polygons with color scale based on disability data
addPolygons(

data = joined_data,

fillColor = ~pal(get(col)),

fillOpacity = 0.7,
color = "fhitel",
weight = 1,
popup = ~paste("Small Area: ", ED_ENGLISH, "<br/>Disability Data: ", round(get(col), 2)),
group = "Disability Data"
) %%

# Add GP Locations as points

addCircleMarkers(
data = gp_in_small_area,
~st_coordinates(gp_in_small_area)[, 1], # Longitude
~st_coordinates(gp_in_small_area)[, 2], # Latitude
radius = 5,
color )
fillOpacity = 0.8,
popup = ~paste("GP Location: ", GUID),
group = "GP Locations"

) %%

# Add Pharmacy Locations as points

addCircleMarkers(
data = pharmacy_in_small_area,
~st_coordinates(pharmacy_in_small_area)[, 1], # Longitude
~st_coordinates(pharmacy_in_small_area)[, 2], # Latitude
radius = 5,
color N
fillOpacity = 0.8,
popup = ~paste("Pharmacy Location:
group = "Pharmacy Locations"

) %%

, name),

# Layer Control

addLayersControl(
overlayGroups = c("Disability Data", "GP Locations", "Pharmacy Locations"),
options = laversControlOptions(collapsed = FALSE)
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# Observe the urbon area selection and pdate the nap view occordingly
SbserveEvent (inputSurben_area, {

¥ Get the selacted urban area polygen

urben_data < filtered_urban_area()

# Extract centroid coordinates of the selected urben area
center_conrds < st_centrotd(urban_data)

£ (aronCcenter_coords) > ©)
center_lon < st_coordinates center._coords)(1]
center_lat < st_coordinates center_coords) 2]

# Debugging: Check if the coordinates are correct
print(pasta(*Selected Urban Area Center:*, center_Lon, center_Lat)

# Updote nop view to focus on the selected urban area
LeafLetpraxy(nap™) %%
SetVien(ing - center_lon, lat - center_lat, zo0m - 12)

3
»
}

# - Run the Shiny App -
ShimgpCui, server)




