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[bookmark: _Toc9601384]Abstract
This report reviews the importance of LBS within a GIS application and how vital it can be within a healthcare scenario, deliberating the uses of LBS and how individuals use it and whether those aspects can be implemented into a healthcare context. There was data gathered that was used to visually represent the meningitis uptake of the South Wales area and the external factors which may impact the vaccination rates. 
Two secondary schools were focused as the had varied Townsend score which provided a great comparison, why does this school have better uptake of meningitis disease? Primarily looking at Gowerton Comprehensive against Cefn Hengoed, deliberating the factors such as nearest hospital, feeder schools and Townsend score. Evaluation of data concluded that the more affluent the area the higher the vaccination rate.

[bookmark: _Toc9601385]Introduction
This report will consider the impact and importance of LBS (Location Based Services) concerning public health services where meningitis is most affected. To identify and specify where meningitis is most prominent throughout the South Wales area is based upon the location. Facilitating the ability for users to acquire information based upon their location is vital, especially in the context of healthcare, by presenting to the users where the nearest hospital is in relation to their location is important information, this report will deliberate the necessities for LBS in healthcare and the many platforms which help distribute information via LBS to the user.
The data acquired for this report will show the hospitals and school across South Wales using their location. A GIS workspace will be built in MapInfo using multiple layers of information from the data acquired to show a visual representation, there will be an interactive website developed showing both relevant secondary schools and their feeder schools with layers of data in which the user can view and analyze the information. There will be an emphasis on the meningitis uptake for two of the largest secondary schools by student capacity in South Wales which are Cefn Hengoed and Gowerton by analysing these schools by their uptake, nearest hospitals and Townsend Index will provide a clear overview of the differences in meningitis uptake.
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LBS is a service that provides information for users based upon their location, GIS is a geographical information system with an interface to analyze or manipulate data over a map. It allows customization to a map that can be conformed to specified needs, then spatial analysis can be performed on the customized map[1]. With GIS and LBS working in tandem, it provides the user relevant information to them based on their current location via a graphical map interface. GIS inherits the components required for LBS because they provide the tools which make LBS functional[2].
“GIS systems have been developing several decades on the basis of professional geographic data applications. LBSs were born quite recently by the revolution of public mobile services.”[3].
The purpose for achieving this can vary depending on the need of the user or organization, for a user, this could be used to locate the nearest gym or hospital, whereas for an organization such as a public service this could be used to pinpoint an exact location for the public service to reach.
LBS can be used in a variety of context ranging from:
· Health
· Indoor object search
· Work
· Personal life
· Entertainment[4]–[6]
Typical queries which a user may ask of an LBS application is e.g. Where am I? Where is the nearest…? How do I get to…? These queries tend to be asked using mobile devices, so LBS can be considered an intersection of web GIS and mobile GIS, web GIS focusing more on web mapping such as Google Maps[7], whereas mobile GIS is a convergence of conventional GIS and mobile devices. 
              [image: ]
[bookmark: _Toc9601400]Figure 1 - LBS as an intersection of technologies. [8]

There are varying types of LBS that are used, the most commonly used LBS is:
· Triggered
· Emergency services
· Navigation
· User requested
· Weather forecasts
· Finding Nearest
These types of LBS should be considered concerning GIS for healthcare purposes, user requested healthcare information is more appropriate for users who need an overview of their current area whereas triggered is more suitable for emergency services e.g. ambulances route to an emergency.
[bookmark: _Toc9601387]LBS Concerning Healthcare?
The concept of location-based services within healthcare is important, diseases can be associated within certain locations, knowing this is important to healthcare professionals as health information varies upon location. By providing a GIS interface using LBS to hospitals, patients and doctors are to become more efficient than the present status of procedures used in the day-to-day operation. 
“Caregivers need to know not only the history of patients they treat but also information about the social and environmental context within which those patients live. Patients and the public in general also have similar needs that vary with lo-cation”[9]
It’s important to consider the individuals that would benefit from LBS within a healthcare scenario, patient and doctor should be considered for this as both parties would require different purposes for LBS within healthcare. LBS can identify certain patients that may wander or not be placed in the correct ward, this happens often within hospitals and with an introduction to LBS within a healthcare scenario can make this problem obsolete.
[bookmark: _Toc9601388]Patient and Visitors
GIS and LBS within hospitals can help patients receive information on where and what the quickest route is to an area or ward within the hospital through a mobile device. Majority of individuals have a smartphone in the 21st Century, so providing relevant hospital information to mobile devices can make the trip to the hospital more efficient for both the hospital and patients. Allow visitors to automatically search for the individual they’re visiting through the mobile device which cuts out the intermediary of asking the helpdesk or receptionist at the ward.
[bookmark: _Toc9601389]Doctors
By providing a GIS interface using LBS to doctors who attend patients at home within a large geographical area can help the doctor and patient locate the whereabouts of where they must go[10]. Using LBS in hospitals to identify the whereabouts of a medical professional can help reduce the time required to notify this doctor when an emergency scenario is triggered, nearest available doctor must be notified, GIS and LBS would be able to achieve this but some obstacles would arise such as the accuracy of GPS nowadays via mobile is not always accurate. 
[bookmark: _Toc9601390]Mobile GIS
Mobile GIS inherits GIS out of a stationary context into a more flexible environment, whereas web GIS is primarily stationary and built upon mapping, mobile GIS focuses more so on the information in that current area where the mobile device is located. It can be considered an extension of web and desktop GIS. The premise of mobile GIS is to minimize the time needed to receive information based upon the current location, minimize the time and energy for navigation and movement, it is important to make this more efficient[11]. 
Mobile GIS concerning LBS is vital due to providing information based upon the location, as smartphones are constantly improving there can incorporate Google Earth[12] mobile as an LBS application which pinpoints the exact location.
“LBS need to utilize users’ location information. This may incur users’ privacy concern and increase their perceived risk.” [13].
[bookmark: _GoBack]With any application that requires your location there will always be a sense of invasion of privacy. Users want the information but are concerned of a ‘Big Brother’ environment in which an application can track your current whereabouts, this is the trade-off for LBS through a mobile GIS application.
[bookmark: _Toc9601391]Spatial Data Sets
Spatial data sets can be referred to the management of data, spatial data which refers to data related to space[14]. Spatial data is used to pinpoint all relevant educational institutions and hospitals within the South Wales area by acquiring their coordinates (longitude and latitude) of these given organizations which then can be mapped. The data acquired and used in the website accompanying this report shows the relevant educational institutions and nearby hospitals of a giving area. The data shows the secondary schools and their respected feeder schools along with nearby hospitals, this data was used in conjunction with meningitis data showing the most recent uptake figures of the meningitis vaccine. 
By providing this information for users to analyze and evaluate provides the users with a greater understanding of which schools are more prone to the meningitis disease with their chosen area. Along with the data showing the meningitis uptake of an area, it was important to provide the user with an overview of an area based upon their Townsend Index which identifies what areas are more affluent and whether this impacts the meningitis uptake depending on how affluent an area is in comparison to other areas. It is vital to show all relevant information to the user to provide a more enhanced and detailed experience along with contextualizing the information so that it can be understood to accommodate all users. Both the Secondary school data (Table 1) and Primary school (Table 2) were accumulated and refined within Microsoft Excel then imported into MapInfo to elaborate and expand the data amongst map layers to present information in a manner that can translate the information to the users easily and accurately. A geographic database acts like any other database, it stores and retrieves data, in this case, spatial data. 
“Every system, as a function of its objectives and needs, implements these components in a distinctive way. However, all the subsystems mentioned are present in a GIS.”[15].
[image: ]
[bookmark: _Toc9601401]Figure 2 - Architecture of a GIS. [15]







[bookmark: _Toc9601392]The functionality of GIS and Website
For this report, a website was developed to show relevant information of schools, hospitals concerning the meningitis uptake of the years 2017/2018 of the South Wales area. The website focused on secondary and primary schools, hospitals location concerning the Townsend Index and to evaluate whether the Townsend Index or hospital location had any correlation to low meningitis uptake of an area within and around South Wales.
The website is divided into two sections, hospitals and schools. Within these areas show relevant information of both institutions such as name, postcode, number of students etc. This information is available to the users along with a map of South Wales showing the location of these institutions. The hospital section show them on a map whereas, the school section show the secondary schools which can be clicked and expanded to show their information along with another map showing their respected feeder schools which can be expanded to show information of relevant feeder schools of the secondary school.
This website focused on two of the largest secondary schools by student capacity (Cefn Hengoed, Gowerton), it was important to show any correlation between secondary schools against Townsend Index, hospital location and feeder schools, e.g. Whether a feeder school has a low uptake, but the secondary school has a high uptake what is the cause etc.
The functionality of the website accompanying this report is limited depending on the browser in which the user uses to navigate through the website, Google Chrome places relevant images half-way down the page whereas Firefox, IE and Microsoft Edge it works as intended. The information of the schools and hospitals are easily viewed, visually easy to navigate throughout the website and catered to users of all levels of technology.
[image: ]
[bookmark: _Toc9601402]Figure 3 - Website system architecture.
[bookmark: _Toc9601393]Health Data Comparison
For this report, there will be a comparison of two of the largest secondary school in South Wales which are Gowerton and Cefn Hengoed which are located in varied affluent areas, whereas Gowerton is located in a more affluent area, whereas Cefn Hengoed is on the deprived spectrum according to Townsend Index. This section will compare the meningitis uptake amongst Gowerton and Cefn Hengoed schools, there will be deliberation on the feeder schools and the hospital locations whether there is any correlation between the Townsend Index, location of hospitals and the affluence of the respected feeder schools.
There will be figures provided showing the comparison of Gowerton and Cefn Hengoed by analysing the Townsend Index of each area and then the difference of meningitis uptake between 2017-2018 and consider the factors where change may have occurred.
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[bookmark: _Ref9590993][bookmark: _Toc9601403]Figure 4 - Townsend Index amongst secondary schools.
From Figure 4 it shows the Townsend Index of all areas in South Wales over an MSOA map layer, it provides context to which areas are considered to be more affluent than other areas using the Townsend measurements. As for Gowerton and Cefn Hengoed, their Townsend scores are opposites of one another which is why it is important to compare these contrasting areas based upon their scores and whether this is a potential factor that may impact the meningitis uptake. Figure 4 would support the work of WIMD in 2014 of Gowerton[16],[17] states it is on the higher percentile of affluence across Wales and within Swansea, whereas with Bonymaen where Cefn Hengoed school is based, WIMD shows Bonymaen to be less affluent than Gowerton[17] [18].
[bookmark: _Toc9601394]Cefn Hengoed and Gowerton Age 1 Second Dose Comparison
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[bookmark: _Ref9593934][bookmark: _Toc9601404]Figure 5 - Cefn Hengoed Meningitis Uptake Age 1, second dose.
[image: ]
[bookmark: _Ref9593094][bookmark: _Toc9601405]Figure 6 - Gowerton Comprehensive Meningitis Uptake Age 1, second dose.
Both Figure 5 and Figure 6 provide a visual comparison of the meningitis uptake for children aged 1 and receiving their second dose. By analysing both figures, the feeder schools are on the lower percentile of vaccinations for children aged 1 even with surrounding hospitals the feeder schools for both Gowerton and Cefn Hengoed are not up to par with what is recommended. 
On the basis of the Townsend score, this is what you’d expect from an area like Cefn Hengoed with a lower Townsend score that its comparative Gowerton, whereas Gowerton is in a more affluent area of South Wales but has fairly similar meningitis uptake as Cefn Hengoed, so in this instance Townsend score is not a factor to why Gowerton is so similar to Cefn Hengoed whilst being a more affluent area. 
[bookmark: _Toc9601395]Cefn Hengoed and Gowerton Age 2 Third Dose Comparison
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[bookmark: _Ref9594569][bookmark: _Toc9601406]Figure 7 - Cefn Hengoed Meningitis Uptake Age 2, third dose 
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[bookmark: _Ref9594577][bookmark: _Toc9601407]Figure 8 - Gowerton Comprehensive Meningitis Uptake Age 2, third dose.
From Figure 7 and Figure 8 it shows the meningitis uptake for children aged 2 receiving their third dose, instantly by looking at the figures there is vast difference of the amount of children receiving vaccinations from the feeder schools for Gowerton, mainly Penclawdd and Llanrhidian primary schools have much higher rates of vaccinations compared to the feeder schools for Cefn Hengoed which have remained the same as the amount of children aged 1 receiving vaccinations from Figure 5 such as St Thomas Community and Trallwn primary school.
Instances, where areas are further away from hospitals, have a higher rate of vaccinations such as Penclawdd and Llanrhidian, the nearest hospital is Singleton which is much closer to Cefn Hengoed. The more affluent areas across South Wales which are feeder schools for Gowerton have a much higher rate of vaccinations than the deprived areas which contain feeder schools for Cefn Hengoed have lower rates of vaccinations, Townsend score in this instance could be a factor of low vaccinations.













[bookmark: _Toc9601396]Conclusion
LBS and GIS are vital to the health sector along with affecting many other areas which can improve the overall efficiency of a task. LBS and GIS incorporated into a healthcare scenario can help provide users, patient, institutions and medical professional vital information based on their current location. Using the data acquired for this report which used location data, health data and educational data to determine which areas within South Wales were most affected by meningitis disease and whether affluent areas had higher uptake or not. After evaluating the data, affluent areas were more likely to have higher rates of vaccinations than deprived areas throughout South Wales.
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