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Abstract

Statistical maps and graphs are very common to convey to the eyes an increasingly complex size, scope and range of data. Visually plotting data on an interactive map about an infectious disease becomes important because it can be easily prevented by effective and inexpensive vaccine. There has been meningitis outbreak in Swansea within 2012-2014. This study intends to raise awareness on how vaccination program, healthcare professionals’ performance and government program impact-either positive or negative- on the successful implementation of vaccination programs and meningitis outbreak itself. 

Plotting an eight years’ immunization data in Swansea map has shown that the vaccination implementation program has not been successful because some areas has shown a low percentile of vaccination in different years. The maps appeared to be useful and reliable intermediary step between excel spread sheet and locational geography for the positioning of candidates. The map shows where the vaccination program has not been successful as this could lead to the disease outbreak later in 2012-2014. 
















VIII

Chapter 1- Introduction

1.1 Introduction
Nowadays, data visualisation is a very important topic where presenting qualitative and quantitative data to enable users to see pattern and trends [13]. Statistical maps and graphs are very common to convey to the eyes an increasingly complex size, scope and range of data. To visualise information in a certain location, maps are an excellent way to present data that helps to identify geographic trends in the area of economic indicators, government spending, election results and disease incidence [14] (Figure 1).  


[image: ]
[Fig 1]


The potential of GIS to profit the human health industry is just started to be realized. Both private and public areas are creating inventive approaches to tackle the information reconciliation and spatial representation force of GIS [21]. The organizations and associations adapting GIS to make explanatory and descriptive solutions, span the health care spectrum - from public health policy and public health departments and research organizations to health insurance organizations, hospitals and medical centres [22]. 


GIS plays an important role in figuring out where and when to intervene, improving the quality of care, expanding availability of administration, and preserving patient confidentiality, finding more cost-effective delivery modes, while satisfying the needs of the research community for data accessibility [22].


Quick access to medical records is crucial to effective treatment and balancing data accessibility with individual privacy has become more challenging for public health agencies [21]. GIS provides a way to move data from the project level; Public health uses of GIS include conducting health policy research, tracking child immunizations, and establishing service areas and districts. Administrative and clinical information can be disseminated in a visual and geographic manner and allows the entire organisation to access data [21].



1.2   Aim and Objectives
As technology drives many facets of healthcare research, the GIS-health nexus with regard to communicable disease becomes very powerful and disease surveillance will become even more feasible with the use of GIS and spatial analytical techniques. Using geographic information system in reference special epidemiology also contributes towards the development of special decision support systems by the healthcare professionals.


The purpose of this study is to produce a statistical map that demonstrates an eight years’ immunization performance in Swansea before the meningitis and meningococcal outbreak in 2012-214. This map present the number of notifications of people immunization against the disease in couple years before the disease outbreak which helps users to easily see which area of Swansea have performed poorly and the vaccination implementation has not been successful.


The objectives of this study are also including:
· To investigate whether the use of mapping software can help health authorities on disease management.
· To suggest a frame work for end-user computing development for such a software.
· To demonstrate the method to link meningitis management registry with analyses programme and a GIS mapping.
· To address the challenges that occur when performing this link.
· To analyse the outcome disparities resulting from this assessment tool in a population with immunisation against meningitis.































2. Literature review
2.1 Background
Health geography is a branch of human geography that deals with the geographic aspect of health and it is widely used to study the impact of people’s surroundings on their health [15].
It seeks along with related disciplines medical sociology, health economic and medical anthropology to enhance the concepts or models about health and disease and also to improve the understanding of various factors that affect the health of population and hence individual [23]. These interrelated disciplines can enhance the outcome of healthcare [23].
According to briney (2014), public health study using mapping technique was began from 4th-5th centuries when a study was conducted about how one’s location impacts their health [15]. 


Furthermore, some early studies looked at the prevalence of diseases in people who lived at low elevations near waterway were more at risk of catching malaria.
Many of these modern methods of statistical graphics have their roots in the past and have a very long history [16]. One of the earliest studies by Dr John Snow showed the location of cholera deaths in the 1850s [15] demonstrating the connection between the public water supplies and the death locations (Figure 2).

[image: ]
[Fig 2]

However, the scope and breadth of health geography research is diverse and wide-ranging but many geographic research is directly related to public health; this includes health inequalities and polarization, urbanization, scales and globalization research. Understanding disease risk factors and how environmental, lifestyle and occupational risk factors lead the informed decision-making to the effective public health policy based on evidence. The nature of environmental exposures and understanding geography are important in assessing the arrangement of health services and in the interrelation, inherent in many health-related risk exposures [36]. 


It is crucial to have concern with scales of organisation to public health implementation and health service provision. For example, all geographic contexts such as global issues, internationalisation of health services, demographic transition and environmental changes have direct influence on health policies. Many global patterns of infectious disease diffusion such as HIV and acute respiratory syndrome are linked to population movement and migration. Although, all these processes again are affected by other contexts like labor-market conditions and socio-economics. 


Urbanization and the environmental changes have continued to have a profound effect on well-being and health of people. For example, the epidemic of obesity is connected to socio-cultural shift affecting food availability, physical activity and bodily consumption. In such situation, health policy should inform food policy, local planning policy, marketing and transportation in a sensitive manner and explain how the built environment can influence population obesity and children food habits [37]. 


In fact, technology advancement served important role in the development of graphics during 19th century; allowing statistical data collected and summarized more easily and images being produced cheaper and faster [16]. However, maps are mainly created for the demonstration purpose rather than material referencing sources [17].



  2.2 Meningitis Epidemiology
Infectious disease is one of the leading causes of death worldwide [1]. They can be very difficult to control particularly when the infectious agent resist to commonly used medicines. For example, bacteria can acquire new genes or accumulate mutations in their DNA to allow them survive even when using antibiotics drugs [2].


Meningitis is a type of the infection that can be very serious if not treated quickly. It is an inflammation and infection of the membrane around the brain and spinal cord and usually caused by a viral or bacterial infection [3] (Figure 3). Meningitis can occur in all age group, but infants, young children and elderly people are at higher risk [4]. 
[image: ]
[Fig 3]


Viral meningitis is the most common and usually more benign than bacterial, although every single case of suspected meningitis should be managed carefully and treated as the bacterial type until proven otherwise [5]. People are the main known repository for Neisseria meningitides or meningococcus. Around 10% of the people conveys the meningococcus in the back of their throat or nose without infecting them. It is transmitted from individual to individual by close and direct contact such as breathing in respiratory emissions from the mouth and throat [4]. It is not known why a few people convey the microbes without them creating hurt while others go ahead to create invasive illness, particularly, young children and adolescents are at most elevated danger of meningococcal sickness. 


Meningococcal is the leading infectious cause of death in early childhood as it can cause invasive illness, including septicemia, pneumonia and meningitis. Early signs and indications of meningococcal are usually not specific and very hard to recognize from basic and self-restricting viral diseases [4]. Meningococcal usually presents as bacterial meningitis in 15% of cases and as septicemia in 25% of cases, or as a combination of the two presentations [5].


According to Meningitis Research Foundation (2014), every year around 3200 cases of bacterial meningitis occur in the UK (Figure 4) [6]. Only in 2009-2010 3000 cases of viral meningitis were reported in the UK, however, the actual incidence was likely to be higher [7]. 
Over the last two decades, the epidemiology of bacterial meningitis in the UK has been dramatically changed following the introduction of vaccination against influenza type B, pneumococcal disease and serogroup C meningococcus [8].

[image: ]
[Fig 4]



    
 2.2.1 Immunization schema
Introduction of a new immunisation and vaccination against group B bacteria and the cause of meningococcal has been recommended by the Joint Committee to be added to the immunisation schedule at 2, 4 and twelve months [7]. This vaccine offers protection against meningitis type “B” that is a common cause of meningitis in young children in the UK [7].


 The pneumococcal vaccine which is also known as the “pneumo job” gives protection against serious and fatal pneumococcal infections [10]. Pneumococcal infections are caused by the bacterium Streptococcus pneumoniae and can lead to septicemia, pneumonia and meningitis, brain damage and even kill [10]. The meningitis C vaccine also protects people at risk of a type of bacteria causing meningitis which is called meningococcal group C bacteria [10]. Babies are offered a single injection of combined vaccine of “Haemophilus influenza type B and Meningitis C (Hib/Men C) at one year of age whilst teenagers and first time university students are offered the combined meningitis “ACWY” vaccine against four different causes of meningitis and septicemia; meningococcal type A, C, W and Y disease [11]. 


The Hib/Men C vaccine is highly effective and protect children when they are most vulnerable to the disease. It also contains inactivated organisms and thus it is very safe for babies’ protection against meningitis C. if the baby contact with these germs, the vaccine help their bodies to produce antibodies which will fight the bacteria to stop the disease tacking place. The rate of Hib/ Men C disease is now at their lowest-ever levels as the result of vaccination [12].


Meningitis ACWY vaccine is a single injection that is given to fresher student going to university and teenagers by injection into upper-arm to prevent meningitis [11]. Children aged 14 will be offered the Meningitis ACWY vaccine in school as a part of routine school programme and as a replacement of Meningitis C vaccination. It is very important to take effort to protect all teenagers and first-time university students whether from oversees or from the UK. According to NHS report, cases of meningitis and septicaemia caused by “Meningitis W bacteria” is rising due to particular deadly strain. Older teenagers and university students are at high risk of infection due to being mix closely with lots of new people, some of whom may carry the bacteria unknowingly [11].
A list of vaccination schedule against meningitis has been provided in the table below (Table 1);
	

	
UK 2017 Immunisation Schedule [Table 1]
	AGE
	Immunisation (Vaccine Given)

	2 months
	· Hib (Haemophilus influenzae type b) plus:
· PCV (pneumococcal conjugate vaccine) - in a separate injection Rotavirus - oral route (drops).
· Meningitis B 

	3 months
	· Hib 2nd dose, plus:
· Rotavirus - oral route (drops).

	                  4 months
	· Hib 3rd dose (or Infanrix IPV Hib); plus:
· PCV 2nd dose- in a separate injection.
· Meningitis B 2nd dose

	 Between 12 and 13 months
	· Hib/MenC (combined as one injection) - 4th dose of Hib and 1st dose of MenC plus:
· MMR (measles, mumps and rubella) - combined as one injection, plus:
· PCV 3rd dose - in a separate injection.
· Meningitis B 3rd dose.

	2-7 years

	· Nasal flu spray annually for children aged 2, 3 and 4, this is usually given in the GP surgery. Children in school years 1, 2 and 3 may have this at school.

	3 years and four months
	· MMR 2nd dose

	14 years
	· Men ACWY: combined protection against meningitis A, C, W and Y

	Adults
	· PPV (pneumococcal polysaccharide vaccine): for those aged over 65 years and those in high-risk groups.









2.3 Geography of Disease
Doctors, therapeutic geographers and general wellbeing experts measure health strictly in terms of indicators of ill-health such as mortality (death) and morbidity (illness and disease complications) [24]. Three united fields of drug, in particular epidemiology, Public Health, and Medical Geography are worried with analyzing the dissemination of disease and death at different geographic scales, trying to figure out whether the presence or absence of specific disease is connected with some factors in the social or physical environment [24].
In the case of infectious diseases like AIDS, Ebola (Figure 5), meningitis and influenza, the investigation of their geographic dispersion much of the time includes looking at the dissemination of the illness through space over a given timeframe [25]. 

[image: ]
[Fig 5]


In spite of the fact that the mapping of illness information can be moderately clear, translating spatially referenced illness information can sometimes be challenging, especially for chronic disease and non-infectious disease such as coronary illness and diabetes mellitus [24]. For instance, a specialist may map the distribution of people with schizophrenia (a psychiatric mental issue) in urban territories and observe that they tend to live in low-salary, inward city zones. At this stage, the specialist can see how the information is dispersed, yet clarifying why it is disseminated in that capacity is another story and requires advance examination [25]. 
Spatio-transient examination is concerned with cluster validation, for example a detected cluster is not due to mere chance factors, and with attribution of detected clusters to the appropriate factors that played a role in their occurrence [26]. Analysis also includes doing correlations with other important examples and clusters in a similar place at various times and in different spots and again attempting to systematically clarify any spotted contrasts or patterns [26]. In this manner, because the meningitis illustration specified above where a group or example has been distinguished, many inquiries emerge that need to be addressed. For instance, does the power of urban destitution cause infectious illness, or is there a circular relationship amongst poverty, low level knowledge and infectious disease? 


Although, the above illustration may appear to be trite, take note of that when individuals turn out to be genuinely sick, they frequently 'react spatially', i.e., they move. It is known, for instance, that urban inhabitants who get a fatal illness regularly move back to the places where they grew up, keeping in mind the end goal to be administered to by their family and companions in the last phases of the infection [25]. 
Despite troubles in information procurement, statistical analysis, map representation, scale and the translation and utility of results, the investigation of disease distribution may well be the most difficult and captivating exploration zone within the entire discipline of geography [24].


2.4 What is GIS?
Geographic information system (GIS) is a computer system that has added value to the health geographer’s toolkit. It is increasingly being used for collecting, manipulating, storing and representing spatial data and investigation of health outcomes and health care provision. GIS support public health indifferent ways such as monitoring, modelling and mapping chronic and infectious disease. In addition, it supports disease surveillance, health promotion initiative, emergency preparedness and targeting interventions. A study by Frank and colleagues (2004) based on GIS shed a new light on the impact of the built environment on the obesity, physical activity level and diet problem [38].


Health cares are facing complex issues and thus a multidisciplinary method should be considered to ensure the study provides high-quality and relevant information. Partnership amongst geographers and health care specialists can make a big difference to sustain innovative approach in solving complex problems [39].

Although, it is important to be aware of the potential risks when using geographic methods. Sometimes, incorrect assumptions are made about the communities and people live within the study area and this may lead to policy misapplication that target specific groups of people based on their location. Maps are very important tools for supporting policy decision and visualising health information but the choice of areal units, categorisation and aggregation of data must be considered when introducing the results. Areal unit problems are potential source of errors and it arises when geographic pattern is partly identified because of the shape and size of the areal unit used within the study [37].



 2.5 End-user Computing 
Every large or small enterprises can benefit from an effective strategy in End user computing. It organisations need to provide a high standard IT infrastructure to serve up information and key applications that is necessary for end users whilst they should secure that data in a way to reduce the risk of impacting intellectual property. Thus, end user computing need to be implemented to provide the workforce access to different applications on the device and at the time the user want and make a pleasant user experience.
The technology of computerised mapping and spatial data analysis to end-users is relatively new and has been available since 1990 []. Most important end user computing applies to end user GIS use. A geographic information system (GIS) can show many different kind of data on one map to enable people to more easily see, analyse and understand patterns and relationships. It is a computer system for capturing, storing, checking, and displaying data related to position on Earth’s surface and allow people to compare the location of different things and discover how they relate to each other [9]. 


GIS can use any information that includes location and address or postcode. Many different type of information can be compared includes population data, their income or level of education. It can include information about the sites of factories, schools, farms, roads and etc [9].


GIS is also regularly to a great degree valuable in health community service. It can track the spread or frequency of illnesses, or of restorative or social conditions. It can demonstrate where individuals with specific attributes, age, ethnicity, wage level, instruction level, and so on. It shows where certain things happen or are probably going to happen, the pace and course of advancement, the spread of contamination, purchasing designs, activity designs, and pretty much any requirement for appraisal, arranging, or assessment purposes, the length of it had a geographic segment and was precisely recorded [27].


Geographic information system (GIS) are a specific class of database administration frameworks that permit clients to break down, relate, and show spatial qualities of information. Similarly as with numerous data technologies, in any case, exhibiting these capacities to end-user for specially appointed framework improvement, coordinate information control, or choice support, requires particular wanting to decrease client exertion, ensure fundamental information, and lessen costs [29]. End-user computing is no longer about overseeing only a tablet or desktop. Today, end-user computing is about supporting client access to administrations applications, and information on any gadget and anywhere [28]. The present insurgency in end-user computing has permanently changed working environment, promising more prominent adaptability, staff assurance upgrades, profitability improvements and cost reserve funds. Businesses can profit incredibly from these progressions [28].


GIS is specialised database management system that allows for recording spatial data of required locations and also recording the conventional attribute data in relational tables [Figure 1]. The spatial and attribute data are kept in separate storage structure but GIS will track the relationship between each record’s attribute data and its positional data and allow the user to see that separation [40]. The separation also allows the attribute data to be joined to the conventional RDBMS (relational database management system) tables that do not have spatial attributes. For instance, when a GIS theme has a field of countries’ names and a table in another database that also have a field of countries’ name, a join can be constructed between the two tables (Figure 6). 

[image: ../covdiag.gif]
[Fig 6]


The most powerful capabilities of GIS software are the ability to select and display spatial locations of records on a map. 


GIS are effective data administration frameworks with specific reasonableness for choice support and end-user applications. However, their multifaceted nature and utilization of complex information makes their prompt use by end-users tricky. Then again, a considerable lot of the GIS-particular issues for end-user can be relieved alternately overcome through the execution of electronic aides to perform a large portion of these errands. These moderating strides can be executed as a component of an extensive application for end-user to use in more freestyle end-user frameworks [29]. Addressing these issues can significantly increase the value and the use of a company’s investment in the technology of GIS [28].
 

Effective use of GIS for decision making purpose requires basic computer skills, database skill and in general, good expertise in the domain of decision-making. According to Barrier and Tonya (2001) [40], where the domain expertise does not have the necessary knowledge of geography and cartographic, it will limit the ability of end users to make an effective use of these tools. 


Four specific GIS-related tasks that might be problematic for some end users were identified through previous development of GIS for end-user support [41]. The tasks are includes identifying relevant coverage, layering coverage, editing and adding data and reporting results. When a system contains a large selection of GIS coverage, it is not always clear which coverage should be queried for a specific decision making tasks and when coverage is displayed on the map, the denser coverage should lay under less dense coverage. Furthermore, data integrity is a key issue on a database system; end user should protect data against both overlapping locations and conventional data integrity problems. Finally, creating map is complex task; deciding on the appropriateness of several map components is difficult for less experienced users [41]. 


There are different types of statistical map including dot map, choropleth (Colour shaded) and proportional [18]. Colour shading is a technique to show the geographical distribution of regional values and was first used by Baron Charles Dupin (1784-1873) [16]. Choropleth is the most common type of statistical map to demonstrate standardized data such as densities, percentages and rates [17]. 


Proportional symbol maps use various sizes of symbols to present different values [19]; for example, the biggest symbol falls in the area with the highest values [19]. Dot maps are another type of presenting geographic pattern through dots [20]. 









Chapter 3- Research Method

3.1 Introduction
In this section, the methodology used to conduct the research will be analysed whilst it will look at how the study will be implemented and how the success of the project is measured. Gathering useful and as accurate as possible data is considered and discussed.


3.2 research approach
Geographic study in health sector is usually dichotomized between qualitative and quantitative methodology; quantitative research is aligned with epidemiology and qualitative research closely aligned with social science and medical sociology. For assessing a complex problem, considering the differences in approach are important. Both methods share a common theme: the role of geographical location in health. 


Looking at an outbreak of an infectious disease that focuses on spatial modelling of the number of immunization against the disease is aligned with a quantitative study. Whilst a qualitative study might focus on how socio-cultural influences people getting vaccination against disease. 


Epidemiology key feature is based on the measurement of disease outcomes in relation to people at risk. The group of people at risk are those whether healthy or sick who will be counted as the study cases. For instance, when a doctor measure how often people consult him about specific illness, the people at risk would comprise those people on his or her list and perhaps their partners list. Patient who would not consult that practitioner about the specific illness are not belong to the population at risk [32].






3.3 Case study
The importance of considering the people at risk is explained below through two examples. In a study of accidents to patients in hospital, it was revealed that the elderly people were the largest group at risk and from this the researcher mentioned that people aged 60 and over are more prone to accidents. Another study about “hang gliding accident” concluded that 73% of the accidents occurred between 11 am and 3 pm and thus recommended that flying should be banned during these hours.


3.4 Research strategy
Different method can be used for epidemiology study; observation more often can only be made on a study sample that is selected from the study target population. For instance, when gastroenterologist wishing to study long-term prognosis in patients with Crohn’s disease might draw general inferences about the disease from the experience of cases encountered in his own clinical practice [34].  


The conclusion drawn from samples depends in part on sample size; small sample cannot be representative as the scope of chance errors can be quantified statistically. The systematic errors arise from the method by which the sample is chosen and yet a matter for subjective judgement.


However, it is possible to avoid systematic sampling errors by giving a probability to each member of the target population for being included in the study sample and using random selection process [32]. Although it may require an enumeration or census of all members of the target population that sometimes is not feasible. 


Thus, a study sample is selected partially randomly within a target population and an accessible subset. Therefore, people are examined at two removes from the group with which the study is ultimately concerned including “target population” and “study sample”. This approach will be suitable where an appropriate study population is identified. For example, to study a disease and its possible causes, the target population are all the patients with that disease and the study population will be all the people who are in a significant age group that the specific disease may apply to them. With such a design study, inference from the study sample to the study population would be free from systematic sampling errors but may remain a matter of judgement if it is applied to the target population [33].


The study population in this research begins with some characteristic that all its members have in common including geographical, diagnostic, age range and occupational data. 


This study design is quantitative and will quantify variables and generating numerical information which will be converted to statistical analysis. The research will use anonymous people data from reliable and relevant sources. It is intended to analyse the immunisation data against meningitis of people who lived in Swansea between 2004 and 2012 that is relevant to the time frame of this study. The best option is to get this data from NHS Wales resources and valid documents because it will be more accurate than any other resources. Although, the reliable resources such as academic journal and articles will be reviewed. Swansea is the geographical unit of this study; thus, the Swansea population is the study population. The result will be analysed through meta-analysis method to achieve a more objective assessment [30].


Privacy is a big concern in public health research; although, this research doesn’t involve to use identifiable personal data but the privacy and data confidentiality issues have been addressed by law. 


3.5- Data Gathering method
Collecting data is common to all field of study and an important process of every research; collecting and measuring data on targeted variables enable the researcher to answer relevant question and evaluate outcomes. Although, method may vary by discipline but the emphasize on ensuring honest and accurate collection remains the same. The aim is to capture quality evidence, translation to rich data analysis and allow to build a credible and convincing answer to the study question.

Exploring and preparing data are the most time-consuming step. Data representing population distribution within the study area can be found through the UK census data but the study need the data representing the percentile of vaccination against meningitis within a couple years’ period with their postcodes or other level of geography identification before the disease outbreak. 

This study intends to use valid data and allow the researcher to measure what they like to measure and it also intends to achieve similar results if the procedure is repeated. It is believed that the study benefits from being reliable because it is enable the researcher to detect differences in a small sample as well and produce reliable results [31].


However, accessing accurate information was very difficult due to security policy and the right of access to sensitive information. NHS wales was contacted through an online form to get the right information of the disease outbreak in Swansea and the number of cases in each area but they did not disclose such data for this research.


 
3.6- Data analysis method
The data is analysed by geographic information system (GIS); GIS project is developed to connect the geographical area with identified immunized cases against meningitis in Swansea. The desire is to create a map and using the mapping function to colour each area of the city and visualise the immunisation percentile in different areas. The colour shaded is completely relevant to the number of cases in each area in which the immunised percentile are identified.
A standard workflow can be applied to any spatial analysis project to efficiently create reliable results and support decision making process. Geographic information system analysis will be used as a geoprocessing model to visually communicate the assumptions, criteria, tools and associated dataset.


There are five steps in the analysis process including “frame the question”, “explore and prepare data”, choose analysis methods and tools”, “perform the analysis”, and “examine and refine results” [35].
In the first step, project is assigned to obtain specific information. This step seems straightforward because it involves answering few questions derived from a high-level question. Framing questions help to determine which methods or GIS tools can be used for the analysis [35].
 A high-level question here is: How is the performance of mapping software in end user computing and visualising vaccination against meningitis and the reason behind the disease outbreak? This question will be broken down to into the following sub-questions:
· What is the population distribution within the study area?
· Which areas have shown the greatest number of identified cases that have not been immunised?
· Do areas with higher population have the greatest number of immunisation?
· Are there areas with high population density but no healthcare facilities?

Health geography developments focuses on health inequalities, health change patterns and the impact of spatial and social marginalization on health [39]. However, there are both technical and ethical issue in improving these systems. For example, whilst accessing to appropriate data and personal information it will brings new challenge, it needs appropriate computer hardware and software to analyse data.

3.7 Research time bound
Managing the time of study is a key element of successful research. It is important to organise the available time and being motivated to use it wisely. 

Gantt chart is a type of bar chart and a popular project management tool for planning and illustrating a project schedule. A Gantt chart is provided to show a summary elements of this dissertation whilst shows the start and finish dates of the terminal elements. This study started from October 2016 and will be ended by 22nd of April 2017 [Table 2].
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[Table 2]

















Chapter 4- Development methods
4.1 Introduction
In this part, the study will look at the chosen software development methodology and determine if this method is benefiting the research. This chapter also will look at software required plus the required language and tools to develop the project.


4.2 software development Methodology
A waterfall model is considered as a development methodology and it is considered as an aid to software development. Waterfall model is used in software development process in which a set of approaches are flowing steadily downwards through different phases of requirement analysis, system design, implementation, verification and maintenance. It is an ideal methodology for small project and allow the project manager to set principle for each stage and provide a structure during implementation [43] [Figure 7].
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[Fig 7]






4.3 Software package for development

Map info is a desktop GIS mapping application that improves decision making in many areas includes health authority. GIS tools and particularly Map info as the most user-friendly GIS is advanced for commercial applications [Figure 8]. 
[image: ttp://www.gis.com.bz/wp-content/uploads/2012/09/GIS-logo.jpg]


[Fig 8]


The desire is to create application with the power of mapping software because it has ability to question, analyses, interpret and visualize data to understand the pattern and trends [37]. 










Chapter 5-Design

5.1 Introduction
Designing a software and accomplishing the goals is not an easy process. It should use a set of primitive components and consider all the activities involved in conceptualising, framing and implementing system.


  5.2 Requirements
To design a piece of software, there are many aspects to consider in order to reflect the goals and expectations of the product. For this project, it is necessary to have software and hardware in place. In addition, health data is an important part of the project; the project needs immunisation data to visualise in the map. Health data is getting from a reliable website such as Health Map wales which is NHS Wales informatics service. 


5.3 Website
Knowledge of creating a html website and web contents to display maps is as important as software knowledge. Thus, some research on how to create the website and mange different pages was carried out.


5.3.1 Pages within the website
The first step in designing web is to take a critical look at existing websites and taking notes of design idea and learn to appreciate good design. Good design encourages the site visitors be impressed with the content and stay longer in e website. The purpose of creating his html website is to fulfil a specific need of the website users in the most effective way possible and help them visualise spatial information. This site is expecting eight webpages for each map created.


5.3.2 Website Navigation
Web navigation is referred to the process of browsing and navigating a network of information resources around the website. The design of web navigation has a big impact on failure or success of a website. For gaining the best result on website navigation, it needs to plan, use friendly images and languages with a scientific and objective approach for each page. 


5.3.3 Prototype 1 
An early sample of the website was drawn to demo of what the website will look like when it goes live. It is a clickable HTML website that is created in Map info. The first prototype had three main pages that allow users to see the maps only from the third page [Figure 9].
About us

 First dose data

Contact page
Home
page

MMR data

Second dose data
Immunisation maps

Hib primary data




[Fig 9]





5.3.4 Prototype2
The first prototype seems contain hidden affordance as it did not allow the user to get to know navigating around website and where to see the maps. To overcome the problem, the second prototype was created as below which benefits the users an easier understanding and easier navigation [Figure 10].

About us

 
Contact page
Home
page


First dose data
MMR data


Second dose data
Hib primary data




[Fig 10]




5.3.5 Prototype 3

The second prototype still did not satisfy the user need and it does not allow user to visualise maps straight away. Thus, the third prototype was created and it was decided to let the user directly sees the button of each map from the “home page” and ability to click and see whatever necessary information that he or she wishes to see. This prototype is easy to understand and will not confuse the users allowing them to find information straight away [Figure 11].
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Hib primary data





[Fig 11]
Chapter 6- Implementation
6.1 Gathering of Data
This study tends to collect data from reliable sources; Health Map Wales website was considered (Figure 12) to get immunisation data based on different areas of Swansea. It is NHS Wales informatics service that provide a wide range of data about Welsh residents including hospital admission, child health and mortality by area whilst make comparison at local and national levels (Figure 13).
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[Fig 12]
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[Fig 13]

It is an interactive tool that can be used to explore a variety of health indicators grouped under broad categories such as common procedures and cause of injury. For the purpose of this study, Indicators and immunisation data are available at Middle Super output area (MSOA), Upper Super Output Area (USOA), Local Authority (LA) and Health Board (HB) (Figure 14).

[image: /Users/parvanehsafari/Desktop/Screen Shot 2017-03-27 at 16.23.17.png]
[Fig 14]

Immunisations information from National community Child Health Database (NCCHD) is available from 2003- 2015 for all geographical area of Wales [42]. Immunisation data was downloaded from the site (Figure 15), but it is about all type of vaccination that is not the purpose of this research. Therefore, it is important to clean the data and concentrate on Meningitis immunisation data in Swansea geography.
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[Fig 15]


According to immunisation data from Health Map wales, there are 31 geocoded area in Swansea that can be analysed and demonstrated in Swansea map. 
After collecting data, the data set need to be explored to determine whether the data is useful for analysis or what kind of preparation is required. Considering data to preview the features, attributes and metadata or if they have any access or use constraint. To prepare data, it needs to be decided what data format to use. Although dataset don’t have to be all in a same format but it makes things easier. It is important to verify the analysis tool and then organizing data into a project folder to simplify analysis tasks or share with others. Therefore, Immunizations data were broken down to separate immunization columns in an excel spread sheet with suitable headings for each year between 2003-2012 (Just before outbreak) Data then was formatted from character to numbers to be used by software. 
The below figure illustrate data of Hib primary vaccination in Swansea in 2 years’ range [Figure 16].
[image: ../Screen%20Shot%202017-04-15%20at%2016.14.56.png]
[Fig 16]
Next figure demonstrates data of HIB primary vaccination in a three-year range between 2003-2013 [Figure 17].
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[Fig 17]

Next figure is about first dose of MMR by age two in Swansea area [Figure 18]. 

[image: ../Screen%20Shot%202017-04-15%20at%2016.01.11.png]
[Fig 18]

The below figure is a shot screen of second dose of MMR that already created separately in excel spreadsheet and is again related to Swansea area [Figure 19].

[image: ../Screen%20Shot%202017-04-15%20at%2016.10.18.png]
[Fig 19]

6.2 Gathering of maps
Swansea map is downloaded from UK data service through the university of Wales Trinity saint David’s online library. “Census data” and “Boundary data” was chosen [Figure 20, 21].
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[Fig 20]
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[Fig 21]

Then, boundary data selector is chosen and in a new window, map of Swansea is required to be downloaded [Figure 22]. The map that was chosen was Wales super output area and the middle layer to be compatible with the geocoded data that earlier was downloaded from NHS Wales informatics service [Figure 23]. The format of map is set to map info and the data related to Swansea coded areas is downloaded and extracted and saved somewhere to be opened in Map info later [Figure 24].
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[Fig 22]                                                  [Fig 23] 
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[Fig 24]











6.3 Plotting of data on map
Map info is opened and then it need to choose file from top left corner and choose to open the map from wherever is previously downloaded (UK data service) and saved [Figure 25, 26]. It should be remembered to change the format of file to map info to display map file. Thereafter, Excel file is chosen from open file again by changing the format to Excel file [Figure 27].
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[Fig 25]                                                                                                  [Fig 26]
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[27]





Each excel spreadsheet that contains data must be geocoded and for this “table” on the top panel and “Geocode” are selected and receive a message to confirm that areas in the excel data is geocoded [Figure 28].

[image: /Volumes/ROSE/major project/map info captures/Screenshot/Open table and GioCode.PNG]
[Fig 28]

Then the data layer must be added to the control panel on the left side through clicking the add button under the top panel [Figure 29]. 

[image: /Volumes/ROSE/major project/map info captures/Screenshot/Add table to side panel.PNG]

[Fig 29]


Now is time to create thematic map for visualise data by different colours to present different percentile of population vaccination on that period. Thematic map is a type of map that demonstrate a theme and spatial distribution of one or more specific data connected with a specific geographical area [45]. 


By clicking on the map, the “map” tab is seen on the top control panel. Make sure that the table from which that is desired to create thematic map is open. Then, through the map icon, thematic map is chosen [Figure 30]. 

[image: /Volumes/ROSE/Capture.PNG]

[30]


Creating thematic map has three stage; first is to choose the type of map and the colour scheme. There are different types of maps on the left side of the wizard [Figure 31], just choose the suitable map type which in this case would be the “Ranges”. So, the range is selected by default. Ranged maps are appropriate discrete variables like percentage of population vaccine for the whole spatial unit of the geographical area.

[image: /Volumes/ROSE/Capture 2.PNG]

[Fig 31]


The second step in creating thematic map is to select a table and a field. The tables in map info are referenced like other databases. Rows in each table are called “record” and columns are called “field” which represents a variable [45]. Select a table from the drop-down menu that contains variables which is required to map [Figure 32].  Select “Expression” that is seen at the bottom of the field list and a dialog box will be opened that invites the user to type an expression but it is easier to choose a column from the column menu that stores the necessary information which are desired to plot on the map. For example, choosing “first dose of MMR in 2 years range in years between 2004_5 until 2006_7 [Figure 32]. 

[image: /Volumes/ROSE/Capture 3.PNG]

[Fig 32]
The third step is customisation. In this stage, a preview of the ranges and colour scheme is displayed [Figure 33]. Alteration may be made in this step by using buttons on the right, although it is likely that this require changes to produce the final map. The styles on the right-hand side allows you to change the colours of each category if the user wishes, although it is better to leave all the setting in the style dialogue as their default. Just make sure that there is sufficient contrast between the colours of all categories and when it satisfies the user, he or she can click “OK” to display the map. 
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[Fig 33]






The map will be appeared in a window and the legend will appear in a new window [Figure 34].
[image: /Volumes/ROSE/major project/map info captures/First dos MMR_Year 2_2 Years_04-05 to 06-07.PNG]

[Fig 34]

To compare how the health authority has performed to implement vaccination program, the thematic map shows that the Gower area in Swansea has improved its performance but it has not reached the standardised kevel in iimmunisation program [Figure 35].

[image: /Volumes/ROSE/major project/map info captures/First dos MMR_Year 2_2 Years_10-11 to 12-13.PNG]

[Fig 35]

To visualise other vaccination data, all data layers will be added to the layer control by using the add button and is plotting on thematic maps separately using the same procedures. Each table of the same vaccination data is compared between the years of starting vaccination and the years ending program when is the purpose of this study time frame. It also uses almost the same colour scheme to give a better idea to the user about how every area completed the program.


The two below figures show the HIB primary vaccination performance against meningitis between 2003-2013; again, Gower area shows an improvement whilst some area such as “Penllergear” and “llangyfelach” have had a step back and showed a poor performance [Figure 36, 37].
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[Fig 36]

[image: /Volumes/ROSE/major project/map info captures/HIBPRIMARI_3_Years_10-11 to 12-13.PNG]

[Fig 37]


Comparing the second dose of MMR by age 5 in a two-year range in Swansea shows that Newton has poorly performed all the time and Bonymaen has put step back instead of improvement [Figure 38, 39].
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[Fig 38]
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[Fig 39]   

        
The following maps compare the second dose of MMR in a three-year range, the result is almost the same as its two-year range [Fig 40, 41].
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[Fig 40]
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[Fig 41]

6.4 Building website
Creating a website for share information is a unique way to connect with the world. To build a website containing the maps, it needs to active the “HTML Image map” button. Select tools on the top menu and select “HTML Image Map” [Figure 42]. 

[image: map%20info%20captures/HTML%20Image%20Map.png]
[Fig 42]
A window wizard is opened and asks for a title for the webpage. Each page of the website is titled as the exact names of each maps’ title. All the layers selected and added to the image map column to be appeared in the website and choose a destination to save the html site [figure 43]. Then, tick the “create HTML landing page for each object” [Figure 44] and tick “populate landing page with record content”. These two options allow to create a webpage for each existing map while allow to write a brief description for each map on the pages [Figure 45]. After all, by clicking ok, the website is built.
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[Fig 43]
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[Fig 44]                                                            [Fig 45]




The below figure shoes the map images codes in the HTML website [Figure 46].
[image: /Volumes/ROSE/major project/map info captures/Map image code and part of Geocode links in HTML.PNG]
[Fig 46]

The following figure demonstrates the codes style using to create menu, header, Sidebar, content and wrapper in every webpage [Figure 47, 48].
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[Fig 47]                         [Fig 48]










The following codes also demonstrate the code to create the buttons in the website and the final outcome [Figure 49, 50, 51].
[image: /Volumes/ROSE/major project/map info captures/map info captures/Create buttons and contents areas.PNG]

[Fig 49]
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[Fig 50]
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[Fig 51]


The below code was used to create logo for the website [Figure 52, 53].

[image: /Volumes/ROSE/major project/map info captures/Logo code.PNG]
[Fig 52]

[image: /Volumes/ROSE/major project/map info captures/Website Home Page.PNG]
[Fig 53]

The website introductory page is called “Home page”. It is quite an important page because it is where the website visitors can find the hyperlink and button to redirect to other pages of the site. The home page was designed in a way to be attractive and satisfy the user’s needs and allow the user to find information in an easy and quick manner [Figure 54].

[image: /Volumes/ROSE/major project/map info captures/Website Home Page.PNG]

[Fig 54]

The two below figures show the “about us” and “contact us” pages. About us page is vital to any website and business. It is where people first look before tacking the website or the business seriously. About us contains information about the company that provide that information. It is tried to give formation to user about who we are and what we can do for the clients [Figure 55].

[image: /Volumes/ROSE/major project/map info captures/map info captures/about.PNG]

[Fig 55]



“Contact us” page is the last ditch attempting to get potential clients. However, this website is giving information but people may need to contact the business to find further information. A “contact us” page was created to provide this opportunity for people who concerned about the disease matter [Figure 56].
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[Fig 56]









eight more pages were created to show the vaccination data in different areas of Swansea and in different period of the time. Each map contains specific vaccine information as shown below [Fig]. It is tried to visualize data of a same vaccine in the beginning and ending of the period just before the outbreak of meningitis in Swansea [Figure 57, 58].
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[Fig 57]
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[Fig 58]

                                  
The two-following figure shows the two pages of the website about second dose of MMR by age 5 in a three-year range between 2010 and 2013 [59. 60]. 
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[Fig 59]
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[Fig 60]

A comparison of the Second dose of MMR by age 5 in 2-years range [Figure 61, 62].
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[Fig 61]
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[Fig 62]

Hib primary vaccination implementation is shown and can easily be compared through the following figures [Figure 63, 64].
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[Fig 63]
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[Fig 64]



Chapter 7- Evaluation
7.1 Introduction
Mapping tool is critical to the effort on fighting with disease because Swansea map still lack from being geocoded in “Unitary Output”. So, some new immunisation data after outbreak in 2015 and 2016 could not been shown on the map due to the disconcert of area codes on the map.

This map enables health authority to look at vaccination pattern in Swansea and find out where they performed poorly that may led to meningitis outbreak. Users are also can look up their own locations and see how lack of vaccination schema impacted their area.  



   7.2 Testing
Mapping software and the website were tested by six people to make sure that it is working and visualise what it intends to show. The software showed that it can consider the correct type geometries and able to ignore the incorrect one. 

First, the map can utilize data from Excel spread sheet and show the correct data in a correct location on map. Different layers in map info software were working correctly with ability to turn on and off different layers to display different data mappings. 


The website also was tested through different browsers and checked how it appears in different screen size. The average loading of this HTML webpage is along with images and texts is within reasonable limits.


The people who tested the whole software and website were delighted with the job and mentioned it is easy to navigate and understanding how the website is operating and consumed. They liked the colourful maps and they said that from information it is easy to understand where the most and least immunisation program had been performed.


Chapter 8- Conclusion
This study used data from Health Map Wales website as it was the only reliable source to get data at the present. However, it is very helpful website for government agencies and public health providers, but it is important to keep in mind that the information on this website relies on information from government and news report and thus may not be authenticated [44]. 

Mapping techniques have been used since 19th century to understand their causes and to track outbreaks in real time. However, despite the long history, efforts to plot the locations of infectious disease yet need to be reactivated. 


This study was very impressive because it brought a whole mass of data together to assess the unmet health needs and provide a basis to address the requirement of vaccination implementation strategies, ensuring it is aligned with the need of community. Map info gives a suite of tools to define and validate areas’ address and postal geocoding. Provides ability to demonstrate lots information on one map whilst it links information together to help identify spatial pattern of data.

Thematic mapping of immunization data, aggregated to geographical boundary areas such as census output area (Middle layer) can be a helpful method for visually vaccination patterns across the city. Creating digital maps’ is comparatively cheap and fast to produce. The map can be tailored to specific requirements of the user including ease of scale change or perspective change and providing solutions to a problem.

The downside of GIS and Map info can be the lack of control that the editor has over the way she or he want to use, manipulate, analyze and display. Adding a new layer and new function was sometimes difficult and reformatting data was required because the map did not work with data in character format and should be reformatted to numbers. Difficulties are also arising when handling a large volume of data. 

The project tried to meet the project objectives and investigates that mapping software can help health authority on managing disease. It is suggested a frame work for end-user computing and a method to link any disease management registry with analyzing program.

In addition, it addresses the challenge that may occur during plotting data on maps and building a website to show the outcome. Finally, it recommends prevention is the best way and health authority need to rethink about how to implement a successful vaccination program and ensure that all people at risk have received their vaccination.


























Chapter 9- Reflection of Work
During developing this project, I was fortune enough to learn and have experienced many different sides of its general process. I learned how a project initially planned, developed and completed. The valuable lesson I learned were the many different type of work a researcher need to perform and how much effort and detail goes into each part of a project, in which has provided me with more insight and responsibility that I could perform in my future work.


I found that working with a project that I chose myself as a dissertation at the degree level was relatively diverse from other university assignments. The work flow in the time frame was a bit stressful as I had to complete varied day-to-day activity depends on what project schedule is expecting to begin and what element was due. 


Getting accurate health data is not an easy process, unfortunately it is highly restricted due to legal and security policies. I wish I could get data of the number of cases of meningitis in each area of Swansea during the disease outbreak as well which was not possible due to patient’s confidentiality rights. The short time frame and the impact of other assignments and university works were also problematic.


I enjoyed working with Geographic Information system and Map Info. The result and thematic maps are just amazing because it shows the different areas of Swansea and the percentile of vaccination in the area is shown in color shaded. The final work looks very interesting in the html Website that was created with Map Info.

Overall, my experience at working with this project is positive as it was provided me with experience needed and ended up learning a lot more than I thought I would be able to in the time span, which in turn, can help me to be successful in my job later. 
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