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I. INTRODUCTION 

 

Decision makers require timely, reliable information 

regarding the availability and state of healthcare facilities in 

their domain (Zitta. et al. 2014).The provision of healthcare 

centres in Nigeria is the responsibility of the three tiers of 

government (Local, State and the Federal Government 

institutions). For a long time, there has been a considerable 

interest in the geographical or special aspects of healthcare 

services because equity is a fundamental principle of 

healthcare service. In particular, there is a need to develop a 

comprehensive database both spatial and attribute in the form 

of geodatabase, which will provide unbiased healthcare 

information to the needy. In particular, there is a need to 

design a spatial distribution system which addresses issues 

like finding the nearest hospital, blood bank, pharmacy and 

diagnostic laboratory for needy patients. This is because 

prototype designs offer support for more equitable planning. 

In addition, spatial location of hospitals, clinics and diagnostic 

centers to the nearest neighborhood can be obtained using 

graphical means by which information about the location, 

address and direction of different health facilities could be 

presented.  

Most previous literatures on access to health facilities and 

their spatial distribution pattern in Nigeria mostly focused on 

big cities like Abuja, Kaduna, Port-Hacourt and Lagos where 

Abstract: The aim of this paper was to develop a normalized geodatabase using Geographic Information System 

(GIS) with a view to facilitating proposed design of spatial distribution pattern of healthcare facilities in Gombe L.G.A. 

This was achieved by acquiring, digitizing the map of Gombe L.G.A.; and establish the coordinates of the distributed 

pattern of healthcare facilities of the 11 electoral wards across Gombe L.G.A., after which a spatial database was created. 

In addition, attribute database showing the names, and address of health facilities within the study area was also 

designed.Findings revealed the following: 19 Local Government facilities, 21 private facilities, 6 Federal Government 

facilities and 3 State Government facilities. The implications were that bed space, number of doctors, nurses, and matrons 

among otherswere revealed. The study could also enable comprehensive Average Nearest Neiboughood analysis of the 

spatial distribution of healthcare facilities of the study area to be carried out in future. 
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Specialist hospitals and numerous private clinics have been in 

existence for many years (Adagbasa, 2008). Studies on the 

spatial distribution of health facilities in second order or 

medium sized cities like Gombe, Bauchi, Yobe and Taraba 

and other medium sized states in Nigeria are very few. 

Incidentally, this category constitutes a bulk of Nigeria’s State 

capitals and headquarters of Local Government Areas. 

Although Husain, Gwary, Yusuf and Yusuf (2017b) focused 

on spatial distribution of GSM infrastructure in Gombe, 

metropolis, Nigeria, and Husain, Gwary, Yusuf and Yusuf 

(2017a) investigated the effects of GSM infrastructure 

onhuman health in Gombe, Nigeria, The scarcity of this type 

of study is unjustified considering the present development in 

Information Technology and achievements in Science and 

Technology. In particular advancements in Geospatial 

technology, especially developments in both hardware and 

software components of GIS, remote sensing and field survey 

equipment have revolutionalised the data acquisition, 

processing, interpretation and presentation methods (Ghilaniet. 

al, 2008). 

This is more so if the health and social well-being of 

Nigerians are to be a matter of serious concern, and be 

properly understood with a view to incorporating it in to the 

planning programmes of the various tiers of government 

(Adetunji, 2010).Data and information especially on 

effects/implications of any phenomenon (for example; GSM 

infrastructure) on human health are vital at each stage of the 

emergency cycle in order to make informed decisions and 

develop targeted response programmes (Husain, Gwary, 

Yusuf, and Yusuf, 2017a). The analysis of spatial pattern of 

healthcare facilities explores ways of harnessing information 

and communication technology for community health and 

development in marginalized communities. 

As known, a GIS application can project different spatial 

data on different layers. Integrating different map layers into 

an urban tree management project improves insight for 

decision making (Huang et al., 1999). The uses of GIS on 

urban applications are, not surprisingly, many and varied and 

helpful to provide excellent output to decision makers because 

geographic information systems are software systems used to 

capture, store, manage, analyze and display geospatial data 

sources (Yi, et al., 2012). GIS based management database is 

created to manage the spatial data and attribute data. With the 

help of GIS system, it is easy to handle plot data which are 

continuing changing after six months or a year. Plot 

information retrieval is fast and easy to manage. Other than 

the human management, it is also a tool of immoveable 

property and asset management. It does not only give better 

understandings of building  infrastructure  but  also  give  a  

platform  for  helping  the  authorities  to  take  progressive  

decisions  based  on complex analysis in short time period by 

using modern technologies. Goal of this study is to not only 

clear our understandings about GIS capabilities but also a 

significance role to provide platform for knowing about 

mapping techniques and Add-Ins development. 

Gombe Local Government Area have recorded various 

barriers with respect to access to healthcare facilities which 

are characterize by spatial and non-spatial barriers, the spatial 

barriers include availability and accessibility, while the non-

spatial barriers include affordability and acceptability. The 

available healthcare facilities are unevenly distributed; tertiary 

hospitals in secured areas are over populated and tend to be 

overcrowded with patients suffering from common conditions 

(World Health Organization, 2010). Therefore, this paper set 

out: to acquire and digitize map of Gombe L.G.A; and using 

Global Positioning System (GPS) acquire the coordinate of 

location of healthcare facilities of the study area. This was 

with a view to creating a spatial and attribute database 

(geodatabase) which would enable the design of future spatial 

distribution pattern of healthcare facilities in Gombe State. 

The results, findings and the outcome of this paperwould 

assist future planning, in addition to serving as base map for 

Average Nearest Neighbor (ANN) analysis of the study area. 

 

 

II. STUDY AREA 

 

Gombe LGA is the capital of Gombe state, the town is 

bounded by latitude 10
°
16

′ 
29.59

″
 and 10

°
16

′ 
34.76

″
 N, with 

longitude 11
°
09

′ 
13.81

″
 and 11

°
15

′ 
38.51

″
E. Bordered by 

Kwami LGA to the north, Yemaltu Deba to the North-East, 

Akko LGA to the West and South. It has a total area of 58km² 

(See Figure 1). It is subdivided into 11 distinct administrative 

areas or wards namely; Ajiya, Bajoga, Bolari East, Bolari 

West, Dawaki, Herwa Gana, Jekadafari, Kunbia-Kunbia, 

Nasarawo, Pantami, and Shamaki. 

Gombe Local government has a tropical climate with two 

marked seasons: Wet and Dry seasons. The rainy season starts 

from April and ends in October. The highest rain bearing 

months are in July, August, and September while the dry 

season is characterized by dry, cool and hazy wind from the 

Sahara Deserts. The effect is predominant from November to 

May. This tropical climate has a gentle to moderate wind 

speed. (Yusuf, 2015). Gombe LGA has an estimated 

population of 268,000out of the 2.8 million people that made 

up the state (NPC, 2009). It is made up of different people 

from different roots and cultural background with many 

languages. 

 

 

III. METHODOLOGY 

 

The types of data used for this study involves data related 

to acquisition and digitization of map of the study area 

(Gombe L.G.A). It also included coordinate captured by the 

use of GPS for future study on spatial distribution pattern of 

the healthcare facilities in the study area. Thus the spatial 

database so created would enable the analysis and design of 

spatial distribution pattern of healthcare facilities in Gombe 

State. This could also serve as Base map for Average Nearest 

Neighbor (ANN) analysis of the study area. 
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Figure 1: Location of Study Area 

Relevant hardware and software were used in executing 

this research such as Google Earth
TM 

for capturing Quick Bird 

satellite imageries of Gombe L.G.A. Garmin E-trex GPS was 

used in capturing the spatial coordinates of the health facilities 

within the study area.; ESRI ArcMap version 10.1 for 

geodatabase creation; while the list of approved healthcare 

facility within Gombe metropolis were obtained from the 

Gombe State Ministry of Health which serve as guide for 

carrying out field observations. See Figure 2 for the 

methodology adopted. 

 

A. DATA ACQUISITION    

 

The work was carried out using two types of data, which 

are the Spatial data mainly primary data obtained by various 

field activities and Attribute data which comprised the 

secondary data were obtained from the internet, the Ministry 

of Health as well as the Ministry of Lands and Survey, Gombe 

State. 

 
Figure 2: Methodology Flowchart 

A Base map on a scale of 1:50000 was obtained from the 

Gombe State Ministry of Land and Survey, Gombe (See 

Figure 3). With the map, a fieldwork was carried out to 

pinpoint the locations of the healthcare facilities in the study 

area. 

GPS survey was then carried out using Garmin E-trex 

GPS in order to obtain the geographic coordinates of the 

health care facilities within the study area. Likewise, names of 

the various healthcare facilities were obtained from office of 

the Ministry of Health, Gombe together with relevant attribute 

information. 

 

B. DATA PROCESSING    

 

The base map acquired was added using add data tool in 

ArcMap environment as a separate layer. The data frame 

properties of coordinate system was changed to World 

Geodetic System of 1984 (WGS84) to be compatible with the 

coordinate system of acquired coordinates of health facilities 

using GPS. Base map shapfile was geo-referenced using tie 

point method. 

 
Figure 3: Master Plan of Gombe Metropolis 

The tie-point was done using selected reference points 

(See Table 1) around the Gombe State capital for ease of 

identification. After the geo-referencing, on-screen digitization 

of the geo-referenced base map was done in ArcMap to create 

the spatial data of the various healthcare facilities of the 11 

wards under studyas shown in Figure 3. 

Point Eastings (m) Northings (m) 

1 737170 1137511 

2 738814 1137175 

3 738878 1137866 

4 737499 1138790 

Table 1: Coordinates used for Geo-referencing 

 

a. CREATION OF DATABASE OF THE HEALTH 

FACILITIES   

 

The geo-referenced map (Figure 3) was used as a base 

map in creating various shapefiles of features such as roads, 

buildup areas, etc. within the study area by digitizing the 

individual features using onscreen digitization. By doing so, 

the spatial data base of all the features excluding health 
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facilities which were point shapefile captured using GPS were 

created. Also, by digitizing the features, preliminary table 

were automatically created containing the primary key 

(Feature ID field) which is very vital in table normalization. 

Smaller tables were also created such as ward table, 

healthcare facility category table, ownership table (See Table 

2, 3 and 4 respectively), each containing a foreign key that 

will facilitates linkage to primary key in the preliminary 

(general) table already created during digitization of features. 

In this study, the table concern was created as the healthcare 

facility table (See Figure 4). However, the database so created 

was full of redundant data. Thus, there are various repetitions 

hence the need for database normalization to reduce data 

redundancy and improve database efficiency. 

Category Category ID 

Primary 1 

Secondary 2 

Tertiary 3 

Integrated reproductive health 4 

Table 2: Healthcare Facility Category Table 

Ownership Ownership ID 

Federal Government 1 

State Government 2 

Local Government 3 

PRIVATE 4 

NGO 5 

Table 3: Ownership Table 

Ward Ward ID 

Ajiya 1 

Bajoga 2 

Bolari east 3 

Bolari west 4 

Herwagana 5 

Dawaki 6 

Jekadafari 7 

Kumbiya 8 

Pantami 9 

Nasarawo 10 

Shamaki 11 

Table 4: Ward Table 

 

Figure 4: Un-Normalized Database containing redundancy in 

primary fields (Source; authors’ field work, 2015) 

 

b. DATABASE NORMALIZATION 

 

Database normalization, is the process of organizing the 

columns (attributes) and tables (relations) of a relational 

database to minimize data redundancy. It involves 

decomposing a table into less redundant (and smaller) tables 

without losing information, and then linking the data back 

together by defining foreign keys in the old table referencing 

the primary keys of the new ones. The objective was to isolate 

data so that additions, deletions, and modifications of an 

attribute can be made in just one table and then propagated 

through the rest of the database using the defined foreign keys. 

The defined foreign keys in smaller tables (ward table, 

healthcare facility category table, and ownership table) are all 

the ID’s columns which relate all the tables to the health 

facilities table in Figure 4 using their respective IDs (Ward ID, 

Category ID and Ownership ID) as a link. By doing so, data 

redundancy which is a major problem in any efficient database 

creation was eliminated and reliability in terms of query 

analysis is increased. The normalized database is presented in 

Figure 5. 

 
Figure5: Normalized Database of health facilities (Source; 

authors’ field work, 2015) 

 

 

IV. RESULTS AND DISCUSSIONS 

 

This section presents, analyzed and discussed the spatial 

and attribute data obtained from the healthcare facilities, the 

designed geodatabase which is the collection of geographic 

datasets of various types held in a common file system folder 

in ArcGIS that can be exported in to a Microsoft Access 

database, or a multiuser relational DBMS (such as Oracle, 

Microsoft SQL Server, PostgreSQL, Informix, or IBM DB2) 

for further geospatial analysis.  

There are two types of geodatabase extensions, class 

extensions and workspace extensions (ESRI Recources, 

2014). In this study, class extensionswas used because is the 
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simplest and most important way to customize geodatabase 

behavior. Class extensions should define custom behavior that 

applies to a single object class or feature class in a 

geodatabase, and not to the geodatabase as a whole. In 

particular, they provide the following capabilities: 

 Implementing complex or specialized validation rules 

using IObjectClassValidation 

 Handling edit events, such as object creation, deletion, or 

modification through IObjectClassEvents 

 Listening to relationship class notifications, through the 

implementation of IRelatedObjectClassEvents, 

IRelatedObjectClassEvents2, and 

IConfirmSendRelatedObjectEvents 

 Enhancement of ArcMap's Attributes dialog box with the 

IObjectInspector interface and Windows forms  

 Association of a custom renderer with a feature class 

extension—IFeatureClassDraw allows a renderer and a 

property page to be associated with the extension, with 

the option of being the exclusive renderer for the 

extension  

 Storage of arbitrary objects and data with an object class 

through extension properties 

Extensions offer a transparent way of implementing 

custom behavior across all clients accessing a 

geodatabase. Whether workspace extensions, class extensions, 

or both are used depends on the scope required for the custom 

behavior. An important consideration is that the majority of 

the customization possible with these extensions can be 

implemented at the application level. 

Additional results presented in this study include results 

from query analysis in order to test for the integrity of the 

database using query builder tool in ArcMap environment. 

Some examples of the queries carried out included:  

 Showing all Local Government owned healthcare 

facilities within the study area as shown in Figure 6. 

 Showing all private owned healthcare facilities within the 

study area as shown in Figure 7. 

 
Figure 6: Query result showing local government owned 

healthcare facilities (Source; authors’ field work, 2015) 

 

Figure 7: Query result showing private owned healthcare 

facilities (Source; authors’ field work, 2015) 

 
Figure 8: Map showing the ownership and distribution of 

healthcare facilities 

 

 

V. CONCLUSION 

 

The paper collated, developed and categorized attribute 

data type, as well as coordinates used for Geo-referencing. It 

reveals information such as ward table, healthcare facility 

category table, ownership table that are key and vital in the 

table normalization within the study area.It also reveals 

information such as quantity and availability of bed, doctors, 

nurse, maternity, NHIS services among others in the general 

table. 

In addition, a spatial database for the health facilities was 

designed using the acquired GPS coordinate by plotting the 

spatial location of the acquired facilities on the digitized based 

map. This was followed by an attribute data base showing: 

names, address, services rendered, number of doctors, and 

nurses, maternity and child healthcare services, number of 

structures wards/offices, number of beds and facilities that 

operate the National Health Insurance Scheme (NHIS) among 

others as shown in figure 5 and 8. 

Based on the findings of the paper the following 

recommendations were proffered: 

 With the provision of data base, digitalized maps and 

coordinates using GPS, the study recommends the 

analysis of spatial distribution of healthcare facilities in 

Gombe L.G.A. and possible Average Nearest Neighbor 

(ANN) analysis of the study area. 

 The Gombe State Government should set up necessary 

machinery to plan and forecast future location/distribution 

of more facilities in Gombe Local Government to meet up 

with the growing population of the State, which in the 
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nearest future will be a necessity considering the growing 

population. 

 The relevant authorities (State and Local governments) 

should develop criteria for sitting new healthcare facilities 

at State and LGA levels in line with the World Health 

Organization (WHO) standards. 

 All the health clinic, all in ―Shamaki ward‖ such as: 

―Malam Inna‖, ―Kagarawal‖ and ―Jauro-Abare‖ health 

clinic required the construction/provision of access road 

to the facilities for easy and free movement. 

 Average Nearrest Neighbor (ANN) analysis should be 

carried out in order to determine accessibility, availability 

and adequacy of the spatial distribution pattern of 

healthcare facilities in the study area. 

 Finally, further research/study should be carried out to 

assess the accessibility of the healthcare facilities in the 

study area. 
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