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Abstract:  

Background: As noted in literature of geodata maintenance, the emphasis is on the geographic database update. 

However, geodata maintenance is beyond the geographic database update. Thus, this paper proposes administrative 

and technical actions for geodata maintenance in health in which GIS is becoming popular.  

Methods: This case study was conducted in health management in Malawi. An interpretive qualitative research 

method was adopted. Data was collected through participant observation, as the principal method, which was 

supplemented by semi-structured interviews and artifact examination. Participant observation was done in one and 

half years during the deployment of DHIS2 GIS. Thematic analysis was employed as the data analysis approach.  

Findings: This study has identified six necessary actions for geodata maintenance: (1) identify the need, (2) 

communicate the need, (3) assess the need, (4) edit the model, (5) acquire the geodata, and (6) edit the dataset. The 

first two actions are administrative and the last three actions are technical while the third one is both administrative 

and technical.  

Conclusion: The geographic database update involves two actions: edit the model and edit the geodata. Other four 

actions are required for acquiring geodata to make a complete set of geodata maintenance operations. However, to 

have a sustainable geodata maintenance, there is a need to incorporate geodata maintenance into operations of 

health management information system in general and GIS implementation process in particular. The involvement 

of stakeholders at all levels is also essential.  
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1. Introduction 

In literature of Geographic Information System (GIS), it has been emphasized that data is 

fundamental. Without adequate and reliable data, GIS is not useful [1]. The adequacy and reliability of 

data can be achieved through data maintenance. The data element of GIS includes both spatial data (also 

referred to as geodata) and non-spatial data. In this paper, the interest is on geodata, which models user 

defined geographic entities or spatial features. Geodata is geographically referenced in some consistent 

manner using, for example, latitudes and longitudes, national coordinate grids, or postal codes [2]. 

In health sector, as observed in the studies of Chikumba [3], Msiska [4] and Saugene and Sahay 

[5], geodata suffers from lack of maintenance. Geodata needs to be continuously maintained to a certain 
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level of usefulness so that its quality is not diminished. In addition to accessibility and development of 

geodata as fundamental to GIS, maintenance of geodata is also of paramount importance. Data 

maintenance is a process of continual improvements and regular checks for keeping the high quality 

data. 

In literature of geodata maintenance, the focus has been on update of geographic databases [1, 

6]. Geodata maintenance is beyond the geographic database update. Data maintenance incorporates key 

components of data management process and involves organized administrative and technical actions. 

This paper intends to contribute to geodata maintenance in health sector in developing countries, in 

which GIS is becoming popular. The case used in this study is DHIS2 GIS implementation in Malawi. 

The aim of this study was threefold, firstly to summarize the current state of knowledge with respect to 

geodata maintenance, secondly to use interpretive and qualitative methods to investigate readiness for 

geodata maintenance in health management in Malawi and lastly to propose administrative and technical 

actions for geodata maintenance in health management. 

 

2. Geodata Maintenance and Completeness 

2.1 Geodata Maintenance 

Geodata has properties that need to be well defined and continuously maintained: what (thematic 

elements, i.e. attributes), where (spatial elements, i.e. space or location), when (temporal elements, i.e. 

time and events) [7] and relationship between spatial features [8]. Although space is the dominant 

member of these components, time is critical to understanding phenomena as events that appear and 

disappear in space over time; and without theme there is only geometry [9]. The attributes represent 

elements that are not geometrical and are used, for example, in queries, analyses and visualization of 

spatial data. The degree of importance of relationships between spatial features depends on an 

application being used in GIS. Ulubay and Altan [8] argue that an effective geodata management 

requires that location and attribute data be variable independent of one another i.e. attributes can change 

character but retain the same location and vice-versa. 

Geodata is held in a geographic database, which is constantly updated as new information arrives 

in order to continuously support user requirements. Longley, Goodchild, Maguire and Rhind [1] define 

a geographic database update as any change of geometry, attributes, or database schema. Required tasks 

include edits of geometry, attributes, indexes, topology, and even importing and exporting data. There 

are other required actions to be performed apart from the database update. According to British 

Standards Institution [10], maintenance is the combination of technical and administrative actions aimed 

at retaining an item in a state in which it can perform a required function. From the data perspective, 

“maintenance of (spatial) data can be defined as the combined activities to keep the data set up-to-date 

and as supportive as possible to the user community” [6]. Huisman and de By [6] explain that data 

maintenance involves acquisition and capturing of new data into the system, possibly replacing outdated 

data; and the need for such actions stems from requirements that the users impose or due to changes in 
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the real world. Hence, in this paper, geodata maintenance is taken as a set of organized technical and 

administrative actions that are carried out in order to keep geodata valuable in a particular GIS 

application.  

Geodata, as a resource, has a value that is to be maximized. In this paper, the value of geodata is in 

form of a solution to a GIS problem or satisfaction of a GIS need. Thus, the value of geodata needs to 

be maintained in order to continuously meet GIS needs and solve GIS problems. The maintenance of 

geodata in an organisation leads to improved and new usage of the data thereby leveraging its value. 

However, maintenance of data requires a well-specified management regime [11], which means that 

during geodata maintenance right decisions should be made at certain points of time. 

 

2.2 Geodata Completeness 

Geodata requires being complete and well matched with existing data so that they can be properly 

integrated. If a new dataset is placed correctly into the context of other available data, it is utilized as 

expected [8]. It is necessary to make different datasets compatible so that they are reasonably displayed 

on the same map for sensible analysis [12]. In a successful integration of different datasets, the 

completeness is one of the concerns to be addressed. Geodata completeness refers to the exhaustiveness 

of set of spatial features and their attributes in the geographic database in relation to an abstract universe 

or model world [9, 13]. The abstract universe is a representation of the reality with a desired level of 

simplification or generalization [9]. For instance, in most GIS applications, health facilities, such as 

hospitals, are usually represented as points in geographic databases. 

The completeness of geodata is generally assessed at two levels: model and data completeness [9, 

13]. When the model and/or digital data are not complete, geodata maintenance is probably required. 

Model completeness is the commission or omission relationship between the spatial features in the model 

world and those in the reality whereas data completeness refers to the commission or omission 

relationship between datasets and their attributes defined in the model world and those available in the 

digital data [13]. Basically, according to Yang [13], omission means that some required spatial features 

and/or their attributes are not included in the geographic database while commission means that extra 

spatial features and/or their attributes, which are not necessarily required, are included in the geographic 

database. 

Since different people use GIS for different purposes and the phenomena they study have different 

characteristics, right decisions should be made about what features should be modeled and how they 

should be represented in GIS [1]. This model completeness is application dependent in the sense that the 

model world is created for a particular application [13] and therefore, it is an aspect of the fitness-for-

use [14]. This implies that this type of completeness is achieved if the context of GIS is properly analysed 

by defining problems to be solved. As Ramasubramanian [15] points out, the clarity in problem 

definition is critical in GIS implementation. Once a spatial feature has been modeled, it is expected that 

required elements (i.e. spatial, temporal, and thematic) are collected and captured into the geographic 
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database. At this stage, the data completeness is assessed. Data completeness is application independent 

and hence geodata can be shared and re-used in various contexts. 

 

3. Research Context 

This study was conducted in the public health sector in Malawi from June 2015 to December 

2016. Malawi is a landlocked country in southeast Africa and borders with Tanzania to the northeast, 

Zambia to the northwest, and Mozambique to the east, south and west. The health system has five levels 

of management (nation, zone, district, facility, and community). There are twenty-nine health districts, 

which are grouped into five health zones. In every health district, there is a district health office (DHO), 

which is responsible for providing all necessary support to health facilities in its health district; including 

planning, coordination, management, monitoring and evaluation. The health district is further divided 

into health facility catchment areas within which there are communities and villages.  

Since 2002, there have been various initiatives in order to strengthen Malawi national HMIS 

and different technologies have been implemented including DHIS2 in 2012. DHIS2 (www.dhis2.org) 

is a tool for collecting, validating, analysing, and presenting aggregate and patient-based statistical data, 

tailored (but not limited) to integrated health information management activities. From 2015, the MoH 

has been implementing DHIS2 GIS in order to enhance data analysis, integration and presentation. 

During the time of our study, CMED was carrying out a major reform on DHIS2; that is, the 

reconfiguration of DHIS2 in which the deployment of GIS was one of its milestones.  

This study involved participants from the national and district levels. At the national level, 

participants were from Central Monitoring and Evaluation Division (CMED) and DHIS2 team. To 

strengthen its national health management information system (HMIS), the MoH established CMED 

that is involved in coordination, data management, advocate and facilitation of the information use in 

various activities such as policy formulation, planning and program implementation at all levels. Since 

CMED does not have adequate technical capacity for implementing and supporting DHIS2 and other 

technologies, in 2009, the MoH established a technical team, referred to as DHIS2 team, which is 

composed of information technology (IT) experts from some of its collaborating partners. CMED 

coordinates the activities of DHIS2 team. At the district level, participants were from Blantyre health 

district, which is one of the largest districts with the population of slightly over 1 million and has both 

city (having a central/referral hospital) and rural settings. In addition, it was close to where the authors 

live. Thus, it was relatively cheap to visit in terms of logistics. 

 

4. Research Methods 

In this single case study, interpretive qualitative research methods were adopted to understand 

social and natural settings and practices on the building and maintenance of geodata. People have 

different ways of looking at the reality [16] and it is important to study them in their natural settings 

http://www.dhis2.org/
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aiming at producing factual descriptions [17]. Participant observation was the principal data collection 

method, which was supplemented with semi-structured interviews and artifact examination.  

 

4.1 Participant Observation 

Participant observation allowed us to observe and participate at the same time. In this research, 

we participated as GIS implementers in the DHIS2 GIS deployment exercise. We were part of DHIS2 

team. As the implementers, we participated in various activities starting from acquisition of spatial data 

up to demonstration of the live DHIS2 GIS. First, geodata were acquired from various sources such as 

CMED, UNICEF Malawi, Jhpiego and National Statistical Office (NSO). Second, the geodata 

completeness were assessed in which missing geodata were identified. Third, the missing geodata were 

internally developed. Fourth, geodata were preprocessed to make it suitable for uploading into DHIS2 

GIS. Fifth, setting up and testing of DHIS2 GIS were done concurrently. The last activity was to 

demonstrate the live DHIS2 GIS to some users for their feedback; three CMED managers at the national 

level and two HMIS officers and two health program coordinators in Blantyre health district. All 

demonstrations were done at the participants’ workplaces. 

 

4.2 Semi-structured Interviews 

As the participant observers, interviews enabled us to step back and examine the interpretations 

of our fellow participants in some details [18]. Semi-structured interviews were conducted at different 

times and in some cases, we had to interview one participant more than once, which provided us 

opportunity to confirm, verify and even build on information from previous interviews [19]. At the 

national level, eight interviews were conducted with two CMED managers and three members of DHIS2 

team. These interviewees interact with DHIS2 almost on daily basis. At the district level, five interviews 

were conducted with two HMIS officers and three health program coordinators in Blantyre health district. 

HMIS officers are the data managers and provide support to users of health information systems in their 

respective health districts. They work closely with health program coordinators. All interviews were 

conducted at the individual participant’s workplace. During interviewing, we used the note-taking 

technique to record responses in which rough but extensive notes were made. Immediately after the 

individual interview, we wrote up our notes in full and sent to the respective participant through email 

for verification and feedback.  

 

4.3 Artifact Examination 

The examination of artifacts provided us with the avenue of gathering data apart from the 

participant observation and interviews. Norum [20] refers to artifacts as “things that societies and 

cultures make for their own use” including written texts (e.g. documents, diaries, memos, meeting 

minutes, letters), archival records, and those in the form of film, television, and music. Various 

documents were analysed which involved minutes, emails, reports, policies, strategies, manuals, and 
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forms. The main objectives were to understand (a) policies, procedures and strategies that govern the 

implementation of various technologies and data management; (b) various roles in the implementation 

of technologies; and (c) various ways of presenting data and information. Apart from documents, 

geodata of administrative boundaries and health facilities were analysed for completeness and 

relationships. 

 

4.4 Data Analysis 

This case study employed thematic analysis approach, which is a qualitative analytic method for 

identifying, analysing and reporting patterns (themes) within data. The notions of model and data 

completeness guided the data analysis. The concept of completeness was applied to understand required 

spatial features and datasets for GIS application in the health management, and what kinds of 

maintenance practices are expected on geodata. 

 

5. Research Findings 

From the perspective of geodata completeness, three aspects have been applied in this study: the 

reality, the model world, and the digital data. The research findings have been presented in respect of 

these aspects. The aspect of reality has helped in the definition of an application domain of DHIS2 GIS 

in Malawi through identifying necessary spatial features and their relationships. The aspect of model 

world has assisted in understanding thematic and spatial elements of the spatial features for DHIS2 GIS 

database. The aspect of digital data has defined the geodata for DHIS2 GIS implementation. In this 

section, we have assessed geodata being used in DHIS2 GIS in order to understand its completeness and 

this has led to the identification and definition of administrative and technical actions on geodata 

maintenance.  

 

5.1 Institutional Arrangement – The Reality 

To determine spatial features for DHIS2 GIS in Malawi, we briefly describe its context from the 

institutional arrangement perspective. In this paper, institutional arrangement is taken as a formal 

governance structure that is established to manage human interactions and its rules and regulations which 

often form the basis for guiding activities of the organisation [21]. In the context of health management, 

this arrangement involves networks of entities and organisations in planning, provision, management 

and monitoring of health programs and services. As shown in Table 1, the focus is on management levels, 

healthcare services, health facilities, and CMED personnel.  

 

 

 

 

 



7 
 

Table 1: Management levels, healthcare services, health facilities and CMED personnel 

Management 

Levels  

Healthcare 

Services 

Health Facilities CMED Personnel 

Nation Tertiary Central Hospitals Health Economists, Statisticians, 

DHIS2 Team, M&E Officers Zone 

District Secondary District Hospitals HMIS Officers 

Facility Primary Rural Hospitals down to Health Posts Facility In-charge 

Community Village & Outreach Clinics Community Health Workers  

 

When we talk of GIS application in health, health facilities are very critical because “central to 

a fully operational Health Information Systems (HIS) is a basic inventory of all functioning health 

facilities and the services they provide” [22]. We take a health facility as any place where people can go 

and get required health services which are provided by a health care agency. In Malawi, all health 

facilities from central hospitals down to health posts have permanent structures. Village and outreach 

clinics have temporary structures such as houses of community health workers or small summer huts 

constructed by communities. In some cases, outreach clinics can be serviced at a community facility 

(e.g. school). The health facilities are grouped into three: primary, secondary and tertiary (see Table 1). 

Primary healthcare is the first contact for healthcare services which are usually provided by 

community/rural hospitals down to village and outreach clinics. Secondary healthcare services are 

provided by district hospitals. Tertiary healthcare services are provided by central hospitals. 

Health facilities provide various health services to the population in their respective catchment 

areas. The World Health Organisation defines the catchment area as a geographic area served by a health 

program or institution and it is delineated on the basic of such factors as population distribution, natural 

geographic boundaries and transportation accessibility [23]. In Malawi’s health system, the critical 

catchment areas are health districts. Health facilities, except the central hospitals, are grouped by the 

health districts and they report to their respective District Health Offices (DHOs). The central hospitals 

provide specialized services to the nation at large and they report directly to the national level. 

Population distribution is one of the requirements in the GIS implementation for health 

management in Malawi, which refers to as the arrangement or spread of people living in a given 

catchment area usually according to variables such as age, gender, and economic status. For example, 

the MoH and other stakeholders need population distribution data for estimating who may have access 

to the health facilities within the recommended distance of 8 kilometres. Data on population distribution 

in the catchment areas can help in planning, health service delivery, monitoring and evaluation, among 

others.  

In DHIS2, the hierarchical structure has been implemented with respect to the management 

levels; having organisation units which represent the catchment areas and health facilities. Data analysis 

at the district level is usually by health facilities while at the national level it is by health districts and in 

some cases by health zones.  DHOs need to know various events occurring in their respective health 
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facilities. Central hospitals have their own structures of wards, departments, and hospital. One 

participant pointed out that a central hospital is not really a single facility but “a group of hospitals which 

are represented by specialized departments.” In DHIS2, central hospitals form their own ‘virtual’ zone 

and have departments and wards. Figure 1 illustrates the hierarchical difference between a health district 

(e.g. Blantyre) and a central hospital (e.g. Queen Elizabeth). 

 

 

Figure 1: Part of Blantyre DHO and Queen Elizabeth Central Hospital 

One of the responsibilities of CMED is to implement and manage technologies, including 

DHIS2 GIS, with support of its collaborating partners such as universities, non-governmental 

organisations (NGOs), development partners, and other government agencies. This is due to inadequate 

technical capacity in CMED. CMED has no ICT personnel; IT Unit of the MoH is mainly responsible 

for hardware and software maintenance, and the payroll system. As a long-term strategy, CMED has 

been investing on HMIS officers at the district level in terms of GIS capacity building. One participant 

said: “As custodians of GIS in their respective health districts, we bought GPS for all HMIS officers and 

then trained them.”  

 

5.2 Model Completeness – The Model World 

Since geodata models geographic entities for a particular GIS application, it is important to 

identify which spatial features are to be modelled. This information may help to determine relevant 

sources of data and build required spatial datasets. A good model contains relevant spatial features and 

their attributes [9, 14] so that the acquired geodata answers questions of ‘what’, ‘where’ and ‘when’ [7]. 

If relevant spatial features are not identified properly, this can affect the acquisition of data and even its 

maintenance. In this study, we have identified three basic spatial features namely health facilities, 

catchment areas and population distribution, which are needed by health programs and services in 
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DHIS2. We have assessed the model completeness of DHIS2 GIS from the perspectives of these three 

spatial features. 

In DHIS2 GIS, health facilities are represented as points. However, the main concern is the 

central hospital as a reporting health facility. In practice, departments and wards usually report data. In 

the current status of DHIS2 GIS, spatial analysis is possible at the hospital level but not at department 

and ward levels. As illustrated in Figure 1, the departments and wards are included in DHIS2 but they 

are not effective in GIS module because they do not have spatial elements. One participant said: “Usually 

at this central hospital, health managers and other stakeholders demand the analysis by department or 

ward.” By considering departments and wards as part of DHIS2 GIS, we have noted that issues 

concerning map scale and level of details in the visualization should carefully be considered. For 

instance, if departments and wards are represented as points, the central hospital itself may be 

represented as a polygon. However, in DHIS2 GIS, polygons are usually used to represent health 

catchment areas. 

Geodata of health districts, as catchment areas, is not commonly available. Instead, 

administrative boundaries are used. This has raised some concerns. First, in some cases, administrative 

boundaries mismatch with the structure of health systems. For instance, in some situations, health 

facilities are outside the administrative district (see Figure 2(A)). However, it is possible to have health 

facilities outside the administrative district “because of how the district health catchment area has been 

defined”- one participant commented. Second, as illustrated in Figure 2(B), there exist two health 

districts (i.e. Mzimba South and Mzimba North) in one administrative district (i.e. Mzimba) which has 

resulted in not being included in the spatial analysis. 

 

  

Figure 2: (A) Health Facilities in Blantyre and (B) Spatial Analysis of North Zone 
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In version 2.21 of DHIS2, the one being used by the time of this study, population distribution 

has not been modeled. The version 2.24 or later of DHIS2 supports map of layers from Google Earth 

Engine including the population layer. Hence, to include the population distribution is just a matter of 

migrating to the latest version of DHIS2. The Google Earth Engine layer allows people to display 

satellite imagery and geospatial datasets with planetary-scale analysis capabilities. However, 

participants in this study mentioned age groups (e.g. under 5 children) as one specific characteristic of 

the population. This requirement is difficult to be met in the population layer from the Google Earth 

Engine. Overhead imagery has its own limitations; for example, it “may reveal a building and may even 

indicate that it is a factory but usually cannot detect the products made” [24]. 

 

5.3 Data Completeness – The Digital Data 

In Malawi, the existing spatial datasets in DHIS2 GIS include health facilities, health zones, and 

health districts. These datasets have spatial elements – that are represented by longitudes and latitudes – 

and thematic elements for describing the spatial features. Geodata of health facilities were sourced from 

CMED and UNICEF and that of districts were sourced from National Statistical Office (NSO) and 

Jhpiego. Geodata of health zones were generated internally. One important observation is that regardless 

of its source, every dataset requires to be verified and preprocessed. In the preprocess exercise, spatial 

data is converted into a form suitable for entry into GIS application [25]. In DHIS2 GIS, data sets are 

converted into GML (Geography Markup Language) format before being imported into the geographic 

database. GML is the XML grammar that serves as a modeling language for geographic systems and as 

an open interchange format for geographic transactions on the Internet. 

The verification on geodata was performed in consultation with HMIS officers and CMED 

management to check for the digital data completeness. This exercise involved three main activities. 

First, we checked if organisation units in DHIS2 had corresponding spatial data elements and added 

health facilities that were not available in DHIS2. Second, we renamed organisation units which had the 

similar names, particularly village and outreach clinics. Third, we checked if health facilities in DHIS2 

were assigned to the right facility type; otherwise affected health facilities would not correctly be 

analysed and visualized in GIS application. 

Geodata of health facilities from CMED has few attributes (see Figure 3) as compared to that from 

UNICEF (see Figure 4). Attributes of geodata from CMED include facility name, type, ownership 

(controlling agency), and administrative location (e.g. district and region). Geodata from UNICEF has 

additional attributes of contact of facility in-charge (name, email, and phone), cluster, and status of 

facility (functional or non-functional). 
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Figure 3: Part of geodata from MoH collected in 2013 

 

Figure 4: Part of geodata from UNICEF collected in 2015 

During the service provision assessment survey in 2013, out of 1060 only 977 health facilities 

were visited [26], which means that 83 health facilities were not available in the dataset including Zomba 

mental hospital (the referral hospital). During the deployment of DHIS2 GIS, out of 8632 village and 

outreach clinics, 209 clinics were not added in DHIS2 due to unavailability of their respective clusters. 

In this context, the cluster is a health facility which a village or outreach clinic should report to. We 

reported this to HMIS officers in affected health districts, CMED and UNICEF for necessary actions. 

One important response was that some clusters had not yet been added in DHIS2 as health facilities or 

their names had changed. The DHIS2 GIS implementation team and HMIS officers took necessary 

actions collaboratively. 

As mentioned earlier, administrative boundaries are used to model health districts and zones. 

Two main activities were done to make sure that the geodata is complete for DHIS2 GIS. First, geodata 

of health zones had to be created by dissolving administrative districts. In GIS, dissolve is a process of 

creating a new feature by merging adjacent polygons or lines that have a common value in a specified 

attribute. We applied the ‘dissolve’ tool in ArcGIS 10.2 to generate the new dataset of zones. As shown 

in Figure 5, it is possible to have the spatial analysis by health zones. Second, in the case of Mzimba, 

there was a need to split it into two health districts. This idea was presented to some participants in this 

study and the CMED management, and all agreed to it. However, both technically and legally, it is not 

easy to demarcate administrative area. The administrative area is legally documented and if it is to be 

changed, the legal protocols need to be followed. For the sake of this study and to be used in DHIS2 

GIS, Mzimba was split into Mzimba South and Mzimba North by dissolving health facility catchment 

areas that were created in 2003. Figure 6 illustrates the demarcation of Mzimba into the two health 

districts. 
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Figure 5: Spatial Analysis by Health Zone Figure 6: Mzimba North & South 

 

6. Analysis and Discussions: Towards Geodata Maintenance 

In the definition of geographic database update [1], the concept of change is emphasized. Any 

change to geometry, attributes or database schema is determined by a certain problem to be solved or a 

need to be met. Since a geographic database is always updated when new data exists [1], our observation 

is that before the database is updated, certain actions should be performed to generate such data. This 

case study has revealed such actions. Thus, this section discusses those proposed actions and the context 

in which they may be performed. 

 

6.1 Proposed Actions for Geodata Maintenance 

From the findings presented above, we have identified actions that are necessary in maintaining 

geodata to a certain level of usefulness. The process of maintaining geodata is initiated by a need that is 

imposed by a data user or due to a real world change. This need is to be communicated to an agency that 

assesses the need for its feasibility. Then, the agency provides feedback to the reporting agency whether 

it is possible to implement the change or not. If it is possible, the geographic database update is expected 

to take place and the reporting agency and other stakeholders are communicated accordingly. In this 

context, we have proposed six actions as (1) identify the need, (2) communicate the need, (3) assess the 

need, (4) edit the model, (5) acquire the geodata, and (6) edit the dataset.  

 

6.1.1 Identify the Need 

In information systems, users always have new requirements in order to be in line with changes in 

the context or beyond. These new demands influence some changes in the system including data. In GIS, 
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geodata is among the key resources in meeting user needs. We have observed that a change in geodata 

can be influenced by demands from within or outside the health management system. In over 20 years 

ago, the political system in Malawi demanded the split of some administrative districts. It took the 

government of Malawi a long time to update geodata of affected districts. For instance, administrative 

boundaries, used in studies of Chikumba [3] and Saugene and Sahay [5], were not updated to reflect the 

change. The Ministry of Health (MoH) has no direct control over such external demands. Hence, in this 

paper, our interest is on demands imposed by GIS users within the health management system. 

We have observed that demands from the national level affect two or more health districts, 

programs or services. For example, the decision on building geodata for Mzimba North and South health 

districts was from the national level. Even including the population distribution in DHIS2 GIS was the 

decision made at the national level. Demands at district and lower levels are particularly those affecting 

health facilities. HMIS officers are responsible for making sure that details of health facilities in their 

respective health districts are always up-to-date in DHIS2. At the community level, village and outreach 

clinics are under the management of community health workers (CHWs) who are probably to identify 

any changes affecting geodata of those health facilities.  

Demands can also come from a service or program. For instance, in planning and monitoring 

service, DHIS2 users need to use GIS in assessing the accessibility of health facilities, which may lead 

to determination of locations of new health facilities. The nutrition program expects GIS to enhance the 

monitoring and tracking services by providing spatial visualization of locations of its clients and 

associated logistics resources. 

 

6.1.2 Communicate the Need 

All health-related issues concerning the nation are managed at the national level and those 

concerning individual districts are managed at the district level. The data management in HMIS follows 

this type of governance. CMED officers manage data at the national level while HMIS officers are data 

managers at the district level. We have observed that issues concerning geodata of health facilities are 

reported to HMIS officers and those concerning the geographic database model, like the issues of 

Mzimba and population distribution, are reported to CMED at the national level. Even issues being 

raised by health program coordinators, such as patient tracking in the nutrition program, are reported to 

CMED at the national level because it involves many health districts. These demonstrate that demands 

should be communicated to the right authority or office for further assessment. 

 

6.1.3 Assess the Need 

We recommend that a change on geodata should carefully be analysed in order to determine its 

complexity and required resources for its implementation. The nature of change can differ depending on 

what part of geodata is likely to be affected. For instance, changes on the database schema require the 

technical know-how on database management and GIS, including programming in some cases, which 
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may result in consuming more technical resources than those changes on attributes. Some concerns in 

the assessment of the need are: 

• Level of the change – it can be on the database model, spatial or thematic elements. 

• When to implement the change – a change can take time (e.g. boundary data); or it needs urgent 

attention (e.g. a new health facility); or it can wait; or even not to be implemented.  

• Responsible personnel and required competence – a change can be done at the district level or 

national level by the internal personnel or the external expertise. 

• An expected effect on GIS technology and related systems – sometimes, a change needs the 

upgrade of technology through, for example, migrating to the latest version, developing an 

additional application, or reconfiguring some components.  

 

6.1.4 Edit the Model 

According to Longley, Goodchild, Maguire and Rhind [1], editing is the process of making 

changes to a geographic database, which involves adding new objects or replacing existing ones. 

Generally, the type of change can be either a new spatial feature or new data entry. If a new spatial 

feature is demanded, the model may be modified. In this process, the new spatial feature is to be 

integrated with existing ones in the geographic database so that it can easily be analysed, presented and 

visualized [8, 12]. The focus is on defining relationships between spatial features, which is the 

application-dependent.  

 

6.1.5 Acquire the Geodata  

Geodata can be acquired through various ways such as being sharing, internally developing or 

capturing in the field. “Geodata may be collected by both government organisations as well as private 

agencies … be shared and re-used by different users and applications” [2]. This is achievable if there 

are no critical omissions or commissions and the dataset is in the suitable format for maximum efficacy 

[27]. The organisation is forced to capture geodata in the field or develop internally if there is no other 

source to get such geodata. In collaboration with other organisations, the MoH captured the geodata of 

health facilities. 

 

6.1.6 Edit the Dataset 

The new data entry involves changes on spatial and/or thematic elements; add new contents or 

replacing outdated ones. Mzimba South and North health districts were added as new objects in the 

health district dataset, in which spatial and thematic elements were entered into the geographic database. 

The health zones, as catchment areas, were already modeled in DHIS2 and what remained was to acquire 

and update their spatial elements.  
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6.2 Proposed Model for Geodata Maintenance 

From the discussions above, in Figure 7, we illustrate how the proposed actions for the geodata 

maintenance are related. As shown in Table 2, they are categorized as technical and administrative 

actions. In this paper, we take both administrative and technical actions as any actions or decisions made 

by stakeholders of a particular GIS application that affect the maintenance of geodata. Technical actions 

require the practical knowledge of GIS while administrative actions may not really need such knowledge. 

 

 

Figure 7: Proposed Actions for Geodata Maintenance 

 

Table 2: Categories of Proposed Actions 

Action Category Description 

Identify the 

Need 

Administrative A stakeholder in the GIS application domain identifies a need for 

change in the system. 

Communicate 

the Need 

Administrative The need is communicated to a responsible agency for further 

actions. The reported need is to be documented for sharing and 

referencing. 

Assess the 

Need 

Administrative/ 

Technical 

This involves both administrative and technical decisions. If the 

reported need is complex and external support is required, 

collaborating partners can be consulted for assistance in terms, 

for example, finances, expertise or materials. Basic knowledge of 

GIS and geodata is required. 

Edit the 

Model 

Technical This is the responsibility of technical people, who have the 

practical knowledge of GIS including database management. In 

most cases, these are developers or implementers of GIS. 

Acquire the 

Geodata 

Technical This requires geodata sharing and practical knowledge of geodata 

collection using at least GPS. It also requires basic knowledge of 

coordinate systems e.g. longitudes and latitudes. 

Edit the 

Dataset 

Technical This is the responsibility of technical support teams (e.g. DHIS2 

team at the national level and HMIS officers at the district level), 

who have practical knowledge of GIS and geodata. 

 

In the context of government, geodata can generally be in three categories namely physical data 

(physical features on the Earth); political data (artificial designations that define an area as part of 

political entity); and socioeconomic data (e.g. population, economics, and social patterns) [24]. We treat 
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health facilities as physical data; health districts and zones as political data; and population distribution 

as socioeconomic data. In terms of acquisition and management of these types of data, each category 

has unique characteristics. We have observed that health facilities require frequent changes, particularly 

village and outreach clinics. Due to their temporary structures, village and outreach clinics are likely to 

change locations over a short time or even become non-functional, and new clinics are established. Even 

thematic elements, such as contact details of a facility in-charge (see Figure 4), are expected to change 

frequently due to the mobility of health personnel.  

Although the users of DHIS2 GIS are at the national and district levels, community health workers 

(CHWs) at the community level may play a great role in the maintenance of geodata, particularly that 

of village and outreach clinics. Since geodata is a new phenomenon to CHWs, it is important to have a 

conducive environment for promoting their involvement in geodata maintenance. They can be involved 

in identify the need and communicate the need processes. As observed in some studies – for example 

Moyo, Nkhonjera and Kaasbøll [28] – both technical and social systems should be considered in the 

implementation of technical phenomena at the facility and community level; including management 

commitment and individual attitudes towards a phenomenon. 

Geodata maintenance requires resources such as people, hardware, software, procedures, reliable 

communication systems and finances among others. Collaboration has enabled the MoH to acquire 

necessary geodata for DHIS2 GIS. We argue that collaboration is also useful in the geodata maintenance, 

mainly in edit the model and acquire the geodata processes. Since it lacks the IT capacity, CMED is 

unlikely to carry out its geodata maintenance activities without being assisted by other organisations. In 

the health sector, collaboration is a key to success in the delivery of health program or service, and 

implementation and maintenance of technologies due to the complexity of health problems. 

Collaboration can accomplish complex and far-reaching tasks more effectively than individual 

institution doing alone. CMED can utilize existing collaborations to complement its resources in geodata 

maintenance as it has done in other GIS initiatives. 

 

7. Conclusion 

In literature of data maintenance in GIS, much has been discussed on the update of geographic 

databases, which involves changes on spatial and thematic elements, and database schema (model). 

From the discussions above, we relate edit to the model to changes on the database schema and edit the 

dataset to those on geometry and attributes (i.e. spatial and thematic elements). This study has 

demonstrated that, additional four actions are required to have a complete set of geodata maintenance 

operations involving both administrative and technical actions. The four actions are identify the need, 

communicate the need, assess the need and acquire the geodata. As Longley, Goodchild, Maguire and 

Rhind [1] and Huisman and de By [6] point out, geographic database is always updated when new data 

arrives or is acquired. These four additional actions are necessary to make new data available for the 
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geographic database update. However, these proposed actions are based on our observations during the 

implementation of DHIS2 GIS in Malawi. Further studies are required. 

From the definition of GIS implementation as an on-going process of decision-making through 

which users become aware of, adopt, and use GIS [15], we take geodata maintenance as part of this 

process. All involved agencies need to be aware of and adopt good practices on geodata maintenance in 

order to build a culture towards the sustainability of DHIS2 GIS. Geodata maintenance as an innovation 

needs to be incorporated into operations of HMIS. In order to promote the involvement of various 

stakeholders at different levels, there is a need, for example, to have reliable management support and 

ongoing communication among those stakeholders. 
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