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ABSTRACT RESEARCH ARTICLE

The paper focuses on accessibility and dispersion of healthcare facilities which are crucial for
upholding social stability as well as the protection of fundamental human rights to healthcare. Access
to healthcare services means a timely use of available care services to achieve the best health
outcomes, and its influence on the overall physical, social, and mental health status. Geographic
Information System (GIS) emphasizes the spatial pattern i.e. accessibility while the rest of the
dimensions may be seen as non-spatial. The 2021 population census data of Sheffield was obtained
from www.nomisweb.co.uk/source/census_2021 was used in this study. The location and coordinates
of all the healthcare facilities was also sourced from Google Earth Pro software. Buffering, Erase,
Queries and Nearest Neighbor Analysis operations were carried out to determine the coverage area
of those healthcare facility deprived areas and also the population deprived of easy utilization and
accessibility to those healthcare facilities.

KEYWORDS: Geo-Spatial Technology, Healthcare, Accessibility, Distribution, Health
Services
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INTRODUCTION

The accessibility and dispersion of healthcare facilities are crucial for upholding social
stability as well as the protection of fundamental human rights to healthcare. The purpose of
this research work was to evaluate Sheffield's healthcare facility coverage area with regard to
accessibility and distribution.

It has long been understood that long-term health-care delivery systems depend on having
access to healthcare facilities and services. Human well-being and sustainable urban
development have made it clear that basic service like healthcare facilities must be accessible
to people from all socioeconomic backgrounds. (Shanmathi, R, Shayesta. W 2017)

Access to health care services means timely use of available health services to achieve the
best health outcomes, and it influences the overall physical, social, and mental health status;
prevention of disease and disability; detection and treatment of health conditions; quality of
life; preventable death; and life expectancy and it is central in the performance of health care
system around the world (Levesque. J.F, Harris. M.F, Russell. G. 2013, RUPRI Health Panel
2014) In contrast, limited access to health care is a significant problem which results in unmet
health care needs, delays in receiving appropriate care, inability to get preventive services,
and hospitalizations that could have been prevented. (Novartis. 2016)

Geographic accessibility to health care is concerned with the relationship between the spatial
separation of the population and the supply of health care facilities, and thus has a strong
underlying geographic component (Ursulica. T.E 2016). Accessibility (geographic) is a
measure of the distance between locations and it is restricted by factors such as travel time,
distance to facilities and quality of roads (Delamater. P.L, Messina. J.P, Shortridge. 2012,
Edusei J and et al 2014).

Geographical information systems (GIS) emphasizes the spatial dimension i.e. accessibility
(McLafferty, 2003), while the rest of the dimensions may be seen as non-spatial. Prospective
accessibility presumes that all members of a population are prospective users of medical
services located within a specified distance or travel time (a catchment area).

Hence, to get a complete understanding of the coverage area and distribution of healthcare
centers and the regions deprived of these healthcare facilities, a study has to be done with the
following objectives:

e To locate the Health care facilities within Sheffield.
e Determining the coverage area of those healthcare facilities.
e To identify the Health care facility deprived areas.

e Determine the spatial distribution of those facilities

2. Methods
2.1 Study Area

Sheffield is a large city and a modern community situated in South Yorkshire, which is in the
central United Kingdom (UK) with latitude 53.381129 and longitude -1.470085. GPS
coordinates of 53°22° 52.0644”N and 1° 28° 12.306”W with the elevation of 81.700
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The latest census was held on 21t March, 2021. At census date, Sheffield had a population
of 556,500 individuals, in 232,000 households. This is 0.7% higher than at the 2011 census
(552,698)

2.2 Database creation

The heart of a GIS is the spatial database. The process of designing such a database is called
data modeling. Kufoniyi (1998) define database as the process by which the real world
entities and their relationships are analyzed and modeled in such a way that maximum
benefits are derived while utilizing minimum amount of data

Geographic Information System (GIS) database design process consists of three phase, these
are conceptual design phase, logical design phase and physical design phase

Conceptual design phase is the representation of human conceptualization of reality and how
the view of reality will be represented in a simplified manner but still satisfy the information
requirement of the organization concerned. For this study the view of reality are Sheffield
boundary and wards as polygon, Roads as line and healthcare facility as points.
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Fig. 2: The database table for healthcare facility
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2.3 Data Sources

The 2021 population census data for  Sheffield was obtained from
www.nomisweb.co.uk/sources/census_2021 bulk was used in this study and the borderline
data from borders.ukdataservice.ac.uk. The road dataset was sourced from
www.data.gov.uk/dataset/95f58bfa-13d6-4657-9d6f-020589498cfd/major-road-network. The
location and coordinates of all the health facilities was also sourced from Google Earth pro
software. The Google earth was used in absence of getting the location data (coordinates) of
all the healthcare facilities and also the study is limited to just the main Hospitals (excluding
private hospitals and clinics)

Table 1: Data types and Data source

S/N DATA SOURCE
1 Borderline (Administrative | borders.ukdataservice.ac.uk.
boundary
2 Population data www.nomisweb.co.uk/sources/census 2021 bulk
3 Road dataset www.data.gov.uk/dataset and Google Earth Pro
4 Hospital Coordinate Google Earth Pro
2.4 Scope of the Study

The paper is limited to determine the coverage area of the healthcare facilities, and the ratio
of healthcare facilities to the population in each wards within Sheffield. The spatial
distribution of those healthcare facilities are also determined if they are either clustered or
dispersed

Private hospitals were not considered in this study

Table 2: Some of the Healthcare facilities within the study area

S/IN | NAME X Y

1 Northern General Hospital -1.45752 53.4106
2 Royal Hallamshire Hospital | -1.49276 53.3784
3 Sheffield Teaching Hospital | -1.49234 53.3792
4 The Global Clinic -1.47265 53.3637
5 Ivy Lodge Clinic -1.46752 53.3985
6 One Health Clinic -1.53785 53.3757
7 Sheffield Clinic -1.49945 53.3733
8 Regent Street Clinic -1.47584 53.3806
9 Central Health Clinic -1.4665 53.3819
10 Sheffield Walk-in Clinic -1.47739 53.3829
11 Courthouse Clinic -1.48519 53.3801
12 University Health Service -1.48267 53.3863
13 Private walk-in Clinic -1.47541 53.3686
14 Traveldoc Clinic -1.47584 53.3806
15 Active Health Clinic -149206 53.3704

What makes Geographical Information System different from other information system is the
potentiality of carrying out spatial analyses. These analyses involves the synthesizing
different geospatial data by aggregating, comparing and combining various pieces of data
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stored in database to making meaning out of it and generate information to support decision
making. The spatial data created for this paper were Roads and Healthcare facilities.

The following operations were performed in order to determine how accessible the healthcare
facilities are in term of distance covered or service area and to determine if the number of
facilities commensurate with the number of people in the study area through spatial search
(selection by attributes and selection by location)

Buffer analysis, a fundamental function in a geographic information system (GIS), identifies
areas by the surrounding geographic features within a given distance. A buffer in a
geographic information system (GIS) is defined as the zone around a spatial object, measured
by units of time or distance (Mengyu Ma et al 2018)

Buffering operation was performed on Hospitals using WHO standard of 5km for hospitals to
determined their coverage area, the buffered zone which shows the service area for the
healthcare facilities was erased to determine the areas that outside the coverage area of those
healthcare facilities. A query was performed to know those areas with more than 500
populations without any healthcare facility

The criteria use to determine the coverage area of the Healthcare facilities were (WHO 2007)

e The healthcare centre should not be more than 5km from residential area i.e 5km
coverage area

e An area with a population of 500 people should have access to one healthcare facility

MAP OF HEALTHCARE FACILITIES
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Fig 3: Showing the healthcare facilities
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3. Analysis and Results
3.1 Buffer Operation

Buffering which is one of the most important functions of spatial analysis in GIS. Its basic
idea is to create a zonal area of a certain distance around its boundary, namely buffer zone,
and to identify the impact range and service range tom surrounding environment (proximity)
(Peng Dong 2020)

In this paper, buffering was carried out in order to see the extent of coverage which various
healthcare facilities covers over the study area. A buffering of 5km was done on each
healthcare facility since the maximum distance a healthcare facility must be from a
residential area must not exceed 5 km
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Fig. 4: Map of 5km buffer of healthcare facilities

Mengyu Ma 2018 Buffer analysis, a fundamental function in a geographic information
system (GIS), identifies areas by the surrounding geographic features within a given distance.
A buffer in a geographic information system (GIS) is defined as the zone around a spatial
object, measured by units of time or distance.

The above map showed the coverage area for the healthcare, area covered are those areas
with easy access to those facilities based on the 5km radius recommended by WHO (2007)
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3.2 Erase Operation

In GIS. The erase function is an analytical process in which the output feature class is created
by copying the portion of input features that lie outside the boundaries of the erase feature
(ArcGIS 10 Help). In this case the buffer created was used as erase feature and Sheffield
boundary as input feature, this is done to know or determine those areas outside the service
area for those healthcare facilities.
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Fig. 5: Areas deprived of easy accessibility to healthcare facilities

The above figure 5 show areas that do not have easy access to the available health facilities
by walking more than recommended 5km to use a healthcare facility. There is a need to
provide healthcare facilities in those areas to reduce the walking/traveling distance in order to
access and utilize those facilities.

3.3 Queries

The population data from Nomis was used in order to know those areas that have more than
500 inhabitants and with at least one healthcare facility and also those areas with more than
500 inhabitants without healthcare facility. This is done to determine the ratio of population
to healthcare facility. A Spatial search operation of areas with more than 500 population with
one or more facility and areas with more than 500 population without healthcare facility was
used to test database created by looking for certain attributes within the neighborhood. This is
to determine the wards/areas that have more than 500 populations with or without healthcare

facility.
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Fig. 6: Areas with more than 500 people with at least one healthcare facility
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Fig. 7: Areas with more than 500 people but without Healthcare facility
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All the wards in Sheffield have population of more than five hundred people, which indicate
that each ward must have at least one (1) healthcare facility. Using the population data of
Sheffield for spatial search it was shown that there were many areas without a healthcare
facility as shown in fig 7, while there were also some areas within Sheffield with population
of more than 500 people with at least one healthcare facility. The importance of this to
determine if the number of healthcare available is enough for usage

3.4 The Nearest Neighborhood

The nearest-neighbor analysis calculates the average distance between each
feature’s centroid and its nearest neighbors’ centroid location, and is an indicator of
clustering, random, or regular point patterns (Micheal P. and et al 2002).

The nearest neighborhood was done to know how close one healthcare facility is to nearest
facility. The nearest neighborhood operation used to determine whether the healthcare centers
are disperse, random or clustered in Sheffield.
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Fig 8: The Nearest Neighborhood result

H null hypothesis states that "The spatial pattern observed is not different from random
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Since NNR of 0.59 is less than 1 the pattern is clustered. The P-Value of 0.000099 is less
0.01 alpha level, H null hypothesis is rejected. This then implies that the pattern is clustered.
The Z score of -3.89 which is less than -2.58 at 99% level of significant also signifies that
there is less than 1% likelihood that this clustered pattern could be the result of random
chances.

4. Conclusion

Access to healthcare has been recognized as an important contributor to health and wellbeing.
To this end, access to healthcare is widely accepted as a fundamental human right enshrined
in many international instruments (WHO 2007). This study indicates the spatial discrepancy
of access to healthcare facilities in Sheffield, and it was discovered that the healthcare
facilities were clustered together in a particular areas which deprived other areas of easy
access to those facilities. Based on then findings, the areas or wards can be categorized into
five parts based on coverage area of the healthcare centers and the number of people living in
an area to a facility

Categories

1. Those areas with easy access to healthcare facility in term of service area (5km) of the
healthcare facilities which were shown in fig 4

2. Those areas with at least one healthcare facility and with more than 500 inhabitants.
This areas were well represented in fig 6

3. Areas with easy access to healthcare facility with both the coverage area (5km) and
with at least one healthcare to 500 people.

4. Areas that were deprived of easy access to healthcare centers in term of distance.
These areas were shown in fig 5 of this study

5. Areas that were more than 500 people with no healthcare facilities. Fig 7 displayed
those areas that fall under this category

It was observed that some of the areas that were not served when population is considered
were served when considered the service area of those Healthcare facilities.

It is recommended that the criteria for citing healthcare facility should be adhere to strictly
when citing in term of distance to healthcare facility and the population of the people that the
facility is meant to serve.
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