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Abstract 
 
 
ABSTRACT 
 
This thesis is drawn from an ongoing large-scale action research project Health Information 
Systems Program (HISP), which aims to develop sustainable computer based Health 
Information Systems (HIS) in and for developing countries. This study attempts to build an 
internationalized GIS application for the primary healthcare sector. The overall aim in this 
study is to develop a deeper understanding of the socio-technical aspects complexities and 
challenges emerging during the design, development and customization of internationalized 
GIS application for primary healthcare sector in the context of developing countries. 
 
I adopt a social systems approach to this research problem, and, draw upon concepts from 
Actor Network Theory (ANT) and the Information Infrastructure (II) perspective which are 
useful to study the design, development and use aspects of large, complex and 
interconnected systems. I argue in this thesis that HIS for the primary health care sector in 
general, and GIS applications in particular display infrastructural characteristics and can be 
analyzed drawing upon the above mentioned theoretical perspectives. I especially focus on 
the heritage of installed base and the flexibility of a cultivation approach drawn from the II 
perspective for this purpose. The cultivation approach is further enriched by incorporating 
the approach of social construction of software customization which helps to emphasize that 
cultivation is a socio-technical challenge which is influenced by the very nature of the 
customization process itself. In addition, I use theoretical concepts from software 
internationalization to get further insights to the challenge of adopting this cultivation 
strategy across national settings.  
 
The research was based on a participatory action research approach within a comparative 
case study design covering two developing countries, India and Mozambique. This 
comparative approach helped to provide insights into how different contextual conditions, 
especially the existing installed base and cultivation strategies adopted, provide significant 
influences on the design, development and customization process of the GIS application. 
The empirical data collection was carried over a one year period of intensive field study, 
involving the use of qualitative methods for data collection, and systems development 
through a prototyping approach.   
 
The thesis is described over two cases. The first concerns the development of a non spatial 
application and how that was cultivated and grown over time through its linking with the 
GIS application for the healthcare sector in India. The second case, set in Mozambique, 
describes how the Indian GIS application was then subjected to a customization process 
along with other Mozambican master’s students to develop an application for the national 
level of the Department of Community health, within the Ministry of Health. This 
customization process involved both the non-spatial application and its subsequent linkage 
with the GIS component. The varying installed base and cultivation strategies involved in 
the two contexts gave rich insights into the design and development challenges that arise, 
and also helped to develop implications on how the GIS application can be internationalized 
and integrated with the global District Health Information Systems (DHIS) software that has 
been developed through the HISP action research project. 
 
More specifically, the following theoretical implications are drawn from the study  
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• Design, development and customization of GIS application should be 
viewed as socio-technical process, with focus on preparing the existing II 
for its integration with the new GIS application through cultivating the 
installed base.  

• The cultivation approach could be extended towards design and 
modification of the GIS application to be ‘infrastructural’ in nature by 
enabling its shared and diverse use in other contexts. 

• The need to practice hybrid approaches for the development of 
internationalized software that seeks to balance between the global and 
local needs. 

 
Also, the following practical implications have been developed:  

• Building gateways is an easier and cheaper solution to link between 
already existing large networks. 

• The change required by the new system should be minimized in order to 
reduce the resistance from the existing installed base, thus reducing the 
chances for failure. 

• Apart from the standard reports of an internationalized application, 
importance should be given towards the development of locally driven 
reports, which provides a greater value for the application in that 
particular context. 

 
Keywords: Geographic information system, health information system, primary 
healthcare sector, India, Mozambique, information infrastructure, socio-technical 
system, software internationalization, software customization, cultivation.  
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Chapter 1: Introduction 
 

CHAPTER I 

INTRODUCTION 

 

 This thesis is part of an ongoing action research project called 

Health Information Systems Program (HISP), which aims to develop sustainable 

computer based Health Information Systems (HIS) to support district management and 

enable local analysis and action. HISP, over the years, has developed an application 

called District Health Information System (DHIS), which supports data collection and 

analysis at all levels of the health administration. This application has been 

experiencing continuous prototyping and customization to meet the growing needs of 

health information systems in different countries. Since the year 1999, DHIS has been 

customized, adapted and tested in various countries outside of South Africa. 

Mozambique and India were the first nodes of HISP as it was the first two countries 

where the initiative or transfer of technology started in the year 1998 and 2000 

respectively. The replication and implementation of such system from one country to 

another presents various complex problems, not only in technological aspects but also 

related to social, cultural, political and contextual issues. 

     

GIS which stands for Geographic Information System are 

computerized systems that combine spatial and descriptive data for mapping and 

analysis. Their main strength is their ability to integrate different types of data on to a 

common spatial platform. Since late 1980, this technology has become increasingly 

visible in developing countries (Taylor 1991; Yeh 1991). The attempt to use 

Information Technologies (IT) including Geographic Information Systems (GIS) in 

supporting healthcare management has been widely accepted by many healthcare 

organizations. In spite of GIS practitioners and researchers best endeavors, only few 

cases exhibits the analytical capabilities of GIS where it has been fully integrated with 

the system. Basically, the design and development of GIS applications has leaned more 

towards technical or spatial issues, not giving equal importance to the social and 

contextual aspects that influence implementation. Many developing countries want to 

use GIS technologies for supporting or enhancing their decision making capacity but 
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neglect the importance of the base data required to make the application operational. 

The present research investigates an approach to design and develop spatial GIS 

application for the health sector. In general, development of an application involves 

designing, prototyping, customizing and its testing of the application. Due to the 

different challenges involved in different stage of development, I decompose my 

research investigation into the phase of design and development. Design involves the 

building up of data model and structure and development involves prototyping of the 

application. Development is more concentrated towards the creation of non spatial 

components and linking it with the spatial database.   

 

1.1. Research Objective 

The main research problem addressed in this thesis is as follows: 

 

“To investigate an approach for the design and development of an 

internationalized spatial GIS application for the primary healthcare sector based on 

research in India and customization process carried out in Mozambique.” 

  

Prior to my master study, I had worked in the primary healthcare 

sector of India and was engaged in the process of customization, adaptation and testing 

of DHIS along with other HISP India team members. These experiences helped me 

through out my master research in understanding the HIS, the working of the PHC 

sector and developing the DHIS non spatial component. However, my knowledge about 

building spatial GIS application before the master study was nearly non-existent.  

 

Building, changing or improving a new system or information 

infrastructure must be integrated with the existing system or environment. Many 

scholars have emphasized that system development approaches in developing countries 

have failed to consider context, and as a result projects tends to fail (Braa 1997 and 

Walsham 2001). Thus designing or developing a system not only involves 

technological aspects but also the complexity involved with respect to the social, 

cultural, political and contextual aspects. Transferring of a system or technology to 
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3 

another context requires local customization of the system with respect to that context. 

Finally, to develop a software or application to be used internationally requires 

understanding what components of the software are local and context specific and what 

aspects of it are context free or “global” in nature. This led me to decompose my 

research problem in following three sub problems. 

 

 “To understand the major factors involved in design and development a spatial 

GIS application for the primary healthcare sector.” 

 

 “To understand the challenges involved in customizing the GIS application for 

a different context.” 

 

  “Identifying the factors involved in internationalizing the GIS application for 

DHIS.” 

 

 A participatory action research approach with a comparative case 

study between India and Mozambique was adapted to address the above question. In 

addition, a three week trip was made to Cape Town, South Africa, to gain additional 

experience about internationalizing the spatial GIS application and its linkage with the 

DHIS non spatial database application. Data collection was primarily through 

qualitative methods, as it provides a deeper contextual understanding of the 

phenomena.  

 

1.2. Theoretical ideas drawn upon  

 

To analyze the problems identified above, I draw upon the following 

network of concepts: 

 

1.2.1. Information Infrastructure 

“Infrastructures are considered as always already existing, they 

are never developed from scratch. When designing a new infrastructure it will always 
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be integrated in to and thereby extending others or it will replace one part of another 

infrastructure.” 

          [Hanseth, 1998, p.13] 

 

Health Information systems represents a large and complex 

infrastructure consisting of different levels with multiple actors and interest and 

numerous work practices and routines. All these things that already exist are termed as 

installed base. Before designing and developing the new infrastructure, the 

understanding of the behavior of the installed base is crucial as it influences the 

possibility of change and how the new system must be designed. The present research 

adopts a cultivation oriented approach, implying an incremental and bottom up growth 

rather than a top-down “Construction” methodology (Nilsson et al. 2002). 

 

1.2.2. Social perspective of IS   

Transfer of technology from the North to the South is a complex 

task, as it involves not only the technical artifacts (Braa et al 1995) but also includes 

methodologies, inscribed intentions of use, training process and other non technical 

aspects. Walsham (1993) argues that such complex process needs a social system 

perspective that sees information systems as complex networks incorporating social and 

organizational aspects. Heeks (2002) argues  

 

“that a successful developing country information system will be one 

that tends to match its environment in relation to technical, social and organizational 

factors; these latter including the values, perceptions and assumptions of key 

stakeholders.” 

[ibid. p 9] 

Heeks goes on to argue that the greater the degree of change is, the 

greater is the risk of failure and he proposes the concept of “design-reality gap” to 

analyze these challenges (ibid.). 
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1.2.3. HIS in developing countries  

A HIS involves manual procedures, set of technologies or tools to 

collect, analyze, present and use data for monitoring, planning, evaluation and 

management (Lippeveld et al. 2000).  In most of countries, HIS are inadequate in 

providing these needs and practically involve filling endless registers, dealing with poor 

quality data, and reporting to higher authorities only to satisfy the needs of the 

bureaucracy (Lippeveld and Sauerborn 2000).  In developing countries, HIS typically 

are fragmented into several vertical programs and primarly serve the needs to the higher 

levels of administration and not the local use of data (Lippeveld, 2001). Thus, the 

introduction of computer-based HIS in third world countries that aim to support 

deprived and local communities is a complex task as they are challenged by the existing 

installed base (Braa et al 2003).  Also, the high workload of the health staff makes the 

HIS related tasks a secondary importance as compared to providing care to the 

community.   

 

1.2.4. GIS in developing countries with a focus on health sector 

Geographical Information system (GIS) are a powerful set of tools 

for storing,  retrieving, transforming and displaying spatial data from the real world for 

a particular set of objectives (Burrough 1986). GIS can be applied in different fields 

and in different subjects, including the health sector, where GIS has a great potential to 

support decision making, this potential has not yet been realized. Some of the problems 

for this are technical, but there are others that are social, economical and political in 

nature. Technically oriented approaches to develop GIS have a limited relevance as 

they are interconnected with social, economic and political problems. To develop any 

local GIS system for micro level decision making, it should be introduced, developed, 

modified and controlled by local users in their context (Taylor 1991).  This research 

examines how such socio-technical approaches can be best implemented. 

5 



Chapter 1: Introduction 
 

 

1.3. Problem area 

India and Mozambique both fall under the category of developing 

countries with numerous health related problems. For example, India with a billon plus 

population, and Mozambique with one of the highest maternal mortality rates in the 

world all experiencing serious problems in providing their population with adequate 

primary healthcare services.  In both the countries, management is poorly supported by 

the information systems currently in use, which are characterized as parallel, vertical 

program-specific information systems that are only serving the needs of the central 

administration. The peripheral levels are typically collecting large amounts of poor 

quality data only to satisfy the needs of the reporting system, and a limited culture on 

information use subsists at these levels. Strengthening information management 

practices at these levels can potentially improve both the coverage and quality of 

primary healthcare service delivery. However, this is a non-trivial task for a variety of 

reasons including infrastructure constraints, chaotic and fragmented information flows, 

organizational inertia, lack of trained people, persisting legacies of colonial rule, an 

absence of a culture where information is valued, and the politics of donor funding that 

introduces various competing and conflicting interests (Braa et al. 2002). Within this 

context, HISP is trying to strengthen the HIS through a long term and sustained a… 

research effort.  

 

HISP in India was initiated in Andhra Pradesh (AP) state in the year 

2000.  Andhra Pradesh and its public healthcare are organized into 23 districts with 

around 1350 primary health centers (PHCs). These PHCs act as information hubs where 

different data are collected from various sub centers and aggregated and transmitted to 

the higher levels. In Andhra Pradesh (AP) the PHCs are now provided with computer 

facilities, even with out adequate infrastructure and staff has the capacity to use them. 

DHIS has been installed in all the district offices and in a few PHCs in Chittoor district 

where HISP was piloted. In the present thesis, HISP India actually denotes HISP in 

Andhra Pradesh state. 
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HISP in Mozambique was initiated in the year 1998. Mozambique 

and its public healthcare are organized into 11 provinces with 131 districts. Here, 

provinces are seen as the information hub (Skobba 2003) and computers are installed in 

all provincial directorates. Only a few districts, especially the districts near to the 

capital city Maputo, are equipped with computers. DHIS is installed in three province 

offices and some of the district offices in these provinces.   

 

 

1.4. Target audience of this thesis 

The results of this thesis are expected to be useful to a number of 

target groups including public health specialist, information officers, medical doctors 

and administrators.   

 

The intended audience of this research work are GIS specialists, who 

are involved in designing, implementing and maintaining GIS system. This group 

mainly consist of computer professionals and GIS students and experts.  

   
The research contributes to the understanding of the theoretical and 

practical challenges in the design and development of an internationalized spatial GIS 

application for primary healthcare sector in developing countries. It is thus of relevance 

to the information systems research community in general, and to the spatial data 

community in particular. It addresses currently under-researched question of how a new 

spatial data application relates to the existing legacy HIS, and how can they be 

integrated effectively.  
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1.5. Structure of the thesis 

The present thesis is organized into eight chapters. Chapter one, 

Introduction, presents the research topic and objectives, an outline of literature, the key 

problem domain, the target audience and the structure of the thesis. 

 

 Chapter two presents the theoretical framework used in this thesis, 

where I draw upon the Information Infrastructure (II) perspective and in particular the 

cultivation approach to II design. This is followed by an introduction to Actor Network 

Theory (ANT), a review of literature that emphasizes information systems as social 

systems. In particular, I discuss studies of the social construction of software 

customization, different approaches in designing internationalized software and system 

development and prototyping processes.  Then in Chapter three, I summarize the time 

frame of the study, describe the research approach adopted, the different data collection 

and analysis methods used in the research. In Chapter four, I describe the setting of the 

research in India and Mozambique. 

 

Chapters five and six present the empirical findings in India and 

Mozambique respectively. Chapter five commences with a brief presentation of 

historical overview of HISP India, followed by a description of the design and 

development process of both the non spatial and spatial DHIS components. In Chapter 

six, I first present the background of the Mozambican health information system and an 

outline of the different legacy systems existing in the national HIS. I then describe the 

constraint in implementing the DHIS and the customization process of the spatial GIS 

application. The final section of the chapter presents the experiences gained during 

international HISP developer workshop in South Africa which provides insights in to 

the challenges of internationalization of the GIS application.  

 

Chapter seven analyzes the empirical finding with respect to the 

theoretical framework presented in the chapter two, I analyze the Indian and 

Mozambican empirical findings separately with respect to the information 
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infrastructure perspective. Subsequently, a comparative analyses of the two countries is 

presented in the next section, followed by an analysis of the internationalization 

problem.  The implications of a contextual emphasis on software customization process 

and a cultivation oriented approach in reducing the gaps between “design” and “reality” 

are presented in final section of the chapter. 

 

The contributions, both theoretical and practical, of the research are 

presented in chapter eight followed by brief concluding remarks of the research.  
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CHAPTER II 

LITERATURE REVIEW 

 

 

This chapter has two main sections, the first presenting a literature 

review and the second my theoretical framework. I firstly present a review of literature 

relevant to the research questions posed in the thesis. I start by describing the growing 

importance of adopting a social systems approach to study IS implementation. 

Following this, I argue how ANT and the II perspective provides a more sophisticated 

social systems perspective to study large, complex and networked systems. I especially 

focus on the concepts of installed base and cultivation that are drawn from the II 

perspective. I further enrich the cultivation approach to design by incorporating the 

approach of social construction of software customization. And since my research 

questions also involve internationalization of software, I further discuss approaches of 

internationalization. And, in the section on theoretical framework, I argue why HIS 

should be conceptualized as II and some key concepts useful for their analysis.  

 

2.1. Information system as social system  

Computer-based information systems are often taken to be technical 

systems and behavioral and organizational issues are relegated to a secondary role or 

are not considered at all (Walsham et al. 1998). Information technology (IT) on its own 

does not do any thing useful, in order to do anything, it must become part of an 

information system (Heeks 1998), even though IT offers a remarkable potential for 

improving the efficiency and effectiveness of organization (Mackenzi 1999, Winner 

1999). In order to address this complexity, Walsham (2001) argues that the ISs are a 

part of social context that need to be understood with respect to relationships and 

dynamics within the organization and the infrastructure supporting them. Kling (2000) 

defines “social informatics” as the new working name for interdisciplinary study of the 

design, use and consequences of information technologies that takes into account their 
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interaction with their institutional and cultural context. He also proposes approaches 

from the social systems perspective, including the use of “web models”, which provide 

a frame work of incorporating IS in their context, infrastructure and history. The basic 

tenet of “web models” is that a computer system is best conceptualized as an ensemble 

of equipment, application and techniques with identifiable information processing 

capabilities. This web models have been used by several authors to provide theoretical 

frameworks to understand and analyze the social context through a web of associations 

around the IS (Braa and Nermunkh 1997). This approach of viewing IS as a part of 

complex social context, contradicts the traditional IS approach where the primary focus 

is on its technological features 

 

Information systems are an integral part of the wider culture and 

society in which it is found. This implies that ideas, practices, organizational 

arrangements, roles and statuses of the IS reflect the wider socio-cultural and political-

economic context in which they occur and are influenced by that context (Hardon et al. 

2001). Walsham, Symons and Waema (1998) describe information systems as social 

systems, which in turn have their own subsystems of people, business process, social 

structure and culture. They argue that information systems should not be regarded as 

technical systems with behavioral implications but conceptualized as social systems in 

which technology is only one of the elements. Information systems are developed and 

maintained to support, manage, collection, use and flow of information. Introducing 

information system in developing countries seem to be more complex than in 

developed countries (Braa and Nermunkh 1997), as the current state of knowledge, 

availability of suitable tools and infrastructure, lack of financial resources, shortage of 

technically competent personnel and constraints imposed by the social and political 

context (Walsham et al 1988).  Thus, the focus needs to be on the processes of 

technological learning and not primarily on the technological elements of IS (Braa and 

Hedberg 2000). This social systems perspective has been further developed though the 

information infrastructure approach and ANT, which I now describe in the following 

section. 
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2.1.1. Actor Network Theory and Information Infrastructure 

In this section, I first present some key notions of ANT, and follow 

this with a discussion on II which builds upon ANT 

 

Actor- network theory represents a particularly useful perspective on 

information infrastructure and standardization processes by virtue of its orientation 

towards improvisation and alignment (Monterio 2000). ANT is a way of representing 

the reality in order to unpack the complexity of everyday life (Hanseth and Monterio, 

1998). It provides an effective platform from which to critically assess and unravel a 

problematic set of explicit and implicit assumptions made from the management 

perspective on information infrastructure. The principle idea of ANT is to examine a 

network of actors (human and non-human) and how these actors become linked 

together by creating a heterogeneous network of aligned interests.  

 

 “ANT is heterogeneous, meaning that there is an open ended array 

of ‘things’ that need to be aligned, including work routines, incentive structures, 

training, information systems modules, and organizational roles. … Alignment, 

according to ANT, is not the result of any top-down plan or decision. It is the 

achievement of a process of bottom-up mobilization of ‘things’.” 

[Monteiro, 2000, p. 72] 

ANT is a framework for investigating the society – technology 

interaction. This research framework was developed by studies in Science, Technology 

and Society (STS) for tracing heterogeneous networks of actors and their interactions 

involved in the production of science and technology (Latour 1987, Callon et al 1996). 

ANT was in social sciences, it has been extremely used in IS research to:  

 

“try to trace and explain the processes whereby relatively stable 

networks of aligned interests are created and maintained, or alternatively to examine 

why such networks fail to establish themselves”  

[Walsham and Sahay 1999, p. 42] 
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Two important concepts of ANT are “Translation” and “Inscription”. 

Translation describes how interests are aligned in the network of different actors, while 

inscription describe how perspectives and intentions of behavior are embedded in the 

actor network. These perspectives and intentions can be inscribed into technical 

artifacts that serve to enforce this ‘program of action’. Latour (1991) provides an 

illuminating illustration of this aspect of actor network through an example of the Hotel 

key. Inscriptions are given a concrete content because they represent interests inscribed 

into a material (Hanseth and Monteiro 1998). The basis for interpreting the process is 

the tracing over time of the different translation that goes into the different inscriptions. 

Inscribing patterns of use is a way to confine the flexibility of use of an information 

infrastructure. Thus information infrastructure is aligned actor-network (Monterio 

2000). Research drawing upon ANT seeks to  

 

“examine more than just the technological system, or just the social 

system, or even the two side systems side by side; … but the phenomena that emerge 

when the two interact”  

[Lee 2001, p 3] 

The concepts of translation and inscription can be seen to be very 

useful in understanding the dynamics of information infrastructures for example, the 

nature of the existing installed base can be understood through an analysis of the 

translation and inscriptions that constitute the II. I now discuss some theoretical 

principles underlying the II perspective. 

 

The term Information Infrastructure (II), which builds upon ANT has 

become prominently used only in the past decade. The traditional IS design strategy 

assumes that the systems can be developed from scratch, as isolated and stand-alone 

applications with defined goals, start and ending times. The environment of ISs are 

highly dynamic and the IS are themselves a driving force in changing the work 

practices and other contextual elements they are designed to support. In developing 

infrastructure, the focus on closed, stand alone systems has been replaced by a focus on 
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open and global collections of connected systems. The infrastructure perspective also 

tries to account for the dynamics and non-technical elements, and also at the same time 

as the standards enabling the required integration. II, as contrasted with IS are seen to 

be open and catering to a wide variety of users and application.  

 

I choose to apply the II perspective as it helps me to understand the 

healthcare system as a large-scale collection of interconnected elements, comprising 

both technological and social actors, where no single entity controls the behavior of the 

system. The concept of II provides a theoretical framework to discuss the differences 

between India and Mozambique in terms of the installed base of technical systems, 

data, and the organizational routines that surround it. The following sections describe 

the key aspects of the II perspective that I draw upon focusing mainly on the installed 

base and the cultivation approach to design. 

 

2.1.1.1.Infrastructure and Installed base  

The term “infrastructure” has been traditionally used in relation to 

information technology to denote basic support systems like operating systems, file 

servers, communication protocols, printers, etc. However, to analyze the role of 

technology, it makes better sense to relate to an information system having degrees of 

infrastructural aspects (Hanseth and Monteiro 1998) where the technology cannot be 

separated from the social and non technological elements (Hanseth and Lundberg 

2001). Thus, an infrastructure can be defined as a socio-technical network. Georgiadou 

et al. (2005) use this concept of infrastructure to refer to more than just technology, but 

to the complex and socio-technical heterogeneous network. They write: 

“Infrastructures, whether physical (roads, rail, ports, airports, 

water, telecommunications, electricity etc.) or virtual (digital libraries, healthcare 

infrastructures, information infrastructure, SDI etc.), have important differences, but 

also share similarities…………We can learn lessons from historical (physical) 

infrastructure development in a specific nation to understand better the choices we 

make, while building a virtual infrastructure, such as SDI, for that same nation” 

 [Georgiadou et al 2005 p.6] 
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A distinction between II and IS is that infrastructures are designed to 

support a wide range of activities and are not especially tailored to one as is the case in 

an IS.  An Infrastructure is intended to open up a field of new activities, not just 

improving or automating something existing. Thus infrastructure possesses supporting 

or enabling functions (Hanseth and Monteiro, 1998). 

 

In Webster’s dictionary, infrastructure is defined as  

“a substructure or underlying foundation; esp., the basic installations and 

facilities on which the continuance and growth of a community, state, etc. 

depends as roads, schools, power plants, transportation and communication 

systems, etc.” (Guralnik 1970). 

 

This definition describes an infrastructure as a shared resource, or a 

foundation, for a community (Hanseth and Monteiro 1998). An II represents a single 

object used by all, even though it may appear differently to various people. This is 

opposed to the traditional view of IS as individual tools, which are developed for very 

specific purposes (like an accounting system), and to be used by a clearly defined and 

limited group (like the accounting department in an organization) (Hanseth 2002). 

Infrastructure should be seen as being irreducible (Hanseth and Monteiro 1998), in this 

sense that the it cannot be decomposed into separate and independent components as its 

various parts are closely interweaved and interdependent.  

   

A key characteristic of infrastructures is the fact that they evolve 

continuously through extension and improvements. For example the global road 

infrastructure has been evolving i.e. extending and improving ever since the first roads 

or paths were built (with some roads falling out of use and into oblivion). The 

continuous growth and evolution of an infrastructure is made possible by the 

characteristics of openness and scaling, in the sense that there is no limit to the number 

of users, stakeholders, vendors involved, nodes in the network, and other technological 

components, application areas or network operators.  
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Unlimited numbers of users, developers, stakeholders, components 

and use areas imply several activities with varying relations over time, varying 

constellations and alliances, changing and unstable conditions for development and 

changing requirements that together result in heterogeneity (Hanseth and Monteiro 

1998). Thus infrastructures are heterogeneous in the sense that they include 

components of different kinds technological (computers, etc) and non-technological 

elements (humans, social, organizational, etc), where the same logical functioning can 

be performed in several different ways. Rolland defines information infrastructure as 

follows: 

 “Heterogeneous collection of different technologies, components, 

protocols and applications to support different and varying application areas and use 

over time across large geographical distances’ (Rolland 2003).  

 

A large and growing infrastructure involves various components 

with different technologies, different users with different shared and sometimes 

contradicting requirements. In order to deal with this heterogeneity and keep all these 

components working together as a whole infrastructure, standards must be maintained 

to minimize the complexity in integrating the different components. Hanseth and 

Monteiro describe standards as “undeniably a crucial aspect of open infrastructure 

which communicates between different components” (1998). Sahay describes 

standardization as “a process of simplification and abstraction with the aim to define 

and communicate significant aspects of the processes, artifacts and structures across 

time and space. The aim is to enable some form of universalization and mass 

production” (2003, p-12). 

 

 When ever an infrastructure is changed or improved, or a new 

version of a component replaces the existing one, it has to fit with the infrastructure that 

currently exists. Therefore, the new infrastructure is heavily limited and influenced by 

the existing (old) infrastructure (referred to by the term the installed base). 
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Given the inherently interconnected nature of IIs, the whole network 

cannot change instantly (Georgiadou et al 2005), in the sense that infrastructure can 

never be created from scratch (Star and Ruhleder 1996). The new infrastructure has to 

be designed or built keeping in view the inertia of the existing (old) installed base. The 

existing installed base not only limits the development of the new infrastructure, but it 

also inherits its strengths for the developmental process.   

 

For effective integration of new infrastructure into the existing 

installed base, it is important and essential to understand the nature of the installed 

base. The work process, users involved, existing procedures, systems, culture of sharing 

etc. constitutes the installed base. My research aims to explore how the developments 

of the spatial GIS application evolve differently with respect to the varying conditions 

offered by the installed base of the India and Mozambique. The existing installed base 

strongly influences the evolution and how the new infrastructure should be designed.  

 

 

 

 

 

 

 

 

 

 

 

5 

time, it at

attractive.

the standa
 Figure 2.3: Standards reinforcement mechanisms. Source: Grindley 199
 

As the installed base evolves and develops inertia over a period of 

tracts complementary production and makes standards cumulative and more 

 A larger base with more complementary products increases the credibility of 

rd and makes the standard more attractive to new users. This brings in more 
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adoption which further increases the size of the installed base (Grindley, 1995). Thus, 

the installed base gains force through a self-reinforcing process as it grows larger and 

more complex. 

 

To summarize: “an infrastructure is a shared, evolving, enabling, open, 

standardized, and heterogeneous installed base”.   

 

2.1.1.2.Cultivation approach to II design 

As mentioned above, IIs are established through complex and 

elaborated processes, where the new infrastructures are built on the existing installed 

base and not from scratch. This implies that the notion of designing should be treated in 

terms of strategies of intervention and cultivation. This contrasts with traditional IS 

approaches (Hanseth and Monteiro 1998) where design is tightly connected to the 

notion of being in control of the situation. Georgiadou et al (2005) see design as  

 

“Design is seen not as a well defined process with pre-configured 

start and end states, but as an ongoing process of ecological change, characterized by 

“unanticipated effects” (Walsham, 1993), “drift” (Ciborra, et al., 2000) reflecting our 

inability to fully anticipate future events.” 

[Georgiadou, Puri and Sahay 2005, p.13]  

 

The basic approach behind cultivation consists of changing or 

replacing a small part of the larger installed base and making sure that the newly added 

part works in consonance with the existing network. Through this the newly added 

components obtain their value from the size of the installed base and also add value to 

the existing installed base. All these factors imply that the new infrastructure cannot be 

designed using top down kinds of methodologies like the waterfall model (Sommerville 

2001), but need to be cultivated like a living organism (Hanseth 2002a). A cultivation 

approach emphasizes the improvisational process of change and the potential of what 

people do in situated action (Suchman, 1987), and not just focus on planned and 

rational approaches (Ciborra et al, 2000). 
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“Cultivators” play an important role in cultivation approach. 

Hanseth (2002a) describes different kinds of actors (designers, product managers, 

services providers, users) of different types (individuals, organizations, formal 

institution) being involved in designing the infrastructure. This perspective also 

underscores the importance of users, as the value of a new infrastructure to a large 

extent is dependent on the number of users. Users are changing or improving the new 

infrastructure by using it, and designers must design the new components according to 

what is of value to the users. In the context of the present study, I analyse users’ actions 

in improving new components through using them and actively taking part in designing 

the new infrastructure.  

 

Dahlbom and Janlert (1996), represent cultivation as a more 

conservative approach to design than “construction”, which tends to privilege the 

power of human agency in selecting, putting together and arranging a number of 

objects to form a system. The cultivation approach emphasizes the power of the 

material, “the tomatoes themselves must grow, just as the wound itself must heal…” 

(ibid. p.6), implying that the development organization or product being developed 

should be considered as a unified socio-technical network without privileging one over 

the other. The power of the material which the cultivation approach emphasizes derives 

from the installed base and the resulting lock-in effects (Hanseth & Monteiro, 2004). 

This lock-in effect represents a dilemma in evolving an II as it creates inertia and with 

it a conservative influence (Georgiadou et al 2005). To avoid a lock-in situation, it is 

important to make the infrastructure as flexible as possible, both in terms of flexibility 

of use as well as to change. Use flexibility makes it less likely that a lock-in will occur, 

while change flexibility makes it easier to get out of a lock-in when it appears (Hanseth 

2002a).   

 

Hanseth (2002a) discusses two strategies for exiting from a lock-in 

situation; revolution and evolution. Gateways represent a fast kind of evolution linking 

the new and the old components of the network.  They are an important remedy to help 
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overcome the negative effects of positive feedback and network externalities, i.e. lock-

in and inefficiency (Katz and Shapiro 1985, David and Bunn 1988). However, 

gateways result from failed design efforts, as they are imperfect translators between the 

networks they are linking (Hanseth 2002b). Gateways may connect heterogeneous 

networks, being built independently or based on different versions of the same 

standards. During all phases of an II development, gateways play an important role 

(Hanseth 2002). When larger networks are already built, linking them through gateways 

may be easier and cheaper than moving to one shared protocol although the 

functionality will be well covered by one such universal standard (Hanseth 2002b).  

Given our socio-technical view of IIs, I also take the cultivation 

approach to design to be socially constructed. The key features of such a perspective is 

now discussed.  

 

2.1.1.3.Social construction of software customization  

Social construction refers to the process by which social aspects are 

embedded into an object, be it science, technology or other forms of knowledge (Berger 

and Luckmann, 1967). This implies that the methods which go into the development of 

this meaning, and social interests which account for this process, becomes units of 

analysis for the constructivist (Nhampossa and Sahay, 2005). Technology is seen to be 

shaped by social processes related to their design, implementation and use rather than 

seeing it (technology) as objective truth which is independent of the social world (Pinch 

and Bijker, 1987). The study of social construction of technology have explained the 

importance of social alliances and control (Noble 1984), social groups and their frames 

of meaning (Bijker 1987), the use of heuristics (Van den Belt and Rip 1987) and 

various organizational issues (Mackenzie 1987). The social construction of technology 

approach has been applied to the analysis of information systems, and concepts such as 

technological frames (Orlikowski 1992), reinvention (Johnson and Rice 1987), relevant 

social groups (Blonk 2002), interpretive flexibilities (Orlikowsk 1992) and unintended 

consequences of technology (Zuboff 1988) have been developed and applied. Despite 

the wide acceptability of the social construction approach to IS, Nhampossa and Sahay 

(2005), argue that the potential of this approach has not been applied to the domain of 
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the process of software customization. Tellioglu and Wagner (1999) describe software 

customization process involves people and machines (both situated and distributed), 

practices, methodologies and tools, all linked in a heterogeneous network that is 

historically and institutionally embedded. Like any other social activities, the work of 

customizing software is situated, taking place in particular location and times and being 

performed by people who act upon their specific contexts of knowledge, tools, tasks, 

social network and their own particular histories.  

 

I draw upon this social construction perspective to analyze the software 

customization process involved in two different national settings (India and 

Mozambique), for the same application domain (primary healthcare), where the same 

DHIS spatial and non spatial application is being customized for local needs and 

analysis. The reason for this emphasis is that in the primary healthcare domain, the 

World Health Organization (WHO) model for information systems is applied to the 

developing countries and there is an implicit assumption made that the same application 

model can un-problematically be applied to different country situations (Braa et al 

2003). Nhampossa and Sahay (2005) demonstrate that the above statement is 

incomplete as it does not take into consideration the context dependent aspects of the 

software which is shaped significantly also by the very process of software 

customization. This implies the need for alternative cultivation approaches in different 

contexts. 

 
2.1.1.4.System development and Prototyping 

System development is a process in which social and technical 

parts of the world interplay. Furthermore, an important strategy has been to include 

guidelines and techniques (and concepts) for addressing the non-technical matter as part 

of the education of professional systems developers (Bratteteig 2003).  System 

development includes building software as well as integrating adapting, adjusting, 

maintaining and tailoring software products. The construction of a computer system is 

the engineering part of systems development. Hanssen, Håndlykken and Nygaard 

(1975) describe system in an object oriented way as system to be a part of the world 
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which is chosen to regard as a whole, separated from the rest of the world during some 

period of consideration. A whole which is chosen to consider as containing a collection 

of components, each characterized by a selected set of associated data items and 

patterns, and by actions which may involve itself and other components.    

 

   A prototype aims to demonstrate a physical and material image of 

the system that is being developed. It also helps to try out different design options and 

generally to find out more about the related problems and its possible solutions. Budde 

(1991) describes prototyping as an approach based on releasing prototype(s) and 

experimenting with them, the finished system is building upon experience gained from 

the prototype(s) experiments and sometimes the prototype in itself. Prototyping is a 

popular approach to use when the requirements are difficult to decide before the system 

is implemented. 

    

Prototyping used in the present research is to build both the spatial 

and non spatial DHIS components in an incremental, evolutionary and participative 

manner. The prototyping used here represents an ongoing continuous process with the 

objective to deliver a working system. New versions of the system are released 

continuously which are built upon the requirements from the user, thus making the 

process incremental. This type of prototyping approach is in contrast with throw away 

prototyping, where the objective of prototyping is used for identifying the user 

requirements by evaluating use of the prototype then making a working system 

(Sommerville 1995).  

 

The development of DHIS spatial and non spatial components in 

both the cases involved user participation at different levels, through both formal and 

informal means and to a large degree based on improvisation. However, since my thesis 

involved the development of the application for both local and global purposes, I now 

discuss some principles underlying internationalization of software. 
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2.1.2. Two approaches towards the development of software 

internationalization  

 

Globalization today has extended from the economic sphere into 

cultural, human rights, military and information technology issues (Eriksen 2000). 

Giddens (1991) offers a sociological viewpoint of globalization as the intensification of 

world wide social relations which link distant localities in such a way that the local 

happenings are shaped by events occurring thousand of miles away and vice versa. In 

the age of globalization, there are increasing pressures on developers to create 

internationalized software that can be used in different settings (O’Donnell 1994; 

Howard 1993). There are two broad approaches to the internationalization of software: 

i) Software is developed from the outset as one to be used in varying 

international settings and internationalization is incorporated as one 

element of the software development cycle 

ii) Software is developed for local settings as internationalization is not 

considered as a pre-defined aim, but is subsequently attempted to be 

adapted and customized to different national situations 

(Nhampossa and Sahay 2005)  

 Both approaches has its own effects like in the first approach 

where the concepts of internationalization in embedded in to the software development 

cycle, is very “resource intensive” as the application needs to incorporate 

functionalities for different languages and cultural contexts of use. Since the context of 

use is always changing, there is continuous pressure on the developing agency to 

acquire new kinds of knowledge and incorporate it in the new version of the software. 

In the second approach, where internationalization is not a pre-defined aim, the initial 

development process is not so resource intensive but there are other pressures in 

relation to individual customization effort in each context elevating the potential danger 

of “reinventing the wheel” (Nhampossa and Sahay 2005).  Rolland and Monteiro 

(2002) describe a middle ground to these approaches, a pragmatic balance, where the 

focus is to try and distinguish between context dependent and independent components 
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and try to globalize the independent part and focus on the dependent parts for local 

customization. Achieving this pragmatic balance is very complex in practice as it is 

influenced by many aspects including the development process itself by which the 

software customization take place (Nhampossa and Sahay 2005).  

 

2.2. Proposed theoretical framework  

 

2.2.1. Health Information Systems  

This section presents the theoretical framework where I argue, why 

HIS should be conceptualized as HII. I firstly present the theoretical review on HIS, its 

expected role in supporting health care and their problems in developing countries, 

followed by the concepts of success and failure of HIS. And in the final section, I argue 

on conceptualizing HIS as HII, and identify key concepts of II to aid this analysis. 

 

Last (1998), defines Health Information System (HIS) as a 

“combination of vital and health statistical data from multiple sources, used to derive 

information about health needs, health resources, costs, use of health services and 

outcomes of use by the population a specified jurisdiction.” 

 

Another definition of HIS from the Equity project (2001), is: 

“A set of tools and procedures that a health program uses to collect, 

process, transmit and use data for monitoring, evaluation and control.” 

 

All these definition of HIS involve manual procedures along with a 

set of technologies or tools to collect, analyze, present and use data for monitoring, 

planning, evaluation and management (Heywood and Rohde 2000, Lippeveld et al. 

2000). It is argued by Heywood, Campbell, and Awunyo-Akaba (1994) that it is 

important to look at the HIS as a tool for improving health care, and not as a solution in 

itself. An HIS should support and improve health care by increasing efficiency, quality 

and scope of the services through more efficient planning, organizations and 
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management functions (ibid.). Health information systems are mainly classified in to 

two groups.  

i)   Clinical health information systems:  

   Clinical HIS are typically large and 

complex hospital information systems that focus on patient specific data. 

Successful development and implementation of such sophisticated health 

information systems have proven difficult in both developed and developing 

countries (Heeks and Bhatnagar 2001, Littlejohn, Wyatt and Garvican 2003) 

 

ii) Routine health information system 

Routine health information could be defined as 

“information that is derived at regular intervals of year or less through 

mechanisms designed to meet predictable information needs” (RHINO 2001). 

For example, information gathered from data collected by health worker/staff 

at different intervals on various health programs like Mother and Child 

Health, HIV/AIDS, Communicable diseases, Tuberculosis etc. The present 

study focuses on routine health information system.   

 

An important strength of routine HISs is that they put data directly 

into the hands of the decision makers and managers at all levels of the health system. 

This information is especially useful in health planning and management, as it 

empowers practitioners and managers to identify problems as they arise and thus 

facilitates the decisions required to solve them (ibid.). Lippveld (2001) and Heywood et 

al. (1994) in their extensive research argue that a health care information system should 

support the following processes: 

 

 Data Collection: collection of data can be categories as follows 

o  Routine data: The data that is gathered about a community at regular 

intervals (Weekly, Monthly, quarterly). Like information of different 

health services. 
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o Semi permanent data: Population details on habitations, communities, 

districts etc. and targets for the performance of health facilities could be 

constitute as semi permanent data as the data is not collected regularly.  

o Organization data: includes information about health facilities, its 

infrastructures, type of services offered, staff position etc 

 Data transmission: transmission of data must occur between different levels and 

across programs/organizations. 

 Process data: the transmitted collected data must be processed for its quality, 

validity, reliability, consistency and accuracy.  

 Analyze & present: after processing the data, it should be analyzed, typically 

including the computation of indicators, coverage etc. which provides a 

mechanism for comparing across facilities, districts, provinces, and nations.  

 Use information in planning and management: The analyzed data should be used 

for planning and management and not only based on intuition.  

.  
2.2.1.1.Problems faced by HIS in developing countries 

HIS in most developing countries fail in providing the needed 

management support (WHO 1987, Lippeveld, Foltz and Mahouri 1992). Most of the 

health care providers in developing countries equate information systems with filling 

endless registers, compile information on diseases every week or every month and 

report to higher authorities without adequate feedback (Lippeveld and Sauerborn 2000). 

Furthermore, the information system tends to be “data driven” instead to be “action 

driven” (Sandiford et al, 1992). Some reasons for this situation are:  

 

2.2.1.1.1. Top down and centralized bureaucratic system 

As Haga (2001) mentions, the emphasis of information required and 

analysis has historically been on the top level of health structure due to several reasons. 

Such as a political perceived need to have control or centralized planning due to 

external subjective assistance and involvement of donors for health projects who are 

often only interested in program specific numbers for the entire country. Most of the 

HIS in developing countries are top down and centralized. In this type of top down 
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centralized approach, the peripheral level is looked upon as an information source 

without information needs. The data collection instruments and reporting forms have 

usually been designed by centrally located epidemiologists, statisticians and 

administrators (Lippeveld, 2001). In this approach, as the data is extensively aggregated 

it make quality control and validation of data impossible (Braa, 2001). Sahay (2001) 

states that health care in developing countries are mostly strongly run by bureaucratic 

organization in which information is likely to take on a meaning of its own, separate 

from its actual use (Feldman & March 1981). 

 

2.2.1.1.2. Poor data quality  

Data requirements are frequently chosen without taking into account 

the technical skills of the health workers collecting the data or the available diagnostic 

equipment in peripheral health facilities (Nordberg 1988, Lippeveld et al. 1992, Frere 

1987). Health workers usually receive very little or no training in data collection 

methods (Murthy & Patel 1988, Nordberg 1988) and rarely have standardized 

instructions on how to collect the data (WHO 1994, Frere 1987). Lippeveld (2001) 

argues that due to the centralization of the information system, the peripheral levels are 

collecting data that is not relevant for them, thus they are not using the data they are 

collecting. This combined with poor training in the collection of data and lack of 

feedback on collected data contributes to poor data quality. 

 

2.2.1.1.3. Fragmentation of HIS 

Often the focus of donor assistance has been on development of 

particular disease specific programs rather than a unified HIS. This has lead to the 

presence of parallel and fragmented HIS. Often foreign experts come with ready made 

software packages or develop software for particular disease or set of diseases that may 

be incompatible with existing systems and procedures (Kimaro and Nhampossa 2005). 

For example 80 % of the Mozambican health sector budget is comprised of external 

support (Nhampossa and Sahay 2005). While the figure is much lesser in India, the 

health structure still is constituted of parallel and fragmented health systems.  
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The fragmentation of HIS and services leads to overlaps, gaps and a 

lack of standard definitions for data, reports and technological solutions (Monterio 

2003, Chilundo and Aanestad 2003). Fragmented HIS do not only increase the burden 

to health workers at the peripheral level of the health sector but also increases the 

running costs and utilization of limited resources and limit the ability to obtain on 

overall picture of the health status of the community (Kimaro and Nhampossa 2005). 

Another consequence of the fragmentation of HIS is that data collection is redundant, 

implying that several data elements are collected several times for different systems. 

This will leads to inconsistency and increases the workload on health data collectors at 

the peripheral levels. 

 

2.2.1.2.Concepts of success and failure of HIS 

Chandrasekhar and Ghosh (2001) describe that information 

technology offers developing countries an opportunity to introduce improvements in 

health service delivery, as well as meet broader developmental goals which have an 

impact on health. Wilson and Smith (1991) suggest that  

“the creative use of microcomputer technology is one of the most 

promising means of improving the quality, timeliness, clarity, presentation and use of 

relevant information for primary health care.”   

     [Wilson and Smith 1991, p 199] 

  

But still in several developing countries health information system 

are failing or performing poorly (Heeks 1999). Lippeveld and Sauerborn (2000) argue 

that the success of a health information systems reform depends not only on technical 

improvements but also on in-depth understanding of political, socio-cultural, and 

administrative factors. Heeks (1999) explains the success or failure of health 

information system with respect to design-reality gaps. He argues that the greater the 

gap between current realities and the design conceptions of a new health information 

system, the greater is the risk of failure. Heeks also state that the larger the amount of 

organizational change the system requires, the larger the chance for the system to fail. 

Heeks (1999) argues that it is necessary to be aware of these gaps and eventually to 
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eliminate them. Identifying and controlling gaps allow for a higher chance of success. 

Heeks (2002) groups gaps into three types 

 

i)   Country context gaps 

Heeks (2002) explains that this gaps will arise especially 

when design and dominant design stakeholders are remote (physically or 

psychologically) from the context of IS implementation and use. He also 

provides different reasons for the domain of developing country information 

systems to be dominated by transfer of Northern design to Southern realities. 

He also explains that due to highly different societies and values, this gap is 

large between industrialized and developing countries. 

 

ii) Hard and soft gaps 

Heek (2002) explains that information system per se have a 

tendency to be designed according to model of rationality which occur 

because of the continuing emphasis on ICTs within information systems 

change. Technology is conceived as an objective and rational entity and not as 

something that incorporates particular political and cultural values. He also 

considers that the introduction of GIS in developing countries are problematic 

as it includes gaps between hard rational design and soft political realities.  

   

iii) Private and public sector gaps 

Heeks (1999) explains that information systems or techniques developed 

for private sector hospital use can easily be based on conceptions that do 

not match public sector hospital realities.  

 

Heeks (2002) discusses all these gaps with respect to a model called 

ITPOSMO, representing seven dimensions to analyse the system.  ITPOSMO stands for 

Information, Technology, Processes, Objectives and values, Staffing and skills, 

Management and structures and Other resources.  
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2.2.1.3.Conceptualizing HIS as HII  

Summarizing the literature presented above, HIS are complex, 

highly interconnected heterogeneous systems as they tend to be deeply embedded in 

social, cultural, political, technical and contextual issues. On the other hand, IS design 

methodologies aim at developing a closed system with start and end points for a closed 

customer organization. This perspective limits the global view of HIS, where no single 

actor can control the entire behavior of the system and requires the design to be open, 

dynamic and flexible to change.  ANT and II perspectives provides a more 

sophisticated social system perspective to study such heterogeneous, complex and 

interconnect system. Thus it makes better sense to conceptualize HIS as health 

information infrastructure (HII).   The concepts such as installed base, standards, lock-

in and cultivation all are particularly relevant to understand HIS as HII.  

 

The main concepts of II are installed base, that is the existing 

elements and as per the perspective of II, history cannot be neglected i.e. infrastructure 

can never be created from starch. Thus, while introducing, improving or changing HIS 

in a particular context, understanding its contextual behavior, standards and existing 

components are highly essential, as the changeover requires a deep organizational 

change.  This change could be analyzed by using an II perspective as they see the whole 

system as irreducible in the sense that, it cannot be decomposed into separate and 

independent components as its various parts are closely interweaved and 

interdependent.  This is opposed by traditional IS design methodologies, where they 

believe that the system must be built from starch, as isolated stand alone application.  

 

Existing HIS in many of the developing countries face problems not 

only related to technological issues but also social, culture and political in nature. 

Lungo and Nhampossa (2004) write about the difficulties of changing existing legacy 

systems in Tanzania and Mozambique were the issues are not only related to old, 

outdated computer-systems but also with rigid and complex organizational structure. 

Due to the widespread of inflexible standards prevailing across technical and 

institutional contexts, these systems were unable to communicate and establishing 
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gateway between the systems was difficult and consequently the installed base presents 

a “lock in” state.  And changing such systems requires, not a top-down construction 

methodology but a cultivation orientated approach, implying an incremental and bottom 

up growth, were installed base is seen as a living organization that cultivates and has its 

own materiality. II perspective believes that the notion of designing should be treated in 

terms of strategies of intervention and cultivation. This contrasts with the traditional IS 

approaches where design is tightly connected to the notion of being in control of the 

situation. Given the interconnected and complex nature of HIS where no single actor 

influences or controls the entire dynamics of the system, requires cultivation oriented 

approach toward design the system.  

 

2.2.2. Proposed theoretical framework: Conceptualizing GIS as II  

This section presents the reason behind conceptualizing GIS as II 

and its usefulness in design and development of GIS application for primary healthcare 

sector. I firstly present the theoretical review on GIS and its components, followed by 

its use in healthcare and enhancement in HIS. And lastly, I present the need for 

conceptualizing GIS as II.  

 

– Geographic Information System (GIS) is an information system that is 

designed to work with data referenced by spatial or geographic 

coordinates. In other words, a GIS is both a database system with specific 

capabilities for spatially-reference data, as well [as] a set of operations for 

working with data . . . In a sense, a GIS may be thought of as a higher-

order map (Star & Estes 1990).  

 

– A powerful set of tools for storing and retrieving at will, transforming and 

displaying spatial data from the real world for a particular set of objectives 

(Burrough 1986).  

 

Geographic information systems data typically contain two varieties 

of data (Sauerborn and Karam 2000).  
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i) Geographical data: the data that defines geographic location like coordinates 

(latitude and longitude). They can be referred by point, polygon or line to 

represent data like location of health facility, area covered by health facility or 

district, river or road respectively. 

 

ii) Attribute data: These provide the characteristics of the geographical 

elements., such as the number of citizens in a ward,  

  

Geographical and attribute data are the core elements of geographic 

information system. The way these two data sets are linked with each other and with 

other elements are shown in the figure 2. Source of geographical data are usually, 

digitalized maps from paper maps. As the paper maps are often outdated omitting new 

village or road, especially in developing countries, Global Positioning System (GPS) is 

used to correct or complete paper maps. Satellite map can also be used as a source of 

geographical data. In the present research, source of geographical data were digitalized 

maps but in India, GPS was used to locate the position of the health facilities and public 

transport point. The primary source for GIS applications within a health information 

system are routine HIS data, like health infrastructure (that is hospital or health facility 

and any information related to them such as staffing, equipment etc) health indicators 

(such as infant mortality rate (IMR), maternal mortality rate (MMR)) and performance 

indicators (immunization coverage, anti natal case (ANC) coverage etc), census data, 

which includes population of village or health facility, district or province, survey data 

and data from other information system such as education, agriculture and so on 

(Sauerborn and Karam 2000). 
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Figure 2.4: Elements of geographic information system Source: Sauerborn and Karam 2000 
 

 

2.2.2.1.GIS and Healthcare 

 GIS and related spatial analysis methods provide a set of tools for 

describing and understanding the changing spatial organization of health care, for 

examining its relationship to health outcomes and access, and for exploring how the 

delivery of health care can be improved. Although GIS has been used for several 

decades to examine health care systems, the scope of GIS contributions has grown 

rapidly in recent years. Advances in computing power and graphics, as well as the 

development of GIS-based locational analysis models and methods have stimulated 

innovative health care applications (McLafferty, 2003).  

  

GIS has been increasingly used to map and explore geographical 

variation in need for health services and to develop innovative indicators of healthcare 

need (McLafferty, 2003). Due to its (GIS) advantage of spatial database management 
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and display capabilities, it has been used to link diverse layers of population and 

environmental information to characterize the many dimensions of healthcare need for 

small areas (Hanchette 1998; Mohan 1993). One such example is the effort at creating 

“community environmental health profiles” that describe demographic, economic, and 

lifestyle characteristics of the population and also exposures to potential environmental 

hazards (Peter and Hall 1999). Although the layering capabilities of GIS have been 

used for many years, researchers are now making use of the analytic capabilities to 

relate data sets that rely on non-consistent area units and to generate meaningful service 

areas (Mohan 1993; Lovett et al 1998).  

 

Access to health care is an important issue in most of the countries. 

Access describes people’s ability to use health services when and where they are 

needed (Aday and Anderson 1981).GIS helps to put emphasis on the geographical 

dimensions of access. Healthcare decisions are strongly influenced by the type and 

quality of services available in the local area and the distance, time and cost of traveling 

to reach those services.  GIS has been used to create better measures of geographical 

access and to analyze geographical inequalities in access as well as those patterned 

along social and economic lines (McLafferty, 2003). 

 

2.2.2.2.GIS as a useful enhancement to HIS 

 
Sauerborn and Karam (2000) illustrate that most of the data 

contained in health information systems are spatial data, in the sense that the data are 

tied to a specific area, such as the catchments area of a health centre or a health district 

or to a geographic point (village or hospital). They say that such data are “geo-

referenced”, implies that these data are maintained in a computerized database in which 

location is only one variable.  They argue that when data from health information 

system are fed in to a GIS, it can enhance the HIS in four important areas: 

• Data Communication: When data are displayed through “maps” it is 

easily comprehensible to decision makers, health practitioners, 

laypersons and the media alike. 
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• Data Analysis or spatial analysis: GIS can not only display the 

results of statistical analysis in map format but also can calculate the 

population in a radius around a water point. This type of calculation 

or buffering of population can only be done using geographic 

information system.    

 

• Decision support: The intuitive grasp of maps and the ability to 

display both health information system indicators and the results of 

data analyses makes GIS a valuable tool for decision support. 

 

• Links to other sectors: As maps are a generic platform for displaying 

information from all sectors, like education, economic development, 

infrastructure, finances, agriculture and etc.), they provide an 

opportunity to share data form different sectors and foster exchange 

and communication.  
 

2.2.2.3.Conceptualizing GIS as II 

As illustrated above, GIS are a useful set of tool for enhancing HIS, 

by using their spatial database management and display capacity to help analyze health 

data spatially. While there had been many forms of mapping system since 1960, GIS 

technology evolved since early 1980 and has been increasingly visible in developing 

countries since late 1980s (Madon and Sahay 1997; Taylor 1991; Yeh 1991). GIS 

technology has a wide range of application in environmental health (Snow et al. 1998), 

health system management (Wilkinson & Tanser 1999), and a range of communicable 

diseases (Clarke et al. 1996) and includes components of different kinds technological 

(spatial and non spatial database, computers, etc) and non technological elements 

(humans, social, institutions etc). Corner (2003) writes that the GIS analytic capabilities 

as fully integrated systems are seen in few cases, while more commonly as loosely 

coupled software systems, and have developed rapidly in recent years. GIS 

development and implementation is normally based on IS methodologies (Geogiadau et 
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al 2005) aiming at developing a closed system by a closed project organization for a 

closed customer organization with in a closed time frame. GIS are often products of the 

developed world context and introducing or building such system in developing 

countries involves large complexities dealing with social, cultural, technological, 

political and contextual issues. These issues could be better understood by 

conceptualizing GIS as II, as they provide a more sophisticated social system 

perspective to study large heterogeneous and complex systems and emphasizes that the 

social and technical are not separated and are instead constituted and constitutive of 

each other (Geogiadau et al. 2005).  I especially focus on the concepts of installed base 

and cultivation that are drawn from the II perspective. 

 

Hansenth and Monterio (2004) draw upon the example of Internet to 

describe the characteristic of II as being shared, open and enabling that provide an 

environment in which a variety of applications and user communities can flourish, and 

the infrastructure can evolve to support changing needs. GISs too should represent 

these characteristic described by II to be effective. They are shared as they seek to 

make available expensive, geo-referenced spatial data digitally to a variety of user for 

diverse application needs based on the integrated database approach. GIS are open as 

no pre-defined boundaries limiting the user groups, and typically various government 

departments, citizens and private sector are expected to draw upon them. GIS are 

inherently enabling as they are not pre-configured to a particular application, and can 

potentially be used by different entities to design their own applications (Geogiadau et 

al. 2005).  

 

As illustrated in the literature of II, an infrastructure is never built 

from a starch, it wrestles with the inertia of the installed base and inherits strengths and 

limitation from the base (Star and Ruhleder 1996). Even in the case of GIS, history 

cannot be ignored, i.e. the existence of paper maps, the institutional structure and 

polices cannot be neglected and understanding the existing installed base helps in 

designing or introducing the new components as it has to be integrated with the existing 

base. Given the inherently interconnected nature of IIs, the whole network cannot be 
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changed instantly and design strategies need to link the old and the new in an 

interoperable way. While IIs need to evolve, they are constrained by the inertia of the 

installed base, such as the lack of map culture and institutional mechanisms and 

standards to enable sharing. The installed base is both technical (for example, scales of 

existing maps) and institutional (the ownership of maps within the defense department 

for example) in nature which significantly influence the design of the new components 

and determine how the existing installed base can be scaled up.   

   

 A cultivation approach to II design has been emphasized by 

various proponents of II perspective (for example, Hanseth & Monteiro, 2004; Rolland 

& Monteiro, 2002; Hanseth & Aanestad, 2003; Geogiadau, Puri and Sahay 2005) as a 

rich analytical tool to approach the design of IIs.  The cultivation emphasizes “the 

power of material”, implying the development organization or product being developed 

should be considered as a unified socio-technical network without privileging one over 

the other. It emphasizes that the design should be in small steps and incremental, and by 

focusing on improvisation or changing of small parts of networks (particular user 

group) while keeping consideration of the dynamics of the whole network. This 

approach contradicts with top-down “constructionist” approach where end users are not 

involved in perceived needs. GIS implementation in developing countries has been 

concentrated mainly on top-down and data centric approaches which needs to be 

changed to a cultivation approach as the changeover required for the adaptation of new 

GIS technologies involves a deep organization change including both technological and 

non technological components. Large scale GIS cannot be analyzed and implemented 

using ordinary systems development principles because they do not consider all the 

complexity arising from the multiple levels, it dynamic nature and the involvement of 

multiple user groups and needs.  This thesis demonstrates how GIS can be made a part 

of existing installed base by cultivating the existing II for new technology and also 

designing and modifying the GIS components, thus enabling it to be integrated with the 

installed base.  
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CHAPTER III 

RESEARCH METHODS 

 

3.1. Research opportunities 

This chapter explains the research methods and approach used for 

the empirical work. The time frame of the study and a brief outline of the major events 

are explained in the first section, followed by the research approaches used, and the 

different data collection methods are explained in the third section. Some illustrations 

of the field work are presented in the finial section.  

 

3.1.1. Time frame of the studies 

Figure 3.1 gives a brief outline of my research, and also describes the key 

events. This section describes the time frame and the previous knowledge acquired 

before joining the international masters program. The time spent in India, Mozambique 

and South Africa (Cape Town) in attending an international workshop of HISP 

developers are also described 

  

3.1.1.1. Pre-master study (Oct 01 to Aug 03): 

   The opportunity to work with HISP India team was granted to 

me in the year 2001 October. As I come from a background of computer science and 

physics, my knowledge of HIS prior to this was nil. I was born and brought up in 

Bangalore city, Karnataka the neighboring state of Andhra Pradesh (AP) state which 

was selected for the HISP pilot study. It was through the HISP India project, I got the 

opportunity to study and stay in the rural part of Andhra Pradesh state. The initial stay 

in a primary health center (PHC), Paipalem in Kuppam Constituency, for three months 

laid a strong foundation for me in understanding a PHC and its working. It was in this 

period, I started to understand and work towards developing and customizing the DHIS 

non spatial component. I was also involved in making software presentations and 

attending formal and informal meetings with various government and non government 

officials. In August 2003, I was chosen to study in the masters in informatics through 
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the international master program offered by Oslo University, Norway. During the first 

semester of the master program, the initial development of DHIS spatial GIS 

application was done through the GIS course of INF5230 offered by the Department of 

Informatics. This gave me the necessary technical skills to approach the project 

described in this thesis.     

 

3.1.1.2. India (Dec 03 to Jan 04; Aug 04 to Jan 05): 

The DHIS spatial GIS application which was designed in the lab 

environment of the University of Oslo was demonstrated to the HISP India team for the 

first time in 2003 December. Most of the HISP India team members were captivated to 

see the different kinds of spatial analysis of health data and also suggested to include 

some additional features like showing the entire details or profile of PHCs and their 

comparison. At this period the spatial GIS application was developed for Chittoor 

district and Kuppam constituency PHCs.  

 

After acquiring the knowledge from the field work carried out in 

Mozambique and South Africa, the development process of version two of the DHIS 

spatial GIS application originated in India in 2004 August. It was in this period, where 

the spatial database for entire Andhra Pradesh state was created with the help of other 

HISP India team members and some Norwegian students. 

 

3.1.1.3. Mozambique (Feb 04 to Jun 04; July 04 to Aug 04): 

Even though in the first semester in University of Oslo where I was 

exposed to the literature on GIS for the first time, it was in Eduardo Mondlane 

University in Mozambique where the review of literature was more concentrated 

towards HIS/GIS in developing countries. The situation and structure of the 

Mozambican HIS was studied during this period. As I had previous experience in India 

in customizing and developing DHIS non spatial component, I was enrolled in various 

development processes and meetings with the HISP team and the Ministry of Health. 

The field visit to two provincial offices in Gaza and Inhambane, and some of its 

districts, Chichumbane, Xai-Xai, Chockwe in Gaza and Maxixe district in Inhambane, 
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in, enriched my knowledge about the provincial and district level situation of the HIS in 

Mozambique.   

The customization of the DHIS spatial GIS application for the 

Department of Community Health in Mozambique was done during this period along 

with the two master students from Mozambique. The finial thesis writing was carried 

on in Mozambique from January 2005 to June 2005.    

  

3.1.1.4. Global (Cape Town, South Africa) (Jun 04 to July 04) 

In Jun 2004, I had the opportunity to attend an international 

workshop of developers of HISP which was conducted in Cape Town, South Africa. 

Two master and one previous master student from Mozambique, one master student 

from Norway, the project coordinator for DHIS development, the developer of DHIS, 

who supervised the workshop, two software programmers from “Soft Craft” Software 

Company, and myself were part of this workshop. During this period, I received 

valuable suggestions on the design of the DHIS spatial GIS application and how it 

could be globalized. The aim of the workshop was to spread the technology and 

knowledge on DHIS which was till now mainly concentrated in South Africa, to a more 

global setting and also to bring the expertise, knowledge from different countries. In 

addition to becoming part of the team involved in the development of DHIS 1.4 

database structure, we also looked at various other software related to health sector in 

South Africa. The integration of SIS.D form based data entry screen with DHIS 

software for Mozambique was also prepared during this period. In figure 3.1, I 

schematically describe chronologically the key empirical research. 
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Figure 3.1 Time line showing the different phase and activities involved during Master Study 
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3.2.  Research approach 

My research approach was based on two founding principles: 1) participatory 

action research approach, and, 2) comparative case study. 

 

3.2.1. Participatory action research 

As Greenwood and Levin (1998) describe, the 

action research process is built upon three key elements research, action and 

participation. As in action research, the researchers (outsiders) and the organizational 

people/stakeholders (health authorities in the present case) work together to solve a 

problem. The method seeks not primarily to look for generalizations but concentrates 

on solving real life problems while creating new practical or theoretical knowledge. In 

traditional social research where interaction with what you are studying is mot 

emphasized, action research strongly focuses on this interaction. The researchers must 

participate with the stakeholders in the specific context to obtain insights that can not 

be understood when studying it form a distance. And it is assumed that the researcher 

cannot acquire the depth of understanding that the problem owner will have already 

achieved through years of living within the social context under study (Baskerville, 1999). 

Action researchers believe that every one has the potential to analyze their own situation, 

contribute to the process and add valuable knowledge and understanding to the others 

involved. The core of this principle is democracy, since the inclusion of local 

stakeholder as co-researchers democratizes the research process. The different aspects 

of the context and problem are well known by the local stakeholders, and together with 

the professional researcher this can be addressed with appropriate methods. The 

researcher will gain knowledge from the other participants about the problem, and the 

health staff will learn about ways to deal with these problems with the researcher. 

Action researchers bring their knowledge of action research and general information 

system theories and the local stakeholder brings situated, practical knowledge into the 

action research process. In this way, participatory action research is based on 

assumptions that reality is situated and social systems are self-referencing (Baskerville, 

1999).  In the present research, HISP team members and researchers, both global and 
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local (India and Mozambique), health authorities and staff in India and Mozambique 

and fellow master students were my partners or stakeholders in the research process.    

 

 

The present research can be conceptualized into action to develop the non-

spatial and spatial components of the DHIS, where participatory action research was used 

more in the development and customization of non-spatial component and comparatively 

less on the spatial part. The participatory action research was chosen to understand the 

complexity of the health sector by participating with local stakeholder through introducing 

change in the system. Action research is often structured as a five phase, cyclical process, 

where this approach first requires the establishment of a client-system infrastructure or 

research environment. My research process could be structured in to following five phases: 

 

i) Recognizing the information needs, associated problem behind it and 

prioritizing the needs (Diagnosing) 

ii) Design and developing the prototype (Action Planning) 

iii) Customizing and implementing the prototype in the system (Action 

Taking) 

iv) Evaluate the prototype used and the change made in the system 

(Evaluating) 

v) Reflecting on the results, documenting the knowledge gained and 

repeating the cycle (Specify Learning) 

 

Due to the different constraints (time, organization structure, its process), 

the implementation of the prototype could not be completed during the research period. 

However, all these processes were used explicitly in building the DHIS non-spatial 

component in Indian case.  

   

The way action research is carried out with strong participation of 

researchers and stakeholders working together to solve real life problem is often considered 

non scientific by social science researchers practicing traditional methods. The process of 

action research and its findings are often describe through case studies. Action research is 
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context specific process that leads to action and to describe this, case studies are seen as a 

appropriate method. As all general laws must apply to all cases, details of the particular 

case helps to test the validity of general laws (Greenwood and Levin 1998). 

 

3.2.2. Comparative case study 

A case study is an in-depth exploration of one situation (Cornford and 

Smithson 1996), which allows the assessment of a phenomenon in its natural setting 

(Benbasat et al. 1987) and providing an opportunity to directly observe the unfolding 

events over time (Walsham 1993). This exploration cannot capture the process of 

change as a snapshot of a situation at a particular moment. A case study is an 

appropriate method for carrying out empirical research in the interpretive tradition, 

where different researchers may have different perceptions of the issues. The entire 

purpose of these different studies is to narrate a truth rather than the truth, as the case 

study will be interpreted differently by different people (Walsham 1993) based on their 

different background, culture and experiences. An interpretive approach rests on the 

founding assumption that access to reality is only through a social construction such as 

language, consciousness and shared meaning (Walsham 1993; Myers and Avison 

2002).  In contrast to this approach, a positivist approach focuses on formal proposition, 

quantified measures of variables, hypotheses testing and making statistical 

generalization from a sample where the phenomenon is studied to a larger population, 

such an approach assumes that the relation between human and social reality as 

independent (Orlikowski and Baroudi 1991). Positivist studies seek to test theory in an 

attempt to increase the predictive rather than descriptive understanding of the 

phenomenon under investigation (Walsham 1995). Since GIS or IS implementation 

research aims at understanding the behavioral, institutional and organizational issues 

(Onsrud, Pinto & Azad 1992), I adopted an interpretive case study method. 

 

 Furthermore, a comparative case study approach was used in my 

research, which allowed a comparison of similar phenomenon (designing DHIS spatial 

GIS application for the health sector) across two countries, India and Mozambique. 

Both the countries are characterized by varying conditions of geographical size, culture, 
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availability of resources (like transportation, communication, electricity and etc) and 

technical capabilities etc, which had direct effects on the development and use of the 

application. For example, Since the non-spatial database was more developed in India 

as compared to Mozambique, it was easier to develop the GIS component in India. A 

comparative case study thus allows an in-depth understanding of the different context 

or how they influence the design and development process.   

 
3.3. Data collection methods 

The present research which is constituted around design, development and 

customization of the spatial GIS application for the health sector, and further carrying 

this application from localization to internationalization, involves an in depth analysis 

and understanding of the social phenomenon around the HIS. The spatial GIS 

application can be used effectively only when the non spatial component is developed. 

Understanding and enhancing the non spatial component to support the spatial 

component, thus requires deep contextual understanding of the phenomenon. This in-

depth analysis could be achieved by using qualitative research methods. As Silverman 

(2000) argues qualitative researchers seek to map inner experiences, language, culture, 

and form of social interactions to develop deep contextual understanding of a 

phenomenon. And as the present research required greater understanding of the existing 

system, I used qualitative methods with the following data collection methods: Open 

interviews, meeting and presentations, analyzing documents and forms, system 

prototyping, electronic communication and open ended questionnaires.  

 

3.3.1. Open Interviews 

 
Open interviews was used as one of the methods for data 

collection, with the objective of understanding the existing work processes, 

systems, maps, non spatial database prevailing in the health sector. In the Indian 

case, open interviews were also used to gain the feed back of the new system 

designed for automating the existing paper based reporting system. Most of the 

open interviews conducted were informal discussions with health workers and 

medical officers. The interviews conducted in Mozambican case, were open group 
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interviews, along with several other co-master students due to language and time 

constraints. I needed help from the Mozambican master students and HISP 

members for translation. In Mozambique, almost all the open interviews were 

formal, which included the Director of DPS (Direcção Provincial de Saúde in 

Portuguese), Director of DDS (Direcção Distrital de Saúde), Health staffs and 

Data entry clerks. Questions asked during these interviews were open-ended, 

which helped to extract the respondent’s views and experience in their own terms, 

and semi structured as the interviews were not bound to a strict interview format 

or set of question. The reason for choosing open interview method as one of the 

data collection method was due to the reason that it aims “to develop an 

understanding of the respondent’s world so that the researcher might influence it 

either independently or collaboratively as might be the case with action 

research” (Smith, 1991, page 74). All these interviews were recorded manually 

(using paper and pen). 

Country Institutes Visited 

Number of 
Interview 

Conducted 
Formal/Informal 

Discussions 

DM&HO Office Chittoor 2 Informal Discussions 

V Kota PHC  2 Informal Discussions 

PaiPalem PHC 1 Informal Discussions 
India 

Santhipuram 2 Informal Discussions 

DPS Inhambane 1 Formal Group Interview 

DPS Xai Xai 1 Formal Group Interview 

DDS Chicumbane 1 Formal Group Interview 

DDS Chowke 2 Formal Group Interview 

Mozambique 

DDS Maxixe 1 Formal Group Interview 

Table 3.1 Showing number of interview conducted in both countries 
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3.3.2. Meetings and presentations 

Meetings and presentations played an 

important role in the present research to get inputs into the design, development, 

implementation and customization processes, and also to obtain feedback. The 

formal meetings and presentation were arranged with senior health authorities, 

government and non government officials (like Special secretary to the Chief 

Minister, Principle secretary of health, Commissioner of Family Welfare, 

demographer, MIS officer, District Medical and Health officer (DM&HO) etc in 

India and authorities in Department of Planning in Ministry of Health (MISAU), 

Director of Community Health Department, Director of DPS in Inmahbane 

provience in Mozambique) where the efforts of HISP. In then meetings, the new 

applications (both non spatial and spatial), its flexibility of integration and its 

effectiveness were demonstrated and new strategies for implementation were 

developed. And the discussion around the design, development, improvement and 

customization of the new system were achieved through the informal meeting 

with HISP team members (both local and global HISP team member) and the end 

users (peripheral health workers like MPHA (F), health supervisor of primary 

health centre and medical officer in Indian case. In Mozambique, the data entry 

clerks at provincial level), who gave their suggestions at different stage of 

development / implementation. Presentation of the prototype of the software to 

different users at different levels provided lot of information about the software 

modification and user requirements.  

Country 

Number of 
Presentation 

Made Participants Theme 

India 10 

Special Secratary to the CM, 
Principle Secretary of Health, 

Principle Secretary of IT, 
Principle Secretary of 

IT&C,Commissioner of Family 
Welfare, MIS officer, District 

Health & Medical 
Officer,District Collector, 

District Staffs, Special Officer 
of Kuppam, Medical Officers, 

HISP Team 

Presentation of HISP India 
activities, Software 

presentation including 
spatial GIS application and 
non spatial components like 

reports, Web system etc 
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Mozambique 6 

Authorities from Department 
of Planning, Director of 

Department of Community 
Health, Director of DPS, 

Health staff at DPS, 

Software presentation 
includes presentation of 
customized spatial GIS 
application, non spatial 

DHIS application 
enhancements like SIMP 
SIS.D bridge, paper form 
base data entry screen, 

Table 3.2 Showing number of presentations made in both countries 

 

3.3.3. Analysis of form, reports and documents 

Documents and forms were used to understand the 

routines of the organization around the HIS. Preliminary information was 

gathered through analyzing the documents and forms in the Indian case but due to 

the problem of language, where most of the documents were in Portuguese, I had 

to seek help from the fellow researcher for the translation.  

 

The formats of the routine report were used as the 

basis for the automation of the reports. Along with the format of the reports there 

were other essential components like what data elements were collected, at which 

level and when they were reported. Weekly and daily reports could not be 

automated as the current version of DHIS 1.3 collects only routine monthly data. 

  

3.3.4. System prototyping 

My primary aim was to design and develop an 

internationalized spatial GIS application which could be used for enhancing the 

analysis capacity of DHIS non spatial component. The prototyping of the DHIS 

spatial GIS application involved different cycles or stages, where the spatial 

system was modified/changed/customized with growing knowledge/ experience 

obtained during the field work.  

Apart from prototyping the DHIS spatial GIS 

application, I was involved in developing a working prototype of the DHIS non 

spatial components like setting up the DHIS non spatial database, automating 

different kind of reports for India (explained in the Indian case study – Chapter 5), 

building the SIS.D paper form based data entry, building SIMP and SIS.D 
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integration tool and developing analysis report for Mozambique (explained in the 

Mozambican case study - Chapter 6)    

 

3.3.5. Electronic mail communication 

Regular electronic contact was maintained with the 

HISP members in the respective countries and also globally. Electronic 

communication (E- mail, telephone and chatting) not only helped me in 

understanding “How were the new systems working, and being used and it also 

helped to arrange or attend different meeting and presentations and gain 

knowledge on different critical issues relating to the prototyping of the new 

system. The electronic communication can be broadly classified in to local and 

global communication. As the present research is distributed between India and 

Mozambique, the electronic communication with in these countries could be 

treated as local communication and communication across Oslo, Norway and 

Cape Town, South Africa from India and Mozambique can be treated as Global. 

Both forms of communication were crucial for example weekly reports distributed 

over the mailing list in India provided me regular updates on the use of the 

systems (Appendix H). 

 

3.3.5.1.Local 

  The local electronic communications were used to upraise the 

members about the project situation, the working status of new system 

developed, the feed back of the end users and also in arranging meetings 

and presentations. Local communications were more around 

understanding the existing system and its problems and around 

implementing the new system and its effects. 

 

3.3.5.2.Global 

Apart from upraising the project situation, the global electronic 

communications were used for obtaining technical advice around the 

implementation of the new systems, creating strategies, using new 
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technologies etc.  Global communications also helped me in building my 

knowledge around using different GIS systems and its capacity. The 

communication also helped me in prototyping the DHIS spatial GIS 

application.  

 

3.3.6. Open ended questionnaires 

Open ended questionnaires (Appendix B – PHC 

Profile) were used mainly in Indian case, to collect the details/ profiles (like 

infrastructure, staff position, equipments and there working status, power and 

water supply, transportation etc) of primary health centre. These questioners were 

distributed during the sector meeting1 at District Medical and Health Office 

(DM&HO) to all their PHCs. These questioners were followed up by the HISP 

India Team member for completeness and correctness of the data.  

                                                 
1 Sector meeting is usually conducted during the end of the month, where district collector, who is in 
charge of various program in the district like education, health etc, reviews each and every PHC for their 
performance during the month. All the medical officers of the PHC are intended to attend the review 
meeting.  
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3.4.Few illustrations from the field work 

3.4.1.Field work in India  

Figure 3.2: Chittoor district, Picture of Malanur PHC in 
Kuppam Constituency 

Figure 3.3: Chittoor district, Entrance of DM&HO Office 

Figure 3.4: Kuppam Constituency, off site training program conducted by HISP team members 
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 Figure 3.5: Nalgonda district, Photo of Trive staff along 

with master students from University of Oslo 
Figure 3.6: Hyderabad city, Informal meeting with HISP
team member along with HISP supporter
s 
Figure 3.7: Hyderabad city, Formal meeting and presentation with HISP team members and government official
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3.4.2. Field work in Mozambique 

F
igure 3.8: Inhambane district, Photograph of HISP team 
member installing automated reports in DPS
Figure 3.10: Inhambane district, Meeting with on
Figure 3.9: Maputo city, Informal discussion with master 
student and HISP researcher
e of the DPS staff and HISP team members 
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3.4.3. International HISP developer’s workshop held at South Africa 

 

 
 Figure 3.11: Cape Town, HISP system developer and 

Father of DHIS 
Figure 3.12: Cape Town, Mozambican master students at 

the workshop  

Figure 3.13: Cape Town, Master students working along with project coordinator for DHIS development 
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CHAPTER IV 

RESEARCH SETTINGS 

 

This Chapter, which is divided into two main sections, describes the setting of the 

present research. First section presets a brief outline about India and its healthcare sector, 

followed by an overview of health information system in Andhra Pradesh state and HISP 

initiative in Chittoor district and Kuppam constituency.  The second section presents a 

brief outline of Mozambique, its health status and its health information system. 

 

4.1. India 

The Republic of India is the second most populous country in the world, 

with a population of 1,065,070,607 (July 2004 est.), and is the seventh largest country 

by geographical area with total land area of 2,973,190 Sq Kms. The population of India 

grew by 181 million in the preceding ten years. However, its growth rate slowed from 

2.1% per year in the 1980s to 1.44% per year in 2004 (2004 est.). The Indian economy 

is the fourth largest in the world with respect to gross domestic product, measured in 

terms of purchasing power parity, and is one of the fastest growing economies in the 

world. Located in South Asia with a coastline of over seven thousand kilometers, India 

is home to some of the most ancient civilizations and has given birth to four major 

world religions: Hinduism, Buddhism, Jainism and Sikhism. 

 

The nation literacy rates of India constitute of 65.38% which include 

more men (75.85%) than women (54.16%), (Census 2001). English enjoys associate 

status but is the most important language for national, political, and commercial 

communication. Hindi is the national language and primary tongue of 30% of the 

people. Apart from Hindi there are 14 other official languages. 
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Figure 4.1: Map of India with state boundaries 

  

nd local government and 

work in consultation with the centre in the economic sphere. 

 

India is a federal republic whose 1949 constitution contains elements 

from the US and British systems of government. It comprises 28 self-governing states, 

administered by a governor, appointed by the federal president for a five-year term. 

Each state has its own legislature (legislative assembly), popularly elected for a five-

year term, from which a council of ministers (headed by a chief minister) is drawn. The 

states have primary control over education, health, police, a
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4.1.1. Health

 poor exacts a high toll. Even these indicators vary from region to 

region significantly. 

The health sector in India is characterized by:  

e account for about 18% of the overall 

ealth spending and 0.9% of the GDP).  

 accounts for about 82% 

f the overall health expenditure and 4.2% of the GDP.  

 

care in India 

The existing Indian national health policy (NHP) was adopted in 

1983. Its main focus was the formulation of an integrated and comprehensive approach 

towards future development of health services, appropriately supported by medical 

education and research, with special emphasis on primary healthcare and related 

support services. India has invested huge sums of money in the development of 

extensive healthcare system which caters to a population over 1000 million residing in 

6,00,000 villages. India, compared to other developing nations spends slightly higher 

amount in the health sector. It spends 6% of the GDP or $13 per capita in the health 

sector. However, many of the key health indicators are very low, communicable 

diseases continue to be a major problem; maternal mortality is high; and morbidity 

especially among the

 

 

A government sector that provides publicly financed and managed curative and 

preventive health services from primary to tertiary level, throughout the country 

and free of cost to the consumer (thes

h

 

 A fee-levying private sector that plays a dominant role in the provision of 

individual curative care through ambulatory services and

o

Health administration at the top level of the Government of India consists of 

a Secretary for health and Secretary for Family Welfare supported by Additional, Joint 

secretaries who are drawn from the Indian Civil Service. The rest of the organization is 

mostly program/project based. Adhoc project structures such as TB project or Malaria 
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project etc., are created as and when necessary. Since state governments implement the 

projects and deliver the regular health services they have fairly well demarcated 

systems. Separate directorates or head offices usually exist at the state capital for 

primary, secondary and tertiary healthcare which includes medical colleges and medical 

education. Many states have separate structure for family welfare operations since 

population control through family planning is given great importance (Bodavala 2000). 

 
4.1.2. Andhra Pradesh State  

 AP state AIDS control society etc. HISP India head office is also based in 

this city.  

 

 
 

 

Andhra Pradesh (AP) is the fifth largest Indian State in terms of area 

and population. It has an area of over 275,045 sq. km and a population of 75,727,541 

with 275 persons per sq. km as per the 2001 census. Nearly three quarters of this 

population live in rural area. AP is also called as rice bole of India were major irrigation 

is highly depend on natural rain. The state with “Telugu” as its spoken language has 

been divided into three regions - Coastal Andhra, Rayalaseema and Telengana, each of 

which has a distinct history, social and cultural conditions. The state contains 23 

districts which Hyderabad city as its capital. This city is also called as GIS capital of 

India and tops the position in accommodating GIS companies due to state's IT policy. 

Many software giants in India are very keen in setting up their GIS offices at this city. 

Thanks to Mr.N.Chandrababu Naidu's, (former Chief-Minister of AP) IT approach in 

the state and particularly in Hyderabad city. This city act as a head quarters for most of 

the government health offices like Commissioner of Family Welfare office, Directorate 

of Health,
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Figure 4.2: Andhra Pradesh State: Location of the state with district boundaries  

The state contains around 1300 Primary Health Centers (PHCs,) 

which acts as a first referral unit and contact point between village committee and the 

medical doctor. PHCs are usually managed by Medical Officer (MO), supported by 

paramedical staff and other staff and contain around 4-6 beds. Curative, preventive, 

supportive and family welfare services are the major activities of PHCs apart from the 

daily based services like Out Patients (OP), blood testing etc. Each PHC caters for 

population around 35,000 to 70,000 and contains around 5-9 Sub Centers (SCs), each 

of these SC are run by a Multi Purpose Health Assistant (MPHA) Female or Male. 

MPHA, usually females, are the core health staff in capturing data from the field about 

ante natal case (ANC), immunization, family planning, registering births and deaths etc. 

They are also responsible for provided health services and educate people about mother 

and child health, health services etc. MPHA (F) goes from village to village with in her 

allocated area; usually 5000 to 7000 populations spread around 10 to 15 villages, and 

execute the above tasks. 

 

E Governance in AP 

The Government of AP firmly believes that e-Governance is one of the 

pillars of the edifice of IT. It believes that all the efforts and initiatives of the 
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Government should, be directed to the goal of providing good governance. The 

Government cherishes the vision of establishing a Simple, Moral, Accountable, 

responsive and Transparent Government – SMART government. e-Governance is one 

of the vehicles that can be gainfully used in reaching the goal of SMART governance. 

The Government is aware of the fact that transition to e-Governance is a difficult 

exercise, which can be costly, time-consuming and fraught with several organizational 

and behavioral impediments. In the face of these constraints, the Government desires to 

adopt a pragmatic and graded approach to the issue.  

 India Andhra Pradesh 

Area 2,973,190 275,069 Sq. Kms. 

Total population 1,028,610,328 76,210,007 

Population density (persons per Sq Km) 324 247 

Birth rate (birth per 1000 population)  22.8 20.6 

Death rate (death per 1000 population) 8.38 8.0 

Literacy rate 59.5% 61.11% 

 

 

4.1.3

e 

Fig
Table 4.1: Comparison between India and Andhra Pradesh Stat
. Chittoor District 

Chittoor district 

which is located to 

the south of the 

state borders 

between two 

neighboring states 

Karnataka and 

TamilNadu shares a 

mixture of culture, 

language and 

religion. The 

population of the 

ure 4.3: Chittoor district divided in to six Sectors and the 
location of PHCS 
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district is around 3.75 million speared across 15152 Sq. Km. It contains around 101 

total health institutes which included 84 PHCs, Community Health Centers (CHC), 

Urban Health Center (UHC), hospitals etc. These 101 institutes are divided in three 

revenue divisions - Chittoor, Madanapally and Tirupathi and which intern sub divided 

in to 66 revenue mandal. For the purpose of better health administration all the districts 

in AP were divided in to sectors and Chittoor district contains six sectors. Mandals are 

revenue boundaries of group of villages created for administrative purpose of health 

and other activities. Infant mortality rate in this district has been comprehensible 

reduced from 115 per 1000 in the year 1981 to 65 in the year 2000.  For HISP was first 

piloted in this district in India started in this district.  

 

    

4.1.4. Kuppam constituency 

Kuppam constituency is located in southern western 

part of Chittoor district covers five revenue Mandals. As this constituency is to the 

border of the state AP, 

the diversity in culture, 

language and religion 

is tremendous. 

Usually, most people 

in this constituency 

speak 2 to 3 languages 

apart from ‘Telugu’ 

which is the primarily 

spoken language. 

Kuppam constituency 

which covers 54 sub 

center connected to 

nine PHCs falls in to 

Kuppam sector which 

as 18 PHCs in its area. 
Figure 4.4: Kuppam Constituency: PHC coverage of 9 PHCs in 

Kuppam Constituency. 
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Kuppam which used to be called as punishment area of the state now result in a test 

area for technology-based socio - economic development and houses education, 

agricultural, healthcare and telecommunication pilot projects. The change is due to the 

former Chief Minister of the state, as Kuppam was his home town and electoral 

constituency. Like several other project, even HISP had the change to do pilot study in 

Kuppam. Most of the non spatial DHIS developments like creation and population of 

database, development of various reports were tested and implemented in 9 PHCs in 

Kuppam constituency. My initial knowledge about PHC and its working is also gain 

from this constituency. And even the first version of DHIS spatial GIS application was 

also based on Kuppam constituency 9 PHCs.  

 

4.2. Mozambique 

 

Mozambique is predominately Portuguese speaking country, lies 

on the east coast of Africa and shares borders with Tanzania (north), Swaziland and 

South Africa (West) and Indian Ocean on the east (Figure 4.6).  The country with an 

area around 799,380 Sq. Kms is administratively organized in to eleven provinces and 

131 districts. Generally the level of development is best along the coast and closest to 

Maputo, further away from Maputo the poorer the infrastructure becomes. While the 

distance between districts are enormous, the public transport across district and 

province is poor, making communication extremely problematic and difficult.  

 

Mozambique is also one of the poorest and most aid-dependent 

countries in the world, arguably at the periphery of the global economic system. In the 

last 40 years Mozambique has been governed by fascist, socialist, and open market 

regimes, and emerged from severe under-development under colonialism to struggle for 

self-reliance in the immediate post-Independent era. However, due to the international 

effects of the Cold War, the struggle against apartheid in the immediate region, and 

internal civil war sustained by both these forces, compounded by severely adverse 

climatic conditions and enormous difficulties in state formation and nation-building, the 

government has become subordinated to donor agencies and obliged to implement a 
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rigid form of structural adjustment re-aligning it with the capitalist economic world 

system (Jenkins 2000).  

 

 

Figure 4.5: Location of Mozambique  

 
4.2.1. Mozambique’s health status  

The epidemiological framework in Mozambique is dominated by 

communicable diseases, infectious diseases and parasites, namely malaria, diarrhea, 

respiratory infections, tuberculosis and HIV/AIDS. The maternal mortality rate (MMR) 

prevailing in the country is considered among the highest in the world, from 

approximately 600 to 1100 per 100,000 live births. Mozambique is vulnerable to 

frequent outbreaks of cholera, dysentery, meningitis and bubonic plague. These 

epidemics are more likely to occur in unstable environments, particularly in urban 

areas, and are caused by overpopulation in cities and towns by people who migrated 
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searching for security during the 16 years period of war (Mukama 2003). The 

population of Mozambique is estimated toady is 18,863,000 (2003 est.) with an annual 

growth rate of 2.4 %, life expectancy rate at birth 36.3 and infant mortality rate of 

138.55 deaths per 1000 live births (2002 est). 70% of the population is below poverty 

line. The low literacy rate, regional inequalities in access and consumption of 

healthcare services and unfavorable environments to good health such as limited supply 

of safe drinking water all aggravate the health situation in Mozambique (MOH 

Mozambique 2001).  

  

4.2.2.  Health Information system in Mozambique 

 

Mozambican Ministry of 

Health (MOH) is divided 

in to four directorates; 

Directorate of 

Administration and 

Management, Directorate 

of Planning and 

Cooperation, Directorate 

of Human resources and 

National Health 

Directorate. The National 

Health Directorate 

consists of two 

departments; Pharmacy 

Department and 

Department of 

Community Health 

(DCH). DCH is responsible for activities related to mother and child health and each 

provincial health directorate contains one DCH. The Health information department 

Figure 4.6: Organizational structure and information flow of HIS 
( source: Braa et al. 2003) 
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with in Directorate of Planning and Cooperation is responsible for the health data 

collection and reporting to other department such as DCH etc.   

 

The present research study was carried at there level in the 

Mozambican health structure. National level (DCH and in Directorate of Planning and 

Cooperation), Provencal level (DPS of Inhambane and Gaza) and District level (DDS 

Xai-Xai, Chokwe in Gaza and DDS Maxixe in Inhambane). Both the provinces Gaza 

and Inhambane are the two next immediate provinces with respect to Maputo and the 

physical infrastructures are comparatively better than other provinces far from Maputo.  
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CHAPTER V 

CASE STUDY:  INDIA 

 

The work described in this thesis is a part of an ongoing action 

research project called Health Information Systems Program (HISP). This chapter 

describes briefly the HISP initiative and its international network, the initiation of 

HISP in India and the design and development of DHIS spatial application in selected 

sites in Andhra Pradesh, India. 

 

 

5.1. HISP India : A historical overview 

 

5.1.1. Introduction 

 

The Health Information Systems Program (HISP) began in South 

Africa in the year 1994 with the vision to support the development of sustainable health 

information systems that enables field level health workers to use their own information 

to improve the coverage and quality of health services within their community 

(Williamson et al 2000). HISP represents a collaborative research and development 

project between various universities, health departments at various levels and non-

government organizations and different countries. 

 

HISP, over the years has grown to several countries creating a south-

south-north network, including South Africa and Norway as central hubs with India and 

Mozambique as primary nodes followed by Malawi, Tanzania, Cuba, Mongolia, 

Ethiopia, Angola, Botswana, Nigeria and Vietnam.  
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5.1.2. Gaining 
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setting were initiated 

state was chosen for a

e-governance based r

Minister, Chandrabab
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Indian origin, and ha

Chief Minister (CM) i

great support to HISP

HISP team members 

Chief Minister’s pol

Welfare (CFW), who 

so happy with this ap
Figure 5.1: Global Spread HISP network 
access 

orts to use the HISP approach and adapt DHIS in an Indian 

in December 2000 in Andhra Pradesh (AP) state of India. This 

 pilot research project since the state was been keen to introduce 

eforms, under the leadership of a pro-technology former Chief 

u Naidu.  

e of the professors in the Informatics Department in Oslo was of 

d good contacts with the Chief advisor of IT/special sectary of 

n AP. The Special secretary to CM right from the start had been a 

 and its vision. With his effort, a presentation was made by the 

to the Chief Minister of AP and it was decided to pilot HISP in 

itical constituency in Kuppam. The Commissioner of Family 

is the over all head of the health department of the state, was not 

proach because HISP was seen to by pass her authority. In due 

67 



Chapter 5: Case Study India 
 

course, this created a problem in scaling up the HISP project from Kuppam area to the 

rest of the state. 

 

5.1.3. Conducting a situation analysis 

Based on intensive empirical work carried out by the HISP research 

team, consisting of one medical doctor, an anthropologists and information systems 

professionals, over a period of 18 months, the situation analysis was developed. The 

research team had interacted intensively with district and state authorities through 

interviews, study of reporting procedures, and the analysis of the existing technological 

and medical infrastructure. Based on this intensive study, the structure of healthcare 

system was pictured depicted (Figure 2), which helped to provide an overview of the 

information flow within the district health system (Sahay & Walsham 2005).  

 

Overview of health structure  

Commissioner of
Family Welfare

Primary Health Centre
(PHC)

Sub-Centre

State level:

District
level:

Health programme officers:

Department of Health

District  Medical  &
Health Officer (DM&HO)

Leprosy Tuberculosis

Malaria

Other programs

Health
Programs

APVVP
(Hospital Structure)

DCHS - District 
Hospital Services

All Hospitals 
incl.uding 

the smaller CHCs

Maternal Obstetric
Delivery Units
 (PPU)
Part of Hospitals

Health facility 
& institution level:

Family 
planning

 
Figure 5.2: Structure and flow of information in the health system of Andhra Pradesh. 

 

Figure 2 demonstrates that the information flow is influenced by a 

number of structural issues. There are data redundancies because of the fragmented and 
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vertical flows of data. At the district level, information is poorly integrated.  Because of 

the steady aggregation of data that takes place in the hierarchy, it makes analyzing the 

situation at local level difficult. The one way arrows reflect the limited feedback of 

information to support the local level. The separation between the hospital and PHC 

sector represents an obstacle to unified management of health services at the district 

and sub-district levels (Sahay and Walsham 2005). 

 

5.1.4. Creating Minimum Data Set (MDS) 

The preliminary studies conducted by the research team revealed a 

centralized, top down and hierarchical based work culture. Multiple forms and 

registeres were maintained at various levels which made data handling extremely 

cumbersome and ineffective. The data set comprised of 1200 data elements, which 

were collected by the field staff (MPHAs) every month and reported to higher officials 

in around 40 manually generated reports. Since there was lmited culture of interaction 

and communication between the higher officials and MPHAs, MPHAs were still 

reporting on programs that had wound up many years ago. No one in the PHC knew or 

cared about how these reports were eventually used or improved decision making.  

 

There was an intensive exercise carried out over a year by HISP 

team members involving frequent discussions to examine the multiple reports being 

generated and the data elements collected under various programs. Several workshops 

were organized in which staff at various levels participated in discussions along with 

MPHAs, who gave valuable critique on existing data collection approaches. These 

iterative prototyping efforts and wider consultations, eventually resulted in the MDS 

being reduced to 400 data elements, while the number of reports required was reduced 

to about 10. The revised MDS was implemented in nine PHCs in kuppam constituency 

from January 2002. (Puri, et al 2004) 

 

5.2. Design, development and implementation of DHIS-non spatial system 

Even though the DHIS is an open source, user defined, scalable and 

flexible computer software application, it needs to be customized for local use. In this 

69 



Chapter 5: Case Study India 
 

70 

section, I describe the efforts taken in customizing DHIS, which was primarily 

developed in South Africa, to the Indian context and design and development of various 

report modules. This section also describes the process around training and stabilizing 

of HISP in 9 PHCs of Kuppam constituency. 

 

5.2.1. Creating the first version of DHIS database 

Though the DHIS is a flexible database tool, it has its own defined/ 

static structure, which was developed for the South African context. DHIS consist of 

different modules, DHIS_MD (Monthly Data), DHIS_TB (Tuberculosis data), 

DHIS_RG (Report generator), emergency medical services, environmental health and 

the hospital minimum data set. DHIS_MD module was basically used in Andhra 

Pradesh state, which consisted of four databases.  

 

• DHIS_MD 

DHIS_MD is a front end file and holds all the general functionality 

including user interface, database manipulation logic and export 

functionality. 

 

• DHIS_#oo 

DHIS_#oo is Microsoft access database (“.mdb”) file acts like a 

backend file, where all the definition, data and the hierarchical 

organizational structure can be stored. This database is initially 

empty with only an empty structure, and when the data gets 

accumulated, the suffix “oo” can be changed to abbreviation of 

local place like in Andhra Pradesh, it was renamed to DHIS_#AP. 

 

• DHIS_xoo 

DHIS_xoo is also an “.mdb” file, usually called as the Data Mart 

file. It stores all the processed data like indicator and calculated 

data etc. This database is the source of data for various reports. 

This will be automatically generated and renames it self according 
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to the backend file when the “Export to Data Mart” option is 

selected in DHIS E.g. DHIS_xAP.  

• HISPML 

Is called as HISP Multi Language database. It contains all the 

strings displayed in DHIS_MD front end database and also 

different languages ID. When the system language is changed, 

DHIS_MD file access the HISPML database to change its string to 

the language selected.   

  

Before populating the database with data elements, organizational 

units and its related data, it was required first to create the different categories for 

entering these different entities in “lookup tables”. In the current version of DHIS, the 

structure is defined to contain five organizational hierarchical levels and only at the 

local level (i.e. organizational level five) data can be registered. All other levels 

aggregate data from its lower levels. So all the public facility units (Local units) like 

sub centers (SCs), primary health centers (PHCs), post partum units (PPUs), 

community health centers (CHCs) etc were classified as organizational level 5. Primary 

health centers play a dual role, providing different health services to the community and 

also acting as an administrative unit, which aggregate data from its sub centers and 

report to the districts. So it was necessary to create a dummy organizational unit with 

aggregates both the data of PHC and its respective SCs. Figure 3 illustrates the 

arrangement of Andhra Pradesh health hierarchical level in the DHIS database. 
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Figure 5.3: Arrangement hierarchical level in first version of DHIS database in Indi
 

5.2.2. Populating the database 

After structuring the database with organizational hierarchy levels, 

database was ready to be populated with different type of data elements, their 

ories and organizational units. 

 

5.2.2.1.Populating database with organizational units 

During the process of situation analysis, the entire details of the 

nizational units were collected and loaded into the database. Since none of the team 

bers knew the local language “Telugu”, there was some double entry of 

nizational units which were spelled differently in English language. For example, 
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the primary health center “Paipalem” was also spelled as “Pipalyem”. After rectifying 

this problem, it was linked to its parent unit, in the case the district Chittoor.   

 

5.2.2.2. Populating database with different data elements 

 

The monthly routine data elements, now reduced to 400, needed to 

be assigned to their respective organizational unit type. For example, the service “DOT 

visit” is performed only at the Sub center level but not at the PHC, and the service of 

“Inpatient” and “Outpatient” 

are registered only at the 

PHC and not at the SC level.  

The order of the data 

elements were also set 

exactly as the CNA 

(Community Needs 

Assessment - Appendix A) 

paper form, which was the 

main form for data 

collection at the SCs. It was 

done in order to help the 

e

E

m

w

v

m

a

M

Figure 5.4: Screen shot showing the pop-up screen in DHIS 

routine data entry

health staff to their data 

ntry easily by following the same sequence of the data elements as they did manually. 

fforts were made to gather information about monthly average (minimum and 

aximum values) of these data elements for particular health facilities. These values 

ere then set in to DHIS non spatial database application as minimum and maximum 

alues for that particular data element and health facilities. The minimum and 

aximum values acted as a preliminary data check tool where the application pop-ups 

n immediate window or box when the value of the data elements are out of the (Min & 

ax) range. 
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re details, type of access, number of employees and services offered by the 

facility.   

 

ules. DHIS non spatial database application offers two different kinds of 

validation: 

o Ab

 home delivery, 

elivery at PHC, SC Govt. Hospital etc  

o Exp

ion. The 

expert rules follow a pattern and helps to identify outliers. 

 

5.2

DHIS s

o Raw Data Report 

Apart from populating the database with monthly routine data 

elements, the database was populated with “Semi permanent data elements”, including 

data on population and targets for specific routine data elements. Population data 

consisted of both census population and population figures collected by the health staff 

at their facilities. Theses population figures are different with that reported by health 

staff being less than the census, because the targets to the health staff were based on 

population. The database was also populated with Organization unit data like facility 

infrastructu

After populating the database with organizational units, different 

types of data elements and data, the database was populated with few indicators and 

validation r

solute validation rule 

The validation rule checks for obvious conditions like the 

total delivery must be same as the sum of

d

 

ert validation rule 

These are more flexible and are designed to ensure that the 

ratios between data elements are not transgressed, e.g. children 

with diarrhea are correlated with headcount for children under 5 

years. If the headcount goes up, one would expect the number of 

cases of diarrhea to increase as well as in the same proport

.3. Developing the report module 

oftware offers some standard reports such as: 
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This report provides a cross tabulated (pivoted) overview, either 

for a single OrgUnit5 (facility) of aggregated to higher OrgUnit 

levels (e.g. district). 

o Org Unit Null Report  

This report lists all facilities that have never reported for specific 

data element/s for a specified period. 

o Ad-hoc Raw Data Report 

This reporting tool extracts any user-defined ad-hoc data set for a 

user-defined period, and puts the result into a pivot table. 

o Outstanding Input Form 

This report list expected input forms not yet captured in the DHIS, 

on a per month basis. An enhanced overview is included in the 

pivot tables. 

o Data file Setup report  

This sub-form contains list reports for routine data elements, org 

unit data elements, indicators, and validation rules 

 

And some of the Data Collection Tools Like 

o Routine Input Form –PHC 

Standard input form for routine reporting of aggregated (e.g. 

monthly) PHC data - the list of data elements is customized by the 

settings in the DHIS data file. 

 

o Tick Register Design 

This sub-form can be used to design a tick-register, based on 

settings in the current DHIS data file. 

 

o Tally Sheet Design 

This sub-form can be used to design A4 or A3 tally sheets, based 

on settings in the current DHIS data file. 
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 All these standard reports were developed in South Africa but only 

some of them could be used in the Indian context. In India most health staff and 

authorities give value for the formats of the report more than the actual data. There is 

limited culture on the use of information for action. The formats are designed in the 

State Head Quarters (Hyderabad) and passed on to the entire district that transmits it to 

the PHCs. So if a PHC uses a different formatted report, it would be rejected. Every 

PHC has to send at least 20 to 25 different reports to the district every month. Some of 

which are hand drawn and others filled in the given format. Apart from the routine 

reports, some are used in the local level for monitoring the PHC performance. The 

formats of these reports are given by the Mandal officer or Special officers appointed to 

that region.  

 

Through our analysis, we identified three kinds of reports: 

  

 Routine Reports (Reports which PHC send every month to District)  

 Analysis Reports (Potentially to be used in the PHC and Sub centre, 

currently not being used.) 

 Monitoring Reports (Reports asked by the Mandal/special Officer) 

  
Routine Reports: 

 These are the reports which are regularly sent from the PHC to 

District and from the District to the State at the end of every month after the sector 

meeting at the PHC. These reports are also called as set reports which include Form-A, 

Form-B, Form-C, Form-D and Form I to VI, all of which are designed and supplied by 

the office of CFW. Apart from these, other reports are Family Planning report 

(Proforma I to IV), Iodine Report Disease Statistics etc (Appendix A). 

Analysis Reports: 

  These are the reports which can be used to analyze the performance 

of a PHC or SC by comparing across facilities, or across particular elements over time. 

Currently there is limited practice of preparing and transmitting such reports on a 
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routine basis. These reports can be used to analyze the performance of a PHC by the 

Medical Staff, for e.g. Number of Institutional deliveries against total number of 

deliveries in a month or number of sterilizations in their PHC against other PHC in 

same area or sub center wise analysis etc. These reports are shown in the form of Charts 

or graphs also for better analysis.  

 

Analysis reports can be categorized into three types. 

 Monitoring Targets: These reports are used to analyze the achievements 

against targets for a given data element (service) for a particular month. These 

reports also calculate (for the year) the cumulative achievement and 

cumulative targets as well. These can be used to analyze PHC wise and Sub-

center wise analysis and over time.  

 

 

  
Figure 5.5: Achievements Vs target report of Dandikuppam Sub Center, Kuppam constituency
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 Indicators: Indicators are the most important analysis reports which help to 

depict the performance of PHC or area or a State or Country in relation a 

particular service like MMR (Maternal Mortality Rate), IMR (Infant Mortality 

Rate) etc. These Indicators are generally calculated using specific formulas 

and measured as percentage or rate like Infant mortality rate, Maternity 

mortality rate, Immunization coverage rate, Birth rate etc. It is through 

indicators, one can compare between facilities, state and countries. Normally, 

the numerators of the indicators are usually easy to fill in, but it’s always a 

dilemma to choose the appropriate denominator. For example, to calculate 

Infant Mortality Rate, the numerator will be Total number of infant death in a 

particular year and the denominator could be Total number of live children 

born in that year, Total number of children under for that particular period or 

total number of deliveries conducted plus total number of still birth. But 

usually for calculating IMR the denominator is Total number of live children 

born in that year.  These indicators although are globally defined standards, 

are often calculated or interpreted differently in particular local settings. 

 

 

 
  
Figure 5.6: Birth rate Vs death rate graph of all the PHCs in Kuppam constituency 
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 Local Reports: These are special analysis reports developed for MPHAs or 

Medical Officers or any special authorities as per their local requirements to 

analyze health or facility related performance. These reports are generally 

useful in taking local decisions and making local action plans. These reports 

were developed on based on suggestions made by the health staff during HISP 

meetings or while training sessions were conducted. 

 

 

 

Monito

officer or

in the sta

Special O

maintaini

from the

  
Figure 5.7: Immunization coverage report of Mallanuru PHC, Kuppam constituency.
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ring Reports:  

These were the reports which are asked by the Mandal (sub district) 

 the Special Officer. As Kuppam constituency was one of the backward areas 

te, and also since it was the electoral constituency of the Chief Ministry, a 

fficer (SO) was allocated to provide additional support in managing and 

ng health, education and various other activities in that particular area. Apart 

 Special Officer, Mandal or Sub district officers are also looking after the 
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various developments in their allocated Mandal.  Usually the SO was in charge of 

group of Mandals. The Kuppam Special Officer looked after 5 mandals and needed to 

monitor the performance of this areas but using their own formats which were different 

from those of the health department. These reports do not have a definite life, and tend 

to die with the transfer of the mandal/special officer. These reports can be called as 

special analysis reports, and were mostly generated sub centre wise.  

 

 
 

 

 

5.2.4

workers a

negotiatio

a comple

infrastruct
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Figure 5.8: HMIS performance report for Kuppam sector, Chittoor district 
 

. Training and stabilizing of HISP in Kuppam 

One of the basic aims of the HISP is to empower the actors (health 

nd managers) at different levels using a bottom-up approach driven by the 

ns between the actors involved (Braa & Hedberg ). Training of these actors is 

x task, due to various reasons such as the physical distances, poor 

ure (for example, irregular power supply) and heavy work load of the field 

tried to address their training issues in two ways. 
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1) On site training programme 

During the pilot stage of the project, one HISP trainer was placed in each 

PHCs to support and teach health staffs and medical officers about how to 

operate the computer, how to use DHIS software, to do the data entry and 

also deal with minor problem of hardware etc.  

 

2) Off site training programme 

Every month, off site training programs were conducted at a local 

private/government computer institute, where all the health staff and 

managers were invited. In this training program they were taught about 

more features of the DHIS software and also about other computer 

applications like MS Word, MS Excel etc. In these group settings, we also 

tried to encourage the trainees to share experiences and learn from each 

other. 

 

The need such a training strategy was due to the lack of time of 

health staff and managers, who were already burdened with lots of routine tasks. 

Usually they could learn most of the new things in off site training and then when they 

had time, they could practice in their PHCs with the guidance of the HISP trainers.  

 

5.2.5. Understanding the need for GIS system 

Representation of data through graphs and charts are considered as 

valuable analysis tools for decision making. Even though it represents all the different 

kinds of data across time and across facilities it can be still called as “one dimensional 

analysis tools”, since the representation is incomplete with geographical location details 

such as place of location, near by river, etc. Any decision that involves location, 

requires to incorporate geographical data. GIS is an information system that is designed 

to work with data referenced by spatial or geographic coordinates, having both database 

systems with specific capabilities for spatially referenced data, as well as set of 

operations for working with non-spatial data (Star & Estes 1990). Charts and graphs 
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can highlight problems involved in data and a good GIS application should not only 

highlight the specific problem, but also to some extent help to explain its cause.  

 

5.3. Design and development of the DHIS spatial GIS application 

 

5.3.1. Building personal capabilities with GIS 

Prior to my Masters studies, I undertook some GIS training through 

the HISP India project offered by Environmental Systems Research Institute (ESRI) for 

three days in Hyderabad, the capital city of Andhra Pradesh. The training was on the 

basics of maps and on handling the GIS application Arc View 3.3. My knowledge on 

GIS was enriched with the help of a Norwegian researcher, who came to India to 

support HISP India technically. It was at the GIS course, INF5230, held in department 

of informatics at Oslo University, where I learnt to operate different desktop and web 

based GIS applications. We then started the conceptual work to customize and to 

develop the GIS applications using Map object 2.0, Map server, etc.  

 

It was at this course, the initial development of DHIS spatial GIS 

application, Health Information Systems Program Spatial Analyst (HISP_SpA) took 

place 

 

5.3.2. Understanding and meeting the need for maps 

Even though India has a long history of involvement in geographical 

information processing and collection of spatial data prior to the computer era, it has 

not yet fully come to terms with GIS and its role in supporting development processes. 

Survey of India (SOI) which was established in 1797 by British has continued as one of 

the premier mapping organization in the country. It receives substantial funding 

provided by the UNDP SOI is responsible to build the digital topographic database for 

the country at two basic scales of 1:250 000 and 1:50 000. The digital cartographic data 

base is to sever as the building block for a national GIS system on which other 

government agencies can build according to their needs (Draftaylor 2000). However, 
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for various reasons, such as security considerations, these maps are not freely available 

to the common public and also to other government departments.  

  

5.3.2.1. Constraints in obtaining maps in India 

All existing maps are classified documents in India for reasons of 

national security. All publishers of maps must receive a certification from the Survey of 

India for their products. Maps of any part of India on a scale 1:4 million or larger, 

including simple reprinting of such maps beyond six months of certification, requires 

clearance from the Ministry of Defense before finial printing. Quite a large number of 

even these restricted maps are not available to official agencies for defense reasons 

(Draftaylor 2000).  One of the state government officials, in the Department of 

Planning in Andhra Pradesh, told in an interview that he wanted to publish some maps 

of Andhra Pradesh with sub-district boundaries on the intranet of the department, but 

was still waiting for the clearance form the SOI for about 8 to 9 months. This makes 

usage of maps very difficult for any development, even for governmental projects like 

health.  

In the absence of centralized availability of maps of uniform quality, 

different agencies and departments start to develop their own maps through different 

sources, leading to a perforation of maps and databases of various quality and 

standards.  

 Map Source: 

 All the source of the maps for HISP India was through a non 

government organization (NGO) in Andhra Pradesh.  The map used was at the scale of 

1:25000 with the lowest boundaries of villages. It contained layers of different type of 

road like national highways, district and village roads. It even contained habitation 

settlements and rivers. The age of these maps were from 1985.  

 

  Map Cleaning: 

Map cleaning played an essential and vital role in spatial database 

development process. When the villages are linked to their sub centers and PHCs by 

their names, it only matched 75% of the time. Some of the villages which are located in 
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one area that are assigned to particular PHCs, often had double village names, and 

actually belonged to different PHCs. Some of the villages in the map did not have any 

name so it had to be allocated to particular villages and the respective Sub center by 

using spatial reference. Some of the districts in the map had the village names but they 

were not linked to mandal (sub district). This took a lot of effort and time to find their 

respective mandal and their respective SC, PHC. All this cleaning was done by sitting 

with the field staff and getting their clarifications. 

 

   All the editing and creation of the map was done by using ESRI 

Arc View 8.3 GIS application.  

 

5.3.2.2. Preparation of maps for the DHIS spatial GIS application 

The spatial digitalized map preparation for the DHIS spatial GIS 

application can be categorized in to three stages. The first stage of map creation was for 

Kuppam Constituency, which included 232 villages divided into five Mandals (Sub 

districts) in Chittoor district, with the focus on Sub center boundaries. In the second 

stage, the spatial map preparation was extended to the entire Chittoor district with a 

focus on Mandal boundaries with the location of 84 PHCs. At the third stage, the scale 

of spatial map preparation was expanded to whole AP state which included 23 districts 

and with a focus on creating PHCs boundaries for the entire state.  

 

First stage: The raw map consisted of village and Mandal 

boundaries of Kuppam constituency. But the attempt was to link the villages to their 

respective Sub Center and PHC. Since the villages in the map were old it was difficult 

to trace as some of them as they were renamed, and also some new villages were 

created. The effort was not made to create new villages on the map, since the lowest 

level of data collection was at the Sub Center level, but the current villages in the map 

were linked to their respective Sub Centers and PHCs. The link was created by the 

using census 2000 file which gave the details of all the habituations and villages, 

including their population. Then the villages in the census file were linked to the Sub 

Centers and PHCs with the help of health staff from the PHC.  After linking the villages 
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Figure 5.9: PHC and SC boundaries in Kuppam 
Constituency  

with their SC and PHC, the map 

was geo processed by dissolving 

the village boundaries with their 

attributes, thus creating map a 

with SC boundaries. To link the 

spatial and non spatial DHIS 

databases, their must be a 

common field between these. 

Hence an attribute column called 

“DHIS_OrgUnit_RowID” was 

created in the spatial database 

which contained the respective 

unique ID for that SC or PHC in the non spatial database. The non spatial database was 

at the level of SC. 

   

Second stage: The raw map consisted of village and mandal 

boundaries. In this stage, the focus was to show the different location of the PHCs 

along with the mandal boundaries. Locations of the PHCs were founded in two 

different ways. Initially, location of the PHC was found out using the list of PHC’s 

village name provided by District Medical and Health Office (DM&HO) and locating 

the PHC on the central point of the village. At the later stage, the location of the PHC 

was determined by using a Global Positioning System (GPS). The spatial and non 

spatial databases were linked through the PHC level. As in the first stage, an attribute 

column was created in the spatial database which contained a unique ID of the PHC 

from the non spatial database. The non spatial database contained the PHC as its lowest 

level. 

 

Third stage: Unlike the first and second stages, where the map were 

in Shape “*.Shp” format, the format of map was in “Map Info” format which was 

unrecognized by ESRI Arc View 8.3. So firstly the map required to be converted in to a 
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Shape file format. The raw map consisted of village and mandal boundaries and it was 

divided in to different districts in different folders. At this stage, the focus was to create 

PHC boundaries for the entire state. The linking of villages with their respective PHCs 

was done using the database collected from Commissioner of Family Welfare (CFW) 

office, which had all the villages linked to the PHCs. Since the data in the map was old, 

it was difficult to link it with the village in the CFW’s database. In some of the districts 

the spatial data didn’t contain the mandal name which made it even worse to link the 

village to the PHCs. Then, like in the other two stages, the linking of spatial and non 

spatial data was done by creating an attribute column in the spatial database. The lowest 

level in the non spatial database was the PHC, and the database contained details on 

routine monthly data, infrastructure and population for entire 1513 institutes for the 

entire state. 

 

5.3.3. User requirements and designing 

Since the initial prototype of the DHIS spatial system was done in 

lab conditions in the GIS course in department of Informatics at Oslo University, the 

requirements were self initiated and incorporated suggestions from faculty members of 

the department. At this stage of prototyping, the main focus was given to the data 

model and design of the spatial system, so as to make it flexible to incorporate user 

requirements.  The initial requirements were to include the basic functionality of GIS 

system like: 

• Zoom In and Zoom Out feature: Where the user can decide on which 

part of map needs to be zoomed in and zoomed out 

• Pan feature: this feature is activated when the scale of the map is more 

than the screen size. User can use this option to drag the map and to 

move it to a different area of the map by using the mouse. 

• Identity feature: This feature describes the attribute of shape type 

(Polygon, Line or Point) selected. The attributes of shape type selected 

can be spatial attribute (longitude, latitude, shape name etc), non 

spatial attribute (health data) or both. 
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• Full extent: This feature can be activated when user wants to bring the 

map to its full size/scale.  

• Zoom locater: It locates the position of the map with respect to the 

original full scale of the map.  

• Export functionality: The displayed map area of the screen could be 

exported to bitmap (.bmp), JPEG format and EMF format. 

• Label feature: It allows the user to label the polygons according to the 

attributes provided by the map and the non spatial database 

• Add and remove layers: Users are allowed to add or remove different 

layers on to the linked map with the non spatial database.  

• Query feature: This feature enables for user defined queries from the 

non spatial database and link it with the spatial component. 

• Gradient feature: Allows users to grade individual parts (polygon) with 

respect to the attributes selected. 

 

The next step was to design a bridge between spatial and non spatial 

DHIS component, where the spatial component could perform user required queries 

and relate it to the spatial database to display data on the map. 

 

5.3.3.1.Data model, data application  

The DHIS non spatial database contained two databases where 

health and organizational data were stored. One database was where the user entered 

routine health data and the other was the exported database called “Data Mart”. Since 

the Data Mart contained both the raw and process data like indicator and calculated 

fields, it was practical to process the user’s query much faster and easily when it would 

be linked to the DHIS spatial database.  A database is automatically created which store 

all the processed query description / data and the common field that links the spatial 

and non spatial databases, so that the user can access the previously processed queries. 

This database also helps to relate the non spatial and spatial databases, so that the health 

data can be showed on the map. Figure 7 shows the linkage between spatial and non 

spatial DHIS system. 
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Figure 5.10: DHIS Non spatial and spatial database and the link between them 

 

5.3.4. Prototyping cycles 

Prototyping used to build the non spatial DHIS components were 

incremental, evolutionary and participatory, representing an ongoing and continuous 

process with the objective to deliver a better working system. New versions of the 

system are released continuously which were build upon the requirements from the 

user, thus making the process incremental. The prototyping cycles of DHIS spatial GIS 

application can be divided three stages. The first stage was the initial prototype 

development in a lab condition in the GIS course in Oslo (Prototyping in Oslo). Second 

stage was customizing the GIS application in Mozambique. The third stage was the 

development of the next version of GIS application (HISP_SpA version 2).  [The 

Mozambique phase is discussed in chapter 6]     

  

5.3.4.1. First stage: Prototyping at Oslo. 

Before creating the DHIS spatial GIS application, a search was made 

for finding a relevant GIS application which could be linked to easy to the DHIS non 

spatial application. Most desktop GIS applications (like ESRI’s Arc View 3.3, 8.3, 

MapInfo’s MapInfo Professional) are expensive, filled with various unwanted features 
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and complex to use for a normal computer user.  To incorporate most the DHIS non 

spatial system functionality and customize it for health sector, it was realistic to 

develop the DHIS spatial GIS application. Then the discussion was to choose an 

appropriate platform (Desktop or Web based), mapping software component and the 

target users. For this, it was essential to know the level of target user who will be using 

the system. The DHIS spatial component is an analysis tool which would be typically 

used by sub-district or district officials, health authorities, health managers, bureaucrats 

and state/province officials, and etc.  

 

Give the poor infrastructure in Andhra Pradesh, as in most the 

developing countries, web based GIS applications are not well suited, given the lack of 

high connectivity and speed to perform spatial queries, desktop GIS application was 

decided to be more feasible solution, linked to the DHIS which is based on the 

Microsoft Office Professional that uses Access as relational database. ESRI’s Map 

object 2.2 was selected as the mapping software component as it was much cheaper 

when compared to Arc Object. ESRI agreed to provide Andhra Pradesh government 

with 100 free licenses. The programming language used was Microsoft Visual Basic 

6.0 as I had experience in it and Map Object 2.2 can be used as a component in it, and 

Microsoft Access used for data storage.  

 

At the initial stage of development, my only experience had been in 

India. Thus the application was oriented towards the Indian health structure, which 

influenced on customization process in Mozambique (Discussed in Chapter 6). The 

DHIS spatial GIS application was developed with a focus that this should be flexible in 

order to adopt it to different countries and at different levels of the health hierarchy. It 

was an iterative process of discussion with other HISP members about which option 

can be generalized and which should be fixed. The application had two components. 

The first component was the login and the creation of the link between the spatial and 

non spatial databases which could be customized / changed to local needs. The second 

component contained all the common functionality and requirements. At this phase, the 

development was concentrated at two hierarchical levels in Andhra Pradesh, India. One 
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was at the Kuppam constituency level which included the 49 sub centers and 9 primary 

health centers. At this level, it becomes essentially and effective to monitor the 

performance of the data capture level (sub centers) and maps were prepared according 

to it. The next level was at the Chittoor district which included 84 PHCs. Here the 

concentration was on the PHCs rather than the SCs. 

 

One of the requirements of the DHIS spatial GIS application was to 

incorporate the ability to process different kinds of data like routine monthly data, semi 

permanent data (like population), Org unit data (like its infrastructure, access etc) and 

indicators (IMR, MMR etc). The GIS application processes these data according to the 

user’s criteria and stores in to the database created by it. This database is then related to 

spatial database to show processed queries on the maps. The GIS application also 

incorporates a help system which guides users in their operation. 

 

 

 
 

Figure 5.11: Screen shot of DHIS spatial GIS application version 0, Login Screen
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Figure 5.12: Screen shot of DHIS spatial GIS application, Map functionality screen
91 

.3.4.2.Disadvantages of the DHIS spatial GIS application version 0 

Version 0 of the spatial GIS application had some minor and major 

ages. There are now discussed: 

 

• The resolution of the screens in Version 0 was fixed to 1280X1024. So 

some of the computers which didn’t have this resolution couldn’t view 

all the option provided. 

• The link between the spatial and non spatial database was restricted to 

the field “RowID” in the table “Orgunit” in the DHIS data mart 

database. This field had the data type of long integer, which promoted 

the creation of field in the spatial database with same data type (long 

integer) for linking between spatial and non spatial database. 
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• The major disadvantage was the automatic created of database which 

stored the processed quires and the link between the two databases. 

The storage database in Microsoft Access 97 formats could not relate 

with the non spatial DHIS database when the DHIS version was 

changed. 

• When the version of non spatial DHIS changed, the GIS application 

couldn’t recognize the database format of the data mart file 

• Even though the DHIS spatial GIS application is open source not for 

profit software, it is bound to the ESRI Map object 2.2 which is not 

open source.  

 

5.3.4.3. Third stage: Development of HISP_SpA ver 2 in India. 

The Development of version 2 of DHIS spatial GIS application was 

started after gathering the experience from different countries and suggestions from 

different actors. This version took care of most of the disadvantages from the older 

version. The screen resolution is automatically set to the user screen resolution. The 

problem with linking with the new version of non spatial DHIS database has been 

solved by creating an empty spatial linking database manually in MS access 2000 

format and then copying and renaming it to store different links and quires. In this 

version, the link field can be of any data type that has common fields between the DHIS 

non spatial and spatial databases. The additional features in this version are: 

 

• It can not only report the processed queries on the Maps but also on 

charts and lists. This was one of the suggestions from one of the 

researcher, who been involved in HISP from the start.    

• It can grade the data by different color set by the user and also show 

the exact value on the map simultaneous, which was not possible in 

the older versions.  

• Version 2 is capable of extracting individual organizational details and 

also has the ability to compare specific information across different 

organizations spatially. 



Chapter 5: Case Study India 
 

93 

• This version has a more user friendly screen and is easy to install and 

operate.  

 

5.3.5. Expanding the application to Andhra Pradesh state AIDS control society 

(APSACS ) 

 

APSACS is associated to National AIDS Control Organization 

which was formed in the year 1987. One of the objectives of ASPSCS is to modernize 

the blood bank facilities and to promote safety of blood and blood products. As a part 

of strategy for getting support to HISP India, HISP India team members visited 

APSACS for exploring a link between HISP India and the AIDS control society. 

Although the primary sources of any health data were collected or gathered at the 

peripheral levels and aggregated at the district and the state levels, the APSACS had its 

different routes. As HISP India team members were involved in strengthening the HIS 

in AP state and building spatial data infrastructure on AP state, establishing a link with 

APSACS would provide additional insight on vertical program working and structure. 

The spatial digitalized maps were already created during the process of building the 

DHIS spatial GIS application. Using these maps could be used for benefiting other 

organization such as the APSACS.  

 

The Director of Blood Safety in APSACS wanted to use these maps 

to build a spatial GIS system, to maps all the health institutions and the blood banks 

locations in the state.  The objective of the spatial system was to allocate the blood 

banks to the nearest hospitals and as well as pointing out the location for new blood 

banks. 

 

A pilot research was carried on in Chittoor district by HISP India 

team to map all the health institution and the location of the blood banks by using a 

Global Positioning System (GPS). The points collected by GPS were geo-referenced to 

Chittoor district maps to show their positions on the map. The HISP India team not 

only collected the health institution location but also various land marks like Bus stops, 
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Railway station, Government offices etc. This also provided insights to the location of 

blood bank and the major hospitals.  

 

A GIS application was developed using ESRI’s map object 2.2 and 

Visual Basic 6.0. At this stage, APSACS wanted to have a simple application which 

guides them to map the blood banks to hospital whose beds capacity is more than 30. 

The GIS application had two parts. The first part demonstrated the location of the blood 

banks classified by governmental, private or voluntary organization. Then the location 

of number of hospitals with bed capacity more than 15 were exposed and the allocation 

of these hospitals to there nearest blood bank was matched next. The second part 

consisted of user’s interventions in reallocate the hospital to the blood bank according 

to their experience. During the entire development process, the Director of Blood 

Safety played an important role in specifying the requirements and verifying each 

prototype of the GIS application. In addition to specifying the requirement for the 

system, the director also explained the process and the importance of the blood safety 

and the process of collection and distribution. The director also explained the need for 

blood at different hospitals with respect to the number of beds and type of services 

offered by the hospitals. 

 

The application also consisted of a details section where the users 

can view the location of various types of health institution, location of public transport 

and other institutions. The spatial GIS application was not linked to any non spatial 

database. The application was designed to fit to any screen resolution and had the basic 

functionality of the GIS system like: 

 Zoom In and Zoom Out  

 Pan 

 Identity feature 

 Zoom Location 

 Full Extent 

 Measuring feature: This feature can measure the distance 

between locations. The measurement not only gives the 
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distance between the two points but also sum up the 

distance covered through various points. 

 Summary feature: This feature summaries the map at various 

stage. 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.13: Screen shot of GIS application for APSACS, Blood bank allocation screen
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Figure 5.14: Screen shot of GIS application for APSACS, Details section screen
g the GIS development experience in India: 

 In summary, it can be concluded that a very versatile and useful 

for using GIS for HIS management was developed. However, despite its 

mpetence, the application has not been institutionalized into the working of 

department. There are many reasons for this mostly organizational and 

nature. For example, the Chief Minister who was supporting our application 

ut in May 2004 leading to also a total change in the health administration. 

ot yet been accepted by the new regime. Another reason was that the 

er of Family Welfare was more interested in supporting another HIS 
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project (called FHIMS) supported by World Bank, and right from the beginning was 

opposed to HISP. And despite everything, the culture of using maps in very weak in 

India and still many of the health staff do not see the value of using GIS.  

  

However, despite these constraints, the further improvements on the 

application are continuing, while we also try to renegotiate our access in the state. 

Earlier this year, two master students from Oslo came to India and have converted the 

entire application to a Java based platform thus making the problem of licenses 

redundant. This application will soon be field tested in the future.   
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CHAPTER VI 

CASE STUDY: MOZAMBIQUE 

 

This chapter is divided in to two sections. One describes the various 

process of development involved in sustaining the non spatial DHIS in Mozambican 

Ministry of Health. It also briefly describes the different computer based systems pre-

existing and challenges they cause in integrating it with DHIS non spatial component. 

The following section describes the process of introducing the DHIS spatial GIS 

application to the Department of Community Health. This is followed by the description 

of the experience gained during international HISP developer workshop and discussion 

relating to the GIS internationalization. Finally, the last section presents the potential 

of DHIS spatial GIS application with some examples. 

 

6.1. Design and development of the DHIS non spatial application 

 

6.1.1. The situation analysis 

The Primary Healthcare approach of World Health Organization (WHO, 1978) was 

selected by Mozambique 

as its strategy to extend 

health services to the most 

peripheral areas in the 

country. The concept of 

PHC potentially embeds 

decentralization, local 

control of information and 

empowerment (Braa et al. 

2001). The Mozambique 

health structure is a typical 

pyramid from where data is 

Figure 6.1: The organizational structure of health care in 
Mozambique 

National 
Level 

Provincial Level

District Level

Helath Units and Health Posts 
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collected at the health facilities, collated and aggregated at the district level and 

transmitted to the provincial and national levels. The first national computer based 

information system (SIS know as SIS Prog ) was introduced at the provincial capitals in 

Mozambique in the year 1992. SIS Prog has two systems, one for the province and the 

other for the national level. At the province level, the data is entered from the district 

forms collected from the district in to the SIS Prog provincial database. Then the data is 

transferred to the national level by copying it in to a floppy and at the national level, 

SIS Prog national imports the data. SIS Prog system is based on Microsoft DOS and it 

is hard to install in newer version of windows like windows 98, 2000 and XP. The data 

entry screen in SIS Prog replicates the paper reporting forms coming from the district 

and even the data structure is build on the reporting forms. SIS Prog was collecting 

mainly two types of data. One which pertains to PAV (vaccination) and the other to the 

SMI (safe mother and child health). Since the source code of the system was lost it has 

been impossible to change the system and respond to the changing needs.  

 

From the year 1992, the Mozambican health department has been 

accumulating various vertical computer based system at the provincial and national 

levels and is most often supported by foreign aid. The list of computer system 

prevailing in Mozambique health system is given below. 

 

1) BES (weekly) spreadsheet & Monthly Epidiomogly (BES)  

2) Spreadsheet for Tuberculosis data  

3) Pilot AIDS, HIV system (SIDA)  

4) Community health  

5) SIS Prog  

6) Mental healthcare is experimenting with a database.  

7) Pharmacy (Stock etc.) 

8) SIMP (integration and analyzing tool)  

9) DAG experimental pilot system for finance  

10) Database program management by maintenance units  

11) Database of human resources  
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12) SIS.D (DHIS) 

13) Other miscellaneous systems, such as a CD containing all 

health units and related information such as location and size 

made by US AID some years ago. 

 

The HISP initiative in Mozambique commenced in the year 1999 with the 

adaptation of DHIS software for use by Mozambican Ministry of Health (Puri et al 

2004). A survey was conducted which included 38 persons from the health sector 

consisting of 8 students from UEM, 4 pre university students from Lichinga (Niassa 

Province). The survey covered health posts /centers, districts and provincial levels in 15 

districts and 3 provinces. Two of the provinces were located close to the capital city of 

Mozambique (Maputo) as compared to the third province (Niassa). All the provinces 

were equipped with computers and also some of the district offices, especially in the 

province situated next to the country’s capital. The communication network across the 

districts and provinces was described to be very poor. In the survey it was found that 

the National Information System (SIS) was directed towards upwards reporting of data 

and less on the use of information at local level. The main focus of the information 

system was towards the vertical health programs at the central level and the data was 

collected according these programs. The data required for local analysis and use were 

not collected (Braa et al. 2001). 

 

6.1.2. Constraints involved in implementing DHIS (SIS.D) 

Even though the DHIS, also called as SIS.D (Sistema de 

Informação de Saúde - Dados de Rotina in Portuguese), software was flexible to adapt 

to different countries, Mozambique was unique. In the initial version of SIS.D the multi 

language facility was absent. Since Portuguese was the official language in 

Mozambique, the SIS.D software had to be translated into Portuguese before its rollout. 

The strings in the software were translated and hard coded manually into the software 

and the laptop was sent to South Africa for incorporation. The translated version was 

then deployed to the different sites in Mozambique. The newer version of SIS.D solved 

the problem on language. SIS.D was not the first computer based system to be initiated 
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in Mozambique. It had the feature to capture local data and analysis at the place of data 

collection but all the analysis reports were initially based on the South African context.  

The situation was different at various levels of district, provinces 

and national. In some of the districts, SIS.D was the first system to be placed, even 

though their software was not fully utilized. The data entry had not been updated and 

very less support was received from the province and national levels. The situation was 

different in the province. All the provincial offices were equipped with computers and 

SIS Prog and SIMP software. The staffs at the provincial level were used to data entry. 

They found the data entry in SIS.D software hard as the data elements were arranged 

row wise as contrasted to SIS Prog which replicated the manual formats in its data entry 

screens. The staff at the provincial level didn’t find much use of SIS.D since they 

couldn’t pull out any reports from it. SIMP was the reporting software which took the 

data from the SIS Prog, BES to generate the reports. SIMP was developed using Visual 

basic and used Excel as data storage and reporting.  

 

6.1.3. My contributions towards Mozambican non spatial DHIS  

In the year 2004, the Mozambican Ministry of Health (MISAU) 

agreed to replace SIS Prog (SISC) with SIS.D which was to be the official software to 

be rolled out to all the provinces. The European Union (EU) appointed a IS developer 

from Belgium, who has worked in Zimbabwe health sector in implementing 

information system. He was appointed to assist MISAU in the SIS.D roll out and 

evaluation. The IS developer evaluated SIS.D and circulated his critical comments to 

MISAU and the HISP team and suggested to do away with SIS.D and use another 

system. This developer had developed a form based data entry computer system in 

Zimbabwe health sector, and suggested that it could be used to replace SIS Prog (SISC) 

instead of SIS.D. The software had some in built reports, and the data structure was 

based on reporting forms. Every form had its own table. These tables are created 

programmatically. Each level of hierarchical structure had separate tables with common 

fields and unique ID.  The software had the ability to group the health facilities which 

solved the problem of different health categories. Apart from grouping the facilities by 

its type, it had the possibility of grouping the facilities by its location, etc. The software 
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was rigid to change, so any modification like adding a data element, which is common 

in health sector, was not possible without the intervention of a software programmer.  

The software didn’t have its own name and it was usually called by the IS developer’s 

name. The adaptation of the software could potential lead to the same situation as like 

SIS Prog (SISC) after couple of years, when the expatriate left Mozambique. 

 

 
Figure 6.2 Arrangement of organizational hierarchy in HIS database 

 

After presenting this case to MISAU, who liked the data entry screen of IS 

developer’s software, a meeting was held with the IS developer, staff from MISAU and 

HISP team. In the meeting the following was decided. 

• Integration with SIS.D and SIMP  

• Using the IS developer’s data entry screen but retaining the 

SIS.D database smiling  

• Developing routine reports and analysis   
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A team of master students were allocated to do these tasks and work with 

IS developer for integrating the screen to SIS.D database. It was later found that the 

data entry screens were rigidly attached to the database, and it would take a lot of time 

and effort to reallocate it to SIS.D database. So it was decided that HISP will develop 

the data entry screen directly by modifying SIS.D.   

 

6.1.3.1. Building the bridge between SIMP and SIS.D  

SIMP is a reporting software that uses SIS Prog data. The software 

was developed by consultant in the Health Planning department in MISAU. The main 

focus was to replace SIS Prog with SIS.D and retain SIMP. SIMP was collecting data 

from different tables form SIS Prog. There were two possible ways of building the 

bridge 

1) Modifying SIMP to access data from SIS.D directly. Or, 

2) Providing data from SISD in the same manner as it is accessing 

data from SIS Prog. 

 

Even though the first solution was better it couldn’t be adapted. 

The developer of SIMP didn’t want to change the software as he argued it would create 

confusion to users.  Thus the second option was used to create the link. The health 

staffs at the province enters the monthly data in to SIS Prog and then export it to a Zip 

drive. SIMP accesses data from the Zip drive and stores it in the Excel spread sheet. 

SIMP accesses these tables/forms from SIS Prog.  

a) A04.dbf – Vaccination data per District per month 

b) B06.dbf – Children consultancies data per Facility per month 

c) B07.dbf – Delivery data per Facility per month 

d) B07_Reg.dbf – Delivery per District per month 

e) B08.dbf – Pregnant consultancies per Facility per month 

f) C04_hosp.dbf – Total consultants per Hospital Rural per month 

g) C04_Reg.dbf – Total consultants per Hospital (Centro de 

Saude) per month 
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h) C05_Reg.dbf – Total consultants per health post per month 
(Posto de Saude).  

 

SIS Prog has a unique ID for identifying the district and health units. 

DISTS.dbf and UNIDS.dbf are the two files where district and health unit data are 

stored respectively. Before filling the health data from SIS.D in to different files, it was 

essential to create a mapping between SIS Prog health units and district with SIS.D 

health units and district. In all the files, which SIMP access from SIS Prog, contains 

unique ID of districts and health posts represented in SIS Prog instead of names. All the 

files accessed by SIMP are coiped to a folder and the contents were empted to fill in 

SIS.D data. The bridge was created using Microsoft Visual Basic 6.0 and MS Access as 

the internal database used to mapping with organizational unit and data elements 

between SIS.D and SIS Prog.  

 

 

 

SIS Prog Files 
accessed by SIMP

Feds Data 

SIS.D 
Database Format files

SIMP Folder with 
SIS.D Data in 

SIS Prog format Feds with data & 
mapped Org IDMapped 

Linking Internal 

SIS Prog (SISC) 
Database

Bridge Application linking 
SIS.D & SIMP 

Figure 6.3: The Bridge between SIS.D and SIMP using SIS Prog dbase file 

 

For the user, the process appears to be simple and easy. Users choose the period 

to which they intend to export the data to SIMP and clicks on export. A folder is 

created with data that could be used as an SIS prog exported file to import in to SIMP. 

The internal process in the bridge is a bit complex since every province has there own 
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unique ID for their district and health units in SIS Prog. The bridge is also equipped 

with mapping organizational units between SIS.D and SIS Prog. The mapping is an one 

time activity that is carried out at the beginning of the bridge, unless there is any change 

in the organization. The first process in the bridge is, it copies the internal folder with 

the empty files format from SIS Prog and renames it with user selected period. These 

files are then linked to the internal database for data feeding. The bridge looks in to its 

internal database for mapped organizational unit and runs the query in the DHIS 

database and feeds the output with SIS Prog’s organizational unit IDs. After copying all 

the data and its respective organizational IDs, the link between the internal database 

and dbase files are de-linked.  

  

6.1.3.2. Developing the form based data entry screen for SIS D 

 

The next task was to develop SIS.D form based data entry screen. 

Initially the data entry screen was developed in Microsoft Excel which looked like the 

paper reporting forms. The draw back was it didn’t have any functionality to check on 

the data. Later the data entry screen was developed using Microsoft Visual Basic 6.0. 

Form based data entry screen had the near same functionality like SIS.D data entry 

screen with min and max data value for each data element with respect to its 

organizational units. It also had 13 months historic raw data chart for each data element 

for particular health facilities. Form based data entry screen was developed to adjust 

itself with user’s screen resolution. Different positional display of organizational units 

in different reporting forms made the development of the form based data entry screen 

hard. In some of the reporting forms, the organizational units were arranged row wise 

and in others in column wise. The count of organizational units are not definite, 

changing with respect to district. Reporting forms had different levels of data entry. If 

the data entry was done at health facility level, others was done at district level. This 

made it necessary to create a dummy level in SIS.D database at facility level (Org Unit 

5 level), so that the data could be entered for the district level which is in at 

organizational unit 4 level in the database. At the province, some of the data elements 

were aggregated at the district level and rest at the facility level. For example, the form 
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D03 (Resumo mensal de internamentos para centros e postos de saude) which collects 

hospital data has two parts. First part was the data at the individual hospital and the next 

part was the data collected at the district level.  

 

 
Figure 6.4 Screen shot of “Form based data entry screen” 

 

 

Initially the form based data entry screen was developed out side SIS.D software. The 

user needed to install the form based data entry screen after installing SIS.D. During the 

workshop in Cape Town, South Africa, the form based data entry screen was merged 

inside SIS.D software. The form based data entry screen installs itself while installing 
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SIS.D. A popup window shows up where user can choose whether to do the data entry 

in form based or standard SIS.D data entry screen.   

6.1.3.3. Developing routine reports and provincial analysis  

After designing the bridge and the form based data entry screen, it 

was the time to develop some of the analysis and routine reports. Even though the 

SIS.D offered some the basic reports and the frame work of pivot table reports, they 

couldn’t be used because of lack of expertise in handling it and very less support to 

train the health authorities. Most of the health authorities wanted a system which 

develops the analysis reports automatically without much of effort. All the routine and 

analysis reports were developed using MS Excel. Currently in Mozambique, there are 

14 dynamic reports which includes both routine and analysis reports. Analysis reports 

were of two kinds. One was the analysis of actual numbers and the other was based on 

coverage. Below are some of the examples of analysis reports. 

 

 
Figure 6.5: Immunization coverage across districts in Inhambane for the year 2004 
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Figure 6.6: Actual number of immunization across districts in Inhambane for 2004 
 

6.2. Customization of DHIS spatial GIS application to Mozambique context 

DHIS spatial GIS application works on the DHIS non spatial data. In 

Mozambique, the routine of using non spatial DHIS didn’t exist due to some of the 

problems just discussed. The efforts were made to customize and adapt the DHIS non 

spatial database to Mozambican context. It was unrealistic to train users with the DHIS 

spatial GIS component when the essential requirement was to train the user on non 

spatial components. Thus the customization of GIS application was done towards 

Department of Community Health, where the director of community health was very 

keen to use GIS application for analysis at the national level. 

 

6.2.1. Background on GIS in Mozambique 

  GIS projects are been introduced in different filed in the country. In the 

year 1998, a co-operation project, with an initial period of three years, was initiated 
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with the purpose of establish a GIS service center at CIDDI (Centro da Investigação e 

Documentação para Desenvolvimento Integral) in UCM (Universidade Católica de 

Moçambique) in Beira at Sofala province, Mozambique. The purpose of the project was 

to provide reliable and up-date geo-spatial information for planners and decision 

makers (T Blaschke, M Schultheis, P Zeil 2000). The center was called as Centro de 

Informação Geográfica (CIG). The other project initiated is “Capacity Building in Geo 

information for Sustainable Development” at CIG. This project is in its second phase 

on implementation. Based on project results achieved during a first phase (1998 – 

2003), the main goal of this current project is to strengthen the role of the GIS-Center 

(CIG-UCM) within the Universidade Católica de Moçambique. With the experience 

gained from the former projects CIDDI¬GIS and FLAME the Austrian Government, 

assigned GIS team (Z_GIS) to advise CIG-UCM in their capacity building process. One 

main activity is to undertake training (GIS and Remote Sensing) but also to consult the 

Centre in various GIS-related tasks. Affected by natural hazards (floods, severe tropical 

storms, bush fires, drought) risk and disaster management is one of the main research 

issues of the centre. Further research is undertaken in the health sector (Malaria, AIDS) 

and regional development planning. Z_GIS also supports CIG-UCM in their research 

interests through expert advice and by establishing networks with scientific partners 

(http://www.teledata.mz/gis.ucm/).  

 

6.2.2.  Introducing DHIS Spatial GIS application to Department of 

Community Health.  

After discussions and making informal presentation on the HISP India GIS 

application with Director of Community Health, a proposal of project for developing a 

national level spatial database for Department of Community Health was proposed 

(Appendix E). The project team consisted of three master students from University of 

Oslo and a staff from MISAU, who served as the Project Administrator. The Project 

was guided by one Professor from the Department of Informatics in University of Oslo 

and a GIS researcher from the some department. The specific aim of the project was 

divided into creating a non-spatial database and preparation of the spatial component. 

The creation of non spatial components included the following items 

109 



Chapter 6: Case Study Mozambique 
 

a. Routine data (SMI and PAV) from the Department of Information 

Systems, MISAU, and the BES data from the Department of 

Epidemiology. 

b. Semi permanent data relating to infrastructure of health facilities, and 

population. 

c. Data indicators that have been identified by the Department of 

Community Health. 

d. Data on health indicators and poverty from Demographic Health 

Survey of 1997 and 2003 as and when it becomes available 

electronically. 

The spatial component consisted of the following items.  

a. District level boundaries 

b. Location of various health facilities including district hospitals, 

province hospitals and health centers. 

c. Road maps. 

d. Population density across the districts. 

e. Physical features like rivers, lakes, and mountains. 

f. Any other map data that is available in digital form. 

 

The project objective was to support decision makers at the Department of 

Community Health and Epidemiologic Department by providing the following analysis, 

which could be used for decision making. 

1.Representation of various diseases by geographical areas 

2.Representation of various health indicators (for example, BCG coverage) 

by geographical areas. 

3.Comparison of health indicators over time and across geographical areas. 

4.Access to health facilities by combining the population data with location 

of health facilities. 

5.Comparison of health indicators as computed from the routine data 

obtained from MISAU with that published by the Demographic Health 

Survey. 
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6.Any other application that is identified to be important. 

 

6.2.2.1. Preparation of non spatial component 

Department of Community Health is a part of MISAU (Ministry of 

Health). They receive district wise health data developed using SIMP software from 

Department of Planning in MISAU. At the national level the lowest aggregation level is 

districts. Since SIMP did not have any database which could be linked to the GIS 

application for health data, DHIS database was used for the data storage. In the current 

version of DHIS, the number of organizational level is fixed to five and only at the 

lowest level (at fifth level) the data can be captured. The lowest level SIMP national 

had was the district. Thus two dummy levels were created as shown in the figure.  

 

Na tional Level DHIS Org Unit level 1 

Dummy Natioanl Level

Provincal Level

District Level

Dummy District Level

DHIS Org Unit level 2 

DHIS Org Unit level 3 

DHIS Org Unit level 4 

DHIS Org Unit level 5 

 

 

 

 

 

 
 

Figure 6.7: Arrangement of organizational levels in DHIS for Department of Community Health 
 

 After creating the organizational structure of the non spatial database, it 

was populated with the organizational names and the routine data elements collected 

from the SIMP. Population data was populated using the census. The information about 

organizational infrastructure/ resources was left blank due to lack of organized data. 

Since the SIMP software was protected by password and the GIS project team didn’t 

have access to it, the district wise data from year 2001 to 2003 were transferred to the 

DHIS database manually. The identified health indicators from the Department of 

Community Health were also populated along with their definitions. 
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6.2.2.2.Preparation of the  spatial component 

 Even though in Mozambique there were various GIS projects, obtaining 

digitalized maps was difficult. The National statistic Institute of Mozambique had two 

set of district level maps. One with scale of 1: 50,000 and other at 1:25,000. But each 

layer of the maps was expensive to buy. The other source of the map was at MISAU. 

These maps were from the year 1997 with the scale of 1:50,000 at district boundaries, 

rivers and roads. It also included the location of the health units and facilities.  

  

For more effective analysis, the maps were divided in to three sets, two at 

the national level and other at the provincial level (Figure 8). At the national level, one 

map consisted of provincial boundaries and the other contained district boundaries for 

the whole of Mozambique. At the provincial level, there were individual province maps 

with district boundaries. In all these maps, a common field was added, which contained 

the unique ID from the non spatial database. The common field was created to enable 

the linking between the spatial and non spatial databases. Cleaning the map was not 

necessary since the lowest level was district which could be easily identified.  

 

 
Figure 6.8: Different set of map used for analyzing the data at Department of Community Health 
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6.2.3. Customizing DHIS spatial GIS application 

The DHIS spatial GIS application which was developed in Oslo for 

India context, needed to be customized for the Mozambican environment. Since 

Portuguese was the official language, the software first needed to be translated. In 

DHIS software all the strings were located in HISPML database which made switching 

between languages automatic depending of the computer language setting. This multi 

language feature was missing in the DHIS spatial GIS application. Thus all the strings 

were manually translated to Portuguese. In the non spatial DHIS component all the 

routine data, semi permanent data and indicators definition (data elements) were in 

Portuguese. Some of these definitions were not recognized by the query feature 

provided in the spatial component. Thus the definitions were incorporated with square 

brackets (“[definitions]”).   

 

The GIS application was tested in Indian content, where the health facility 

(PHC and SC) boundaries were the lowest level of the maps. The data analysis and 

reporting were done using this level as the base. In Indian case, at the non spatial 

component, districts were the second level in the organizational hierarchy. Prior to 

Mozambique, the DHIS spatial component was developed and tested only at the district 

level. In Mozambique, districts are at the 4th level in the organizational hierarchy and 

the lowest level of the map used for the spatial component was the district. Importance 

was given to the district and provincial level analysis. While testing the spatial GIS 

application in Mozambique, the query feature provided in the application, couldn’t 

gather/aggregate the data for the district or province due to fixed level in the query.  

Thus the query feature was changed to accept all the organizational levels provided in 

the DHIS non spatial component. Thus, building the level of analysis to be the global 

component.    

 

The DHIS spatial GIS application was generalized by allowing users to select 

the non spatial DHIS database and the spatial component (maps) to link with. Since the 

GIS application was localized to Mozambican content and both the spatial and non 
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spatial component were fixed. The connection form, which links spatial and non spatial 

component, was changed where users are allowed to select the organizational level of 

analysis (Figure 9). 

  

 
Figure 6.9: Screen shot of customized DHIS spatial GIS application for Department of Community 

Health 
 

6.2.4. Outcome and Recommendations  

After completion of the customization of the DHIS spatial GIS application 

to the Department of Community Health, it satisfied all the pre defined objectives of 

supporting decision makers. Some of the additional functionality offered was the buffer 

analysis, which created two buffers of 5 and 10 kms round the health facility, which 

represented the catchments area of the health facilities. At the end of the project, a 

presentation was held at the Department of Community Health were staff from the 

Departments of Planning and Community Health. The HISP Mozambique coordinator 
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and the project team with one of professor from Department of Informatics University 

of Oslo were present. In the presentation, the different phases of the project, 

development of spatial and non spatial database was presented along with the key 

features of application development. The presentation was also included some 

examples demonstrating the potential of GIS application. The DCH director was very 

impressed by the application and the following recommendations were made for 

institutionalizing the GIS application at Department of Community Health.  

 Installing application at Department of Community Health 

 Training of identified staff in the software. 

 Providing documentation. 

 Installing the application in 3 provinces 

 Request establishing mechanisms for sustainability – budgets, 

infrastructure, staff, reports etc 

 Strengthening the data sources 

o Health facility data on required data items 

o  Habitation level population data 

o Infrastructure level data within facilities 

 

At the end of the presentation the suggestion of establishing linkage 

between Brazil was made. One of the team members along with a professor in 

Department of Informatics in University of Oslo visited Belo Horizonte, Brasil, to 

study the GIS system for nearly two weeks.  

 

6.3. International HISP developers workshop 

A two weeks international workshop of HISP developers was 

arranged in the city of Cape Town, South Africa, during the field work period in 

Mozambique (June 2004). Two masters and one pervious master student from 

Mozambique, one masters student each from Norway, and India and the project 

coordinator for DHIS development were part of this workshop. This workshop was 

headed by the system developer, designer and manager of HISP, who was the lead 

designer of DHIS non spatial database application development and an active 
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stakeholder in expanding HISP activities in and around South Africa. All the master 

students were enrolled in Department of Informatics for the course of international 

master program offered by University of Oslo.  

 

 This workshop was arranged to transfer and share the 

technological knowledge, which till date was concentrated mainly in South Africa, to 

other nodes of the HISP network. My motivation of attending the workshop was to gain 

global experiences and understand the constraint in internationalizing the DHIS spatial 

GIS application and its interlinking with non spatial database application apart from 

following tasks:  

 To take part in designing the DHIS non spatial database 

application version 1.4 data structure and sharing the potential 

knowledge of the different functionalities and processes. 

 To integrate the Mozambican paper form based provincial data 

entry screen desktop application with the existing DHIS database 

application version 1.3 

 To incorporating target in DHIS 1.3  

 To search for different option like XML data export and report 

generation, for building more effective standard reports and data 

transmission.  

 To minimize the problem of misinterpretation while translating of 

data elements from English to Portuguese. 

o Due to the lack of knowledge in medical concepts and 

terminologies in English, problems were faced in 

translating some data elements from English to Portuguese.  

 To enable functionality in DHIS to produce “Categorization of 

Health Unit” report which shows the discrepancies between 

current infrastructure status of health units and prescribed 

infrastructural status by Mozambican Ministry of Health for 

particular category of health units. For example if a health facility 
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is categorized as “Post de Saude I or II it should meet certain 

criteria.  

[See Appendix D] 

These tasks were distributed to amongst the participants depending upon 

their previous skill and experiences. I was involved in the integration of the form based 

data entry screen with exist DHIS database application version 1.3 along with taking 

part in designing of the data structure of DHIS 1.4. Two software programmers from 

“Soft Craft System” Software Company were also involved in the workshop and were 

responsible for the major development of DHIS version 1.4, also assisted in the 

integration of the data entry screen. Apart from other international participant, I stayed 

one more week along with the HISP designer and manager for gaining additional inputs 

on the spatial GIS application and to learn the process of integrating the DHIS non 

spatial database application.   

 

It was in this period, the importance of following a standard 

naming convention while declaring variable during programming, the effectiveness of 

comments and description of data elements was understood. It also helped me in my 

future programming and in the design of DHIS spatial GIS application version 2. Some 

of the feedback gained from the workshop were: 

 

i) Allowing the user to choose the common field between non spatial and 

spatial database with respect to both number and text data type.  

a. The linking of spatial and non spatial database in DHIS spatial 

GIS application version 1 was done through the common field 

between DHIS Row ID (with the data type of Double 

(number)) in the non spatial database, which specifies the 

unique organization unit and the number field which represent 

the same in spatial database. This made that the spatial 

database i.e the map database to have a filed which represents 

the value of DHIS row id column in the non spatial database. 
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The suggestions was to allow the user to choose the common 

field with respect to both the data type number and text. 

j) To incorporate multi language functionality so that it could be used in 

different countries contexts 

k) To incorporate print functionality of GIS map along with the export to 

Bitmap, Jpg and EMF file format.   

l) To improve the functionality of online help while using the spatial GIS 

application. 

 

During the workshop, all the participants took part in understanding the 

DHIS 1.4 non spatial database structure and contributed their knowledge in enhancing 

the functionality of the database application. Following are the advantages DHIS 1.4 

non spatial database application has compared to the older versions of non spatial DHIS 

application (like version 1.3).  

 

 Enables multi level data entry facility.  

o In the older versions of the DHIS database 

application, the data entry was possible only at 

organizational level five, implying that the data could be 

entered only at the lowest level of the health structure 

organized in the database. This has been changed to 

accommodate data entry at different levels of the health 

structure. 

 

 Enables multiple data entry periods. 

o In the older version, typically the routine data 

collection was done on a monthly basis as it didn’t have any 

other period for data collection. But in the newer version 

data entry can be weekly, yearly, two-yearly, daily, 

monthly, quarterly, six monthly  or adhoc period 
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 Enables different data sets. 

o In the newer version, data elements are categorized 

to belong to different data sets allowing the same data 

elements to be used in different data sets 

 

 Enables six levels of health organization structure. 

o The organizational level has been moved from 5 to 

6 levels to include most of the hierarchical structure existing 

in the health sector in different countries 

 

 

 Enables organizational units grouping. 

o In this version, the organization or health facilities 

can not only be grouped with respect to their type (sub 

center or primary health center or rural hospital etc) but also 

with respect to user’s interests. For example: to group all the 

hospitals near lake or mines etc.  

 

 Includes targets for different organizational units or health facilities. 

o Rules or targets can be set for particular health 

facility (organizational unit) or for particular health facility 

type (organizational type Ex: Primary, Secondary etc) or a 

group of health facilities. 

 

 Enables the user to choose the option to export the data to ASCII or XML 

format 

o The version also support to export the data in XML 

format, which is currently the standard format for data 

exchange 
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 In this version the backend database file size has been reduced by 40%, 

implying that more data could be stored and analyzed compared to older 

versions. 

 

 The data entry and other screens are more user friendly when compared to 

the older versions. 

 

6.4. The Potential of DHIS spatial GIS application 

The spatial analysis feature in the DHIS spatial GIS application is 

able to perform geographical analyses based on different spatially defined data. The 

spatial analysis of health information system data can be categorized as follows. 

 

 Comparative analysis of raw health data: The application has the 

capacity to display the routine raw data for selected range of time 

periods across different health facilities.   

 
Figure 6.10: Andhra Pradesh, number of live 
births for the year 2003 
 

Figure 6.11: Mozambique, number of BCG does
given for the year 2001 
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 Coverage of health indicators: the analyses of both the 

performance indicators and health indicators across health facilities 

over a period of time can be prepared in the application. 

 

 Health infrastructure information: Information on specific health 

infrastructure can be compared across different health facilities and 

even all the details of health infrastructure for a particular health 

facility can be obtained. 

 

 Comparative health data analysis using charts: the application has 

the facility to display different health data like live birth coverage, 

BCG coverage, DPT coverage etc, across health facilities, health 

district across different time period. 

Figure 6.13: National level distribution of 
maternal deaths for the year 2001 

Figure 6.12: Kuppam constituency, sub center 
wise ANC coverage for the year 2002 
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Figure 6.15:  Nampula Province, district wise 
comparison of institutional deliveries 

Fi
Figure 6.14: Andhra Pradesh, district wise 
comparison of raw data for the year 2003 
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 Location analysis: location and access to different health facilities 

can be displayed with zoom in feature to specify location.  

 

Figure 6.17: Gaza Province, Location and 
access analysis of health facilities 

gure 6.16: Chittoor District, Location and access 
analysis of PHCs 
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 Buffer analysis: This feature analyzes the coverage of health 

facilities with respect to population catchment area.  
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Figure 6.18: Gaza Province, Health facility 
coverage using 5 and 10 kms buffer Co
Figure 6.18: Kuppam Constituency, 
verage of PHC by using 5,10 and 15 kms 

buffers 
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marizing the implication learnt from the international HISP developer’s workshop 

s software internationalization is that, the development of various software product 

e shared across different countries where the software application are being used, 

voiding the development concentration in one place. Maintaining programming 

rds and documents plays a key role for the software development to be shared and 

tand across national boundaries. The internationalized software must be flexible to 

orporated in to different countries needs.  
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CHAPTER VII 

CASE ANALYSIS 

 

 

 

7.1. Analyzing Indian case 

The analysis of empirical work provided in the Indian case could be 

separated into three parts. Firstly, I analyze the existing installed base, its structure, the 

forms, systems, culture, and distinguish components with high and lower flexibility. 

Secondly, I analyze the cultivation process during the design and development of the 

non spatial DHIS component. Thirdly, I analyze the challenges encountered in 

developing the spatial component, focusing on how the development of the non-spatial 

component provided a basis for the development of the spatial component.  

  

7.1.1. Analyzing the installed base which prevailed in the Indian context 

The reporting structure in the Indian health sector, which has six 

levels of reporting, can be treated as a complex and heterogeneous installed base. As 

the states in India have primary control over health, education, police and local 

government, our analysis can be confined to the state, Andhra Pradesh (AP). The 

situation analysis carried out by the HISP research team in this state for over a period of 

18 months shows that the information flow in the health system of AP state is 

influenced by number of structural issues (refer to chapter 5). Even though the district 

receives routine monthly reports from most of its PHCs, the reports are most of the time 

incomplete and with poor data quality. Due to the fragmentation of routine reports into 

various program specific reports, there is a high degree of data redundancy at the 

district level and this increases the work load on the grass root or peripheral staffs.  The 

whole system of reporting is driven by a top down and centralized approach with 

limited feedback to support local levels. Data collection at the peripheral levels were 

carried out to satisfy the needs of existing reporting structure and less effort was placed 

on the use of data for local action. All the reports from the sub-center to PHC to district 
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were paper based and transferred manually. Only at the districts the reports were sent 

electronically to the state head quarters. Staff at the peripheral levels i.e. at sub-district 

levels were not exposed to computers or had very limited knowledge about the 

technology. The resources at peripheral levels like skilled staff, electricity, 

transportation, communication, building, water supply, computers etc were limited, 

which made the integration of new infrastructure a challenging endeavor.  

 

The existing installed base consists of elements which are flexible to 

change and elements which offer very less or no flexibility. For example it is 

impossible to change or even thinking of changing the fragmented reporting system 

which is driven by top down and centralized approach, the nature of electrical power 

supply at peripheral levels, etc. For example, to change the reporting system to bottom 

up and decentralized approach at district and sub district levels, includes not only 

changing the culture of requesting or demanding the reports at the state level but also 

changing or enhancing the capacity to analyze the reports at district and sub district 

levels with sufficient resources like skilled staff, enough power supply, communication 

etc. As all these elements are so tightly interconnected and linked to the existing 

installed base, changing these elements in the network is to bring about a complete 

change not only to the corresponding elements but also to the entire network. 

 

Some of the elements even though they are interconnected to the 

large network, still offer a degree of flexibility for change. For instance, the paper based 

manual reporting system from the PHCs to the district could be treated as an element 

that offers a little bit of flexibility when compared to entire reporting system. By 

enhancing the infrastructure of the PHCs by providing high-quality flexible computer 

systems with sufficient training both at the PHCs and district levels and through 

aligning the interest of the staff at PHCs, district and at provincial levels, the reporting 

system from the PHCs to the district could be automated.  
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7.1.2. HISP initiative in cultivating DHIS non-spatial component 

  As the routine reports were fragmented into various program 

specific reports, they needed to be streamlined to reduce the data redundancy. The 

HISP team members carried out several intensive exercises, where the different 

interests of various actors at different levels were aligned to streamline the different 

data sets. These iterative prototyping efforts and wider consultation eventually resulted 

in the creation of the Minimum Data Set (MDS), which consisted of 400 data elements, 

divided into two data sets, one dealing with the primary health center services and other 

with sub-center activities. Both these data sets were populated in the DHIS. 

  

DHIS was first introduced in the nine PHCs of Kuppam 

constituency, after being populated with data sets and organizational units. Due to the 

existing health sector structure in India and the resources at the sub district level, the 

focus of HISP was on the sub-district, rather than on the district level as was the case in 

the rest of the global HISP network. This broadened the challenges and complexity 

involved around HISP, as it requires more concentration of resources around training, 

aligning interests of not only people at district but also of sub districts and peripheral 

level and more concentrated plan of action. Data entries in these nine PHCs were 

carried out by grass root health workers (MPHA), who were responsible for the data 

capture. Training of these health staff and other higher authorities played an important 

role, as they were responsible for data capture, its analysis and use. The new 

infrastructure (computer hardware and software, DHIS) were integrated with existing 

infrastructure of PHCs (the buildings, power supply, the staff routines) by enhancing a 

part of the large installed base. As the new infrastructure (DHIS) underwent constant 

prototyping and modifications to meet the growing primary healthcare needs, it 

required a high degree of flexibility. DHIS acted as a new element that linked the 

existing installed base to create some extra value. One such extra value was the 

automation of the routine monthly reports. The existing installed base acted as an actor 

in the development process, where the health staff acted as a coordinator/mediator 

between the independent non-technological actors (paper forms, etc) with development 
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activities, and the health staffs even acted as users of the system. Considering the 

dynamic of whole network of the reporting system, the routine reports were designed 

identical as the paper forms, thereby only changing a small part of the larger reporting 

network, with respect to structure. 

 

The next step of improving the existing installed base was to bring a 

change in culture of using data not only for satisfying the reporting system but also use 

the data for local analysis and action. This step was supported by developing different 

kinds of analysis and monitoring reports, which were linked to DHIS database for 

helping health staff and authorities in analyzing their data.  Some of the analyses of the 

health data are presented below in order to illustrate how the DHIS could provide added 

value to its users: 

 

PHC wise Achievements and Target Chart
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Figure 7.1: Kuppam Constituency, Shanthipuram PHC achievements Vs target chart for “Number 

of sterilization2 done”.  

 

In the Figure 1, the two bars represent monthly and cumulative 

achievement of sterilization cases done in Shanthipuram PHC in Kuppam constituency. 

                                                 
2 Number of sterilization is the total of female sterilization and male sterilization. Sterilization is most 
commonly known as family planning. In Andhra Pradesh state, sterilization data element was one of the 
key health care indicators, which was used for grading districts health performance. 
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The yellow line represent cumulative target of sterilization cases to be achieved by 

Shanthipuram PHC. This chart guides the health authorities to enhance their 

performance with respect to sterilization cases and shows the gap between the target 

and achievement. Thus this chart helps the authorities to monitor their performance 

over different periods of time.  

 

 

Figure 7.2: Chittoor District, Sector3 wise immunization coverage from april 2002 to march 2003 

 
This is a comparative analysis of immunization coverage across 

different sectors in Chittoor district. The graph point outs that, there is comparatively a 

high gap (418 infant deaths), between “Total number of deliveries conducted” (10668) 

and “Number of live births (Total)” (10250) in Srikalahasti sector. It also shows that the 

immunization coverage is more than the live births above 100 percent. This clearly 

indicates that all the births were not recorded and that the reported data is incorrerct. 
                                                

 

 
3 In Chittoor district, 84 PHCs were divided in to six sectors for health administrative purpose. Each sector 
was administrated by an additional district medical and health officer (ADM&HO), who reported directly 
to district medical and health officer (DM&HO), who is responsible for the entire district health care. This 
division was done through (SWAP) sector wide area program, where each program specific health 
authority were in charge of  particular area, who were now responsible for entire health care service in that 
particular area.  Move this footnote to the research setting chapter. We don’t want 
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7.1.3. Analysis of the development of the DHIS spatial GIS component 

Most of the data contained in health information systems are spatial, 

like the data collected at the PHCs relate to its area of coverage, which is located 

spatially, Thus the analysis of the data with respect to its respective areas is also an 

important component, which can be satisfied by using GIS system. It is believed that 

once the health data is computerized it can be easily fed into the GIS. But developing a 

good GIS application takes time and involves dealing with different constraints. In the 

present section, we analyze the constraints involved in developing the DHIS spatial GIS 

application in India. 

   

The development of the DHIS spatial GIS application was carried 

out after computerizing the health data using the DHIS non spatial application. One of 

the main constraints involved in developing the DHIS spatial GIS application was the 

process of obtaining, preparing and cleaning maps. The culture of sharing maps didn’t 

exist between individual organizations, thus efforts on actual development were 

restricted. In India, maps were classified documents for the reason of national security. 

Publishing of any maps must undergo a process of clearance from the Survey of India. 

Posing sever constraints to the development process. As illustrated in literature review, 

one of the characteristics of an II is that it should be open, shared and enabling. 

According to this definition, the spatial data or maps, in the present case, cannot be 

treated as infrastructure, as it is a closed entity bound by organizational or 

governmental rules and regulations. But in the present research efforts are made to 

make the spatial maps a part of the infrastructure, with varying degree of success.   

 

Preparation of achieved digitalized maps from the source for the 

DHIS spatial application involved different stages with different focus at each stage. 

The initial focus was at sub center boundaries, which then move to location of PHCs 

with mandal boundaries and later the focus was at PHC boundaries covering entire state 

of AP. One of the important aspects involved in preparation of maps was to establish a 

gateway that communicated between spatial maps and DHIS non spatial database. This 
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was achieved by creating a common organizational field. Map cleaning and conversion 

to common file format also played a vital and necessary role in preparation of map 

abstract. This demonstrates that the development of spatial component was through 

small incremental process where the existing digitalized maps were enchased or 

improved through different small stages and this enhanced spatial maps then were 

linked to the existing non spatial component through building gateways.  

 

The initial prototyping of the GIS application, which was carried out 

in Oslo University, was to develop a spatial component which could be integrated with 

the non spatial component and with existing infrastructure. Depending upon the 

available infrastructures prevailing in AP state, DHIS spatial GIS application was 

developed as a desktop application using Microsoft platform which minimized the 

effort in integration with DHIS non spatial component which was also in the same 

platform. ESRI’s Map object 2.2 was used as mapping software, as it supported to be 

used as a component in Microsoft Visual Basic and also for the reason of its low cost 

compared with other ESRI products. The data model of GIS application was designed 

to incorporate the ability of processing and analyzing different kinds of data offered in 

the DHIS non spatial component like routine data, indicator, semi-permanent data and 

organization profile analysis. The design of GIS application was developed to act as a 

plug in with respect to DHIS non spatial application. In the sense that the spatial 

component could be added or detached to the non spatial component at any moment of 

time, as the GIS application is build out side the DHIS user interface and use DHIS non 

spatial component only for its health data for spatial analysis.  

  

The different stage of prototyping cycle so far involved in 

developing the DHIS spatial GIS application was to improve the flexibility of the 

application and to also enhance the analysis capacity by incorporating suggestion 

provided by different actors. The initial stage of prototyping of the GIS application 

gave the flexibility to analyze different kinds of data, and in the later stages of 

prototyping flexibility was offered with respect to the usage of the application. For 

example: the automatic adjustment of the user screen resolution which allowed the GIS 
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application to be used in different computer systems with out changing the screen 

resolution of the system.  

 

As the basic GIS maps were created during the process of 

developing the spatial component and the knowledge on building GIS application was 

also enhanced, this knowledge and spatial maps were used to build a GIS application 

for APSACS. Through this, efforts were made to build a culture of sharing and 

enabling spatial maps and contributing for building spatial maps as spatial 

infrastructure. Inter-departments sharing of data in the Indian health context is 

relatively non-existent. 

 

The cultivation approach emphases that design should be in small 

and incremental steps with the focus on a particular part of a larger installed base. The 

designers act as cultivators in designing the infrastructure. During the development of 

spatial GIS application for APSACS, the focus was confined to develop a spatial 

system for Chittoor district which allocates the blood banks to nearest hospital. The 

Director of Blood Safety in APSACS, helped in cultivating the entire developmental 

process by providing the requirements and also verifying various prototype of the 

spatial GIS application (refer to Chapter 5 p.81).  The entire developmental process was 

in small and incremental steps with the focus on one of 23 districts with plans to slowly 

scale up the system. Thus this developmental process could be described as a process of 

cultivation. The development of GIS application for APSACS was a part of larger 

strategy for getting support of HISP India in AP state. 

 

To summarize: the cultivation process in developing both the non-

spatial and spatial DHIS component in India started with the effort of understanding the 

existing installed base and aligning different actor interests at various levels to develop 

MDS, which led to a strong foundation to incorporate and integrate various health 

programs. Adaptation of the DHIS to the Indian context by integrating it with the 

existing installed base and cultivating the development of non spatial component 

(various reports, etc), where the actors (health staff and authorities) acted as mediators 
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to the cultivation process. Integrating the spatial GIS application (which was designed 

based on the existing infrastructure) with the DHIS non spatial component, and slowly 

enhancing the functionality was a gradual and incremental process. However, a key 

limitation of this cultivation process has been the relative inability as of now to 

institutionalize the application into the everyday working of the health department.  

  

7.2. Analyzing the Mozambican case 

This section presents the analysis of empirical findings from the 

Mozambican case study. The first sub section analyzes the exiting installed base and its 

high and less flexible components, followed by analysis of cultivation process in 

developing the DHIS non spatial component. The last sub section presents the analysis 

of the customization process of the DHIS spatial GIS application.  

 

7.2.1. Analyzing the existing install base 

Mozambican health information system is a top down & centralized 

system where the health structure is arranged typically in a pyramid manner with four 

levels of reporting structure. The data is captured at health facilities and health posts 

and aggregated at the district level and then transmitted to the national level via the 

province. The main focus of the information system was towards the vertical health 

programs at the central level and the data was collected according these programs. The 

data required for local analysis and use is rarely collected. The resources, like 

computers, skilled staffs etc, at the district offices are poor when compared to the 

provincial offices which are equipped with computers. Delays are usually in 

transmitting reports due to the poor public transport and communication networks 

across districts and provinces. Around 80% of health sector budget is comprised of 

external support and most of them focused on the national level HIS (Namphosa and 

Sahay 2005). One such computer based system is SIS prog, which was introduced in 

the provincial capitals in the year 1992 and is still technically running even though the 

system is outdated and rigid. The reports from health facilities to district to province are 

paper based, and at the provincial level these reports are entered into the computer 
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based system and then transmitted to national level by means of floppy or sometimes 

on paper. 

 

As illustrated in first section of the chapter, an installed base 

possesses components with high and low inflexibility. In the present case 

(Mozambique), the top down and centralized HIS, limited public transport and 

resources at the peripheral level could be treated as highly inflexible components, so 

also components like the SIS prog which is rigid because of no source code or 

knowledge to modify it. While the SIS.D provides a more flexible alternative, it is 

difficult to introduce because of the rigid installed base. In the table below, I summarize 

aspects of the installed base in terms of its degree of flexibility.    

 

Highly inflexible components Less inflexible but complex components 

Top down & centralized HIS Empowering peripheral health staff in 

data collection and information use 

Highly influenced donor 

initiatives towards national HIS 

leading to fragmented, vertical 

health programs  

Improving the resources and skills of 

health staff at provincial level 

Fixed reporting formats based on 

manual forms 

Replacing SIS Prog computer based 

system to more flexible computer base 

system (like DHIS) 

Poor district and provincial level 

public transport  

Improving reporting system at provincial 

level 

High work load of field staff High level of funding provider potential 

for change 

Strong legacy system use SIS 

Prog 

 

 
Table7. 2: Showing high and less inflexible components of Mozambican installed base 
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7.2.2. Analyzing the process of cultivating the DHIS non spatial component  

The HISP initiative commenced in the year 1999 with the adaptation 

of SIS D software into Mozambican HIS. The customization process of SIS D began 

with its translation from English to Portuguese. The translation of the software played a 

significant and complex role in Mozambique context, as Portuguese was the official 

language and most of the health staff had limited or poor knowledge of English. It was 

an iterative complex process due to the absence of multi-language functionality in the 

initial version of DHIS. The existing installed base prevailed in Mozambique supported 

the use of DHIS (SIS D) only at the provincial level and some of the districts, 

especially those situated close to the capital city Maputo, since they are equipped with 

computers. At these districts, some of the health staff were trained to use SIS D for 

entering their health data. Due to the insufficient technical knowledge and resources 

earmarked for DHIS implementation, the enhancement of the exiting installed base 

(health staff, infrastructure) was only limited to doing data entering in SIS D, even 

though the system (SIS D) was flexible to develop routine and analysis reports. Since 

the system was not used for report generation, the health staff did not see much value 

for the system as it represented double work.  

 

The installed base at the provincial offices (DPS) contained multiple 

and interconnected legacy system. For example: the data entered in SIS Prog, an MS 

DOS out dated, rigid computer based system with paper form based data entry screen, 

is used by SIMP, reporting software, which also uses the data from BES (Figure 7.3).  

The new infrastructure, SIS D, was decided to be used as a replacement of the old 

legacy computer system, Sys Prog, by MISAU. It was decided that all the data entry 

will be done in SIS D, as it was flexible and easy to add different health programs data 

elements. But this was initially resisted as SIS.D did not replicate the data entry forms 

of SIS Prog which the health staff were used to.  
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Figure 7.3: Interconnection between computers based system at provincial level 
 

The process of replacement of Sys Prog to SIS D had three stages. In 

the first stage, a link or a gateway was established between SIS D and SIMP which 

enabled SIMP to take data from SIS D for its reporting. The second stage consisted of 

developing a form based data entry screen for SIS D, as the health staffs at provincial 

levels were used it, which represented an alternate gateway between the health staff and 

SIS D data entry.  At the third stage, some of the routine and analysis reports from SIS 

D were developed at the provincial level, with further potential to link with GIS. 

 

Hansenth (2002b) emphasizes that when larger networks are already 

in place, linking them through gateways may be easier and cheaper than moving to one 

shared protocol although the functionality will be well covered by one such universal 

standard. In the present case, two larger existing systems (SIMP and SIS.D) were 

linked together through a gateway. Which was easier and simpler, than incorporating 

all the needed functionality of SIMP in to SIS.D, even though SIS.D had the capability 

of produce the needed functionality. 

 

 This process of replacing SIS Prog to SIS.D could be treated as a 

cultivation process, as the efforts were to replace a small part (SIS Prog) of a larger 
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reporting system and maintaining the dynamics of the whole system though building 

gateways.  

 

7.2.3. Analyzing the customization process of DHIS spatial GIS application 

 The non spatial component in Mozambican national HIS didn’t exist 

in an effective manner for it to be integrated with spatial GIS application. In the sense 

that the routine data in SIS D was incomplete and the process of establishing the SIS D 

non spatial infrastructure was still ongoing. Hence the spatial GIS application 

customization to Mozambican context was done for the Department of Community 

Health, rather than the Department of Planning which was responsible for the routine 

data. 

 

The spatial GIS application is configured to the DHIS non spatial 

database structure, making the spatial GIS application locked to the DHIS data for its 

operation, as DHIS is locked towards Microsoft OS.  Thus the district wise data 

collected from the Department of Planning, MISAU, using SIMP, was entered in the 

non spatial DHIS database in the Department of Community Health.  The culture of 

sharing map is poor Mozambique, even though various GIS projects were in operation.  

Thus, the digitalized maps from the year 1997 with the scale of 1:50000 were used. 

Since the lowest boundaries in the spatial maps were district boundaries, the maps were 

linked to the non spatial component by creating a common field in the spatial map.  

 

The customization process of DHIS spatial GIS application, which 

was developed for Indian infrastructure, started with it’s translation to Portuguese. Due 

to the use of Portuguese data element in the non spatial database and variation in data 

analysis level, the spatial GIS application had to be modified to meet the requirements 

of Department of Community Health. As both the spatial and non spatial components 

were fixed, in the sense that the DHIS non spatial database and the spatial maps were 

same all the time, the spatial GIS application  was localized to Department of 

Community Health by changing the login screen which created the linking between 

spatial and non spatial databases.  
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 The entire process of customization of DHIS spatial GIS 

application suggests that the new infrastructure must posses a high degree of flexibility 

to be used or integrated with different installed base. As the spatial GIS application was 

locked to DHIS data, the data from SIMP (Department of Planning) needed to be 

transferred to DHIS. But the flexibility (to use various spatial maps, various DHIS 

database for its analysis, dynamic user query analysis features, etc) offered in the 

spatial GIS application helped in customizing the application to Mozambican context. 

As the Director of Department of Community Health was keenly promoting the spatial 

GIS system, the installation of the DHIS spatial GIS application in the DCH may 

enable a further process of cultivation of spatial analysis of health data. The 

recommendation made to the DCH were towards, the training of identified staff in the 

department, scaling the application to three provinces, establishing mechanisms for 

sustainability through budgets, infrastructures, staff, reports etc and strengthening the 

data sources. These recommendations were focused on the improvisation of the existing 

installed base with small and incremental scaling of the application and establishing 

mechanisms for sustaining the entire cultivation process. As Suchman (1987) argues 

the cultivation approach emphasizes the improvisational process of change and the 

potential of what people do in situated action. The process of customizing and installing 

the spatial GIS application to the department could be treated as planting the seed of 

spatial analysis, and it depends on the department to further cultivate the process.  

 

7.3.Comparative Analyses of the India and Mozambique cases 

For the effective integration of new infrastructure in to the existing 

installed base it is important and essential to understand the installed base.. If we 

consider the Indian and Mozambican health information infrastructure as two different 

installed bases, they have both similarities and dissimilarities. While the HIS in both the 

cases were ‘Top-Down and centralized’, the reporting level were different, India has six 

and Mozambique four. An Indian district has more number of clinics and population 

when compared with a whole Mozambican province. For example, in Chittoor district 

84 primary health centers caters to 3.75 million people while in Gaza province has 80 

health facilities for 1.3 million population. All the primary health centers in Andhra 
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Pradesh state are equipped with computers and the administration in the centers is 

managed by medical doctors where as in the Mozambique most of the health facilities 

are run by nurses and only provincial offices have computers. The availability of 

resources (public transport, computer infrastructure, health staff, etc) in an Indian 

district are better when compared with that of Mozambican district. The transmission of 

the reports in both the contexts suffers from delays but in Mozambique they are much 

longer. Most of the delays in Mozambique are due to poor public transport facilities. 

Obtaining digitalized map were problematic in both the cases, as the culture of sharing 

of map for development was poor. While village boundaries with the lowest size of the 

map with the scale of 1:25,000 was acquired in India, Mozambican spatial 

infrastructure comprised of district boundaries as the lowest boundaries with the scale 

of 1:50,000.  
 

Similarities in Indian and Mozambican Health structure 

1) Top down & centralized health information system. Controlled by the Ministry 

of Health and Commissioner of Family Welfare in Mozambique and India 

respectively 

2) Health staff had limited knowledge in using computers 

3) Grass root health workers were over burdened with data reporting and 

simultaneously offering health services.  

4) Communication gap existed between health facilities and districts. 

5) Lack of map culture, institutional mechanisms and standards to enable sharing of 

the maps didn’t exist.  
 

Table7.2: List of similarities in both the Installed base (India and Mozambique) 

 

Dissimilarities in Indian and Mozambican Health structure 

India Mozambique 

The health structure consists of five 

levels of reporting. 

The health structure consists of four 

levels of reporting. 

All the health facilities (PHCs) were All the provincial offices (DPS) were 
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equipped with computer. equipped with computers and few 

district offices had computers.   

Initially no computer based health 

systems were found at sub disticts level 

Overloaded with computer based health 

systems.  

Local language had no effect on DHIS 

implementation 

DHIS software had to be translated to 

Local language as it was official 

language. 
 

Table7.3: List of dissimilarities in both the Installed base (India and Mozambique) 

 

The similarities and dissimilarities of both the installed bases are 

summarized in Table 1. The development of new infrastructure always wrestles with 

the inertia of the installed base. The existing installed base limits the extent of change 

that it can accept, and if the change is larger, the risk of failure of the new infrastructure 

is higher. The new infrastructure, which works perfectly in one context, may not be 

acceptable in other context. Thus understanding the context plays an important role in 

integrating of new infrastructure.  

 

 

7.4. A Combination approach towards the development of internationalized 

software 

The aim of developing DHIS spatial GIS application was to create 

internationalized software, which can be used to enhance the analysis capacity of DHIS 

non spatial application. To minimize the complexity around “resources intensiveness” 

from one approach and to avoid the risk of “reinventing the customization wheel” from 

other in developing internationalized software, DHIS spatial GIS application adapted 

the combination of these two approaches of software internationalization. At the time of 

initial development of spatial application, one of the objectives was to make it flexible, 

so that it could be used in different countries. But it was subsequently attempted for 

customization to different national situations. The process of making software 

internationalized is to understand the independent components that need to be 
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globalized and the dependent component that requires customization. Like in the DHIS 

non spatial application, the database structure, standard reports, user screens are 

independent components and the data, data elements, arrangement of organizational 

hierarchy etc could be treated as dependent component that needs to be customized for 

the local situation. And in the DHIS spatial GIS application the common functionality 

of map, query features were independent components. The login screen, the connection 

between spatial and non-spatial database, creation of maps are dependent components 

that requires local customization. The independent or global component can be 

enhanced by adding new functionality as the software is customized to different 

locations. This process reduces the significance of potential knowledge and resources at 

the time of initial design.   

 

Context dependent components Context independent components 

Login screen of the spatial GIS application The database structure or data model of 

the GIS application 

Non-spatial database common functionalities of maps Like 

zoom in and out, pan, full extent, 

identity feature etc. 

Connection between spatial and non spatial 

database. 

Query features  

Creation of spatial maps  
 

Table7.4: List of context dependent and independent components of DHIS spatial GIS application 

 

7.5. Social construction of the software customization (DHIS spatial and non 

spatial)  

The customization processes of the same DHIS non spatial 

components within the same application domain (primary healthcare) in two different 

nations (India and Mozambique) for achieving local needs had significant differences 

and outcomes. The customization or adaptation process of DHIS non spatial component 

began with the understanding of the paper based system and rationalization of the 
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existing data set (creation of minimum data sets, MDS) in India, where as in 

Mozambique, the customization process started with the non spatial component i.e. the 

DHIS software itself. This had significant difference in the data collection as the entire 

approach in Mozambique was towards replicating the existing formats and structures, 

while in India there was inbuilt a greater potential for change. 

 

 In the Indian case, the order of data elements in routine monthly 

data entry screen of DHIS non spatial application was arranged according to the paper 

form in order to help the health staff to do their data entry easily by following the 

same sequence of the data elements. But in Mozambique, a similar situation was 

repeated and needed to be replaced with a form based data entry screen. Initially, 

since there didn’t exist any computer based information system at the sub-district 

level where the DHIS non spatial application was introduced (Kuppam constituency), 

the resistance to the computer system was lesser as compared to the Mozambican 

case where systems such as SIS Prog which is running since 1994.  In Mozambique, 

thus the DHIS non spatial application had to struggle with other existing legacy 

systems. As a result, there were a number of gateways required for integrating the 

DHIS non spatial application with the existing systems. One such gateway, as 

mentioned above, was the creation of SIS.D and SIMP integration. Local language 

didn’t have any effect towards the customization process in India and the translation 

was a value added feature (Nampohsa and Sahay 2005), where as in Mozambique, the 

DHIS non spatial software had to translated into Portuguese for its operation.  

 

The first prototype of DHIS spatial GIS application was developed 

based on the Indian context, and the later prototype involved customizing it to 

Mozambique context. As explained earlier, the spatial application was customized for 

the Department of Community Health instead of the Department of planning who is 

responsible for the data collection in Mozambique. The primary focus of the DHIS 

spatial GIS application was also to translate it into Portuguese. Since the GIS 

application was flexible, it didn’t require major customization but since the level of 

the analysis changed from health facilities to districts and provinces, the software had 
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to be customized for their different level of analysis. Further customization of the 

spatial application in India was done in an improvisational manner linked to the 

scaling challenges. 

  

Any internationalized computer based information system, even 

though it inherits high flexibility and simplicity cannot be just replicated to the same 

application domain (primary healthcare in the present case) as the context differ from 

significantly. Software customization not only involves technical modification of the 

software but also depends on local knowledge, people, practices, tools, etc that are 

linked in a heterogeneous network that is historically and institutionally embedded. 

 

7.6. A Cultivation oriented approach in reducing gaps of design and reality.  

 

Chapter 2 discusses three kinds of gaps identified for information 

system to succeed or fail. This section argues that a cultivation approach can help in 

reducing these gaps.  

 

⇒ Country context gaps: Even though the development of design of DHIS 

spatial GIS application was physically distant from the both the countries 

(India and Mozambique), the design of the system was fundamentally based 

on the experience obtained from the perspective of a developing country’s 

context. The system was cultivated by local stakeholders in the local 

context, which helped to reduce the gaps typically experienced in North-

South transfer context. 

   

⇒ Hard and soft gaps: Requirements of the spatial GIS application was 

based on the experiences and suggestion gained from the field. The design 

was made flexible to incorporate different valuable user requirements. The 

focus of system was not only to provide the users with the capacity to 

analyze the HIS, spatially, but also to enhance the existing HIS to use the 

spatial analytical tool.  As in the case of Mozambique, the spatial analysis 



Chapter 7: Empirical Analysis 
 

143 

was not the primary focus. The struggle was to first establish a non spatial 

data in an effective manner which could be then linked with spatial 

analytical tools. Thus, the DHIS spatial GIS application was customized for 

the Department of Community Health. The specification of requirements for 

the spatial GIS application was given by the Director of Department of 

Community Health, who acted as the logical designer. Thus based on 

organization needs and perspective. 

 

⇒ Public and private sector gaps:  Typically there are gaps because systems 

are created by the private sector for use in the public sector. In the case of 

both India and Mozambique, the application were built primarily by 

University researchers in close collaboration with the ministries of health. 

This collaborative network this helped to reduce the tradition public and 

private sector gaps. 
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CHAPTER VIII 

DISCUSSION AND CONCLUSION 

 
This chapter examines how the research questions presented in the 

thesis were addressed, and discusses limitations and possible future research 

directions. 

  

8.1. Exploring the research problems 

The main research problems addressed are as follows: 

“To investigate an approach to design and develop an 

internationalized spatial GIS application for the primary healthcare sector based on 

primary research in India and customization process carried out in Mozambique.” 

 

As illustrated in Chapter one, the above research problem was 

decomposed to three sub problems, which are now discussed with respect to the 

empirical findings and theoretical concepts presented in the thesis.  

 

 “To understand the major factors involved in design and development a spatial 

GIS application for the primary healthcare sector.” 

In a large interconnected installed base, introducing a new 

infrastructure is a complex process as it has to be designed in such a way that it is 

builds upon the existing infrastructure. The primary healthcare sector represents such a 

complex interconnected installed base where the reporting system is a part of a larger 

infrastructure. HISP team members in India, and also in other developing countries, are 

in the process of strengthening primary (public) HIS along with the local health 

authorities by introducing the DHIS application to enable data collection, validation 

and data analysis for local use. This application, however, is to support non-spatial data. 

The current thesis has tried to build upon this by linking it with GIS. 
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GISs consists of two varieties of data: geographical or spatial; and, 

attribute or non spatial data.  The quality of the existing non spatial data directly 

determines the potential use of the spatial GIS application. For instance, if there is no 

routine health data then the spatial GIS application serves limited purposes such as like 

an “Atlas” not linked to the monthly health services data. If the quality of the routine 

health data is very poor then the GIS representations will also be faulty, and lead to 

wrong decisions. Thus establishing an effective non spatial component including the 

routine health data is an essential and first step in the development of a GIS to support 

public health.   

 

For designing or introducing new infrastructure and supporting its 

effective use, it has to fit in with the existing installed base. Thus understanding the 

installed base behavior, and the cultural, political and contextual aspects that influence 

it, is as important as analyzing the technological characteristics. The importance of 

considering context in designing an information system has also emphasized by Heek 

(2002).  In India, the situation analysis helped to understand the structural flow of 

health data, the reporting systems, and associated procedures before introducing the 

DHIS non spatial database application. DHIS, which was initially developed for the 

South African primary healthcare context, had to undergo various customization 

processes before it could be adapted for use in the Indian context.  The GIS application 

was then designed after considering choices of the platform (desktop or web based), 

language (Microsoft or Java based), cost (like Arc object, Map object 2, etc) based on 

the local considerations. A desktop Microsoft based spatial GIS application was 

designed using the Map object 2 as it was found to be most useful based on the criteria 

of the cost of the mapping software and technological infrastructure.  

  

Another factor involved in designing the spatial GIS application 

relate to the complexities involved in obtaining, preparing and cleaning maps. In most 

developing countries, obtaining maps is a complex process, for example in India, maps 

are classified documents bound by rules and regulations of the central government, 

especially limited by defence and security considerations (Sahay and Walsham 1996). 
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The poor culture of sharing maps make the process further more difficult (Draftaylor 

2000). As a result, individual organization are forced to create their own spatial maps, 

which leads to a process of reinventing the wheel at higher cost, poor quality and 

creates redundancies and inconsistencies. Significant resources (time, money, skilled 

staff, equipments etc) are wasted in building the spatial map rather than it being spent 

on the actual development of the GIS.  Most often, maps are outdated and require 

significant efforts in their cleaning and updation (Sauerborn and Karam 2000). 

Developing mechanisms of sharing good quality and standardized maps is thus crucial 

to effective development and institutionalization of a GIS.  

 

Building capacity or skills in designing a spatial GIS application is 

another important factor, especially in making it simple and flexible enough to meet the 

growing organizational needs. The design of the system needs to be kept simple, since 

more the complex and interconnected design, it is harder to change it and more 

complex for the user to understand. Thus flexibility and simplicity are identified as 

important considerations in designing the GIS application.  

 

Lastly, understanding the user requirements for GIS application is 

an important factor in designing the GIS application. Heeks (2002) has emphasized the  

importance of understanding the user’s requirements and expectations from the system, 

else it leads to gaps between design and reality.  In the present research, requirements 

were based on the personal experiences and extensive engagement with the field level 

problems over an extended period of time. 

 

To summarize: The major factors influencing the design and 

development of the spatial GIS application identified through the present research, are 

listed below: 

 The existence or creation of good quality of non spatial data, 

 Preparing and cleaning of maps, 

 Cost of mapping software and technological infrastructure prevailing in the 

design context, 
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 Building personal capacities and skills in designing GIS application, 

 Simple and flexible design of GIS application, and, 

 Understanding the user requirements for the GIS application. 

  

 “To understand the challenges involved in customizing the  GIS application for 

a different context” 

The constraints or challenges involved in transferring or customizing 

the GIS application for a different context could be summarized as under:  

 

 Non availability of non spatial data to enable integration with the GIS. 

The GIS application was built on an existing spatial DHIS 

database structure. In the context of the Mozambican national HIS, due to the 

existence of multiple computer-based information systems and lack of skilled 

personal capacity and resources, the primary healthcare data in the non spatial 

DHIS application was largely of poor quality and incomplete. Thus the 

customization process of DHIS GIS application was carried though the 

Department of Community Health, where the non spatial DHIS database was 

created from scratch based on the data collected from Department of Planning. 

Thus the existence or creation of non spatial data in the same format or database 

structure was identified to be essential for transferring or customizing the GIS 

application in a context that was different from where it was initially designed or 

developed.  

 

 Translation of the GIS application  

Since Portuguese is the official language in Mozambique, the GIS 

application had to first undergo translation from English to Portuguese. This 

process was done manually, in the sense that the strings or texts in the user 

screens were manually translated, due to the GIS application not having the multi 

language functionality. Since all the data elements in the non spatial database 

were in Portuguese, few problems were incurred while performing the query 

feature offered in the GIS application, which was later solved completely. Thus, 
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the issue of language plays an important role while transferring or customizing an 

application form one context to other.  

 

 Scaling of the level of analysis from the sub district to the national level 

National level spatial analysis was required in the context of 

Mozambican Department of Community Health. But the spatial analysis feature 

in the GIS application developed was tested for the level of district and sub 

district Thus, one of the constraints involved during the customization process 

was to lift up the analysis level from sub district to the national. This was 

achieved by globalizing the level of analysis in the query feature, so that it could 

be used for analysis at different levels of the organizational hierarchy. Thus 

having an application relevant for different scales of analysis is crucial as it 

provides flexibility in use and makes it open to a larger user community.  

 

Apart from the above constraint in customizing the GIS application, 

users at the Department of Community Health and Mozambican HISP team members 

wanted even the login screen to be customized or localized for the Mozambican 

context. Like the selecting feature on the login screen, the user selection of the maps 

and database was also automated. Since both the maps and database were already 

known and treated as a semi permanent variable, it was automated so that the user can 

choose the level of analysis directly.  Thus providing flexibility in dealing with user 

requirements is also crucial.  

 

 “Identifying the factors involved in internationalizing the  GIS application for 

DHIS” 

The above problem could be elaborated by stating it as identifying 

the components of the application that are context independent and those that are not. 

Through this process of identification, achieving what is called the “pragmatic 

balance”, in the process of internationalization was attempted to be developed, 

implying we don’t reinvent the wheel but still remain sensitive to the local context and 

provide for the necessary flexibility. 
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 Identifying the factors contributing to global or context independent 

components of DHIS GIS application. 

As explained above, the level of spatial analysis could be treated as a 

global or context independent component at different levels of analysis. By providing 

various levels of analysis in a primary healthcare structure, allowed the users to choose 

the level which they need to analyze. When compared to Indian case, where initially the 

spatial analysis was bound to the sub district and district levels, the application was 

scaled up to the national level during the customization process in Mozambique. Later, 

this modification also helped in the Indian case to scale up the analysis level to the 

whole state of Andhra Pradesh.  

 

During the process of customization in Mozambique and further 

development in India, the functionality like Map features, Query features, and other 

major functionalities remained the same and remained unaffected by the contextual 

differences. Thus the main functionalities of spatial analysis remained same with 

respect to the different contexts, and of course there may be additional requirements of 

spatial functionality that can be incorporated in the future, which could also be used in 

other contexts. For example, during the customization process in Mozambique, an 

additional spatial functionality was added, which enabled the grading of health 

performance of districts or provinces with respect to population coverage by the health 

facilities. This functionality could also be used in other contexts with required 

modifications. Thus such spatial functionalities could be treated largely as global or 

context independent components.   

 

Enabling the DHIS GIS application with multi language 

functionality helped its usage and adaptation in different countries which use language 

different from English. Thus multi language functionality is an essential component for 

a software or application to be used internationally. 
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During the whole process of development and customization, the 

design or the structure of the software remained primarily the same due to the design of 

the GIS application being flexible enough to meet the different organizational 

requirements. Thus a flexible design and structure is essential for an application to be 

used internationally, and could be treated as a global component in terms of a design 

principle.  

 

To summarize: Global or context independent components of DHIS 

spatial GIS application are: 

 Levels of spatial analysis, 

 Spatial functionalities, 

 Design or structure of the application, 

 Multi language functionality, and, 

 Flexible design principles. 

 

 Identifying the localized or context dependent components of the DHIS 

GIS application. 

Creating and developing the non spatial components and database 

could be conceptualized as being context dependent or localized components of the GIS 

application. An important feature of the GIS application is the ability to analyze local 

health data spatially. Building of non spatial health data or establishing the routines for 

the non spatial health data collection and validation is a complex task, and extremely 

context dependent, which has been emphasized through the empirical cases   

 

Obtaining, preparing, cleaning and conversion of the digitalized 

maps depends largely on the political, social, cultural and technological context. While 

the constraints in obtaining digitalized map in India and Mozambique are significant, 

the reasons are partly different because of the varying institutional arrangements. In 

India, maps are considered as a classified documents and obtaining these maps becomes 

highly difficult as they are bound by organizational rules and regulations.  Where as in 

Mozambique, the purchase of maps is very expensive. Preparing and cleaning these 
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outdated maps is a complex process and requires skilled persons, money, equipment 

and other resources. Thus the process of obtaining, preparing and cleaning of  

digitalized maps are dependent on localized components relating to policy, 

infrastructure and man power. 

 

In addition, to some extent, the user screen could also be treated as a 

localized component. As illustrated in the empirical case where the login screen was 

localized to Department of Community Health, since both the spatial and non spatial 

database were treated as a semi permanent. But this localization depended on the local 

capacity to customize the user screen. The GIS application must be flexible to offer the 

local developer the possibility to customize the use screens for their local use.  

 

During the international HISP developer workshop, the HISP 

designer and manager suggested to enable a functionality in the login screen of DHIS 

GIS application, which allowed users to choose the connection between the map 

database and non spatial DHIS database with or with out linking to the column (field) 

and data type (number or text or long integer). This suggestion was to make the 

standard user login screen of DHIS GIS application more flexible for the user.  

Thus a standard, flexible use interface login screen is a factor which 

could be considered as both a global and localized component. This depends on the GIS 

application to have a standard user screen but also allowing local customization when 

required.  

To summarize: The localized or context dependent components of 

the GIS application are:  

 Non spatial database creation and establishment. 

 Obtaining, preparing, cleaning of digitalized maps, and,  

 User interface, 
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8.2. Contributions of the research  

The contributions of the thesis are summarized with respect to theory 

and practice. 

 

8.2.1. Theoretical contributions 

An information infrastructure is a large and highly interconnected 

heterogeneous network which embeds social, cultural, political and technological 

elements. Given this inherently interconnected nature of information infrastructure, the 

whole network cannot be changed instantly (Georgiadou et al 2005), created from 

scratch (Star and Ruhleder 1996) and history cannot be ignored (Georgiadou et al 

2005). A key message from this study is the need to strengthen the emphasis on the 

socio-technological elements of the process, in contrast with conventional approaches 

that are mainly technically oriented. Introducing new technology like GIS applications 

for large, heterogeneous and highly interconnected infrastructures, such as for the 

primary healthcare sector, is a complex and challenging process which wrestle with the 

inertia of the existing installed base comprising of social, cultural, political and 

technological aspects. The research has argued that the existing II could be prepared for 

the new technological elements (such as the GIS ) through an approach of cultivating 

the installed base. The research also extends the approach towards design and 

modification of the new elements to become “infrastructural”, in the sense that the new 

elements (such as the GIS application, etc) could be cultivated to enable its integration 

with the existing installed base and as well as to enable shared and diverse use in other 

locations or contexts through identifying the context dependent and independent 

elements. These context dependent elements must be customized also using a 

cultivation strategy that considers the particularities of the new installed base. 

 

The factors involved in the design, development and customization 

of an internationalized GIS application for different contexts has also been described. 

Here again, the need for a greater sensitivity to socio-technical issues is emphasized to 

enable more effective “transfer” of technology across country contexts. The notion of 
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‘cultivation of the installed base’ are suggested as a possible way to develop a more 

comprehensive approach that is sensitive to the context of use, and to the social and 

political relations that the GIS application is embedded in. The cultivation metaphor 

suggests that change is slow, complex, and gradual. The notion of the installed base 

sensitizes us to the already existing elements of an information infrastructure, e.g. the 

role of the non-spatial data. The study also emphasizes that a cultivation oriented 

approach can help the reduce design and reality gaps arising from country differences, 

hard-soft variations, and public – private sector contexts.  

 

The present study opens a new arena of investigation on practicing a 

hybrid approach for the design and development of internationalized software. The 

advantage is to minimize the effects of resource intensive approaches and to avoid 

reinventing the wheel, while still being sensitive to the need for local flexibility.  

 

The empirical analysis presented in the thesis, strengthens the 

arguments made by Namphosa and Sahay (2005) against the assumption that the same 

application model can un-problematically be applied to different country situations. It is 

important to take into consideration the context dependent aspects of the software 

which is shaped significantly also by the very process of software customization. 

 

8.2.2. Practical contributions 

A major finding of the study relates to the crucial role of the non-

spatial data and the significance of the work required to integrate it with the spatial 

component. As an integral part of my study, I have developed the following software 

applications and modules that were crucial in this respect: 

• The SIS-DHIS-SIMP gateway was developed to link SIS.D and SIMP, the 

reporting software. SIMP was developed to take the health data from SIS (the 

old legacy computer based system), but due to this gateway it could now take 

the health data from SIS.D (DHIS). Thus, promoting the use of SIS.D health 

data in reporting.  
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• New data entry screens in SIS.D were developed replicating the earlier data 

entry forms. This minimized the extent of change with respect to the new 

system (SIS.D). This software is now being used in two provinces of 

Mozambique (Gaza and Inhambane).   

• Various reports (analysis, monitory and routine reports) were developed from 

the SIS.D/DHIS, which enabled the health staff to generate their routine 

reports to satisfy the reporting needs and also supported them in their local 

analysis.  

This development emphasizes the fact that, when larger networks are 

already in place, linking them through gateways is the easier and cheaper way than 

trying to move them to one shared protocol covered by one such universal standard. It 

also emphasizes that the change required by the new system must be minimized in 

order to minimize the resistance from the installed base thus enabling a better chance 

for the new system to survive. A main message from these developments to HISP 

members and system developers is that, apart from the standard reports of an 

internationalized application, importance should be given towards the development of 

locally driven reports, which provides a greater value for the application in that 

particular context. 

 

However, my core emphasis has been on the GIS application, of which 

three prototypes have been developed, of which two working prototypes of the 

application were released and the third prototype is under construction. The first 

prototype was developed during the course of GIS offered by Department of 

Informatics in University of Oslo, which was demonstrated to HISP team members in 

India and globally. The second prototype was the customized DHIS GIS application for 

the Department of Community Health in Mozambique which was also demonstrated to 

the Director and other staff from the Mozambican Ministry of Health. The design of the 

application has been changed and improved through these prototyping cycles to allow a 

separation between context-dependent and context-independent features. Striking a 

good balance between generic and customizable components in the software is a central 

aim for efficient software internationalization. 
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8.3. Concluding remarks  

This thesis has presented a cultivation approach to the 

design and development of an internationalized spatial GIS application for the primary 

healthcare sector in developing countries. What characterizes this approach is an 

emphasis on the socio-technical elements of the process, in contrast with conventional 

approaches that are mainly technically oriented. Understanding the GIS as linked to an 

already existing installed base, naturally leads to a focus on the non-spatial base data, 

which is a major factor identified in this study. The factors or constraints involved in 

design, developing and customizing an internationalized spatial GIS application for 

different contexts have been described, including its extension to an international 

perspective. This may again extend our understanding of how to create sustainable 

healthcare information infrastructures. Efficient sharing of free software between 

developing countries is one way of addressing this goal, and an understanding of the 

design criteria related to global and local features is important for this. 

   

Based on the empirical analysis and discussion presented in this thesis the 

following concluding statement could be drawn:   

 

 A combination of both the approaches in building internationalized 

software could be used to minimize the “resource intensive” use and to 

avoid “reinventing the wheel.”   

 

 The building blocks of software internationalization process are the 

identification of context dependent and independent components. The aim 

should be to globalize the independent component and focus on the 

dependent part for local customization. A cultivation oriented approach 

could be used to build the context dependent components of the 

internationalized software. 
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 Importance should be given for creating and establishing good quality non 

spatial or attribute data as fundamental for building of the spatial 

components.  

 

 Non spatial or attribute data are at the heart of spatial analysis and takes 

longer time to create, often more than the spatial components.  

 

 The adaptation and use of the internationalized software in different 

contexts are highly dependent on the process of software customization. 

Software customization should be treated as a process of social 

construction involving people and machines, practices, methodologies and 

tools which are linked in a heterogeneous network that are historically and 

institutionally embedded.    

 

 

8.4. Limitation and further research 

The DHIS GIS application is based on the non spatial health 

data provided from DHIS database application for its spatial analysis. As the new 

version of DHIS 1.4 has been released, one of the immediate challenges is to modify 

the DHIS GIS application to work with the new version of DHIS which has a different 

data structure. The idea is to develop a XML query storage functionality which collects 

the health data from non spatial database for spatial analysis. By this functionality, the 

DHIS GIS application is intended to work for all the versions of the DHIS and other 

non spatial databases.  

   

One of the draw backs of DHIS GIS application is that its uses 

ESRI Map object 2 as mapping software for its operation which is not free and creates 

dependency on the ESRI license which will limit its use.  Further work thus involves 

building of a platform independent desktop spatial GIS application which uses JUMP 

or other open source mapping software.   
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Due to the constraints of time and other factors, the GIS 

application couldn’t be implemented in an organizational setting. But eventually this 

application is aimed to be implemented in Andhra Pradesh State health information 

system. Currently a MOU between Health department of the state and HISP India 

society is under progress which will involve building the spatial analysis as one of the 

key components of the HIS implementation. 
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APPENDIX – A 

Monthly Routine Report from Andhra Pradesh, India 

Monthly Progress Report – Functioning of Primary Health Centres- Form A 

Page 1 
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Monthly Progress Report – Functioning of Primary Health Centres- Form A 

Page 2 

 

 

169 



Appendices 
 

Monthly Routine Report from Andhra Pradesh, India 

Monthly Progress Report – Family welfare services with in PHC jurisdiction 

Form B- Page 1 

 

 

 

Monthly Progress Report – Family welfare services with in PHC jurisdiction 
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Form B- Page 2  
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Monthly Routine Report from Andhra Pradesh, India 

Monthly Progress Report –Health Services in PHC jurisdiction  

Form C- Page 1 
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Monthly Progress Report –Health Services in PHC jurisdiction  

Form C- Page 2 
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APPENDIX – B 

An PHC Profile collected from one of the PHC in Chittoor districts, Andhra 

Pradesh, India   

“PHC Profile” (Page 1) 
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“PHC Profile” (Page-2) 
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“PHC Profile” (Page 3) 
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APPENDIX – C   

Data Collection forms from Mozambique A04 Old  
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Data Collection forms from Mozambique A04 New 
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Data Collection forms from Mozambique B06 
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Data Collection forms from Mozambique B07 
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Data Collection forms from Mozambique B08 
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APPENDIX – D 

Report from International HISP developer’s workshop – Cape Town 

The workshop was held in Cape town from 4th to 16th  June 2004. It was the first 
international HISP developer’s workshop where people from different countries 
participated, which includes 3 master students from Mozambique, one from India, one 
from Norway and a project coordinator for DHIS development. This was supervised by 
HISP software design, manager. The aim of the workshop was to spread the technology 
knowledge which was mainly South Africa based to more global and also to bring the 
expertise, knowledge from different countries. During this two week stay in Cape Town 
there were various topic were covered.  
 

- Taking part in designing of DHIS 1.4 data structure and sharing of the 
potential knowledge of the different functionality and process 

- Developing both provincial and district data enter screen from 
Mozambique and integrating it with existing DHIS version 1.3 

- Incorporating target in DHIS 1.3 
- Looking at different option like XML export, TIMS application. 
- Translation of some data elements. 

o Due to the lack of knowledge of some medical concepts and 
terminologies in English, some problems were faced in 
translating some data elements from English to Portuguese.  

- Categorization of Health Units 
o The main objective of this task is to able DHIS to produce 

reports that show the discrepancies between what the current 
health units has in terms of infrastructure and what it should be 
according to the definition of the category of the health unit. 

 
- There are in DHIS three kinds of reports about categorization of heath 

units: 
o The first displays a check list of items that are defined for a 

certain kind of health unit. For a specific health unit it is 
possible to see what item each has through the checklist. 

o The second shows the quantity of items that a specific health 
unit has. Example: 3 beds, two nurses, etc. 

o The third, a statistical report shows the percentages of items 
that are lacking in each health unit type. 

 
- Concerning to this issue the following tasks were performed: 

o Based on document – Categorização técnica, enunciado 
enunciado de função específica, critérios e mecanismos para 
a classificação das instituições do SNS aprovado pelo 
diploma ministerial 127/2002, 2002, Imprensa Nacional, 
Maputo more items-variables to categorize a health unit were 
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introduced in the database – tblorgunitdataelement,  
DataElementOrgUnitPeriodTarget – task finished. 

o To test the functionality of the categorization routine some data 
of some health units reflecting the current situation were 
introduced in the database – tblorgunitdata – task finished. 

 
 
Data of the current infrastructures (real situation) and other items that categorize a 

health unit have to be provided by Departamento de Planificação –MISAU, or a 
survey has to be carried in other to get the current situation of the health units - task 
finished.  

 
• Also was tested the routine that shows the discrepancies of what a current heath 

unit is and what it should be - task finished.  
-  

 
Due to limited time and the limited knowledge around DHIS amount participant was a 
major constraint. It was for the first time an effort was made to understand the data 
structure of DHIS and the issues of development under the hands of HISP software 
design manager. 
 
The following are the advantages of DHIS 1.4 version compared to older version of 
DHIS. 
 

- Multi level data enter option. 
o In the older version the data enter could be done only at org 

unit 5 level. This has been changed to accommodate data enter 
at different level. 

 
- Enables Multiple data enter period 

o Usually the DHIS has been monthly data enter but in the 
version the data enter can be weekly, Yearly, Two-yearly, 
Daily, Monthly, Quarterly, Six Monthly and irregular period 

 
- Enables different data sets 

o One can categorise the data element to belong to different data 
set like PHC monthly report, Hospital monthly report, Facility 
data set etc 

 
- Enables six levels of organisation structure 

o The organisational level has been moved from 5 levels to 6 
level to include most of the hierarchy structure existing in 
health sector in different countries 

 
- Enables to group the organisational units 
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o One can now group the organisation according not only the 
different org unit type but also can group the organisation unit 
according to their interest point Ex. All the hospital near river 
or lake 

 
- Includes target for different orgunits 

o One can specify the rule or  target for specific orgunit or 
orgunit type or group of orgunits 

 
- Option to export the data to ASCII or XML format 

o The version also support to export the data in xml format, 
which is more standard format for data exchange 

- Size of the database is reduced by 40 % 
- More friendly screens  

 
 
 
Apart from gaining knowledge on DHIS 1.4 version, we had sharing of different 
knowledge not only on technical side but also on health domain.  
 

In Cape Town I was involved more deeply on sorting out one problem from Mozambique 

related to the design of the data entry for the district level user of DHIS and other activity 

was related of studying the TIMS Software and find ways of the use of some features of 

this software in DHIS. 

 

Data Entry 

After arriving in Cape Town we presented the points considered as urgent to be solved 

and one of them was the design of the data entry forms for DHIS to be used at province 

level. We didn’t lost the opportunity and we presented the same point the district level 

data entry forms and this was what I was involved more and as result we made two data 

entry forms within DHIS not as separated feature like the data entry forms we are making 

for the province level. 

TIMS Software to DHIS Software 
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One of the points we see as important is to provide reports to the DHIS software. This 

was one focal point. That why the TIMS software was provided by Calle in order to be 

studied and find what the features we found as important to be attached to DHIS 

software. 

As part of the analysis I made I present bellow the report I made after analyzing the 

TIMS software: 

To Calle: 

From the analysis made after going through the TIMS software i think the points bellow 

as important to be attached to the DHIS Software. 

1. Provide as discussed a way of the HISP nodes include in the application their own 

reports formats (developed into the DHIS or not). Of course the source of 

information will be the same for all, but the reports organization (alignment, allow 

include titles and modify) can be different. This information can be typed or 

choose from a predefined list. 

2. Add a way of providing information (printing reports) semi-permanent data like 

medical doctor profile, supervisor profile, etc of the catchments area (supervision, 

etc). 

 

Report Category 

From Routine Data From Semi-Permanent 
Data

From Survey Data 
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3. For example when navigation in the application we can provide a way which the 

user will print the profile (thinking on the Orgunit infrastructure, etc.) of the 

facilities, area (group of facilities). 

4. Allow the user to choose a type of reports they want (can choose some from 

Access and other defined by them). The TIM Software doesn’t provide these 

information but I think that will be important. 

5. In the report it’s important to provide a place at the end of the report when the 

user can add additional comments, editable footers or we can find a place into the 

system where we define the information which will be used as footers in the 

reports or we can follow the way used by TIMS software by defining this 

information in the table where will be defined the attributes of the reports. 

Actually DHIS has this information in Global Options/Orgunit Data but are not 

complete maybe can provide additional information (more than one options which 

the user will decide which to use as footer or provide the possibility for changes).  

6. The same can be applied for the headers, as present in the DHIS the information 

provided by Global Options / Labels/ Subtitles can not be used as headers of the 

reports because the information that comes in the reports is different that comes in 

the DHIS Subtitles (Experience from MZ case). 

7. The DHIS must provide standard reports for all levels. And as focused earlier 

allow the user to add their own reports which can be developed separately from 

DHIS its important in order to handle the different changes of the software.  

8. As TIMS software these reports can be made by the users by choosing which 

fields they want to use in the report and giving possibility to change the labels. 

Because sometimes what we use as standard to be used within the software can be 

different from what appear in the reports. DHIS can also give the possibility of 

the user to save the reports and maybe the standard reports that the user always 

use can be show in a fast way of accessing it.  

9. The saved reports/standards we should give a possibility for the user to change 

instead of making the new one if the reports change one field, etc. 

10. I think it’s important to add to DHIS a module which deals only with reports. By 

module I mean something like a routine data entry command which when you 
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click you open a window only for handling the reports which we have the same 

hierarchy showed in the routine data entry. After adding/ choosing some 

information we can follow the hierarchy bellow plus many other things. 

11. It’s important at the data entry stage to allow the user to print the report regarded 

with the data that he was entering. 

12. There is one table ztblReports which stores all information related to the reports. 

In this table is defined the specific attributes of the report like name, source, 

description the filter criteria for example what the user will choose as level of 

source of data to be reported (DistrictFilter, ProvinceFilter, etc), as well as what 

will be showed in the reports as header. 

13. After choosing a specific report it brings all attributers defined to be part of the 

report (in the point immediately above I mentioned that in the table ztblReports 

there is a field where its stored a query I think that this query is used to display the 

attributes in of the reports). Thinking in the DHIS this can be used to define for 

example for the Mozambican case which I am familiar we can define a VIEWS of 

the data elements including the indicator related to these data elements and call 

this set as for example SISA04, SISB06, etc. When the user load the form show 

all these SISXZY report templates.  

14.  Of course this can be done including the specification of the reporting level and 

other important information. 

Suggestions 
• Regular meetings should be scheduled, which includes developer from 

different countries. 
• More structured and specify task should be designed 
• Two days discussion on the different problem faced by different 

countries while working on DHIS. 
• Sharing of development across different countries 
• Understanding the different potential of different countries and 

transforming some development for that country.  Thus trying to create 
more capacity in individual countries. 
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APPENDIX – E 

Developing a National Level Spatial Database for the Department of Community 

Health 

A Project Proposal 

 

Proposed by the 

UNIVERSITY EDUARDO MONDLANE and UNIVERSITY OF OSLO 

Sundeep Sahay, Esselina Macome, Zeferino Saugene, Lucia Ginger, John Lewis, Knut 

Staring 

     6th May 2004 

 

1. Background on Geographical Information Systems in Mozambique 

Efforts are made to increase control activities in Mozambique. Projects on GIS are being 

introduced in different fields in the country. Design and Implementation of a Geographic 

Information System (GIS) for Sustainable Development and Regional Planning in Beira 

(Mozambique). Planners and decision makers get up-to-date geospatial information from 

the regional GI service centre and use it for informed decision. The project contributes to 

sustainable development in Mozambique as an overall objective of national priority.  

Researches were also carried out on changing diarrhea disease endemic and epidemic in 

central Mozambique. Recent moves towards poverty reduction through food and 

livelihood security in Zambézia province, and the development of a geographic health 

information system to control malaria.  These GIS project include themes analyzing the 

influence of land degradation on incidence of infectious diseases, situating human health 

in land-based notions of sustainable development, and communality between 

environmental health care and land-based poverty reduction policies.  

Other initiatives includes the “Capacity Building in Geo information for Sustainable 

Development at CIG-UCM in Beira/Mozambique(CIG-UCM)” project which is in 

second phase of implementation. Based on project results achieved during a first phase 

188 



Appendices 
 

(1998 – 2003), the main goal of this current project is to strengthen the role of the GIS-

Center (CIG-UCM) within the Universidade Católica de Moçambique.  

With the experience made during the former projects CIDDI¬GIS and FLAME the 

Austrian Government assigned GIS team (Z_GIS) to advise CIG-UCM within their 

capacity building process. The core issue is to establish a well-trained and well-equipped 

GIS-Center within the Catholic University in Beira. One main activity is to undertake 

training (GIS and Remote Sensing) but also to consult the Centre within various GIS-

related tasks (meta-database, Web mapping, …). Affected by natural hazards (floods, 

severe tropical storms, bush fires, drought) risk and disaster management is one of the 

main research issues of the centre. Further research is undertaken in the health sector 

(Malaria, AIDS) and regional development planning. Z_GIS also supports CIG-UCM in 

their research interests through expert advice and by establishing networks to scientific 

partners. 

 

2. Project Aims 

The aim of the project is to design, develop and implement a national level spatial 

database using Geographical Information Systems (GIS) for the Department of 

Community Health MISAU; Mozambique.  

 

Some of the specific aims of this spatial database are: 

 

2. To create a database that includes the following non-spatial items: 

a. Routine data (SMI and PAV) from the Department of Information 

Systems, MISAU, and the BES data from the Department of 

Epidemiology. 

b. Semi permanent data relating to infrastructure of health facilities, and 

population. 

c. Data indicators that have been identified by the Department of 

Community Health. 
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d. Data on health indicators and poverty from Demographic Health 

Survey of 1997 and 2003 as and when it becomes available 

electronically. 

 

3. To link this database containing this routine non-spatial data with the map 

database that would contain the following layers: 

a. District level boundaries 

b. Location of various health facilities including district hospitals, 

province hospitals and health centers. 

c. Road maps. 

d. Population density across the districts. 

e. Physical features like rivers, lakes, and mountains. 

f. Any other map data that is available in digital form. 

 

Once the spatial and non-spatial databases are linked, we will develop the following 

applications that can be used by the decision makers at the Department of Community 

Health and Epidemiologic Department to support their decision making: 

7. Representation of various diseases by geographical areas. 

8. Representation of various health indicators (for example, BCG coverage) by 

geographical areas. 

9. Comparison of health indicators over time and across geographical areas. 

10. Access to health facilities by combining the population data with location of 

health facilities. 

11. Comparison of health indicators as computed from the routine data obtained 

from MISAU with that published by the Demographic Health Survey. 

12. Any other application that is identified to be important. 

 

3.  Project team 

The project team will be comprised of: 

1. Zeferino Benjamim Saugene, Masters Student who is working on GIS for 

MISAU as his dissertation topic. 
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2. Lucia Joaquim Ginger, also a Masters Student who is working on the same 

project. 

3. John Lewis, an Indian, also a Masters Student working on GIS development 

for his thesis. He has previously designed and developed a GIS application for 

the Indian Primary Health Sector. 

4. One person from MISAU who can serve as the Project Administrator from the 

MISAU side, and be the point of contact for our project team. This will help 

to   provide better participation in the process of GIS tool implementation 

from the MISAU side. 

 

All the three students have undertaken a course on GIS for health care as a part of 

the Masters course at Oslo and are competent with the technical aspects of GIS. 

All the three students will be supervised by Sundeep Sahay and Knut Staring who 

have extensive experience in GIS in various countries. Supervision support will 

also be provided by Esselina Macome who will help in providing the local 

support and interpretation of documents.  

 

4. Time Frame 

The project will be implemented in the period from May 2004 to May 2005. The 

two Mozambican students will be based here right through this period and John 

will spend at least 7 months of this 12 month period in Mozambique. Sundeep and 

Knut will spend at least two months each during this period in Mozambique. In 

addition, they and also John will provide technical and other support over email 

when not present in Mozambique. 

 

5. Methodology and time lines 

The following steps are anticipated in the project: 

 

Project Steps Timelines 
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1. Creation of routine database 

2. Assess availability of electronic 

maps 

May 2004 

Creation of spatial database By June 15 

Linking of spatial and non-spatial database By end of July 

Development of applications – initial 

prototype 

By end of August 

Testing of prototype at MISAU and initial 

training 

By middle September 

Revision of prototype and further 

application development if necessary 

By middle October 

Implementing of system in 2 or 3 provinces By end October 

Ongoing support and training and revisions 

where necessary 

Till May 2005 

 

6. Support requested 

1. Software: We propose to develop the system using Map Object 2.0 and Map Object 

Lite. This software has been tried by us in India and has worked successfully. It is 

also reasonably priced as compared to Arc View. The platform for development will 

be Windows XP and Office 2000. The requirements would be: One license for Map 

Object 2.0 and Map Object Lite for development and additional licenses depending 

on how many installations are required. For this, we can also try to approach ESRI 

directly for making donation of the software. We have done this in the case of India. 

 

2. Hardware:  

• Database server:  Windows operating system, 1 GB RAM, 2 internal 8 GB SCSI 

disks, Disk array  with RAID technology (or similar) and capacity 64 GB, LAN-
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adapters, Backup streamer station DLT,  CD-ROM drive, Monitor 17”, Smart 

UPS  

• Communication server:  MS Windows 2000 Server – Pentium technology, 256 

MB RAM, 4 GB Hard Disk Drive, Backup streamer station DAT, CD-ROM 

drive, LAN-adapters, Monitor 17”, Smart UPS. 

• Administration/E-mail server: MS Windows NT Server 4.0 – Pentium 

technology, 256 MB RAM, 4 GB Hard Disk Drive, Backup streamer station 

DAT, CD-ROM drive, LAN-adapters, Monitor 17”, Smart UPS  

• Work stations: MS Windows NT Workstation 4.0 – Pentium technology, 256 MB 

RAM, 2 GB Hard Disk Drive, CD-ROM drive, LAN-adapter, Monitor 21”, Smart 

UPS  

• Network Laser Printer, A4 format, 18 pages per  minute, 600 dpi  

• Scanner A0 format, full colour RGB, scanning  resolution 1200 dpi  

• Central LAN equipment (hubs, cables)  

• Central WAN equipment (Routers, modems, router and modem for leased lines 

provided by telecommunication supplier, guaranteed speed/capacity 256 kbit/s)  

• Digitizer,  

• GPS (2) (Specifications for digitizer and GPS will be provided)  

 

 

3. Data: In addition to the hardware and software requirements, we would request the 

department of Community Health to provide us access to the following: 

1. Routine data from MISAU. 

2. BES data from Department of Epidemiology. 

3. Latest shape files from DINAGECA. 

4. Latest population data from the Demographic Health Survey from INE. 
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4. Access to staff to conduct interviews. Access to meeting various officials from the 

Department of Community Health to understand their needs for map based 

applications. 

 

5. Sitting space. We will request for sitting space in the Department for our project 

team, to allow for closer interaction with the MISAU Project Coordinator on an 

everyday basis and also to slowly develop a better understanding of MISAU 

requirements. 

 

6. Travel expenses: To cover local travel and to the province where required. 
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APPENDIX – F 

Report on Support visit to Inhambane 
February 15th -19th  2005 
Support Team  
Arthur Heywood, Zeferino Saugene, Luis Langa, John Lewis 

Outputs 
Working relationships developed with 3 assessors (DPS, SMI and Epidemiology) and 
links strengthened with Statistics unit 
SIS-D database elements and categories revised: 
Data elements for SMI finalised and computerised; Draft SMI tally sheet and report 
format developed 
Data elements for HIV-AIDS, STI and TB drafted and computerised 
Program for linking SIS-D and the annual report format developed; 
SIS-D database installed on SMI computer and SMI coordinator trained in data entry 
Data for 2004 analysed and draft tables for Provincial report developed 
Conclusions 
A great deal of data is collected in the province and there is a good team of competent 
and committed workers with good leadership that is interested in Information use.  
However data quality is dubious and no managers are using SIS-D effectively  
HISP- Moz is not action-oriented and gives an impression of stagnation:  
No clear direction from MISAU on position of HISP in the province 
Ideas suggested by Provincial managers four years ago have NOT been incorporated into 
current SIS-D activities,  
Indicators, data elements and data categories do not reflect real needs of the province, but 
are centrally dictated 
HISP support is unplanned, random and DPS is not involved in decision making process  
SIS- D is considered to be largely irrelevant by main role-players 
SIS- D database not being used to full potential,  
Data is being collected for a limited number of programs such as PAV, Preventive 
activities, Maternity [ANC, PNC, FP], In-patient deaths and Admissions  
Basic data not collected on priority activities such as MDGs, HIV/ AIDS, STIs, TB, 
Emergency Obstetric care, notifiable diseases, etc  
DPS reports (quarterly reports, 5 year comparative report etc) are written without using 
SIS-D 
Database is not installed in program offices or at district level, though many programs, 
districts and hospitals have computers.   
Multiple parallel information systems are in place and little effort is made to coordinate 
data within the statistics department  
SIS-D, BES, HIV, Maternal health, TB etc all function independently  
Information appears not to be taken seriously by planning section in MISAU.  There is a 
need for decisions to be made regarding SIS-D and HISP-Moz  
Way Forward 
Clarity needed from MISAU and HISP-Moz on future of SIS-D in Inhambane [and 
other provinces] with a clear decision made either to support the provinces effectively or 
to stop activities completely. 
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Relationship to other systems such as SIS-Prog., BES, SIMP and “SIS-Rick” must be 
defined 
Advocacy needed to MISAU on flexibility and potential usefulness of SIS-D based on 
concrete outputs such as reports, data analysis etc. 
Collaboration with SWAP, other national programs and donors e.g. FNUAP, WHO, 
NORAD to ensure coordination in the provinces. 
Clarity on format and frequency for reports to national level needed 
 
If decision is made to continue:  
HISP- Moz and DPS Inhambane [and other provinces] need to make a formal 
memorandum of understanding outlining mutually defined roles, responsibilities, 
expectations and key targets.   
HISP-Moz to plan with key provincial managers to see how to support information 
systems in the province as a whole for one year minimum.  
SIS-D should be an integral and dynamic part of the system serving all levels of the 
province, not an add-on “pilot” program without authority 
Action plan with clear budget and other inputs from all sides 
HISP-Moz should have an implementation budget, separate from the “academic” 
component, with clear management guidelines, and links to provincial budgets and 
international donors 
 
Continuous planned support to provincial and district should focus on  
Building on existing strengths and getting “quick wins” to get short term credibility as 
well as long-term systems development 
Support to supervisory process by province and district management 
Involvement and capacity building of provincial managers, district directors and 
statisticians, and through them to district statistical committees 
Monthly quality control, analysis and feedback to facility and district  
Information systems skills training, data quality support at district and hospital level  
Basic computerisation using SIS-D wherever computers already exist 
Upskilling province to take effective charge of the database and longer term district 
support  
 
SIS-D needs work to make it action-oriented and more relevant to local needs,  or be 
abandoned 
A few key indicators and regular automated reports that cover common priority activities 
and diseases and monitor Millennium Development Goals 
Support local needs  and local innovation, rather than being shackled to an outdated SIS 
framework  
One national SIS-D database, NOT one per province 
One person in charge at national level, with provincial support 
Integration of “vertical” systems that feed into one functional database: 
Start with SMI data analysis; look at data collection tools, registers; analyse existing 
EOC and maternal mortality data 
Find ways to include BES data and analyse by month using SIS-D 
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Trip Activities 
Date Activity 
Tues 15th Travel to Inhambane  

Meeting with Dr Moshi, Carlos,  received format of Guiao for annual 
report with 5 year comparison 
Started work on getting available data from SIS-D to format 

Wednesday 16th 
 

Work on SIS-D database: data connected to report format; data 
elements and categories created to ensure compatibility  
Discussion on data elements (HAST, SMI) data categories and 
indicators  

Thursday 17th  Meeting Dr Moshi (Assessor DPS) regarding possible HISP support to 
DPS 
Meeting Dr Amir (Assessor SMI) to see “parallel” SMI data collection 
and analysis system for CEOB & CEOC; Data elements for local Safe 
Motherhood use (Obstetric admissions, Maternal mortality and EOC) 
finalised 
Data elements entered into database and categorised; tally sheet and 
report format developed 
Feedback to Dr Amir – data elements, data tally sheet and monthly 
report produced 

Friday 18th  Meeting Dr Paulo (Assessor Epidemiologia) – data and data elements 
from BES received; problem that they are weekly! 
SIS-D installed on computer of SMI and database prepared for entry of 
17 CEO facilities; SMI coordinator trained to enter data 
Feedback to Dr Moshi on computer links between database and annual 
report  

Saturday 19th Return Maputo 
Monday 21st Draft Inhambane data analysis and report for 2004 

Trip report finalised 
 
Annexes 

1. Program linking SIS-D database and annual report 

(Provided in CD) 
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APPENDIX – G 

 

User requirement of DHIS Spatial GIS application  
HISP_SpA (India) 

 

System Requirements: 

  P3 systems with 128 RAM and 600MHz speed will be required to run the 

application with moderate speed on win98 or higher version of Operating 

System. 

 The application consumes 5MB of hard disk space when installed, and 

each district data and maps consumes nearly 50-60MB of hard disk space 

depending on amount of data and number of map layers. 

 Map Object 2.2 should be installed in the client system to run any GIS 

application. 

Installation: 
1. Double click on the setup files available in 

CD:\HISP_SpA\Setup\Setup.exe 

2. The wizard will guide you through the rest of the process. 

3. If you encounter any errors in the process of installation click on 

‘Ignore’ button of the error message dialogue box. Errors are due to 

non-availability of supporting library files in the client system. 

4. By default the application will be installed in C:\Program 

files\HISP_SpA folder. You can change the location of the installation 

at the time of setup. 

5. A shortcut will be created at the Start menu. 

Using 
Linking Maps and Database: 

1. Click on the shortcut created at Start>All Programs>HISP_SpA. 

198 



Appendices 
 

2. From the screen that is opened click on ‘View Map’ button to see 

already stored Spatially Analyzed maps. 

3. Click on ‘Generate Map’ button to analyse the data on maps. 

4. The wizard will ask for Database and Map files. 

5.  Click on location and select the Database and Map separately from 

the folders copied from CD (eg. Nalgonda_Maps_Data).  

6. The database file is MSAccess file with x in the file name 

(eg.DHIS_xNalgonda.mdb) 

7. The map file is a shape file with extension .shp 

8. Select the linking field from the right pane of the application and click 

on show button. 

9. If the application has linked the database and map previously the 

wizard will open the Analysis screen. 

10.  Other wise the application will create a link between the database and 

map and stores details into log database. 

11. Now select the OrgUnit level of the selected field, in most cases it is 

OrgUnit5 (if PHC is linked) and click on Show button. If the field level 

matches, the application will execute correctly and Data Analysis 

screen will be opened. 

Analyzing Data: 
Different tools are available in the application for analyzing data on the map. 

Data Sets: Four types of data sets are available like Data Elements, Indicators, 

OrgUnit Data and Semipermanent Data which gives you an option of selecting 

the required Data sets and analyzing on the Map. 

Data Elements: This data set contains all the routine raw data collected from the 

field for different services. Contains nearly 450 data items. 

e.g. Deliveries at PHC, No. of Sterilization 

Indicators: This data set contains processed and calculated raw data. Contains 

readily calculated data with the formulas defined in the database. 

e.g. Infant Mortality Rate, Maternal Mortality Rate 
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OrgUnit Data: This data set contains all the infrastructural details of the PHC and 

the facilities, Equipments, Staff etc available at the PHC. 

e.g. PHC Profiles 

Semipermanent Data: This contains population details of the PHCs, along with 

the targets defined for different services for different facilities. 

e.g. Total Population, Sterilization(Target). 

Queries Viewed: This feature provides quick access of already viewed queries. 

This reduces the risk of analyzing same data again and again. 

Charts: After querying data, the same data can be shown or two queries can be 

compared in the form of charts/graphs on the Map like Bar chart or Pie Chart. 

Top/Bottom Four: Once the data is queried and displayed on the map, the top 

or bottom four performances can be separated and viewed on the Map. 

Identifier: This tool when clicked on any point of map displays details 

corresponding to that location. 

Pan: Helps in scrolling through the larger maps. 

ZoomIn/ZoomOut: The map can be zoomed in or out to focus on particular 

point. 

Full Extent: When the map is zoomed in or out and you want to place map in its 

original size and shape, this tool does it. 

Export to JPEG/BMP/EMF: This tool comes handy when the queried map needs 

to be saved as picture file for further use in presentations or taking prints. 

Zoom Location of Map: When the map is zoomed and you want to know the at 

which location of the total map you are, this tool shows you the zoomed location 

on a separate pop up screen. 

Tool Tip / Label Feature: When this feature is activated and the  cursor is 

placed on the map, a tool tip shows the name/value of that location. 

Layers: If the user wants to lay other layers of the map on the basic/main layer, 

you can select from this tool. For example when the user wants to see the road 

access to different locations click on ‘Add layer’ button and select the available 

map layers which will display on the Map. You can lay as many layers as you 

want.  
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Gradient Feature: Shows the map in different colors with different boundaries 

basing on the user selection. For example when the user selects mandals, each 

mandal will be shown in different color. When the user selects the name 

available from the ‘List of values’ list the location corresponding to that 

name/value will blink on the map.  

Legend: Shows legend of the selected or processed query 

Help: Shows small description of the query processed like Name of the data item 

processed and the data period of the query. 

Query Frame: Displays selected and queried maps and additional layers on 

maps. 
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APPENDIX – H 

E MAIL COMMUNICATION 

Global communication - Discussion on converting DHIS data mart file to MYSQL      

From: Calle Hedberg <chedberg@telkomsa.net>  

Subject:     Re: some comments on the cape town sw workshop   

Date:     Thu, 03 Jun 2004 16:45:21 IST  

Cc:     <jbraa@ifi.uio.no>, "Sundeep Sahay" <sundeeps@ifi.uio.no>, 

<woinshet@sisa.aau.edu.et>, <johnlew@ifi.uio.no>, <hmuking@ifi.uio.no>,  

 

Hi, 

> > MySQL: I don't know how this was done in India, 

> 

> They have a MySQL version of the DHIS data mart. To me that exemplify how 

> things are not coordinated in HISP. This MySQL database must be made 

> compatible with web-tools working on the access data mart that is 

> developed ion SA. 

I understand that they have converted/created a MySQL data mart - the point 

is that I don't know HOW. Have they modified the "export to data mart" so 

that you can select multiple data bases platforms, or are they first 

exporting to Access-Data mart and then converting? 

Things are not co-ordinated - the whole idea of open source is that 

different groups can work on different things and share without being 

"co-ordinated" as such from some centre. I don't see the problem here - they 

have developed something and they only need to share it the same way we 

always do (by email, web, or CD). 

regards 

calle 
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Global communication -Suggestion on GIS application HISP_SpA  

 
From:  Calle Hedberg <chedberg@mweb.co.za  
To:     "john lewis" <lewishisp@rediffmail.com>  
Subject:     Re: GIS   
Date:     Fri, 07 Nov 2003 03:10:47 IST  
Cc:     "Sundeep Sahay" <sundeeps@ifi.uio.no>, "Jorn Braa" <jbraa2000@yahoo.com>   
 
John, 
 
Calle, Now i am developing HISP_SpA (Spatial analysis) which enables us to see the 
indiator and data element on the map. I am using Mapobject 2.2. the question is, is 
mapobject 2.2 has rolyalty free as map object light. 
 
NOTE: Unless things have changed, MapObjects 2 is NOT royalty-free - as far as I can 
recall, the standard licence say you can distribute only 10 copies of what you build. 
Beyond that you are supposed to pay ESRI USD 500 for every copy!!  BUT BUT I know 
ESRI has been willing to grant non-commercial groups (like the EpiInfo group at CDC in 
Atlanta) the right to unlimited distribution of such non-commercial applications, and I'm 
confident that I can use my contacts in ESRI to get a similar licence. 
 
I was using mapobject light but i didn't found out some of the functionality that map 
object 2 was supporting. so i choosed MapObject 2 to develop. HISP_SpA software has 
all the map feature like identity, Zoom in and out and others. Can it can be exported to 
bmp or jpg or emf or another picture file. It has gradent feature by which one can select 
the different level of map like district, PHC or SC. Propabally i will finish this software 
by end of my semester. When i visit to mozambic, may be i will be having a chance to 
meet you and discuss more about this. 
 
GREAT GREAT GREAT - keep up the good work. 
 
Once thing about the presentation i don't it is important or not but you haven't added any 
thing on GIS. 
 
I know - had too little time. 
 
Regards 
calle 
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Global communication –Aims on international HISP developer workshop. 
 
From:     jbraa@ifi.uio.  
To:     chedberg@telkomsa.net,sundeeps@ifi.uio.no,woinshet@sisa.aau.edu.et, 
johnlew@ifi.uio.no,hmuking@ifi.uio.no,emosse@ifi.uio.no, 
leopoldo@student.matnat.uio.no,hannevi@ifi.uio.no,therst@ifi.uio.no, 
knutst@ifi.uio.no,solomonb@student.matnat.uio.no,patrickr@ifi.uio.no, 
nilsfr@student.hf.uio.no,helge@heldre.com,lewishisp@rediffmail.com, 
luciaginger@yahoo.com.br,netsaneth@yahoo.com,shidende@yahoo.co.uk, 
selamawm@ifi.uio.no,yahyasheykh@hotmail.com,hamadys@ifi.uio.no, 
zsaugene@hotmail.com,zufana2003@yahoo.com,birwol2001@yahoo.com, 
birketymen@yahoo.com,kristofo@ifi.uio.no,greagon@uwc.ac.za, vshaw@wol.co.za  
 
Subject:     some thoughts on the cape town sw workshop   
Date:     Wed, 02 Jun 2004 21:11:27 IST  
 
Dear all; 
We need to coordinate efforts and create some shared understanding in relation to 
finalising the 1.4 and the work on the next generation platform independent and web-
enabled dhis. The current workshop is important in this regard. In oslo a team is 
established to start working on the next generation, now we need to integrate this with 
what is going on in SA and elsewhere. We have had some discussions in Mozambique 
and Oslo as to what should come out of  the software workshop in cape town, june 
2004.06.02. We need to solve current problems as well as to plan for the future. 
 
Aims: 
1.    Develop a shared understanding of currents state and future plans: Get people who 
are involved in DHIS sw development in the different sites together so that they can learn 
about what is going on in South Africa (1.4 development and specification), and vice 
versa; so that the South Africa team can learn what is being developed and what are the 
needs and specific requirements in the other countries. 
2.    Solve concrete needs/problems of the particular countries in a coordinated and 
shareable way Mozambique: 
a) Graphical user interface: come up with a (hopefully more) generic solution to 
customisation of user interfaces. These are according to specific requirements, but should 
be applicable also in other countries.  
b) GIS; 1) Integrate the GIS in the DHIS & installation, & 
2) NOTE: develop the facility profile (which I believe will be the most powerful part of 
the GIS) in relation to the new “facility classification” where there are specific 
requirements for HC 1, 2, and 3 – AND classification according to Maternity / “Safe 
motherhood programme” and the HIV/AIDS program services (PMTCT and ART) – and 
the TB services. Bart/SIMP has both data and rules on facility classification 
implemented. 
NOTE HERE THAT IN ORDER TO APPLY “RULES” HERE (WHICH WILL BE 
GLOBALLY APPLICABLE) WE NEED TO USE THE EVALUATION ENGINE 
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WHERE WE HAVE LOGICAL OPERATORS – calle and the rest, we need to find ways 
to apply these rules directly (they are of the form; IF >3 beds AND > 2 trained birth 
attendances AND equipment x = yes THEN facility = HC 2, ELSE facility = HC1. The 
current evaluation engine manage this apart from the THEN part, currently this only 
provide a list. 
I have had a longtime hang-up on the org.unit/facility profile issue. This is now more 
important than ever. Maybe plan for a module/data file / collection tool similar to the 
patient satisfaction module, which looks quite lekker? Lucia is assigned this task (but she 
needs help), and the mz mother & child health unit is starting to get engaged in 
specifying a questionnaire for the “safe motherhood”/maternity classification part. And 
then the gis issue is to A) present the facilities on maps, and as a next step calculate 
population with access – and not. (well this was a long input) 
India: A) Streamline the approaches with those of South Africa, and 2) Integrate the 
MySQL datamart made in India with the South African Pivot/web/ report generator and 
presenter. 
Ethiopia: Solve the problem of large tabular data entry (like the ICD codes (150) each 
with 12 age /sex groups. The data should be entered in tabular form and and stored in 
tables and the important aggregates as for example PEDIATRIC, FEMALE, and TOTAL 
for each code should be entered in the DHIS ( Woinshet is storing the full tabular table 
inside the dhis – rather maybe as a plug-in hwere all data could be stored in tables and the 
selected aggregates included in dhis in a normal way???) 
MORE GENERAL: explore how plug-ins can be used to solve these (and other) 
problems. 
WE ALSO HAVE THE ISSUE OF HIV/AIDS MODULE ALLOWING FOR name 
based records.Using plug-in, and what should we plug-in. 90% of all future funding in 
the area will be HIV/AIDS related. Discuss whether we should go for developing our 
own module, or get some FOSS. We anyway need to move quickly. 
3.    Integrated and “flexible” development of the next generation dhis. Based on the input 
on what is happening in South Africa regarding 1.4 and the above additional 
requirements (and maybe some more), document & specify the 1.4 (what can be included 
here) and the “NEXT GENERATION” DHIS (whether we call it 2.0 or ..) 
Important to plan for the finalising of the 1.4, is it solely the South African 
responsibility?, and to what extent can plug-ins be used so that work on the next 
generation can be included (or plugged into) in the current / next / last Access version. 
The latter is one way in which more people and sites can share and take part in the 
development. 
4.    Plan for the next platform independent & web-enabled DHIS. Here work has started 
in Oslo. We need to test out a (probably simple) prototype whit functionality from top 
(user interface and data entry, and e.g. export/import) down to the MySQL database. 
There are many tool choices that need to be sorted out. That’s why we are planning for a 
prototype and testing. 
 
The functional specification of the next DHIS should flow from all the above, but we 
need to DOCUMENT thoroughly this specification. Start doing that (ola) and discuss and 
plan how we should proceed. 
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Local communication – Report on GIS meeting in DCH 
 
From: Lucia Ginger <luciaginger@yahoo.com.br> 
To: Zeferino Benjamim Saugene <zeferins@ifi.uio.no>, Sundeep 
<sundeeps@ifi.uio.no>, John <johnlew@ifi.uio.no> 
Subject: GIS meeting 
Date: Wed, 9 Feb 2005 08:16:52 -0300 (ART) 
 
Dear all, 
Here are the notes that i took from the presentation. 
Date: 08/02/05 
Location: Community Health Department – MISAU 
Agenda: GIS application presentation 
Attendants: Martinho, Sitoe, Bruno, Esselina, Sundeep, 
John, Lucia, Zeferino and two Community Health 
Department workers. 
  
The presentation was done well, and some comments related to the data were given: 
Non spatial data Should be used rate instead of numbers The rate should be calculated 
using the international standards i.e multiply by 100000. Should be included the BES 
data – Sitoe  Spatial data The health Facilities map for 2 provinces from INE has more 
data than what exist in reality.  This because they are not following the rules established 
by MISAU for HF categorization – Sitoe. He will give us a list of current HF so that we 
can cross check. The district / village catchments area will be given by Sitoe. We should 
ask him.  
 The correct district catchments area data is more critical to have, other wise the 
application will not be useful – Bruno. He suggests that can be made some arithmetic 
calculations using the predicted data from Census. 
 We should show the health facility data by level – Martinho. He is interested on 
comparing data across rural hospitals for example.  
 The HF map from census is better than updated HF map from INE, since the number of 
HF did not increased too much from 1997 up to now- Martinho 
 It is better to work until district level at this time for thesis purposes. – Bruno 
 On the graphs, the bars should be separated and using very opposite colors each other – 
Martinho 
 Should be used black color to show the worst situation and green to show the best one-
Martinho 
 The MISAU will assume the institutionalization issues late, as well as the collaboration 
with Brazil - Martinho 
 Should be done one more formal presentational within two weeks- Bruno (This will be 
only to show the capabilities of the application, not to take attention 
to the data themselves) For now we should: Complete the data, and clean what we have. 
 
 Lucia Ginger 
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Appendices 
 

 
APPENDIX – I 

 
“Content in CD” 

 
1) Source code of DHIS spatial GIS application HISP_SpA (India) 
2) Source code of customized GIS application for Department of Community 

Health (DCH),  Mozambique 
3) Source code of GIS application for APSACS (HISP_SpA_AIDS) 
4) SIS Prog-SIS.D-SIMP Bridge 
5) SIS.D province paper form base data entry screen 
6) HISP Reports (India) 
7) Program linking SIS-D database and annual report 
8) PowerPoint presentation of Customized GIS application for DCH 
9) PowerPoint presentation of HISP India activities. 
10) HISP Mozambique issues (05/05/2004) 
11) Report from HISP India facilitator.  
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