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Glossary 

AR - Action Research 

CDC – Centers for Disease Control and Prevention (USA) 

DHIS 1 – District Health Information System, versions 1.3 and 1.4 (MS Access based) 

DHIS 2 – District Health Information System, version 2.0 (Java web application) 

DPD – Distributed Participatory Design 

DSD – Distributed Software Development 

FOSS – Free and Open Source Software (also OSS, FLOSS) 

GSD – Global Software Development 

HISP – Health Information Systems Project 

HMIS – Health Management Information System 

HMN – Health Metrics Network 

ICT –Information and Communication Technologies 

ICT4D – ICT for Development 

II - Information Infrastructure 

IS - Information Systems 

LDC – Least Developed Country 

MoH – Ministry of Health 

NoA – Networks of Action 

OpenMRS – Open source electronic medical record system 

PD – Participatory Design 

WHO – World Health Organization
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1 0BINTRODUCTION: RESEARCH MOTIVATION 

 

This thesis is concerned with distributed development of software systems for the health care sector in developing 

countries, also referred to as "the global South". In particular, the aim is to study the distributed development of such 

systems with high participation in the South, employing approaches that have evolved around open source software. 

This extends to an examination of the effect of such approaches in the larger institutional settings within which the 

systems are implemented and operate, and in particular to interaction with other information systems in the same field. 

In many settings in the South, especially in rural areas, the public sector is still largely managed through paper 

forms and registries, with few if any electronic systems in place. The introduction of one computer based system 

and the concomitant learning process therefore has the potential to serve as an installed base on which other 

systems can piggyback. The ongoing rapid expansion of networking (particularly mobile) to even remote areas 

makes the understanding of the interaction of multiple systems even more pertinent. 

1.1.1 28BHEALTH INFORMATION SYSTEMS IN THE SOUTH –USERS AND PRODUCERS 

There is sparse but growing evidence that deploying ICT within the health care sector in the South can lead to 

substantial benefits for public health. However, realizing the huge potential will require a dramatic increase in health 

informatics professionals globally, as current ICT capacity within the health sector is very low in most countries (Hersh 

et al 2010). This thesis concentrates on the development and implementation of a health information system (HIS) 

targeted at clinics and public health officials in developing countries, central to the overall management of information 

flows in the health care system and thus impacting the work of a range of staff. People in the South will need to 

actively engage in all stages of emerging open innovation models and globally distributed production processes to fully 

take advantage of the transformative potential of the rapidly spreading digital infrastructure (Benkler 2006, Weber and 

Bussell 2005). In other words, the South should not be passive recipients of technological solutions, but active creators. 

As illustrated in figure 1, people can engage with information systems along a wide continuum - and such wide 

engagement is necessary to ensure suitability and sustainability, in particular when it comes to organizational systems. 
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Figure 1: The spectrum of software-related activities (from Ye and Fischer 2007) 

Research is needed to understand the conditions under which professionals from the health domain and software 

developers can interact constructively in ensuring robust systems, and the dynamic of different roles. Engagement in 

systems development is usually more demanding than the simple use of off-the-shelf productivity packages, but can 

drastically reduce the dependence on outside assistance. Thus, while ICT has already become “mainstream“ among  

development practitioners, captured in such mantras as “a means,  not an end”,  a simple “tool” view risks missing the 

crosscutting and linking aspects of information technology  as a much wider platform for bottom-up and participatory 

development (Heeks 2008). However, the general resource constraints of the public health sector in the South in 

matters of ICT points to a need for conscious efforts to lower the requirements for participation, and for pooling of 

resources to surmount remaining thresholds. Braa et al. (2004) describe an approach called Networks of Action (NoA), 

recommending a loose coupling of interventions in a larger network where sharing of experiences, learning processes, 

and support is facilitated, characterized by: 

 

• The distribution of appropriately formatted learning experiences across sites 

• Nurturing a robust, heterogeneous collection of actors likely to pursue distinct, yet sufficiently similar agendas 

• Aligning interventions with the surrounding configurations of existing institutions, competing projects, as well 

as everyday practices 

• A "South-South-North" collaborative processes, abandoning singular, one-site projects in favor of long-lasting 

networks for sharing of experience, encouraging local learning processes.  

 

The NoA approach was designed to strengthen efforts at introducing health information systems in resource 

constrained settings, with a focus on implementations. The present work aims to explore extensions of that approach to 

the networking of software development efforts, both within a specific application and between systems. To achieve 

this, it is necessary to take a closer look at structure and boundaries,  as well as the dynamics of how technical and 

organizational structures interact when they are engaged in collaborative efforts along the lines of the NoA concept. On 

the software supply side, collaborations within widely distributed networks of developers have gained significant 

momentum as enabled by the internet, crystallized most clearly in literatures on global software engineering (e.g. 

Herbsleb 2007), outsourcing and offshoring (Dibbern et al 2004, Sahay et al 2003), and open source software (Benkler 

2006, Weber 2004). Some authors consider globalization as one of the major challenges in requirements engineering 

(Herbsleb 2007). This work focuses on the open source perspective, which is closest to the NoA approach.  

1.1.2 29BFREE AND OPEN SOURCE SOFTWARE 

A range of authors point to vast opportunities for engagement and collaboration afforded by the many successful 

examples of global scale distributed software development within the growing free and open source software (FOSS) 
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phenomenon. The core definition of FOSS is "software for which the source code is available to the public, enabling 

anyone to copy, modify and redistribute the source code" (Varian and Shapiro 2003:3)F1F. The FOSS approach can be 

considered as a continuous form of open ended distributed participatory design, where new functionalities can always 

be proposed by different kinds of participants, regardless of their stake in the project, and users can potentially be 

involved in all phases of the development process (Barcellini et al 2008, von Hippel 2005). The crucial generative 

aspect of software is the source code, and the innovative approach of FOSS is the use of licensing not to restrict, but to 

allow the modification and distribution of design. This enables the rapid spread of a common pool of artifacts and 

resources: “What is distinctive about digital technologies is that they make it possible to imagine a shared global 

infrastructure that is far less expensive than a similarly global and shared infrastructure would necessarily have been in 

a physical environment (think railroads, or even container shipping). Open source can be seen as the software piece of 

this infrastructure” (Weber and Bussell, 2005:71). There are a number of reasons why the study of FOSS projects 

makes sense from an information systems perspective. Von Krogh and Spaeth (2007) list five characteristics of 

the phenomenon that are conducive to examination: 

• Impact: FOSS has an extensive impact on the economy and society 

• Theoretical tension: FOSS deviates from existing theory in different fields 

• Transparency: FOSS projects offer researchers unprecedented access to data 

• Communal reflexivity: Developers frequently engage in a dialog on its functioning 

• Proximity: The innovation process resembles knowledge production in scienceF

2 

 

FOSS offers new perspectives on distributed system development with a large number of participants that engage 

in a number of aspects from explicating requirements to documenting, configuring, and module programming. 

FOSS projects typically blur the separation of roles through transparent processes and open communication and 

intensive use of online media (Fogel 2005, Lanzara and Morner 2005). This social and technical infrastructure enables 

widely distributed collaboration without central control. The key characteristics of such software production have been 

found to be I) decentralization, where individuals act as they see fit, without a central organizer, and II) "the use of 

social cues and motivations, rather than prices and commands" (Benkler and Nissenbaum 2006). The underlying 

assumption is that contributors have "excess capacity", in terms of internet access, developer skills and discretionary 

time, which allows them to contribute without direct monetary compensation (Tsiavos 2008). However, these 

conditions can hardly be assumed to hold generally in the South, and certainly not when it comes to the public health 

                                                             
1 For a widely used fuller definition of open source, see HUhttp://www.opensource.org/osd.html U 

2 See Bezrukow (1999) for an elaboration of this point 
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sector. This thesis thus sets out to determine the nature of such discrepancies, and possible ways to enable the South to 

fully participate despite them. 

 

A key principle behind FOSS is an inversion of the ordinary exclusionary property rights regime that controls product 

design as business secrets. The combination of negligible copying cost for digital goods and rapidly decreasing cost of 

internet access means that once a piece of software has been produced, it is mainly licensing and copying constraints 

that restrict its availability (Weber and Bussell 2005). Open source projects are usually characterized by a pooling of 

resources into a communitarian, asynchronous and mediated design practice where both users and developers are 

widely dispersed (Barcellini et al. 2008). Economists and political scientists have portrayed FOSS as a paradigm for 

online, collaborative, distributed work characteristic of the network society. Furthermore, it has been put forward as a 

possible engine and platform for development and empowerment of the public sector through bringing users and 

producers together in novel, distributed innovation processes, and the transparency and emphasis on sharing (e.g. 

Varian and Shapiro 2003, Weber 2004).  

 

However, FOSS proponents have been mainly concerned with the supply side: “The naïve view of open source 

products considers only the software development process, with limited regard for its use. Many open source 

developers take the view that because their product is superior or equivalent to a commercial one, potential users will 

automatically adopt it. In reality, the development and user communities are different and most users have limited 

technical knowledge.” ((Câmara and Fonseca 2007:127). On the other hand, much of the offshore outsourcing 

literature is mainly concerned with the demand side (Ågerfalk and Fitzgerald 2008). This work aims at studying the 

interaction between the two, and further differs from the main thrust of the outsourcing and global software 

development literature in that both most of the users and a significant part of the developers reside in the South. 

1.1.3 30BFOSS FOR PUBLIC HEALTH CARE IN THE SOUTH 

 

The FOSS literature stresses the role of active users who participate by assisting newcomers, reporting bugs, or 

proposing new features (Fogel 2005). However, there is a dearth of research into these kinds of participation 

from people in different roles when it comes to FOSS information systems for organizational domains in the 

South - as this is a relatively new phenomenon, at least within the health care field. Within the health care 

sector, Hersh et al (2010) recommend partnerships to facilitate cooperative exchanges between institutions in 

the North and resource constrained settings in the South,  as well as South – South. The authors explicitly 

highlight networked, open source systems development as a promising path in this direction, emphasizing how 

successful local examples can be “expanded into larger networks whose scale can be leveraged for more rapid 

and effective dissemination. Such an approach should also foster the establishment of academic partnerships 
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and centres of excellence in education and research in developing countries for sustainable capacity building 

while still being responsive to local needs". This recent call to arms points to both the scarcity of such efforts so 

far, and the need for a fuller study of the detailed design and programming operations involved, as well as the 

broader organizational and institutional environments within which such networks operate. A number of 

initiatives in public health care and telemedicine have adopted FOSS components and approaches (e.g. Brauchli 

et al 2005, David 2005, Hayes 2008, Morgan 2005, Nardon and Moura 2007, Vanmeulebrouk et al 2008). 

However, the literature on such efforts remains limited, especially when it comes to investigating the dynamics 

between technical and organizational aspects. Still, even for organizational information systems,  there has been 

a marked growth in standards based, generic systems, designed for use throughout whole industry sectors, such 

as health care, or even across sectors, such as ERP systems (Pollock et al. 2007). The question is then whether 

the development of such systems is feasible in the South with the use of FOSS approaches. 

1.1.4 31BRESEARCH AIMS 

This study aims to explore FOSS approaches to building information systems for the public sector in the global South, 

with the following research questions: 

1. What are the conditions for distributed development of organizational FOSS in the South? 

2. What measures can be taken to support networked efforts for the implementation of FOSS organizational 

information systems? 

3. What lessons can be drawn from the emergence of an organizational field for HIS in the South? 

In summary, I aim to examine how the particular features of FOSS match the challenges facing organizational systems 

in the South, which are notoriously prone to failure. The participatory design (PD) literature recommends close 

interaction between users and system developers (Kensing 2003). Similarly, the canonical analyzes of FOSS focus on 

users as co-developers. It therefore becomes pertinent to analyze whether the assumptions of the FOSS production 

model still hold for organizational IS in the South, and if not, what can be done to remedy the discrepancies. As 

remarked above, the general FOSS literature has shown that the development model entails taking in a complex web 

knowledge, practices and tools, which taken together represent “the practice of doing open-source, or the habit of 

being in an open-source programming environment or having an open-source mindset” (Lanzara and Morner 2005:88). 

As Heeks (2005) points out, this mindset is likely to be lacking in the South, especially in settings with poor Internet 

connectivity. This points to a need to explore processes that will help bridge the gap in order to reach the potential of 

FOSS. 
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The second research aim inverses the line of questioning and asks what we can learn about the FOSS phenomenon as it 

expands beyond its origins in operating systems and internet infrastructure to the introduction of complex IS for the 

public sector in the South.  

The final aim takes this a step further beyond the confines of a particular software artifact, recognizing that there are 

usually significant links between projects in the broader FOSS ecosystem. The need to take into account the wider field 

of adjoining technical and organizational structures is manifest in projects developing and implementing organizational 

IS. In the case of large and diverse organizations, such as a national public health system, a number of information 

systems will be required, and for efforts that explicitly seek to build sustainability through networking, this need is 

further accentuated. Moreover, the often similar processes adopted by FOSS projects makes inter-project dynamics an 

important object for study.  

1.2 7BTHEORETICAL PERSPECTIVES 

 

In order to shed light on the research aims, we need a framework that encompasses both the development of the 

information system as a technical artifact, its implementation, and the organizational settings of both distributed 

production and implementation.  

1.2.1 32BLEARNING, PARTICIPATION, AND ROLES 

The user - programmer spectrum depicted in figure 1 needs to be augmented with a second dimension, the 

mediating role of implementers. Most large scale organizational systems such as those for Enterprise Resource 

Planning (EPR) are in need of configuration and customization, often carried out by large teams of highly 

specialized consultants. For this kind of role, it is helpful to adopt the definition by Seebregts et al (2009) of an 

implementer as “a health information systems professional who focuses on installing and configuring software and 

systems to meet the needs of a particular health system requirement with little or no programming of the actual 

software application”.  As skilled and experienced programmers are a scarce resource in most countries, the ability of 

an application to be implemented and maintained with minimal involvement from experts is crucial to the sustainability 

of the effort. At the same time, in order to benefit from innovation prompted by use situations and learning-by-trying, it 

is vital to improve the capacity of implementers to interact with developers, by facilitating visits and good 

communication practices. 

1.2.2 33BSTRUCTURE AND ORGANIZATION 

As a necessary consequence of the communication needs of developers,  Conway (1968) proposed that the (modular) 

structure of an information system will mirror the structure and communication patterns of the organization designing 

it. This has since come to be known as “Conway’s Law”, and was followed by Parnas (1972), who defined a software 



12 

 

module as “a responsibility assignment rather than a subprogram” (quoted in Herbsleb and Grinter 1999).  A major 

motivation for modular design and the use of interfaces is decoupling and independent decision making, to minimize 

communication requirements: “The point of structure is to support coordination of the development work.” (Herbsleb 

and Grinter 1999:63). However, it is necessary to have some level of coordination beyond what formal plans and 

processes can cater for without becoming overly burdensome, underscoring the need for informal communication 

channels in distributed software development (Imsland and Sahay 2005). 

 

1.2.3 34BCORE-PERIPHERY, GENERIFICATION, AND BOUNDARY SPANNING 

Collaborative online platforms (e.g. sourceforge.net, codehaus.org) provide infrastructure to facilitate 

coordination and integration of highly parallel efforts, enabling the formation of communities of developers and 

users around projects. Such communities can become very large and attract people and organizations with 

widely divergent agendas and contribution patterns, incorporating different layers of institutional support 

(Berdou 2007). However, despite the "flat" view of participation in some depictions of FOSS, all modules in a 

system are not created equal, nor by equals. The concepts of modularization and forking, with some functionality 

and some developers more centrally placed than others lead naturally to a core-periphery view of both the source 

code and developers network, with both largely depending on the other. Core developers would typically care more 

about and be better qualified to deal with the core modules. On the other hand, from an implementation point of 

view, there is a need for approaches to distributed systems development that can both ensure coherence and 

support diverse local settings, striking a balance between global standards and local needs (Rolland and 

Monteiro 2002). Also, too much control and standardization is likely to stifle local creativity and energy 

(Walsham 1993).  While standards are crucial to coordinate distributed work and integrating local efforts, they 

have to be sufficiently flexible to allow implementers to deal with the situation on the ground (Braa et al 2007). 

A strong, common core can allow the system to serve as an effective boundary object binding distributed 

practitioners to collaborate and learn across contexts and borders (Pawlowski et al 2004), thus there are great 

advantages to generification, creating systems that are portable between contexts (Pollock et. al. 2007). From a 

FOSS perspective, one can see the process of generification as the opposite of forking, a way of integrating 

diverse requirements into more general (though configurable) patterns. Such generification is closely aligned with 

readily recognizable concerns for curbing complexity, reducing risk, and maintaining control, by adhering to 

uniform, standardized solutions (Weill and Broadbent 1998). However, the question is whether the FOSS 

emphasis on openness and local configurability can simultaneously allow for sufficient adaption to situated 

organizational contexts (Kyng and Mathiassen 1997, Suchman 1987). 

1.3 8BTHE EMPIRICAL CONTEXT: DHIS 2 
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The fieldwork for this thesis was carried out as part of a broad transformational intervention within the Health 

Information Systems Programme (HISP), which started as a university collaboration around a pilot project in three 

health districts in South Africa. Emphasizing participatory and iterative design of a system to support routine data 

collection and local information use, a key design principle was to enable easy configuration of the system without the 

need for programmers to be involved (Braa and Hedberg 2002). Programming was done by a two person team in Cape 

Town, on the MS Access platform, which allowed both a rich user interface and direct manipulation of the data through 

a well-known interface. Adoption spread rapidly, and the District Health Information System (referred to as DHIS 1) 

became a nation-wide system, leading to the forming of an NGO with support structures such as courses, a mailing list 

and a websiteF

3
F. 

The success in South Africa led to an effort to introduce the system and methodology in Mozambique (Nielsen and 

Nhampossa 2005) and in the Indian state of Andhra Pradesh (Sahay et al 2009). Some Indian team members were 

familiar with Visual Basic and created separate analytical components connecting directly to the database. Local 

modifications were also made in Ethiopia, though with minimal interaction with the core developer team, losing 

synchronization with the main development and being stuck with an older version. These experiences highlighted 

problems with having centralized developers and distant implementations. Furthermore, in October 2003, an evaluation 

from the Ministry of Health in Mozambique strongly criticized the technical design and the use of MS Access as 

platform, recommending a switch to a web application. This triggered complete rewriting, as two parallel processes – 

the South African team initiated a full “refactoring” on Access, while a new team was established in Norway looking to 

make fundamentally remodel the functionality onto a web platform. An explicit aim was to distribute the development 

effort through modularization, following FOSS approaches such as web-accessible source code repositories and 

intensive use of internet tools and development frameworks. This effort soon came to be called DHIS 2. 

1.3.1 35BNETWORKED DEVELOPMENT 

 

Over the summer of 2004, an effort was made to jump-start development in India, but neither the coordinators nor the 

local team members had sufficient experience in complex web application development to be able to digest the myriad 

of technical alternatives and create a solid architecture. A team of master students was then assembled in Oslo in early 

fall, and a set of up-and-coming lightweight Java frameworks was selected as the new development platform on the 

recommendation of the two students with most experience. One of them had not even graduated, but was already 

employed on a part-time basis by the open source Maven project, which thus became a key tool for DHIS2. 

In Vietnam, collaboration was initiated with an outsourcing company, and a few final year students were recruited to 

work closely with a series of Norwegian master students who spent overlapping time in the country. As the 

                                                             
3  HUhttp://hisp.org UH  
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development capacity of the team growing, several of the Vietnamese developers similarly spent long periods in India 

working on the very large rollouts there, and also took on some core development tasks, guided by the lead developer 

from Oslo, both at a distance and during visits. 

 

In many ways mirroring the spread of DHIS 1 in South Africa, the Indian implementation effort grew from one 

state in early 2006 to cover most of the country over the span of three years, in close collaboration with the 

newly established National Rural Health Mission. The rapid expansion put great pressure on the developers to 

accommodate a growing list of requirements, beyond the capacities of the initial DHIS1 implementing team. 

New developers were recruited, but the team also drew on the international network, with developers from 

Vietnam, Ethiopia, Tajikistan, Ireland and Norway playing crucial roles.  

1.3.2 36BIMPLEMENTATIONS 

 

The development of DHIS 2 was strongly influenced by the spreading number of implementations, supported by 

a combination of local teams and assistance from external experts. The travel of coordinators and developers 

from other nodes in the network enabled two-way learning. A coordinator from Oslo worked for 9 months in 

Zanzibar with both a local team and PhD students from Tanzania on the combined introduction of the latest 

iteration of DHIS 1 in districts with DHIS 2 at the national level. This process yielded a steady flow of feedback to 

the developers in both Oslo and Cape Town. Similarly, the lead developer in Oslo made repeated trips to Sierra 

Leone, India, Vietnam and Kenya to assist with the implementation of DHIS 2, as well as several visits to South 

Africa to learn from the DHIS 1 experience and present the new system. Such participation of developers in 

shifting implementations influenced the local implementations. 
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Figure 1: One of the FOSS reporting framworks bundled with DHIS 2, BIRT 

 

Furthermore, the need for clinical and hospital patient management led to increasing entanglement with the 

OpenMRSF

4
F opens source medical record system network, with several developers focusing on developing new 

modules for that system, as well as a major effort to enable data exchange between the two systems, as well with 

the FOSS Human Resource system iHRISF

5
F. The latter work simultaneously contributed to work on the SDMX-

HDF

6
F interoperability standard, spearheaded by WHO. 

1.4 9BEXPECTED CONTRIBUTIONS 

 

                                                             
4 HUhttp://openmrs.org/ U 

5 HUhttp://www.capacityproject.org/hris/blog/index.php/2010/09/his-milestone-reached-health-information-systems-
prove-interoperability-success-at-his-unconference-and-training-workshop/ U 

6  HUhttp://www.sdmx-hd.org/ U 
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FOSS has reached widespread recognition as an alternative or complementary approach to both the development and 

implementation of information systems, and thus has institutional impacts on organizational fields, potentially 

furnishing new sources of legitimation and collaboration, in effect posing a participatory, bottom-up challenge to both  

hierarchical or market structures (Benkler 2002). However, there is a need to learn about the specifics of FOSS in the 

South in general, but also to move beyond studies of pure implementation and diffusion of off-the-shelf packages to 

actual development  of systems tailored to local needs (Heeks 2006, 2008). As of yet, the knowledge about how this 

plays out in conditions different to those in which most of the typical horizontal FOSS software tools and applications 

have been developed and used is limited. This work aims to contribute to our understanding by analyzing a case of a 

health information system developed and implemented in the Global South as well as identify obstacles to such efforts 

and measures that can help overcome them. Furthermore, a clear aim is to contribute to a widening of the perspectives 

on the open source phenomenon through examining it this broader context and contribute to both the FOSS literature 

and the IS literature in general, by: 

• Unpacking the vaunted generativity of modularity by examining the balance of learning burden between 

core and peripheral developers, implementers, and end users, examining the notion of participatory 

design in widely distributed projects 

• Delineate some of the interdependencies and interactions between multiple levels of activity, from 

programming frameworks and standards via diverse implementations and on to collaboration across 

project and organizational boundaries 

1.5 10BORGANIZATION OF THE THESIS 

 

In the next chapter I examine a number of pertinent theoretical concepts on learning, participation, networks 

and distribution, as well as on software architecture in combination with my empirical findings to form a 

theoretical frame for discussing FOSS development for the public health care sector in the South.  

Chapter 3 first presents my research approach, followed by a description my actions within the DHIS2 effort. It 

concludes with some reflections on the HISP network. Chapter 4 expounds the empirical findings and 

conceptualizations from the six papers that form the core of the thesis, with a brief summary of the overall 

findings. Chapter 5 highlights theoretical and practical contributions. Finally, the last chapter examines 

limitations and offers suggestions for further research. 
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2 1BRELATED RESEARCH 
This chapter draws together several strands of literature that can serve to elucidate aspects of the relatively unexplored 

field of globally distributed open source development for the public sector in the South. I draw on concepts from the 

areas of  software engineering, innovation, knowledge and learning, and participatory design. 

2.1 11BPARTICIPATION AND LEARNING 
Well-structured pieces of software can serve as raw material for further production, if generalized and  Developers are 

able to “climb on the shoulders of giants” and self-select suitable tasks without traditional hierarchies or market 

pressures (Osterloh et al 2003). By making both source code and key communication practices readily available on the 

internet and explicitly unencumbered with restrictions on its use, the FOSS approach fundamentally encourages 

borrowing not only of ideas, but of their implementation in parts (e.g. specific algorithms) or as running subroutines 

that can be incorporated in innovative constellations.  

Free of the usual monopolizing constraints, the key economic consideration for FOSS development is the 

time spent by designers and developers, as well as the efforts of testing, fixing bugs, and documenting. Of 

these, the core activities of software architecting and programming are perceived to require the most scarce 

skills, and therefore they afford the most legitimacy and "community cred". Repeated contributions of well-

functioning code is often a requirement for "committer" status in FOSS projects, as a rite-of-passage proof of 

worthiness (Ducheneaut 2005)F

7
F. While the Duchenaut argues that the model of FOSS projects as mostly 

being structured through onion like layers of increasing competence and control from passive users and 

observers to core developers is too simple, it nevertheless can serve as a useful analytical device: “The 

depiction of role hierarchies in OSSD project communities as concentric, onion-like circles speaks to the fact 

that those in the outer periphery have less direct control or knowledge of the project’s current state and its 

social and technical direction compared to those in the inner core circle.” (Jensen and Scacchi 2007:9). 

2.1.1 37BPARTICIPATORY DESIGN 
Conceptual and experiential gaps between designers and practitioners have long been recognized as major causes of 

information systems failure both in the development and the information systems literatures, and several 

“participatory” approaches have been devised to breach the gaps (Thompson 2008). The participatory design (PD) 

literature underlines the importance of having users participate closely with software developers in the design of 

organizational information systems. However, PD efforts have been dominated by manpower-intensive techniques and 

                                                             
7 The sentiment is also reflected in a famous reflection of the "hacking ethic" in a much quoted statement from David Clark 
of the Internet Engineering Task Force: "We reject kings, presidents and voting. We believe in rough consensus and running 
code" HUhttp://www.ietf.org/tao.html U 
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have therefore usually been restricted in scale, scattered and isolated. Furthermore, the PD approach has been criticized 

for presuming a limited, rather homogenous user group, and because of this often failing to have major impact, whereas 

modifications are needed that involve interplay between local settings and organization-wide exchange for the 

generalization of local developments (Pilemalm and Timpka 2007). Changes would be necessary in order to make PD 

useful for large globally distributed organizations, where information systems take on more of an infrastructural quality 

(see e.g. Rolland and Monteiro 2002), and a fortiori with systems that span whole fields of organizations and interact 

with an evolving environment of shifting boundaries (Johannesen and Ellingsen 2009). 

2.1.2 38BKNOWLEDGE AS INFRASTRUCTURE 

 

In order to find scalable ways to meld the users’ perspectives and work conditions with those of the software 

developers, we need to examine knowledge in more detail. Hanseth  (2004:14) argues that it is appropriate to consider 

knowledge as “being highly embedded in a complex web of relationships and dependencies, where it is difficult to 

change one part without the other. Material practices, institutions, taken-for-granted notions, communities, etc. 

contribute to the kinds of knowledge produced, and the ways in which it is produced and used.” This interdependent 

and complex nature of knowledge means that there are  strong network effects – much of the value of a set of standard 

practices and tools (including de facto technical standards) flows from  the size of the network of users. In connection 

with complex webs of standards, tools, practices and business models that have spread widely, it is appropriate to think 

of knowledge in terms of infrastructures or paradigms: “big, heavy, and rigid – and not light and flexible as is often 

wrongly understood” (Hanseth 2004:8). 

A switch from traditional software procurement (which in the case of the public sector in the South has often meant 

adopting a piece of software brought in by a donor to meet their reporting needs) to a process of participatory software 

development which has been the aim of the HISP project since its inception, represents a major change in the 

knowledge and capacities required, and for this to be viable, the project must scale beyond scattered efforts, as argued 

by Braa et al (2004).  This is supported by Hanseth’s statement that “new knowledge would be valueless until there has 

been an accumulation of a significantly huge stock – a critical mass -  of additional knowledge that is compatible with 

it - and this accumulation cannot start if there is not already a network with which the new knowledge is compatible. 

[…]The knowledge constituting the new paradigm can be generated only as lessons learned from ongoing work. […]  

We can change  can change our practices, but only by maintaining a strong (but not total) degree of backward 

compatibility – just as in the case of standards and infrastructures” (Hanseth 2004:23). 

2.1.3 39BLEGITIMATE PERIPHERAL PARTICIPATION TRAJECTORIES 

 



19 

 

In a similar vein, several researchers have analyzed the growing trend of what von Hippel (2001, 2005) terms user-led 

innovation, which has reached its apogee with the sometimes very large communities that have formed around open 

source software development. A community is likely to grow faster if it enables newcomers to engage in what has been 

called legitimate peripheral participation (Lave and Wenger 1991), which means that contributors are welcomed and 

supported in tasks that are well-delimited, and not initially likely to affect the core activities significantly. Through 

such peripheral participation, they will get to know both the structure of the project, the resources available, and who 

the key community members are. While some newcomers may leave after a short while, this model of community 

building and learning outlines a potential movement from the periphery to the core over time. However, movement can 

follow multiple trajectories. By rendering most parts of their operations freely accessible on the internet, FOSS 

communities lower the threshold for participation significantly, for programmers and end-users alike. Still, acceptance 

into a community typically requires following accepted rules or scripts (von Krogh et al 2003). In the well established 

Python programming language project, Ducheneaut (2005) found little evidence of explicit coaching or teaching, 

leaving it to newcomers to discover the norms of participation by themselves. He argues that becoming a full developer 

in an open source community is a process of socialization as “the active creation and maintenance of strong links 

between individual participants and the socio-technical network of a project” (ibid:328) along the following typical 

trajectory: 

1. Peripheral monitoring of the development activity 

2. Reporting of bugs and simultaneous suggestions for patches 

3. Obtaining access to the version control system and directly fixing bugs 

4. Taking charge of a ‘‘module size’’ project 

5. Developing the project, gathering support for it, defending it publicly 

6. Obtaining the approval of the core members and getting the module integrated into the project’s architecture  

 Thus, projects can attract participation by making it easy to contribute, for example by making small changes to the 

documentation through a wiki-like setup (Benkler 2002). Similarly, to entice new developers, a modular system 

architecture can enable relatively independent tasks of varying difficulty, allowing for a number of trajectories towards 

becoming a core participant  (Ducheneaut 2005, Jensen and Scacchi 2007). In this way, widely dispersed communities 

using only “thin bandwidth”, text based communication (Lanzara and Morner 2005) can succeed in forming large and 

productive interactions between groups of individuals engaged in the same type of practice, in effect forming a 

Community of Practice (CoP, see in particular Wenger 1999).  
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However, the simple delineation of movement in linear trajectories from periphery to center have been criticized as too 

constricted to fully explain the wide range of engagement displayed by participants in FOSS projects. Engeström 

(2007:2) criticizes the idea of CoP as being too closely tied to quite limiting aspects prototypical apprenticeship:  “(a) 

A community of practice is a fairly well-bounded local entity which has clear boundaries and membership criteria. (b) 

A community of practice has a single center of supreme skill and authority, typically embodied in the master. (c) A 

community of practice is characterized mainly by centripetal movement from the periphery toward the center, from 

novice to master, from marginal to fully legitimate participation; opposite centrifugal movement may occur but is not 

foundational." Engeström sees this view of communities as outdated, especially vis-a-vis such ultra-modern 

phenomena as FOSS, which often take place in "widely dispersed, fluctuating and weakly bounded community forms", 

where membership changes dynamically and degrees of participation vary greatly between participants. 

2.1.4 40BEXPANSIVE LEARNING 
 

Full participation requires that sufficient support can be garnered to launch designers and developers in the South on 

such trajectories, and embark on what Engeström (2007) refers to as expansive learning. He characterizes such learning 

with the help of four central features: 

1. It is transformative learning that radically broadens the shared objects of work by means of explicitly 

objectified and articulated novel tools, models, and concepts that tend to form integrated multilevel 

instrumentalities or constellations. 

2. It is learning by experiencing that puts the participants into imagined, simulated, and real situations that require 

personal engagement in actions with material objects and artifacts (including other human beings) that follow 

the logic of an anticipated or designed future model of the activity. 

3. It is horizontal and dialogical learning that creates knowledge and transforms the activity, by crossing 

boundaries and tying knots between activity systems. 

4. It is subterranean learning that blazes cognitive trails that are embodied and lived but unnoticeable. These trails 

serve as anchors and stabilizing networks that secure the viability and sustainability of the new concepts, 

models, and tools, thus making the multiactivity terrains knowable and livable. 

Such transformative learning cannot be achieved without a clear, long term strategy. Moreover, it is likely to require 

significant scaffolding to reach the needed momentum.  

2.1.5 41BBUT HOW TO SCALE? 
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To reach sustainability, we need to scale beyond single implementations (Braa et al 2004, Heeks 2008). Johannesen 

and Ellingsen (2009) argue that a system developed with heavy user involvement and delivery of working functionality 

early in the development phase following an “agile” methodology will easily result in a highly locally-tailored system, 

which will be hard to “move out”  to other settings, and thus hinder efforts at scaling the system and its support 

structures to give it sufficient momentum. The large scale needed to make a real impact is not possible unless 

commonalities are exploited quite extensively. Globally flexible solutions are often costly and intricate both to program 

and to configure as compared to “hard-coding” of bespoke solutions closely tied to local situations. Local capacity to 

handle diverse issues, ranging from aspects of the software to dealing with the context of use, needs to be developed 

through practical implementation efforts in each country.  

The literature on FOSS emphasizes how the ethos of sharing provides opportunities for learning, not enabled in the 

same way by proprietary software (von Krogh and von Hippel 2003, Weerawarana and Weeratunga 2004). This 

potentially avoids situations of vendor lock-in, as the software can be modified by anyone with the requisite skills and 

creates the potential to improve both institutional (government and private sector) and individual capacities (Câmara 

and Fonseca 2007). Thus, there is a potential for increased self-reliance and local capacity building, as “We are seeing 

early signs of the emergence of an innovation ecosystem made of public funding, traditional nonprofits, and the newly 

emerging sector of peer production that is making it possible to advance human development through cooperative 

efforts in both rich countries and poor.” (Benkler 2006:14). Key constraints are the limited supply of experienced 

developers in general in most LDCs, and the unfamiliarity with FOSS tools, frameworks, and processes in particular as 

opposed to commercial developer tools that are widely pirated and therefore affordable (Heeks 2005). In particular, the 

scope for innovation with significant input from the South is underlined: "I am not arguing that developing countries 

can use the open source process to make up for lack of sufficient legal and economic infrastructure, or replace 

institutions by installing Internet connections. I am saying that there are interesting possibilities for building systems of 

distributed innovation within emerging economies that lead to autonomous innovation. This could have a significant 

impact on development prospects" (Weber 2004:254).  

2.1.6 42BNETWORKS OF ACTION 
 

Heeks (2008) highlights the problems of scaling and sustainability of information systems in the South. Similarly, 

Scandinavian researchers in the participatory design tradition recommended a shift “from single organizations and 

work places [...] to networks” (Engelstad and Gustavsen 1993:219). In order to have sufficient impact, efforts at 

information system implementation must extend beyond the focus on local situations,  and emphasize continuity and 

mutual learning. In other words, while IS implementations must be sensitive to local contexts, they should take place 

within the wider context of similar efforts. 
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The Networks of Action approach is intended “to capture the dynamics of translating, aligning heterogeneous networks 

of routines, technology, and learning within politically contested terrains of opposing projects and ideologies in an 

effort to promote sustainable, replicable changes” (Braa et al. 2004:342). Furthermore, a strong network will often 

share a set of practices and philosophies guiding the implementation, such as a focus on standards and the use of 

information, forming a community of practice (CoP: Lave and Wenger 1991, Wenger 1998), similar to, but less 

structured than standardization efforts by multinational companies. 

 

However, while Braa et al (2004) put the emphasis on the networks of implementers of information systems, i.e. the 

demand side, this thesis aims to extend the approach to simultaneously consider distribution of the system developers 

on the supply side, with software developers working in different countries and continents in a networked fashion, but 

in close conjunction with local implementations. In other words, rather than describing a collocated team of software 

developers serving a distributed team of implementers, this study examines a more extensive distribution of design, 

programming and implementation activities in an expanding global network. 

 

The strategy for building networks of action is to start small, establish what works, and evolve, akin to the "Bazaar" 

model of open source software production (Raymond 1999) characterized by an ethos of "release early and often, 

delegate everything you can, be open to the point of promiscuity". The NoA and bazaar models share a basic 

acceptance and openness for the variety of the matter they deal with. Both stress the importance of not starting from 

scratch, but rather use what has already been done, get it out there, let go of full control, see what constellations 

emerge. In this sense, the focus of both models is not on abstract planning of optimized, complete solutions, but on 

building on promising partial pieces and using real world feedback. 

2.1.7 43BARTICULATION OF TACIT KNOWLEDGE AND COMPREHENSIBILITY 
 

Radically distributed development is only possible through a certain amount of shared understanding. Morner and von 

Krogh (2009:435) suggest that “open-source software projects may also include a conversion from tacit to explicit 

knowledge”. This would seem especially pertinent when aspiring to recruit developers who are unfamiliar with 

canonical FOSS "best practices", or when one cannot rely on developers sharing education or experience in the field of 

computer science. Moreover, if one wishes the project to reach a large scale and enable full participation in the South, 

one has to make sure they are able to comprehend the communication in their individual contexts: "Comprehensibility 

is a precondition for transforming the data into knowledge. It depends, on the ease with which people can understand 

the software, and on the technical expertise of the participants. The software must be understandable to at least a 

certain circle of interested developers who use and test the software." (ibid:438). A similar point is raised by Câmara 

and Fonseca (2007:124), though they also argue that comprehensibility of the overall functioning and purpose of a 
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software package can be in conflict with high modularization: “Modularization and ease of understanding are difficult 

qualities to achieve at the same time.” 

 

2.2 12BGLOBAL SOFTWARE DEVELOPMENT AND GENERIFICATION 
 

Geographical distribution of software development commonly entails disparate work hours and differing organizational 

and cultural affiliations. Dealing with this requires both technical and organizational innovations. One such coping 

mechanism is through long term alliances (Sahay 2003). The expansion of the Internet has enabled wide distribution of 

information systems development, with a proliferation of global outsourcing arrangements between client firms in the 

North and suppliers in the South. Such work is “based on the assumption that software projects can be subdivided into 

relatively independent and autonomous modules, and pieces of work can be distributed and coordinated using ICTs 

across the globe. This modularization of work, its distribution across different development centers and subsequent 

integration requires standardization of various products (for example, the software development environment used), 

processes (such as software development methodologies) and also practices (such as reporting routines). This process 

of standardization is extremely complex as it involves questions of what and how much to standardize so as to best 

develop a pragmatic balance between the need for universal templates with the demands of local particularities" (Sahay 

2003:5). Globally distributed software development calls for agreement on a common breakdown of responsibilities 

around a shared system architecture: “Adopting an architecture tends to guide developers towards compatible 

decisions, assuming there is effective communication and a common understanding of what the architecture actually 

is” (Herbsleb 2007). 

2.2.1 44BOPENSOURCING 
 

Citing Koh et al. (2004) on the importance of studying both sides of  offshore outsourcing relationships, going beyond 

a focus on the customer perspective, Ågerfalk and Fitzgerald (2008:386) go on to note that "Interestingly, research to 

date on open source has focused inward on investigating the characteristics of the development process and projects, 

that is, on the supplier side of the relationship, and far less has been conducted on the customer side, in the sense of 

investigating the consequences of the OSS phenomenon for organizations". They coin the term opensourcing, defined 

as "the use of the OSS development model as a global sourcing strategy for an organization’s software development 

process."  

 

Opensourcing breaks with the more conventional approaches to global sourcing, but also enriches the research agenda 

on FOSS by emphasizing company-led, rather than community-driven, projects, which the authors argue is important 

because of "an ongoing shift from OSS as a community of individual developers to OSS as a community of 

commercial organizations, primarily small and medium-sized enterprises, operating as a symbiotic ecosystem in a spirit 
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of co-opetition. [...] in contrast to traditional outsourcing, opensourcing is not primarily about commissioning software 

development to a third party, but rather about engaging in long-term collaborative activities leading to a sustainable 

ecosystem.”(ibid:404). The slackening of centralized control necessary to succeed with this approach is very similar to 

what Nielsen and Aanestad (2005) term infrastructuralization. 

 

Along the lines of opensourcing, DHIS 2 case is also driven by the needs of specific organizations and guided by a 

sponsoring organization, rather than a loosely assembled developer community, but differs from the outsourcing 

literature and from the case examined by Ågerfalk and Fitzgerald in that the "demand side" consists of a network of 

organizations in the public sector in the South. 

 

2.2.2 45BGENERIFICATION , STANDARD TOOLS AND META-DESIGN 

 

Key to the FOSS phenomenon is the need for innovative ways of organizing collaborative production efforts. Large 

software systems such as the Linux kernel can comprise millions of lines of source code (LoC)F

8
F, a complexity 

amounting to thousands of man-years of effort (O’Gara 2008). Collaboration at this scale is made possible through 

extreme modularization and parallelization, strict quality control schemes, and standardized technical tools. Benkler 

and Nissenbaum (2006) argue that the large community approach of FOSS projects like Linux and Apache has 

succeeded so well because of the following characteristics: work can be broken into parts that a) can be independently 

and incrementally produced, b) can be sufficiently fine-grained to allow the capture of small contributions, and c) can 

be readily quality-checked and integrated with the overall system through reasonably low cost mechanisms. Having all 

three characteristics in place enables the discrete efforts of a large number  of differently motivated individuals to 

enhance an open-ended core provided by a dedicated few. With large numbers of diverse participants and with ample 

infrastructural tools, quality control can largely be carried out through redundancy and evolutionary selection 

processes. 

A system architecture specifies what modules will be part of the system and what their functions will be (Langlois 

2002:23). Geographical distribution within FOSS projects has mainly been achieved by projects with a highly modular 

architecture (e.g. Apache, Linux), which enable local teams of users to add specific functionality without having to 

engage deeply with most of the processes of knowing in the network. This lowers the knowledge related barriers to 

contribution, which in turn speeds up network growth (Câmara and Fonseca 2007). Even so, the strong focus on 

sharing software code tends to overlook the dependency on implicit knowing and complex infrastructure inscribed with 

                                                             
8 LoC is a very crude measure, not suited to measuring e.g. a programmer’s performance over a day at work, but gives a 
meaningful indication of the order of magnitude of medium and large projects, and at this level it functions as a reasonable 
rough proxy for both effort and complexity. 
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process constraints (Lanzara and Morner 2005), arguably reflecting why such projects have blossomed primarily in the 

North (Ghosh et al 2002).  

In the context of commercial systems, Pollock et al (2007:254) describe how generic packages are "brought into being 

through an intricately managed process, involving the broader extension of a particularized software application and, at 

the same time, the management of the user community attached to that solution" by suppliers involved in generification 

work. Providing support for differently implemented products that become part of a broader information infrastructure 

is challenging, but consciously underdesigning for emergent behaviour allows for a larger community to form around 

shared experiences, aiming at creating solution spaces rather than final solutions "to provide social and technical 

instruments for the owners of problems to create the solutions themselves at use time" (Fischer et al 2004:36). "Meta-

designers need to either create an associated common toolkit or utilize a set of common tools widely available to all 

users to facilitate easy sharing and integration. The concept of open source software becomes possible only when 

software development tools (such as Emacs, Eclipse, and CVS) are widely available and are being used as standard 

tools by most software developers" (Fischer 2008:370).  

 

Coordination of widely distributed software development requires stability of the basic design, but also of the 

coordination mechanisms themselves: “If you assign work to different teams and sites on the basis of an architecture 

that is constantly changing, the benefits of modularity might be completely lost as interfaces, functionality, and project 

commitments are continually renegotiated” (Herbsleb and Grinter 1999:69). For many spatially dispersed FOSS 

projects, with loose organization and fluid membership, the coordinating “glue” is shared understanding of the use of 

the key standard coordination tools of open, archived mailing lists and a repository from where anyone with an internet 

connection and the right (free) tools can download the source code  (Lanzara and Morner 2005). In other words, 

successful FOSS development depends on a stable approach to the technical means of communication and integration 

of code, as well as on the use of shared libraries. Therefore, a fair amount of social and technical infrastructure is 

assumed by the FOSS model, which is not self- evident in resource constrained settings. In fact, enabling user 

participation requires specific efforts: "Meta-design aims at defining and creating not only technical infrastructures for 

the software system but also social infrastructure in which users can participate actively as co-designers to shape and 

reshape the socio-technical systems through collaboration. User participation, however, does not come automatically. 

Specific design decisions have to be made conscientiously to enable and encourage user participation and 

collaboration." (Ye and Fischer 2007:313).  The use of standard structures and tools is helpful: “The web of artifacts and 

tools programmers and users have commerce with in open source environments can be seen as a galaxy of “micro-attractors” 

that organize activities in certain development areas and channel them towards certain development paths” (Lanzara and 

Morner 2005:89). 

2.2.3 46BTHE HYBRID NATURE OF FOSS 
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Many FOSS projects are fully electronic communities, lacking most of the concrete elements that are usually linked to 

the success of the apprenticeship model of learning, such as physical nearness in one-on-one mentoring with a master, 

hands-on observation and practice under observation (Ducheneaut 2005). Moreover, full participation requires not only 

significant technical skills, but also the ability to maneuver the social side of the virtual landscape. Ducheneaut found 

that in spite of much FOSS rhetoric about the openness that lets ‘‘anybody” contribute, only participants who manage 

to present themselves as ‘‘software craftsmen’’ eventually reach full developer status. Furthermore, it is important to 

note that "a participant’s progressive familiarization with the ‘tools of the trade’, as well as the concrete productions 

that result from using these tools, are both central elements of traditional apprenticeship and socialization in 

communities of practice. Indeed ‘things’ or ‘artifacts’ are central in the construction of a practitioner’s identity – 

practitioners of technology learn by doing, not through abstract means" (ibid:327). This points to  the hybrid nature of 

FOSS projects, where email, code and databases constitute not simply the end products of development efforts, but are 

also material means that participants interact with and through (Lanzara and Morner 2005). The complex web of 

artifacts and informalisms that make up FOSS practices brings us back to Hanseth’s (2004) infrastructural view of 

knowledge cited above – knowledge is heavy, rigid and “sticky” (von Hippel 1994). This entails clear limitations for 

the public sector in the South, where many, if not most, ICT-related knowledge components are weak (Câmara and 

Fonseca 2007). The additional knowledge required to benefit fully from FOSS can present a burden, and support is 

needed both during an initial period of observation and assimilation of the norms and values of the community, and in 

learning from the activity of experts in order to follow a trajectory of legitimate peripheral participation and gain 

visibility as core members. 

As described by Hanseth (2004), knowledge often comes in entangled packages, and it makes sense to view FOSS 

projects as “emergent networks of human and nonhuman actants, exhibiting evolutionary and ecological features. They 

resemble complex ecologies of multiple heterogeneous elements and interactions, where the evolutionary mechanisms 

of variation, selection, and stabilization keep the system in a dynamic balance between stability and change” (Lanzara 

and Morner 2005:70). 

2.2.4 47BFORKING AND FRAGMENTATION 
In any sizeable software project, it is common practice to branch some of the source code to be developed in parallel 

and somewhat independently, and merge the branch in with the core of the software when it has reached a sufficient 

stage of maturity (Cheliotis 2009). Indeed, despite the open-endedness of most FOSS projects, it has been argued that a 

clear and stringent modular architecture is required for the radical distribution of developers seen in many projects. 

Bird et al (2008) argue that "the lack of a rigid organizational structure may in fact be a boon to [F]OSS projects. 

However, the absence of any structure at all may be just as harmful." Examining five well-known open source projects, 

they found evidence that "strong community structure existed within the communication patterns of the participants, 

and that the structure was more modular when discussion focused directly on source code artifacts". However, such 
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pragmatic partitioning of the source code is quite different from taking all or parts of the code from one project as the 

basis for establishment of a separate effort. The open licensing terms of FOSS makes the latter phenomenon, known as 

forking, possible (Lanzara and Morner 2005)F

9
F. However, it is important to note that forking can happen as a 

consequence of geographical, temporal or organizational distribution, given insufficient focus on communication and 

integration (code merging).The concepts of modularity and forking  are closely related to the pragmatic decisions 

around what components to factor out as generic libraries and infrastructural frameworks to be used across a number of 

projects. A full understanding of large FOSS projects requires an examination of these structural elements as well as 

the evolution of the ecosystem of supporting and related projects (Jensen and Scacchi 2005). 

 

Given the publicly available source code, developers who possess the requisite skills can draw on a huge ecosystem of 

FOSS libraries to produce more source code, which in attracting further contributions can trigger a virtuous circle or 

snowballing effect. However, it is also fully possible for developers to take a specific version of a project and use it as 

the basis for a competing project in the same space, for example if they disagree with the general direction a project is 

moving. Such forking is in fact an essential characteristic of FOSS and may happen also because some developers 

simply wish to produce a derivative product which will offer new functionality tailored to particular needs (Cheliotis 

2009). As in the Mambo CMS case referred above, forking, or even just the threat of it, is often portrayed as the 

ultimate guarantee that voluntary contributors to FOSS projects will not be unduly dominated by commercial 

interestsF

10
F.  

 

Though starting out as replicas, the two instances of the code will in such cases soon diverge and become incompatible, 

so that advances made on one side cannot easily be incorporated on the other, for technical reasons, even if legal and 

political factors would permit. Indeed, there are clear parallels to speciation in biological evolutionary theory, where, 

members of a species who become separated (e.g. by a body of water as with islands) gradually diverge and eventually 

become unable to have fertile offspring, thus by definition forming new species. In the context of FOSS communities, 

where possibilities for reuse and recombination are important success factors, forking is commonly seen as highly 

undesirable and likely to result in wasteful duplication of effort.  On the other hand, “arguments have also been made 

in support of forking, as it can promote competition and release developers from the drudge of slow consensus-driven 

                                                             
9 The forking of the Mambo Content Management System (CMS) code as basis for the new Joomla  CMS in 2005 is a classic 
example, where several key developers disagreed with the manner in which the company behind the Mambo effort set up a 
foundation to back the system, and decided to strike out on their own (Harhoff and Mayrhofer 2008, Matzan 2005). 

10 Some contest this argument. For example, the founder of the MySQL project warned of a dire future for the FOSS database after 
Sun’s acquisition of MySQL and Oracle’s subsequent bid for Sun: “a fork is not enough to keep MySQL alive for all future, if 
Oracle, as the copyright holder of MySQL, would at any point decide that they should kill MySQL or make parts of MySQL closed 
source” (Widenius 2009). This illustrates how any significant FOSS project entails much more than just the source code – 
including organizational relationships and communities of users and developers and governing practices (Jensen and Scacchi 
2010). 
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processes and occasional stalemates in some OSS projects“ (Cheliotis 2009:233). Indeed, beyond the process of 

forking as speciation, FOSS projects can be likened to “complex ecologies of heterogeneous elements and interactions, 

where the evolutionary mechanisms of variation, selection, and stabilization keep the system in a dynamic balance 

between stability and change” (Lanzara and Morner 2005:70)F

11
F.  

 

2.3 13BINNOFUSION AND GENERATIVITY 
 

The FOSS model of organizing large software projects as globally distributed, electronically networked communities 

(von Hippel and von Krogh 2003, Ljungberg 2000, Weber 2004), offers an alternative to the classical dichotomy of 

firm vs. market (Lee and Cole 2003), and thus a way to deal with the well established knowledge incongruities between 

the domains of software development and use. Indeed, FOSS approaches have proven successful for highly technical, 

low-level/infrastructural areas such as programming languages, compilers, libraries, operating systems, web servers, 

and database engines, and also when it comes to domain independent, “context-free” end-user applications (Fitzgerald 

2006). Knowledge about the main features of such software is widespread (Câmara and Fonseca 2007), and 

development is guided by computer protocols and standards. This enables shared understanding of requirements by 

large numbers of potential contributors, who typically have similar computer science backgrounds (Morner and von 

Krogh 2009), and in most cases are would-be users themselves (Mockus et al 2002).  

This picture changes substantially when moving to applications targeted at specific domains such as education and 

public health care. There, the knowing is largely embedded in the practices of professionals (Orlikowski 2002), whose 

participation is therefore vital. Design of complex software packages is likely to initially have characteristics of 

exploration and struggle to make things work, captured in the concept of learning-by-trying (Fleck 1994), requiring 

processes of experimentation in the contexts in which they are implemented. They may need to be taken apart, broken 

down, adapted and reconfigured, and sometimes the technology may be more or less completely re-invented in its 

implementation and use. Repeated reconfiguration of components into systems that fit particular contexts thus blurs the 

line between innovation and diffusion, leading to the notion of innofusion (Fleck 1988). The emphasis on 

reconfiguration is closely related to the concept of meta-design, where one aims at creating "enabling conditions for 

collaborative design in which all participants, not just skilled computer professionals, incrementally acquire ownership 

of problems and contribute actively to their solutions" (Fischer et al 2004:36). Meta-design emphasizes the dynamic 

and evolving nature of software systems, as well as the need for both technical and social infrastructures to empower 

users as co-designers shaping and reshaping the system in a design-in-use continuum (Fischer 2008). 

                                                             
11 This comes close to the concept of Information Infrastructures used by Hanseth and Lyytinen (2010). 
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Engeström (2007) calls this phenomenon co-configuration, which he sees as an emerging, historically new type of 

work “that relies on (a) adaptive “customer intelligent” product service combinations; (b) continuous relationships of 

mutual exchange between customers, producers, and the product-service combinations; (c) ongoing configuration and 

customization of the product-service combination over lengthy periods of time; (d) active customer involvement and 

input into the configuration; (e) multiple collaborating producers that need to operate in networks within or between 

organizations; and (f) mutual learning from interactions between the parties involved in the configuration actions.  Co-

configuration requires flexible “knotworking” in which no single actor has the sole, fixed authority—the center does 

not hold" (ibid:24). 

2.3.1 48BSLACK 
 

In co-configuration work a living, growing network develops between users, product, and developers  (Victor and 

Boynton 1998), in which the notion of a 'finished' product dissolves. Rather, configurations are built up from a range of 

components that meet the requirements of the particular user organization which engages in a process of learning by 

trying through the struggle to get the overall system to work, akin to the trial and error nature of genuine 

experimentation (Engeström 2004, Fleck 1994). However, just as canonical FOSS approaches depend on the existence 

of excess capacity (Tsiavos 2008), trial and error, and "darwinian" approaches to learning depend on "slack": "Thus the 

more potential there is to interact with chaos, to maneuver and respond, the more it gives rise to a greater variety of 

possible paths that learning opens up. The greater the ‘slack’ within the organizing process, where slack denotes a 

flexibility, unallocated resources, discretion, and an ability to experiment and improvise, the more potential there is for 

learning to chart new routes" (Shaikh and Cornford 2005:59). Such slack is (per definition) significantly less available 

in resource constrained environments. 

The openness of FOSS projects is closer to the models of co-configuration and innofusion than traditional innovation 

forms. To deliver sustainable benefits over time, systems need to enable processes of experimentation, discovery and 

inventions through trial and error, and capitalize on the varying knowledge from different geographical contexts and 

knowledge domains they connect: “Highlighting the multiplicity of knowledge provinces with their respective 

worldviews opens up understandings of socio-technical design processes and of knowledge work. The concept of a 

range of knowledge provinces enables description of dynamic configurations with shifting boundaries and supports 

planning for a diversity of arrangements across the digital landscape” (Baker and Millerand 2007). In other words, the 

ongoing digital transformation and convergence of many knowledge domains (Yoo et al. 2008) is not only a challenge 

that points forcefully to seeking generic and flexible solutions, but is also a possible source of robustness, allowing for 

the accommodation of future changes.  

2.3.2 49BBOOTSTRAPPING AND GENERATIVITY 
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Still, many of the building blocks of such an infrastructure can be taken from the frameworks underlying ongoing 

projects. In this way, rather than each project remaining isolated and autarchic, and thus fragile, federations of projects 

ceding some control in a process of infrastructuralization (Nilsen and Aanestad 2005) stand a better chance of having 

lasting effects. The example of a network of FLOSS Competence Centers described by Laisné et al (2010) can be seen 

as an example of federating efforts, networking in order to bolster the public’s trust in FOSS systems. 

We can define sustainability as the ability of the system to stay operational through high volumes and changing times, 

i.e. by delegating common functionalities to an open or federatively managed infrastructure, each project gains  the 

benefit of resources created by others, and at the same time is freed from shouldering the full cost of maintaining its 

own technological and informational platform. Therefore, by creating loose or tight federations and pooling their 

elements, projects may be able to bootstrap an infrastructure. Drawing on the analogy with the startup process of a 

computer, Hanseth and Aanestad (2003) deploy the concept of bootstrapping, described as the process of making a tool 

by means of the tool itself, with little or no assistance, and cite the development of the Internet as a key ”illustration of 

how large scale information infrastructures are bootstrapped” (ibid:386) . Based on their empirical research on  

telemedicine messaging networks, they posit an alternative to relying on traditional top-down standards work and 

detailed initial specifications. By starting with the enrolment of highly motivated users, networks linking a range of 

heterogeneous actors can become successful through building on the installed base of practices and systems, following 

a more gradual, open bootstrapping approach  (ibid:388): 

• Improve and extend the existing infrastructure. 

• Harmonize the local message formats into more general standards. 

• Make similar infrastructures for other areas  

• Improve the solutions based on experience gained about how the technology can enable better and/or more 

efficient services 

• Go for national standards as far as possible, and don’t attempt to define global standards from scratch. When 

the need for information exchange across national borders emerges, set up gateways between the different 

information infrastructures.  

 

In this way, the network is expanded and strengthened based on the input from new actors.  

Hanseth and Aanstad (ibid:390) go on to list aspects of technology conducive to adoption: 

1. availability: the users need to have close contacts to designers and support personnel 

2. simplicity: the solutions need to be especially designed to support the actual practices, no extra functions or 

complexity, they need to be easy to learn and easy to use, 

3. costs: the solutions should be cheap, 
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4. flexibility: the solutions may be used in many different ways so that working practices may evolve and 

improve without changing the solution, but the solutions should also be easy to change when necessary 

5.  “future oriented”: low risk for adopters of being trapped in a development trajectory which will prove to be a 

blind alley  

These criteria are strikingly similar to the factors that Zittrain (2006) list as the aspects that have made the Internet an 

immensely prolific platform for a multitude of services and related technologies, namely a capacity for leverage, ease 

of mastery, adaptability, and accessibility. The correspondence seems clear between points 1) and 3) above and 

Zittrain’s emphasis on ”accessibility”, and between point 2) and ”ease of mastery”, whereas points 4) and 5) can be 

said to at least loosely correspond to ”capacity for leverage” (in various fields) and ”adaptability” to developments not 

foreseeable at the time of initialization.  

In other words, under the right conditions, ICT embodies a potential to transcend its current configurations and become 

truly generative, in the sense of having the capacity for leverage across a range of domains, adaptability to a vast 

spectrum of tasks, ease of mastery, and accessibility (Zittrain 2006). The open architecture of the Internet as an 

infrastructure is the archetypical model, and a crucial question is if and how the characteristics of flexibility and 

generativity can be transferred to the rapidly growing Mobile Internet (Hanseth and Nilsen 2007). The appearance of 

projects such as Google’s Android free and open operating system  for mobile phones seems to be a step in that 

direction (Lawton 2008). Crucially, the concept of generativity can be extended beyond the technology itself to new 

organizational forms and collaboration across traditional boundaries, facilitated by the underlying openness of the 

software infrastructure: ”in its emerging Web 2.0 form, ICT can no longer be conceived as assemblages of hardware, 

software, and user behaviour. Viewed instead as an ‘architecture of participation’, ICT becomes an opportunity for 

generating, mediating and moderating a particular paradigm of social life, and this paradigm poses a direct challenge to 

much of the way in which ‘development’, with its associated visions for social life and supporting infrastructure, has 

been conceptualized and delivered to date.” (Thompson 2008:4).  

Van Osch and Avital (2009:2) extend the concept of generativity to collective generative capacity, which involves ”the 

ability of a distributed community to engage collectively in producing novel configurations and possibilities, in 

changing conceptual frames, and in challenging the normative status quo within a particular goal-driven context”. 

2.4 14BBOUNDARY SPANNING AND ARCHITECTURAL INNOVATION 
 

FOSS has infrastructural properties that enable people to cross established borders between knowledge domains as well 

as between formal organizations. Persons who take roles facilitating communication between two or more networks or 

groups, bridging the gap between organizations are boundary spanners (Barcellini et al. 2008). Boundary spanners can 

act as mediators between users and designers, and are key to the formation of Communities of Practice (CoP), which 
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are groups of people with common purposes and experiences, sharing information and collaborating beyond 

organizational boundaries (Humes and Reinhardt 2007, Wenger 1998). Typically, programmers from different 

backgrounds find a common interest in joining forces to develop a tool that they all find useful, and take on tasks 

according to their interests and skills, in effect distributing not only the workload, but also the governance of the 

project (Benkler 2006). 

 

Given the FOSS emphasis on openness and sharing and the ecological perspective highlighted by Lanzara and Morner 

(2005), boundaries are fluid and under constant negotiation. This is all the more true for information systems that aim 

to structure organizational procedures, rather than more context-free applications such as an office suite or a web 

browser. 

Networks can coalesce around particular software packages, provided they are sufficiently configurable to cater for the 

range of local contexts. Often, the software will be accompanied by other artifacts such as manuals, test data and 

training materials. Such mutable artifacts, shared in a network and crossing organizational boundaries are what Star 

(1989) terms boundary objects MER 

2.4.1 50BCONVERGENCE AND DOUBLY DISTRIBUTED INNOVATION NETWORKS 
 

The convergence of infrastructural elements enables completely new constellations, shaping and being shaped by 

innovative services.  

As such federations converge in an infrastructure, improvements take place – new parts added and existing parts 

replaced. Previously incongruous organizations can now realistically form part of innovation networks for mutual benefit. 

Hasselbring (2002) underscores this: "distribution is a matter of fact when connecting systems of dissimilar organizations. 

Autonomy allows for flexible architectures whereby individual subsystems are able to adapt themselves to changing 

requirements. By allowing for heterogeneity, organizational departments may choose the optimal systems for achieving their 

business goals.”  

 

The heterogeneity can take multiple forms. Yoo et al. (2008) posit that innovation networks differ according to axes of 

distribution of control and need for coordination on the one hand, and the heterogeneity of available knowledge on the 

other. They propose the term singular innovation form for a traditional, hierarchically coordinated network of homogeneous 

knowledge resources. More buoyant open source projects, with a number of widely dispersed individual actors working 

with minimal centralized control, though still on a relatively homogeneous platform of technologies and procedures, is 

coined a (distributed) open source innovation form. Similarly, arrangements linking highly diverse knowledge communities 
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while maintaining centralized control, such as collaboration in industry associations are given the label systemic innovation 

form. This is illustrated in Table 1. 

Table 1: Innovation forms (from Yoo et al 2008) 

 Centralized coordination & 

control 

Distributed coordination & control 

 

Homogeneous 

knowledge resources 

Type A 

Singular Innovation 

Type B 

Open Source Innovation 

Heterogeneous 

knowledge resources 

Type C 

Internal Market of 

Innovations 

Type D 

Doubly Distributed Innovation 

Network 

 

Finally, there are networks with both highly dispersed control ranging over very diverse epistemic communities, thus highly 

complex in both dimensions.  Such doubly distributed innovation networks are often seen in new markets like new mobile 

services (Hanseth and Nielsen 2007), or in radically innovative projects where a myriad of previously unconnected actors 

from different trades are pooled, with each community of practice continuing to follow its own logic and trajectory (Yoo et 

al. 2008), mobilizing actors with quite incongruous perspectives to overcome obstacles to collective action in highly 

heterogeneous and contested technological tools and capabilities. The high heterogeneity of such networks demands 

collaboration and innovation across traditional boundaries. Operating in such heterogeneous environments puts a heavy 

burden on cognitive and social translations, enabled by extensive dialog and the use of significant boundary objects (Carlile 

2004). Over time, a common technological frame may emerge, in which case heterogeneity is reduced, and the network 

transforms into one of the singularly distributed innovation forms. Given the very diverse implementation settings covered 

by the HISP network, including the integration of DHIS 2 with both legacy and complementing systems (such as patient 

records), this NoA can be seen as embodying a doubly distributed innovation form, where control is (partially) federated. 

Andersson et al (2008:35) see innovation as "boundary spanning endeavours where heterogeneous actors coproduce new 

knowledge about architectural relationships between socio-technical elements". They highlight the centrality of 

architectural knowledge for innovation, and break it down along four dimensions: 

1. Technology capability awareness refers to actors’ perception of the base service capability of a specific component 

IT base. The awareness of technological capability is governed by prior experiences pertaining to core technologies 

of the IT base. 
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2. Use context sensitivity refers to the understanding of work contexts in which a specific component IT base is 

typically deployed. This sensitivity may also encapsulate an understanding of the fact that multiple use contexts of 

IT innovations may exist. 

3. Business model understanding refers to the appreciation of business opportunities afforded by applications of a 

component IT base. 

4. Boundary-spanning competence enables actors to redefine component knowledge in view of knowledge associated 

with other components of the architecture. Thus, it refers to practical skills and resources for engaging in collective 

efforts to develop architectural knowledge in an industry. 

2.5 15BSCAFFOLDING, TOOLS AND DEVELOPMENT FRAMEWORKS 
 

The activities of boundary spanners are supplemented and enabled by material means of mediation and support for the 

design process, such as blueprints, prototypes, mock-ups and community tools such as mailing lists and wikis. The 

construction of new information systems entails the crossing of boundaries and knotting of innovation networks with 

the help of material boundary objects. The design and implementation of software is a kind of organizational learning 

process, and this process is usually enabled by a rich collection of artifacts which it is useful to designate as 

scaffolding. Sahay (2003:17) argues that standardization efforts in a long term global outsourcing relationship, what 

remains invariant, "can be conceptualized in terms of the scaffolding used to set up the structure of the relationship, 

including various technical, management and physical routines." 

 

Scaffolding has a number of characteristics that make the concept applicable to the study of information systems 

development in and for resource constrained settings: They are not part of the final product, but serve temporary 

support functions, they are flexible and can be set up according to local conditions, and are also portable, i.e. they can 

quickly be assembled and modified in different places (Orlikowski 2006).  Thus the concept helps us focus on the 

“temporary and situated engagement of technology in knowledgeable activity. That is, for the duration of a particular 

human practice, actors draw on various artifacts, spaces, and infrastructures to conduct their activities” (ibid.:462). 

Moreover, scaffolding is generative, in the sense that they serve as a “basis for other (creative) work, facilitating the 

performance of activities that would have been impractical without material augmentation” (ibid.). 

 

As described over, globally distributed software development requires considerable scaffolding, in the form of 

standardized tools and procedures. I will now proceed to examine a particular type of scaffolding in more detail, 

namely the development frameworks. 
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2.5.1 51BPROGRAMMING TOOLS AND FRAMEWORKS 

 

Partly  because of the historical origins of the World Wide Web meant primarily as a medium for sharing HTML 
encoded documents, creating robust, functionality rich and modular web applications is challenging. Initially, 
developers and organizations often created their own scripts and frameworks around technologies such as Common 
Gateway Interface (CGI), but these were soon replaced by commercial offerings e.g. around the Microsoft .NET stack, 
or by alternative platforms for “Rich Internet Applications” (RIA) such as Adobe Flash/Flex and MS SilverlightF12F. 
The most popular open source platform is the famous LAMPF

13
F stack. 

 

Since frameworks more or less by definition are made to be generic and shareable, they are eminently suited to the 

classical open source model, and by the late 1990s options were available for most popular programming languages, 

with MasonF14F for Perl, ZopeF15F for Python and StrutsF16F for Java some of the most prominent early ones. Over the last 

decade, FOSS web application frameworks have proliferatedF17F. In addition to web layer frameworks, there exists 

frameworks that can handle many aspects of complex applications. Examples include HibernateF18F for mapping object-

oriented logic to relational databases (both Java and .Net) and more comprehensive suites such as SpringF19F, both of 

which are used in the DHIS 2 project. 

 

Programming frameworks serve to structure the code according to inscribed design patterns (Alur et al 2003) and allow 

for modularization and distribution of development, and take care of much of the non-functional  code, such as security 

and containers for modules. They embody (inscribe) knowledge as software patterns: A good framework used the way it 

is intended standardize the structure of the application and thus simplifies and automates integration, they offload much 

of the “plumbing” code from the developers. They are thus meant to cut down on total development effort (including 

                                                             
12 http://en.wikipedia.org/wiki/Rich_Internet_application 

13 Linux, Apache, MySQL and PHP, Perl or Python, HUhttp://en.wikipedia.org/wiki/LAMP_(software_bundle) UH. However, the 
stack is also available on Windows (known as WAMP). The same is the case for the DHIS 2 stack, which uses Tomcat instead 
of Apache, PostgreSQL as alternative to MySQL, and Java instead of PHP. 

14 http://www.masonhq.com/ 

15 http://www.zope.org/ 

16 http://struts.apache.org/1.x/ 

17 Wikipedia lists and compares more than seventy different web application frameworks: 
http://en.wikipedia.org/wiki/Comparison_of_web_application_frameworks 

18 http://www.hibernate.org/ 

19 http://www.springsource.org/ 
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the use of test frameworks such as JUnitF20F) and overall enable developer teams to employ more agile processes 

(Hemrajani 2006). 

 

"Implementing a web application using Spring framework, Struts, and Hibernate need more preparation and planning 

before development. However, thanks to the clear-defined layer, the different objects can follow the same rules; this is 

helpful especially when development is done collaboratively. Through this method, the system architecture and quality 

can both be improved. When software engineers develop a large web application system, using this architecture can 

modularize systems and reduce development cost." (Chang et al 2009:447)  

However, the frameworks themselves usually induce their own extra steep learning curve, over and above “common” 

computer science knowledge such as procedural programming and relational databases. Therefore, a rich technical 

literature has grown up around the most popular frameworks. 

While some frameworks target a specific class of web applications such as content management systems, others that 

are meant to be generic platforms often also become very complex, in fact so much so that additional framewors are 

built on top of them to slacken the learning curve: “The primary motive behind Grok is to make the Zope Toolkit 

technology more accessible and easier to use for newcomers and, at the same time, speed up application development, 

in accordance with the agile programming paradigm”F21 

Frameworks are in no way a panacea: While they can help structure GSD according to shared standards, they can also 

introduce new barriers to participation. “A well-decomposed modular system must pay a kind of fixed cost that an 

intertwined system need not pay” (Langlois 1999:8). Non-decomposability also reveals errors and highlights 

bottlenecks and inconsistencies, and since knowledge is persistently changing, tasks in an innovative development 

project cannot be fully partitioned in advance (ibid). 

2.6 16BSUMMARY 
 

The challenges of distributed participatory design can be addressed through the combination of a network of 

collaborators formed around boundary spanners and scaffolding infrastructure such as training material or the typical 

technical artifacts employed by FOSS communities. Following Thompson (2008), we can talk about an "architecture of 

participation". The experiences from the case presented in chapter 3 suggest the contours of such an architecture for the 

Global South. 

                                                             
20 http://www.junit.org/ 

21 HUhttp://en.wikipedia.org/wiki/Grok_(web_framework) UH, retrieved 2010-11-04 
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The main elements of the framework for this thesis can be grouped along three dimensions: software architecture, core-

periphery, and participant roles.  

a) As we know from the classical work of Conway and Parnas, a key underlying principle of distributed 

development lies in the characteristics of the modular and layered architecture of a system, which is a 

fundamental structural dimension. The structure can take the form of completely independent parts or highly 

hierarchical elements and corresponding bureaucratic decision-making – or something in between. 

b) In most complex projects, a core-periphery axis is likely to form, with key developers at the center and novices 

in various locations, as well as core, peripheral and local modules. 

c) Thirdly, we can differentiate between the roles of developer, designer, implementer and end user, even though 

one indivdual can occupy more than one role, particularly over a period of time.  

d) Alliances/federations – doubly distributed peer projects 

However, it is crucial to my argument that these structural elements are not fixed in stone, but flexible and generifiable. 

In fact, to the structural picture, we can add developments over time. In a loosely organized FOSS project, both 

modules and participants are likely to move between the periphery and the core, depending on circumstances and the 

dynamics of particular implementations. Such movement of both people and artifacts are captured by the concepts of  

co-configuration, boundary spanning, infrastructuralization/generification and domestication, and the blurring of roles 

so characteristic of FOSS projects. 

These trajectories constitute both learning on the individual level and by the network as a whole. I would also argue 

that it is useful to look at both learning and design at different levels – what is being designed is simultaneously a 

number of artifacts, a fuller, more generic package of tools and practices, as well as a community and network.  

Finally, the framework is not complete without taking into account issues of legitimation that are crucial to successful 

implementations. By largely eschewing traditional top-down sources of legitimation, FOSS potentially can make 

inroads in an organizational field through community, bottom-up participatory approaches, but this dimension is in 

need of critical examination, as it challenges entrenched knowledge and practices. "Professional communities that span 

organizational boundaries create and legitimize common codes and cognitive frames" (Håkanson 2007:62) Here again 

it is useful to investigate how institutionalization of FOSS can be scaffolded.  FOSS tools and practices can act as 

scaffolds, but are also in need of scaffolding themselves.  

 

Indeed, FOSS projects tend to form alliances, resulting in ecologies or information infrastructures of partially 

overlapping or interdependent project communities (Jensen and Scacchi 2005), linked by boundary spanners.  For 
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software like databases or operating systems, developers are usually also users. The differences in perspective  are 

larger for organizational software, and thus the need for boundary spanners all the greater. The gap can best be bridged 

by technically conversant people who engage in implementing the system and training end-users, and who are also 

adept at communicating with the core developer team. More than just super-users, such mediators normally work 

closely with users to make systems work and therefore understand their problems, but also know at least some of the 

developers by name and can relate to them (Finck et al 2004). 
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3 2BRESEARCH APPROACH AND CASE DESCRIPTION 
"this dhis 2 it self is a big university there are lot of things to learn" 

Indian implementer in instant message to the author,  December 2009 

This thesis is based on a long-term immersion in activities within the HISP network related to the development 

of a completely new version of the DHIS software.  I was engaged both in the getting the initiative off the ground 

and in its further expansion. This chapter first presents my research approach, followed by a description my 

actions within the DHIS2 effort. It concludes with some reflections on my own role in the HISP network.  

This is an exploratory,  qualitative case study (Yin 2003), which takes an interpretive approach to information 

systems research. It has been conducted as highly interventionist action research, with aspects of self-

ethnography.   

3.1  ACTION RESEARCH AND INTERVENTIONIST APPROACHES 
 

Action research is "an interventionist approach to the acquisition of scientific knowledge that has sound 

foundations in the post-positivist tradition" (Baskerville and Wood-Harper 1998:237). It is a form of 

participative research where the researcher takes part in the change processes in an organization, actively 

trying to improve some stated problem (Avison et al. 1999, Checkland and Holwell 1998). As such, the approach 

is often particularly relevant to developing country settings, where it is not just important to understand how 

things currently function (or not), but where improvements to the current situation are strongly desired by the 

stakeholders.  

 

Action research is an iterative and cyclic approach of action and research consisting of major phases of planning, 

action, observation and reflection (Zuber-Skerritt 1991). It will typically consist of iterations of diagnosis, 

planning, intervention and evaluation, capitalizing on "learning by both researchers and subjects within the 

context of the subjects’ social system. It is a clinical method that puts IS researchers in a helping role with 

practitioners.” (ibid:330).  Susman & Evered (1978) brakes each cycle into five phases of diagnosing, action 

planning, action taking, evaluating and specifying learning. Learning and adapting is a key part of the research, 

however this is not easy, as true learning is likely to upset the beliefs and habits in individuals and organizations 

(Michael 1995). According to Avison et al (1999:94), action research is ”unique in the way it associates research 

and practice, so research informs practice and practice informs research synergistically”. For IS research, it 
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provides a potential avenue to improve the practical relevance, through solving current practical problems 

while expanding scientific knowledge (Baskerville and Myers 2004).  

3.1.1 52BFOSS, HISP AND ACTION RESEARCH 

Elaborating on newly emerging organizational forms that are forming around widely dispersed collaborative 

communities, Engeström (2006:1791) argues that "the researcher needs to become an active developer. 

Correspondingly, our predominantly observational and analytic methodologies need to become developmental 

and interventionist".  He specifically cites the FOSS phenomenon as a motivation  for this stance in favor of deep 

and longitudinal engagement, and recommends tracing objects  as they move in space and time, across various 

situations and boundaries (Engeström 2004).  This resonates well with the view put forward by Bezrukow 

(1999), who draws out the analogy between open source development and research. From his perspective, 

many open source efforts can in fact be considered a special kind of academic investigation. I would claim that 

the work I have been involved in around software design, implementation and community support within the 

HISP project has not only been vital to the data gathering, but in fact has been an indispensable and constitutive 

part of my research (however, in my case it has probably been a too domineering research method). Much 

"hard" informatics and software engineering research consists of programming systems and reporting on the 

results, and I would suggest that information systems research with a more organizational slant can also benefit 

significantly from an added emphasis on direct participation in the production of artifacts. My actions have to a 

large part been structured around the vision, plans and contingencies of software development and numerous 

implementations, as well as interaction with various stakeholders within HISP and adjoining efforts. 

 

The particular action research conducted in this study has some unusual characteristics. First of all, the context 

of the research was the HISP network as an ongoing, long-term AR effort, which in itself has been analyzed as an 

extension of traditional action research. Through casting a wider net in order to grapple with scaling and 

sustainability, local interventions are approached as elements in a larger network of action and depend on the 

support of similar efforts, as essential for processes of learning and sharing of experiences (Braa et al 2004).  

Furthermore, it should be emphasized that these attempts to go beyond interventions to enable suitable 

information systems in particular public health organizations have given HISP efforts an entrepreneurial streak 

unusual in the action research literature; rather than repeated interventions penetrating progressively deeper 

into problem space, the rapidly evolving DHIS 2 project and increasing interaction with other projects in the 

same field does not confine itself to the traditional action research aim of improving existing organizational 

structures, but embodies an added emphasis on scaling and building a multifaceted network of health 

practitioners, administrators, implementers and academics through various communities of practice. 
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Moreover, in contrast to most action research, the actions I have been involved with have played out in a variety 

of different arenas and, most particularly, at very different levels. As detailed in the rest of this chapter, I have 

been involved in the selection of programming frameworks and the establishment of programmer teams, and 

participated in supporting implementations on the ground in several countries as well as through online 

interaction.  Beyond this however, I have also engaged with other FOSS projects within the health care domain, 

as well as with staff in ministries and international organizations, encouraging networking and the development 

of standards for data exchange. This kind of engagement on several levels has added a "vertical" dimension to 

the "horizontal" action research cycle, which in itself has been cyclical  and iterative, in that I have tried to learn 

from activities on one level and bring with me lessons to other levels. Perhaps the clearest example comes from 

facilitation of the implementation of the SDMX-HD data exchange standard being developed into the source code 

of a particular system, as well as for its use to export data from a medical record system into the aggregate 

HMIS. 

In contrast to the outline of action research in seminal contributions such as Baskerville and Wood-Harper 

(1998), which emphasize clearly defined and relatively discrete stages or phases, HISP has been characterized 

by "a multiplicity and simultaneity of ongoing processes which take on different forms at various stages, and 

there is rarely ever a clear start or end." (Braa et al 2004:346). Furthermore, the roles of the researcher mirrors 

the variety of types of action, within several distinct but overlapping networks; supervision, training, systems 

design, mobilizing support, generating funding  in “a number of different forms and levels of participation” 

(ibid). 

3.1.2 53BLOGITUDINAL, HANDS-ON, NETWORKED RESEARCH 

Three aspects characterize the research undertaken for this thesis: Long term engagement over a period of six years, 

deep involvement with a large number of aspects of the HISP project in a hands-on, action research manner , and active 

participation in a large network of researchers, ranging from senior professors to master students. This made it 

imperative to balance action and research deadlines, but have also enabled a wide spectrum of data to be collected and 

form the basis for analysis and reflection, and for engagements over a spectrum of activities to inform each other. 

 

The long term involvement has allowed for broader developments to emerge, through the collection and analysis of 

data from a number of different settings and project phases: the development of different DHIS 2 modules, such as  

those for reporting, dashboards, and GIS, the repeated teaching of courses and mentoring of several cohorts of students, 

and perhaps most importantly, implementations in a number of different countries on two continents. All of this has 

enabled me to adopt comparative stance and discern  larger patterns, more pronounced in the later papers.  
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The practical involvement as an active project coordinator, course instructor, and mentor for master students has also 

allowed for a rich variety of data to be collected, and has afforded me an insider view with regard to both software 

development and implementation, and, most importantly, to the interaction between the two.  I thus had access to a 

number of sources for data, including project discussions, developer workshops, implementer training sessions, site 

visits, meetings with health officials at district and ministerial levels, and student course evaluations. Notes from these 

meetings formed the basis for prolonged discussions with other researchers in the HISP network, both for reflection 

about practical consequences and with regard what it meant vis-à-vis theoretical conceptualizations. As time went by, 

discussions with related projects such as OpenMRS and iHRISF

22
F became more salient, as did the global perspectives 

brought up by increasing participation at the UN level.  These global perspectives were further enriched as I repeatedly 

visited the WHO in Geneva and , along with two of my fellow junior researchers, eventually moved to work there full 

time in the spring of 2009. 

 

I was from the outset welcomed as a member of the HISP network of researchers, who provided much insight into the 

ongoing DHIS 1 implementations from my first visit to India in 2003 and especially as I embarked on my doctoral 

studies in the spring of 2004 (full time from July that year). Travelling, observing and discussing with both senior 

researchers, fellow PhD students, as well as master students provided me with a broad range of perspectives 

complementing and enriching my own points of view. 

 

Furthermore, the focus on introducing a distributed FOSS software development process was actually helpful also in 

the data collection. As pointed out by prominent researchers in the field (e.g. von Krogh and Spaeth 2007, von Krogh and 

von Hippel 2006), the very practices openness and transparency that are commonplace in open source projects provide 

researchers with ready access to a wealth of data. Lanzara and Morner (2005) point to the crucial role of the common tools 

employed for FOSS in organizing development - and some of my earliest key actions targeted the establishment of 

such infrastructures. This was eagerly embraced by most Norwegian students already steeped in the burgeoning 

internet culture, but somewhat resisted both by HISP old-timers and teams in the other nodes. Still, the mailing list 

archives, the history of commits to the source code repository; collaborative web pages (wiki), and project management 

and issue tracking tools, as well as logs from extensive use of instant messaging provided rich sources of data, that 

were systematically read throughout the research period. I also regularly followed the OpenMRS mailing lists from 

2007 onwards and sought to identify points of commonality and contrast in the operation of the two projects. 

 

3.1.3 54BQUALITATIVE INTERPRETIVE RESEARCH 

 

                                                             
22 HUhttp://www.capacityproject.org/hris/suite/ U 
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A qualitative approach typically means that the researcher tries to get relatively "close" to meanings, discourses 

and practices of a group of people (Alvesson 2003). Qualitative research is often seen "in geographical terms as 

a movement when a researcher, initially at a distance, is coming closer and closer the lived realities of other 

people. Geographical terminology here is not used solely in a metaphorical manner. In anthropology the 

ethnographer may travel a long distance in order to get in physical contact and then make observations at, 

perhaps, 10–20 yards from the natives. In qualitative social science addressing less 'exotic objects of study' the 

researcher perhaps travels a few miles and then carry out fieldwork at microphone-holding distance – say 2 

yards – from the subjects." (ibid:168).  Studying a network of developers, researchers and implementers 

dispersed over three continents, physical travel has indeed been a vital part of both action and research. 

However, because of  the very nature of the object of study, namely distributed software development, much 

activity took place online.  Additionally, significant travel to my university was undertaken by others in the 

network, and key observations could be made in the university environment in which I was embedded - thus 

both geographical, cultural and organizational distances were constantly shifting - creating opportunities for 

multiple perspectives. 

 

The interpretive stance in research differs from positivistic approaches in adopting the position that “our 

knowledge of reality is a social construction by human actors. In this view, value-free data cannot be obtained, 

since the enquirer uses his or her preconceptions in order to guide the process of enquiry, and furthermore, the 

researcher interacts with human subjects of the enquiry, changing the perceptions of both parties” (Walsham 

1993:376). Thus, interpretive work does not claim to collect “objective” data that can be applied to the testing of 

hypotheses. Rather, interpretive research aims to understand human thought and action in social and 

organizational contexts and assumes that ”knowledge of reality is gained only through social constructions such 

a language, consciousness, shared meanings, documents, tools, and other artifacts” (Klein and Myers 1999:69). 

Klein and Myers (ibid.) propose a set of seven principles to guide interpretive field research in information 

systems such as the in-depth case study which forms the basis for this thesis. I will here try to relate these 

principles to the work described here. 

The Fundamental Principle of the Hermeneutic Circle urges iteration between the interdependent meaning of 

parts and the whole. In my research, I have repeatedly shifted focus between the particular details of the new 

web platform (e.g. reporting and visualization such as graphing and mapping) as well as the needs of local 

implementations in particular contexts on the one hand, and concern with understanding how the software as a 

whole will work and the global network of developers function on the other. I have been deeply engaged with 

the nitty-gritty of building teams and interacting with users and decision makers in several geographically 
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distributed locations, while constantly keeping in touch with the global network of developers, implementers, 

and researchers reflecting on the broader aspects of the project. 

 The Principle of Contextualization  has been strongly present throughout the research.  Since the beginning, I 

have read the growing publications about HISP from the project's inception  in South Africa, and also conducted 

semi-structured interviews with the founders on the origins of HISP a decade before I joined the project. In 

addition to the three main sites where I have conducted research, I have visited South Africa, Ethiopia, 

Mozambique and Zanzibar, and  had numerous discussions on both historical trajectories and experiences in 

countries that I have not been able to visit, especially Sierra Leone and Zambia. 

The Principle of Interaction Between the Researchers and the Subjects – As I elaborate on below, most of the 

immediate subjects in my research have been the HISP network participants: students, developers, 

implementers, and fellow researchers, many with whom I have had very deep and prolonged engagement - 

sometimes with the same people in a variety of settings. A large number of mutually reflective and enlightening 

discussions arose "naturally" through the work of guiding master students in both their practical work and 

thesis writing, and through the tasks involved in coordinating the network.  

The Principle of Abstraction and Generalization - as regards the practical information systems development, this 

principle is closely aligned to the topic of  Paper V below (Titlestad et al 2009).  In general, this principle is 

associated with the reflection and theorizing phase of action research, when I tried to step back from solving 

practical issues to assess the developments in light of what is known more generally, e. g.  about distributed 

software development, organizational structure, and open source development, as the main topic for  Paper III 

(Staring and Titlestad 2008). 

The Principle of Dialogical Reasoning came to the fore through the iterative examination of FOSS guiding 

principles such as those outlined by Raymond (1999) and Fogel (2005), in light of the concrete experiences 

from “bootstrapping” a global network for DHIS 2 development. 

The Principle of Multiple Interpretations was greatly facilitated by working in a larger research community, 

both very closely with coauthors and students who were also deeply involved with the actions in a more or less 

full time capacity, but also with a number of people with a more distanced (often critical) perspective on HISP  

activities (e.g. Noir and Walsham 2007). 

The Principle of Suspicion warns against possible bias and distortions in the narratives related by participants. 

The intense personal involvement of the researcher which is characteristic of action research is in itself an aid 

when it comes to practicing this principle, as is the prolonged engagement with multiple informants in a number 

of sites. However, as with all the other principles, it is hard to guard against systematic bias. Though not the 
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main thrust of my research, it has been helpful for me to interact with end users and decision makers and in a 

number of settings, including at health facilities, districts, ministries of health, international workshops,  and 

staff at the World Health Organization headquarters in Geneva for a very wide variety of perspectives on the 

work I have been involved in. 

3.2 18BACTION AND DATA COLLECTION  

Since 2004, I have been engaged in efforts to distribute the global development of DHIS 2. The core of my 

interventions consisted in assembling a completely new organizational  structure within HISP for the 

development of a truly FOSS artifact. As it turned out, the new structure did not supplant the old, but grew in 

parallel with a refactoring of the DHIS 1.3 artifact on the existing platform. The key focus of my action research 

interventions in the HISP network has been to  break the centralized “star topology” of DHIS 1 development.   

My actions were focused on four areas that mutually feed into each other: The nurturing of a network of 

software developers for DHIS 2, supporting implementations in several countries to varying extent, teaching 

and mentoring students, several of whom became central to the development effort, and supporting DHIS 2 

implementations in a range of countries, some hands-on and some from a distance, feeding observations back 

into development and teaching.  

The close engagement with the development process enabled a large repository of data to be collected from different 

sources – including meeting notes, project documents, maling list archives and private emails, instant message logs, 

online collaboration tools such as wikis, source code version control systems, issue trackers. 

 

3.2.1 55BTOOLS TO CULTIVATE THE DHIS 2 NETWORK 

Together with my co-coordinator  and several students, I was involved in setting up and encouraging the use of 

networked infrastructure to support both the software development and communication with implementers 

and users. We initially rented a server for wiki (Confluence), issue tracker (JIRA), source code repository and 

mailing lists with archives. However, maintaining all this infrastructure was increasingly burdensome, 

especially when students left. I also got internet domains and set up sites for internal management and 

dissemination of information externallyF

23
F, for file sharing by both DHIS 1 and DHIS 2F

24
F efforts, and assisted HISP 

in India and Nigeria in early efforts to establish their own web presenceF

25
F. For a while, the infrastructure was 

moved to a server at the University of Oslo, though still maintained by us. A severe disk crash in early 2009 

                                                             
23 See HUhttp://hisp.info UH (and its previous Confluence incarnation, HUhttp://bit.ly/bTegjWUH ) 

24 HUhttp://hispkerala.org UH  

25 HUhttp://hispindia.org UH  
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forced us to reconsider this approach. While most of the data was preserved in backups and on the machines of 

individual project members, the crash was a relatively serious setback, and a review of options lead the project 

to move most online collaboration tools to the free Launchpad service, set up by the people behind the Ubuntu 

Linux distribution. This encompassed a new technological solution for the source code (shifted from Subversion 

to Bazaar)F

26
F, with a main development trunk, accompanied by a large number of branches for exploring specific 

components such as GISF

27
F, as well as a bug tracking serviceF

28
F  and a repository of blueprintsF

29
F for desired 

features, detailing their function. 

 

Figure 2: The DHIS 2 indicator management module 

 

 

                                                             
26 HUhttps://launchpad.net/dhis2 U 

27 HUhttps://code.launchpad.net/dhis2 U 

28 HUhttps://bugs.launchpad.net/dhis2 U 

29 HUhttps://blueprints.launchpad.net/dhis2 U 
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The DHIS 2 mailing lists were also moved from the University of Oslo to Launchpad. Perhaps the most important 

source of data for following both the development of the DHIS 2 application as well as the implementation 

network is the archives of the main mailing listsF

30
F. Also , the main external face of the project was moved from 

HUhttp://hisp.infoUH and split into one site for the software, HUhttp://dhis2.orgUH and another for the HISP project more 

generally, emphasizing academics, HUhttp://hisp.uio.no UH   

While much of the communication in the project happens asynchronically on the mailing lists, a number of 

group instant message (IM) chat sessions between key developers and implementers have also taken place over 

the years, many of which have been preserved as IM logs, and posted to the mailing lists or wikis for future 

reference. In addition to these public sources, I have also engaged in much private or small group 

communication using both email, IM and tools such as Skype. As such, my private mail box with emails and IM 

logs has served as a major source of data, which I have often shared with students and co-authors. Extensive use 

of the carbon copy (CC) functionality is also widespread in the HISP community. 

However, all the tools were introduced by the Oslo node, and usage was heavily skewed towards the well-endowed (in 

terms of accessability and bandwidth). Some excerpts from the developers mailing list serve illustrate the types of 

communication problems experienced: In the fall of 2006, and Indian coordinator sent the following message with an 

MS Word document attached: 

 

Response from a Norwegian core developer who was working on a Mac trying to enforce a policy for appropriate use 

of the list (emphasis added): 

 

 

 

 

 

                                                             
30 User mailing list: HUhttp://www.mail-archive.com/dhis2-users@lists.launchpad.net/index.htmlUH   
Developer mailing list: HUhttp://www.mail-archive.com/dhis2-devs@lists.launchpad.net/index.htmlU 

Hi, 

I have some suggestions and comments in current DHIS2 modules which I have drafted and attached with this mail. Please 

try to do the needful. 
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In January 2008, another Indian coordinator sent a long private email to the core project members in Norway and India 

(detailed sections omitted and emphasis added): 

 

A Norwegian coordinator responded with comments inline, of which I include one snippet below (emphasis added): 

 

 

Some comments on how to provide feedback; Your attachment is a MS Office document. I don't have MS Office 

installed, or any other application able to read .doc files, and I really don't want to download OpenOffice 

(135mb) to read one document. Providing it as plain text in the e-mail (enables us to discuss the issues more 

easily here) or on for instance the wiki would be nice. Attachments are usually a bad idea on mailing lists - 

multiply the size of the attachment (not a big issue here) with the number of list subscribers to get an idea of the 

bandwidth/load on the server needed to push the mails out. If the information is in a binary document, providing an 

URL to where it's located on the net is a good approach.  

 

It's great that you provide feedback in a structured way, this was just some opinions on how it should be published 

:) 

This mail is after long frustration with using DHIS 2. Yes DHIS2 has been improved very much last year with 

different additional functionality but its missing the basic points. Let me try to explain my frustration. In kerala, 

currently there are 89 stand alone DHIS 2 Installation which is managed by 11 HISP System facilitator. Until now 

there are training health staffs in data entry. […]  After a lot of struggle we managed to get the data in order and 

now it was time to create some analysis. I wanted to show the trend of different dataelements. For example 

Delivery and Live birth […] What I think is the problem is NULL+NULL+NULL+19 =NULL and not 19. 

Programmatically, this is a some task to rectify, but the due to this small thing the work in Kerala would be stop. I 

guess, we really need to think on improving or perfecting the existing functionalities than think on 

additional functionality. We really need to get DHIS stable if we want to scale up. Though this is a frustrating 

email, the idea is to improve the dhis2. 

> Since the data in not stored in the stand alone individual system, we had to 

> take the dump (Whole database) all each and every 89 database and import in 

> to one database manually as export and import functionality was not working. 

> 

OK. When did you report to the developers that export/import was not working? Maybe it could have been fixed 
by <NN> in a few hours or days, but how can we fix this if you don't report it? It is almost impossible to do real 
and extensive testing in Oslo, due to lack of resources, but most of all lack of real implementation context and 
users. We completely rely on your side to test and provide feedback to the developers (either throug e-
mail to the dev list or by using the trac (bug reporting tool) directly ). We need details on what was not 
working, any error messages etc.?"  
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These exchanges serve to illustrate the divergence in the attitudes vis a vis the procedures and the work that 

various actors engaged in to align efforts between nodes. However, the most effective alignment of practices 

took place when people worked in parallel and in close physical contact during developer workshops or longer 

stays in nodes different from their own. 

3.2.2 56BINVOLVEMENT IN COUNTRY IMPLEMENTATIONS 

While intensive electronic communication has been a cornerstone throughout the DHIS 2 development effort, I also 

undertook extensive travel, as necessitated both for observing implementations and understanding local conditions, for 

supporting Norwegian students practically and academically, to engage more deeply in the coordination of software 

development through international workshops, and to extend the network to related projects and partner institutions. 

 

The bulk of my field visits took place in the period 2004-2007, contributing to ongoing implementation efforts (for 

both DHIS 1 and DHIS 2) and trying to establish viable new nodes in the emerging DHIS 2 software development 

network. The main part of my fieldwork took place in Vietnam and India, but I also visited the implementations in 

Mozambique, Ethiopia and Zanzibar, as well as the DHIS 1 development hub in South Africa. The longest stays in one 

location surpassed  one month, but a more common duration was two or three weeks. Both the aim of my practical 

interventions and the object under study was the creation  of a network of development nodes engaging closely with 

implementation sites. The frequent travel by both myself and my co-coordinators formed a key part of the network and 

the support of fledgling nodes, but this was crucially complemented by master students and expert developers and 

implementers going for longer sojourns in network nodes where their skills were needed. 

 

Therefore, a vital component of data collected came from the direct interactions with the developers, implementers and 

other stakeholders through notes from meetings with government officials, medical officers, data entry clerks, 

recruitment and training, developer workshops and one-on-one discussions. 

3.3 19BTHE WIDER ORGANIZATIONAL FIELD 
As DHIS 2 matured, contacts increased with related projects and partners. On the one hand, user organizations 

requested assistance to go beyond the core focus on aggregate data for reporting and analysis and into areas such as 

patient records and human resource management. 

Furthermore, initial successes of the core DHIS 2 implementation led to demand for additional functionality, 

such as support for individual household follow up conducted by community health workers, as well as human 

resource management and hospital management systems. Similar demands arose in other countries, for 
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example in Ethiopia, where the local team assisted by a Vietnamese master student built a separate PHP based 

application called "Debo" for tracking patients on Anti-Retroviral Treatment (ART) to local requirements. 

However, the lack of structure in the source code was heavily criticized: 

 

Since similar needs were present in South Africa and India, an effort was made in the summer of 2007 to put this 

application on a stronger footing with the FOSS symfonyF

31
F PHP framework. However, no strong international 

community emerged around this project, partly because of other pressing needs around DHIS 2 development, as 

well as burgeoning collaboration with the OpenMRS project and the incorporation of patient level functionality 

also within DHIS 2 itself, led by HISP India. 

The Indian team proved resourceful in coping with various new demands encountered during implementation 

by producing a string of local solutions under severe time pressure, though often circumventing the principles 

and parts of the frameworks and tools chosen by the core developers in Norway. On a number of occasions, 

frustrations about this fact were expressed, lamenting fragmentation and lack of coherence in the overall DHIS 2 

effort. However, as the Indian team sought to integrate their work with the global trunk development, this also 

greatly increased the pressure on the core team to assist in modifying the code to meet with the standards. 

3.3.1.1 74BCloser look at the trajectory of a module: Thematic mapping 

 

I was involved with a number of efforts around integrating mapping and general GIS functionality into DHIS 2. 

Several open source solutions were tried, including GeoToolsF

32
F (see Andresen and Vik 2005), the FAOF

33
F Key Indicator 

                                                             
31 HUhttp://www.symfony-project.org/ U 

32 HUhttp://www.geotools.org/ UH  

33 Food and Agricultural Organization of the United Nations, HUhttp://www.fao.org/ UH  

The scale is not insignificant. From what was probably humble beginnings, the number of lines of code (php, html, 

css) in the hiv directory has grown to nearly 29000. Much of it has become a bit of a tangled mass 

(a ball of mud : HUwww.laputan.org/mudUH) as these things have a natural tendency to do. My sense is that an 

intensive refactoring might reduce that code size to less than half, whilst maintaining the same functionality and 

increasing maintainability and expandability. 
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Data System (KIDS) applicationF

34
F and CartoWebF

35
F, but none of these solutions proved sufficiently robust and versatile 

to really offer a full solution, and development stalled when the initial developers left the project. A partial 

breakthrough came after contact was established in 2007 with an effort at WHO headquarters in Geneva to replace both 

the popular HealthMapperF

36
F GIS desktop application and the GlobalAtlasF

37
F  data dissemination web application with 

an ambitious new platform named OpenHealth.  

 

Figure 3: The DHIS 2 mapping module (displaying Sierra Leone chiefdoms) 

The aims of the OpenHealth project were largely overlapping with those of HISP, but added the global data 

management and dissemination perspective. The fundamental technological choices were quite compatible with those 

of DHIS 2, and the project also espoused open source principles. However, while a company had produced a  

functional prototype based on FOSS components and the legal department had sanctioned a WHO version of the 

                                                             
34 HUhttp://kids.fao.org/ U 

35 HUhttp://www.cartoweb.org/ UH  

36 HUhttp://www.who.int/health_mapping/tools/healthmapper/en/ U 

37 HUhttp://apps.who.int/globalatlas/UH  
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Apache open source license, no source code had as yet been released to the public, and no community had formed 

around the project. We were impressed by several aspects of the prototype, in particular its use of advanced JavaScript 

libraries for mapping and pivot table functionality, as well as integration of standards and powerful tools for Online 

Analytical Processing (OLAP), GIS and an Enterprise Service Bus (viz. Mondrian, Geoserver and Tequila). On the 

other hand, DHIS 2 already had many aspects that the prototype lacked when it came to administrative tasks and data 

management, as well as actual implementations and an active and growing implementer community. All these aspects 

pointed to the desirability of close federation between the projects, or even a potential merger. Discussions around 

collaboration started in earnest through a visit by two OpenHealth project members to Oslo in December 2007, and 

were intensified throughout 2008. 

More generally, WHO technical staff had been researching FOSS technologies extensively, in parallel with the use of 

leading proprietary GIS toolkits. Through this collaboration, I came to know people behind some of the leading open 

source GIS frameworks used by both WHO and UNHCRF

38
F, and followed the maturation of these platforms through 

new releases and online discussions into a strong organizational field. A number of tools were developed on the Java 

stack, with the Java Topology SuiteF

39
F (JTS) library as foundation, allowing for efficient manipulation of spatial 

datastructures. A comprehensive toolkit project, GeoToolsF

40
F, took JTS as a basis for a full-fledged library capable of 

handling files, maps, layers etc. This versatile library was again used both in the desktop uDig GIS application (based 

on the Eclipse framework), as well as in the powerful Geoserver GIS server application. On the web client side, where 

the field had been very disparate when DHIS 2 began, OpenLayers rapidly emerged as the leading JavaScript 

framework, roughly corresponding to GeoTools on the server side. Furthermore, two of the leading companies in this 

space, decided during the FOSS4GF

41
F conference in late 2008 to join forces around a common library of client side 

widgets, resulting in the pooling of existing code and resources into the GeoExt frameworkF

42
F. I worked closely with a 

Norwegian master student who made extensive use of GeoExt and its predecessor frameworks, and a solid, versatile 

and well integrated GIS module was finally available in early 2010 (Øverland 2010). However, prior to this, pressure 

had been put on the whole DHIS 2 team to come up with GIS solutions, and in fact two separate solutions were under 

development by early 2009. However, though these were well rooted in the needs of implementations, in particular 

                                                             
38 United Nations High Commissioner for Refugees, HUhttp://www.unhcr.org U 

39 HUhttp://www.vividsolutions.com/jts/JTSHome.htm UH  

40 Though a complex framework, it was helpful for the DHIS 2 developers that GeoTools also used Maven, 
HUhttp://docs.geotools.org/stable/userguide/quickstart.html UH. 

41 HUhttp://foss4g.org/index.php/foss4g/2008U 

42 Parts of the process of aligning efforts on GIS web client component libraries can be followed in mailing list messages and 
blog entries, e.g. here  HUhttp://mapfishblog.blogspot.com/2008/12/geoext-but-why.html UH and here 
HUhttp://erilem.wordpress.com/2009/04/19/mapfish-and-geoext/ UH, 
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from India, none of the two used standard GIS libraries, but were each based on idiosyncratic ideas by HISP 

developers. This made them restricted in application, and the preparation of maps for them very cumbersome, as none 

of the available tools for handling de facto standards such as the ESRI Shapefile format could be readily applied.  Still, 

one of the solutions did produce attractive outputs and therefore served as a very useful stopgap measure for the Indian 

implementation until it was replaced by the newer GeoExt based solution by the summer of 2010, over 5 years after the 

initial work on GIS in connection with DHIS 2 began.  

Furthermore, the technologies chosen had an influence on the choice of GIS frameworks made by the OpenXdataF

43
F 

project, which focuses on data collection on handheld devices, as well as ready analysis of the collected data. 

OpenXdata is yet another case of  a project replacing a Microsoft desktop application with one based on Java 

frameworks, including Hibernate. Also, the project converted to the Maven build tool following a similar recent shift in 

the OpenMRS project, and in both cases the move was in part influenced by the long use of the tool by DHIS 2. 

Participation by developers in shifting implementations  strongly influenced the local implementations. For a 

long time, the internet connections to districts in Africa and most states in India were seen as too weak and 

unreliable to enable online data entry to central server installations. Therefore,  data entry mostly took place on 

local installations for the first few years, and in fact the South African team used this as an argument for a 

continued primary focus on DHIS 1, which for a long time was deemed to have more features. The involvement 

of developers in the Sierra Leone implementation led to successful introduction of wireless networks to access 

local Linux servers from Windows desktops. Conversely, after the lead developer travelled to Kenya, it was 

observed that many mobile internet connections in central districts of the country were in fact of good quality.  

This gave an impetus to refocus the ongoing development on making the requirements for online data entry 

sufficiently low to allow this also in the more peripheral districts, announced as a major goal of the upcoming 

2.0.6 release on the developer mailing list: 

 

                                                             
43 HUhttp://openxdata.org UH  

The overall theme is to make the application more usable on high-latency networks, based on the experience from India 

and Kenya. 

 

Work on data exchange, such as dedicated data element identifier properties and separation of meta-data and data 

export messages is pushed back to 2.0.7 release where this will be the main focus. 
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In another example, though they had never met, a developer in Vietnam collaborated closely over a long period 

with an implementer based in Zambia who had excellent SQL and database skills to improve on the number and 

efficiency of data queries available through the user interface. Similarly, a West African implementer and 

researcher who had been central to the implementation in Sierra Leone subsequently spent significant time 

supporting the transition to DHIS 2 from DHIS 1 in Malawi. Similarly, implementers from India supported efforts 

in Bangladesh and Sri Lanka, including introducing local Indian modules that had not yet been integrated in the 

global effort, but were highly conducive to meeting the overall requirements of those implementations, as they 

had been in India. To counteract the fragmentation of the code base and to share solutions, a number of 

international developer workshops were arranged in India and Vietnam, though the stated goal of conducting 

one every six months was never fully institutionalized, and was adjusted according to the current 

implementation exigencies. By 2010, other organizations began to adopt DHIS 2 for their own needs and 

integrating it with other applications, as exemplified by the following message to the developer list: 

 

 

Wide impact came interaction with the OpenMRS network (Seebregts et al 2009). Initial contact between the two 

networks was established at a conference in 2006. I have been actively following  their mailing lists since, forwarding 

numerous emails to the DHIS developer list, as discussions are often topical to issues faced on the HISP side as well. 

Several representatives attended a BEANISHF

44
F workshop which HISP arranged in Brussels in March 2007. In April of 

that year, I attended the OpenMRS Implementers Meeting in Cape Town, where I got to know both core developers, 

implementers and other collaborating projects, as well as WHO staff working closely with the project. 

I again met with central project members at a conference in Addis Abeba in August 2007, and at a WHO workshop on 

standardization in Nairobi three months later. Furthermore, I have been involved in several rounds of discussions, both 

face to face and mediated, around the integration of OpenMRS and DHIS, and also encouraged one of my master 

                                                             
44 HUhttp://208.76.222.114/confluence/display/BEANISH/HomeU 

We are pleased to inform you that dhis2 is running live in 37 states of the country in Nigeria for global fund malaria 

treatment and diagnosis, maternal and child health care, enhancing national response ENR, logistics etc. with each state 

having a server for data entry. We set up a 2 tier achitecture, the application server and the database server with a full 

database replication that makes the database well secured. The global fund malaria project and family are patient level 

data although we wrote sql script for the horizontal aggregation. We are planning to integrate the application with sales 

and warehouse. We will be sharing our experiences with from time to time. In the meantime we use jtrac for users issues 

tracker and can be found on Hwww.sfhng.org/jtrac H while the main dhis2 is Hwww.sfhng.org/dhis2 H. We are presently 

working on integrating dhis2 with toplink for oracle and other jdbc supported db 
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students to engage with OpenMRS through their Google Summer of Code (GSoC) programF

45
F, which he used as basis 

for a comparative study of DHIS 2 and OpenMRS (Gjendem 2008). Through following the OpenMRS list, I also 

became aware of an Indian participant in the OpenMRS GSoC who continued to contribute to the project. He soon 

became part of the HISP India team, which not only had a need to strengthen its technical group, but also was under 

increasing pressure to assist with hospital management systems. This in itself required an expansion of the OpenMRS 

system with additional modules, and several developers from outside India were also enlisted in this work, through 

spending long periods on site.  

                                                             
45 HUhttp://wiki.openmrs.org/display/RES/Summer+Of+Code+2010 U 
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The following excerpt from an instant messaging conversation illustrates alignment between the projects: 

 

The two projects targeted largely distinct but adjoining and partially overlapping niches: Patient follow-up in rural 

clinics in the OpenMRS case (for example TB patients or patients on Anti-Retroviral Treatment - ART), and summary 

public health reporting at all levels in the case of DHIS, such as number of cases seen in a month and immunization 

coverage. However, the OpenMRS project also spent considerable effort on developing a reporting framework (which 

proved useful for generating SDMX exports to DHIS 2), and within the HISP project extensive discussion took place 

in early 2009 on whether to integrate OpenMRS to manage household visits for Community Health Workers (CHW) in 

India or rather develop a new, patient level module within DHIS 2. The developer taking the lead on the CHW support 

(which also encompassed data collection on mobile devices) felt that although the technological stacks were very 

similar, OpenMRS was too complex for this task, and insisted on the latter option. A compelling argument for having 

an internal module rather than integration with an outside system was that having to run two systems in parallel would 

unduly overburden the implementation teams as well as require considerably more training. In other words, increased 

complexity internal to the application was favored over making the implementation complex. On the other hand, HISP 

India also encountered strong demand for the implementation of hospital systems, and for this OpenMRS was chosen. 

The two initiatives were facing similar challenges when it came to organizing principles, forced to innovate in the 

largely unexplored field of FOSS health information systems. The core development organization OpenMRS.org 

explicitly concentrates on the software and does not do installations and support, leaving that to implementing 

organizations, but does maintain an implementers mailing list, convenes yearly implementer forums in South 

Africa, and takes great interest in the overall success of implementations 

<Indian coordinator>: we must in hisp, create our expertse group around openmrs 

 me: on some issues, they are catching up with us 

3:09 AM <Indian coordinator>: there is lot of demand for the hospital stuff 

 me: e.g. they are just now converting to Maven, which we have been using since 2004 
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The following excerpt on business models from a key implementer on one of their mailing lists in 2010 

illustrates this view: 

 

Facilities for long-term support and scaling are lively debated also within the core HISP community, and a vision has 

been emerging of enabling strong, largely self-sufficient regional hubs (e.g. South, East, and West Africa, South Asia, 

and South-East Asia). The scope for such regional strengthening was reinforced as multiple implementations were 

initiated in East Africa, and similarly in the fall of 2010 as workshops was held in GhanaF

46
F and Senegal where a 

number of countries united by the West African Health Organization (WAHO)F

47
F decided to build expertise on a suite 

of interoperable open source systems for health information. Along the same lines, a key OpenMRS coordinator 

expressed the need for regional capacity, in the same thread as the message above: 

 

 

                                                             
46 HUhttp://healthunbound.org/content/his-applications-and-interoperability-west-africa U 

47 HUhttp://www.wahooas.org/ U 

We do not want to make OpenMRS itself a supporting organization for two very important reasons: (1) it 

doesn't scale, and (2) we risk undercutting the very people we are trying to empower (local companies & 

organizations). For example, when Rwanda wanted to expand OpenMRS usage, we did not try to put this task 

to OpenMRS itself; rather, we helped set up training for local developers to seed support organizations in 

country. This approach focuses on local capacity building and avoids exporting resources unnecessarily. We 

believe this is a more scalable model and the right thing to be doing -- i.e., success is making others successful. 

We in the OpenMRS community are pioneers in the open source health care software field and therefore having to 

work out some of these issues. This question comes up a lot and needs to be looked at in the context of each project. 

One important consideration is that medical record software usually needs a lot of configuration and customization 

for each hospital or health system. This is often the largest cost of EMR contracts in big US hospitals. So taking 

OpenMRS and customizing it to a health system in a new country will usually require a fair amount of paid or 

voluntary programming. That is certainly our experience at PIH. A proprietary software company will build into their 

fee: 

1) the basic license cost 2) the customization costs 3) the set up costs (maybe including hardware, networking etc.) 4) 

the staff training costs (users, data management, maybe IT support) 5) some ongoing support costs 6) their profit 

We end up breaking all these out which can be good in principle for developing countries but is often more 

complicated. 
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3.3.1.2 75BInteroperability and shared tools 

 

Efforts at integration between systems such as DHIS 2, OpenMRS and iHRIS was seen by the Health Metrics 

NetworkF

48
F (HMN) as a first step in the direction of creating an integrated suite of free tools for information 

management, dubbed the Public Health Information Toolkit (PHIT), envisioned to include tools for electronic patient 

records, human resource management, logistics and more. In the summer of 2009, we set up a wiki to help coordinate 

this effortF

49
F. However, the effort was not rooted in immediate needs of specific implementations, and did not manage 

to attract  a core team of developers or active participation from the projects. In contrast, collaboration with WHO also 

led to engagement with the effort at creating a standard for data exchange, expressed as a need in most settings where 

electronic systems had been introduced at the health facility level. First, collaboration with the UNAIDS 

implementation of the CRISF

50
F system in Botswana lead to implementation of the IXF2F

51
F XML standard in both 

versions of DHIS, and this was envisaged to be used also for integration with the FAO KIDS system. However, by 

2008, WHO focus had shifted to another standard, the World Bank sponsored Statistical Data and Metadata eXchange 

(SDMX)F

52
F effort, and I therefore facilitated the participation of a DHIS 2 developer in the fleshing out a version of this 

standard suitable for health data, SDMX-HD. The first use of this standard was to facilitate integration of OpenMRS 

and DHIS 2 as part of an HMN-driven implementation in Sierra Leone. Such a broader, more federative view of the 

ecosystem of health information systems is the focus of paper VI (Miscione, Georgiodou and Staring 2009). 

The work on a common XML standard became a vital attractor around which multiple organizations managed to align 

their interests, with WHO, OpenMRS, Capacity Project and HISP taking the lead. A good example of the increasingly 

close collaboration between OpenMRS and DHIS 2 can be seen from the following recent discussion on the openmrs-

dev mailing list entitled “bulk mavenization of modules”, a core DHIS 2 developer offered advice on the use of the Maven 

build tool for managing conflicting xerces XML library dependencies in OpenMRS modules (emphasis added): 

 

 

                                                             
48 HUhttp://www.who.int/healthmetrics/en/ UH  

49 HUhttp://phitoolkit.org U 

50 HUhttp://www.cris3.org/ U 

51 See HUhttp://208.76.222.114/confluence/display/REP/KIDSU 

52 HUhttp://www.sdmx.org/ U 
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This example illustrates both the intricate interdependence of FOSS Java ecosystem and how learning and alignment happen 

across adjoining “peer projects”. 

 

Yet another category of tools consist of software to manage documentation and content, such as DocBook for 

documentation, and tools for handling translations, loading data and creating training artifacts such as videos. These tools 

also have to balance power and usability. For example, DocBook is a very flexible and powerful XML format, but requires 

an infrastructure akin to those used by programmers. 

3.3.2 57BTEACHING AND MENTORING 

In the fall of 2004, I co-taught a master level course on GIS and public health, emphasizing the use of FOSS toolsF

53
F, 

and drawing extensively for case material and examples from the HISP project. In May 2006, I taught a modified and 

compressed version of the same course  in Maputo, to an audience of students from Malawi, Mozambique, Tanzania 

and Norway. 

 

Together with colleagues in the HISP group at the University of Oslo, I created a course on FOSS processes and Java 

frameworks. The course was given for the first time in the spring of 2005. By 2007, the teaching of the course passed 

                                                             
53 In particular, PostGIS HUhttp://www.postgis.org/UH and Mapserver HUhttp://mapserver.org/UH  

One gotcha to look out for is mixing incompatible xerces (and presumably xalan) versions.  We had a problem when 

mavenzing registration module that the jaxen dependency was pulling in a version of xerces, whereas there was 

already one in the classpath, presumably from openmrs core.  So everything builds fine, but strange runtime errors 

resulted. 

 

See here the exclusions which were required to make things ok again: 

http://source.openmrs.org/browse/Modules/registration/branches/ddu-maven/api/pom.xml?hb=true 

At least the xerces exclusion is required. 

 

I'm not sure how much of this could be automated.  Of course it could but would require some extra effort on top of 

the excellent conversion script. Basically wherever you see a xerces dependency (and typically it wouldn't be explicit 

- in this case it was being pulled in by jaxen), exclude it. 

 

As an aside, in dhis we have tried to avoid the external xerces/xalan combination altogether.  Despite the 

reputation that the early sun shipped versions had for being buggy, I think from java 6 onwards, these have proved to 

be pretty stable and are at least as well maintained as external xerces 
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to one of our previous master students who had done his fieldwork in Vietnam, and had by this time become the lead 

developer of DHIS 2. The practical part of the course was strongly influenced by the ongoing work on the systemF

54
F. 

While we sought to teach general principles, design patterns, and tools, these were largely illustrated by examples from 

the ongoing development activity, as were the preponderance of the group projects assigned. Developing, teaching and 

adjusting this course enabled us to examine the software engineering and community building principles espoused in 

light of what seemed to work for the students, as assessed based on the groups’ performance on projects as well as both 

oral and written student feedback.  

 

Several of the initial group of students travelled to Vietnam and India in the subsequent semesters for fieldwork. Seven 

of the students from this initial group went for partially overlapping stays in Vietnam  in the crucial first period of web 

application development, from early 2005 to early 2006, when the first versions of DHIS 2 were released. Three of 

them stayed with the project for prolonged periods, and became central to the development effort. One was hired as 

core DHIS 2 developer after graduationF

55
F, and remains in that role as of 2010. However, the need for training extended 

well beyond formal coursework. This led to the development of material and shorter courses for both developers and 

implementers under the banner of DHIS 2 AcademyF

56
F. This effort generated enough activity to be noticed by the 

developers of the LaunchpadF

57
F online software collaboration platform, as evidenced by the following email to the key 

DHIS 2 developer who manages the Academy: 

 

This is an example of entanglement with the development of one of the process tools behind FOSS. Similarly, the fact 

that one of the earliest core developers for DHIS 2 was also a member of the core Maven developer team came to have 

                                                             
54 Examples of student projects can be found here: HUhttp://dhis2.wikkii.com/wiki/Main_PageU 

55 See Nordal (2006), Østby (2008), Øverland (2006). 

56 HUhttps://launchpad.net/dhis2-academy U 

57 HUhttps://launchpad.net/ UH By late 2010, it had 21 000 projects ( HUhttp://sourceforge.netUH had 260 000). For more on this 
space, see HUhttp://en.wikipedia.org/wiki/Comparison_of_open_source_software_hosting_facilities UH  

Did you know that dhis2-academy was the largest user of Launchpad's Blueprint app in the past year? I've just 
pulled off a list of the 50 projects who made most use of Blueprint in the past 365 days, and you come top. We're 
currently looking at how to move on with Blueprint and we're most likely to merge the Blueprint functionality 
with Launchpad's bug tracker. 
 
As dhis2-academy is the biggest user of Blueprint, I'd love a chance to chat to you -- or someone else on the 
project -- about how you use it. Obviously we don't want to make any changes that will destroy your workflow. 
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a defining and long lasting effect on both the overall structure of the software creation process, as well as strongly 

impacting the design of the DHIS 2 web portal solution (Østby 2008).   

In the case of OpenMRS, a similar setup was initiated to support rollout in Rwanda. Ten recent graduates from a 

leading local university were assigned to three experienced computer programmers as mentorsF

58
F.  To this was added 

structured training in the web, Java, and enterprise technologies used in OpenMRS, as well as medical informatics 

topics, with plans for replicating the model in other countries (Jazayeri, 2008). 

I prepared, coordinated and mentored a number of Norwegian master students before, during and after their field work 

in Vietnam and India. Depending on their topics, the durations of student fieldwork ranged from two weeks to nearly a 

full year, with the typical stay lasting 3-4 months, i.e. about  a full semester. Several students also joined for an 

important gathering of developers from many countries in South Africa in October 2006. The student observations and 

subsequent discussion and thesis writing (see the footnotes to this section) became important sources of data for my 

own papers, as I sought to tease out larger patterns from all the micro-interventions. 

                                                             
58 HUhttp://openmrs-mailing-list-archives.1560443.n2.nabble.com/EHSDI-Internship-Program-Rwanda-
tc4665773.html#noneU 
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My teaching activities and the number of master level informatics students from the University of Oslo travelled to the 

key India and Vietnam nodes during the first three years of DHIS 2 development are listed in Table 1. 

Table 1Mentoring and teaching activities 

Semester India Vietnam Oslo 

Fall 2004   GIS course 

Spring 2005 Three Norw. studentsF

59
F  Three Norw. studentsF

60
F  FOSS lecture 

Fall 2005  Three Norw. studentsF

61
F  FOSS course 

Spring 2006 One Norw. studentF

62 Two Norw. studentsF

63  

Fall 2006  Three Norw. studentsF

64 FOSS course 

Spring 2007 Two Norw. studentsF

65
F  One Norw. studentF

66  

Fall 2007 Two Norw. studentsF

67   

 

3.3.3 58BTRAVEL 

My initial field visit was to the Indian implementation site of DHIS 1 for the first time during Easter of 2003 for two 

weeks, with a repeat visit in the spring of 2004. During these trips I observed how the HISP India team went about 

training and guiding the use of the system in altogether 9 public health centers, and their approach to new requirements 

to the MS Access desktop application by adding their own MS Excel and GIS modules (the early phases of HISP in 

India are described in more detail by Sahay et al 2009). 

As co-coordinator for the core DHIS 2 development team based in Oslo and involved in efforts at bootstrapping 

similar teams in India and Vietnam, I was simultaneously engaged "globally" and "locally". It still makes sense to 

                                                             
59 See Andresen and Vik (2005), Nordal (2006) 

60 See Mangset (2005), Nordal (2006), Jacobsen (2006) 

61 See Østby (2008), Øverland (2006) 

62 See Tømmerholt (2007) 

63 See Brucker (2007), Øverland (2006) 

64 See Berg (2007), Gjendem (2008), Store (2007) 

65 See Hustad (2008), Strandli (2008) 

66 See Gjendem (2008) 

67 See Skadsem (2008) 
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view my visits to India and Vietnam, each lasting several weeks, along with discussions with the team of fellow 

researchers and developers on return  as targeted intervention cycles akin to the common conceptualizations of 

action research. However, by necessity, the focus of these visits were always closely linked to the current status 

and exigencies of the ongoing local implementations. For example, during one visit to Kerala in 2007 with two 

Norwegian master students, the imminent need for an easy-to-use installer that would work for both Windows 

and Linux became a major activity, and formed the basis for both practical and theoretical work by one of them 

(Skadsem 2008).  

The table below summarizes my visits to the development teams, implementation sites and network partners in a 

number of countries. In each location, I was usually involved in a multitude of tasks, partly guided by the overall both 

short and long term needs of the network, and partly by local issues. I classify each trip according to which of the main 

data collection modes employed, using the following codes Network = NETW, Implementations= IMPL Teaching and 

mentoring = TEACH, wider organizational field - WIDE 
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When Data collection 

mode 

Destination Activities 

Mar 2003 IMPL India: Andhra Pradesh Visit DHIS 1 implementation, 

gathering GIS requirements  

Mar 2004 IMPL India: Andhra Pradesh Visit DHIS 1 implementation, 

meetings 

Jun 2004 NETW India: Andhra Pradesh  Initiate DHIS 2 development effort 

Aug 2004 IMPL South Africa: Cape Town Visit DHIS 1 development hub 

Aug 2004 IMPL Mozambique: Maputo DHIS 1 GIS requirements and 

development 

Jan 2005 NETW Vietnam: Hue, HCMC  Initiate DHIS 2 development effort 

Feb 2005 TEACH, NETW India: Andhra Pradesh and 

Kerala 

Initiate 2 Norw. students focusing on 

GIS 

May 2005 NETW India: Kerala Support DHIS 2 development team 

Jun 2005 NETW, TEACH Vietnam: Hue, HCMC Dev support and 2 Norw. students 

Sep  2005 IMPL, NETW Vietnam: Hanoi, HCMC CosGOVF

68
F conference, dev support, 

contact local university 

Jan/Feb 

2006 

NETW, IMPL India: Kerala, Delhi and 

Jharkhand 

Contact local university in Kerala, 

initiate implementation in east Indian 

state 

Mar 2006 TEACH, IMPL Vietnam: Hue, HCMC Norw student, local university 

May 2006 TEACH Mozambique: Maputo Teach GIS course and discuss  

Aug 2006 IMPL, TEACH Ethiopia: Addis Abeba Local requirements with Norw. core 

student  

Oct 2006 NETW, IMPL South Africa: Cape Town, 

Mpekweni, Pretoria 

Developer workshop and HISP 

conference 

Apr 2007 WIDE South Africa, Cape Town OpenMRS implementers meeting 

May 2007 WIDE Switzerland: Geneva Meeting UNAIDS and  parts of 

WHO  

Jul 2007 NETW, WIDE India: Delhi Workshop on Debo patient system 

using the symfony framework 

                                                             
68 HUhttp://cosgov.ow2.org/xwiki/bin/view/Main/WebHomeU 
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Aug 2007 WIDE, IMPL Ethiopia: Addis Abeba WITFORF

69
F conference, installer, 

presentation to federal MoH 

Sep 2007 TEACH, IMPL India: Kerala Initiate 2 Norw. students 

Oct 2007 WIDE Switzerland: Geneva HMN, AHIF

70
F, HSIF

71 

Dec 2007 IMPL Tanzania: Zanzibar Visit DHIS  implementation 

Dec 2007 WIDE Kenya: Nairobi WHO workshop on standards 

Feb 2008 WIDE, NETW Switzerland: Geneva Discuss WHO OpenHealth initiative 

Jun 2008 WIDE Switzerland: Geneva WHO/ HMN/CDC workshop  

Oct 2008 WIDE, NETW Switzerland: Geneva Integrate WHO OpenHealth 

concepts 

Mar 2009 NETW India: Delhi Developer workshop 

 

3.4 20BDATA ANALYSIS AND REFLECTIONS 

Througout my work within the HISP network, I have been actively trying make comparisons between issues 

encoutered both as part of the software development and in the implementations (and of course, these processes have 

largely been intertwined), seeking for patterns in events, which is key to developing "process" theory (Langley 1999). 

According to Tsoukas (1989), understanding comes from examining a combination of empirical regularities in data and 

abstract conceptualization to imagine the "generative mechanisms" that are driving them. Furthermore, as I have from 

the outset been cognizant that to DHIS 2 to a useful state would require fairly long term commitment, I felt it an 

advantage that my initiatives aimed at community building took me to several nodes in the network and allowed me to 

interact with stakeholders and partners at multiple levels. “In relation to technological change we propose that research 

should engage with the multiple locales and moments of innovation (encompassing, for example, technology design, 

procurement, implementation, maintenance)” (Pollock and Williams 2010) 

 

Discussing the question of the nature of the linkage between data and theory in process research, Langley (1999:708) 

states that “In theorizing from process data, we should not have to be shy about mobilizing both inductive (data-driven) 

approaches and deductive  (theory-driven) approaches iteratively or simultaneously as inspiration guides us. There is 

room not only for building on existing constructs to develop new relationships (Eisenhardt, 1998b) but for designing 

process research that selectively takes concepts from different theoretical traditions and adapts them to the data at hand, 

                                                             
69 HUhttp://www.witfor2007.org/ U 

70 Africa Health Infoway: HUhttp://www.who.int/africahealthinfoway/en/ U 

71 WHO Dept. of Health Statistics and Informatics, HUhttp://www.who.int/healthinfo/en/ U 
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or takes ideas from the data and attaches them to theoretical perspectives, enriching those theories as it goes a long." 

My have taken a pragmatic approach to theoretical concepts, eclectically making use of concepts that have resonated 

with observations in the field, both when it comes to interacting with data and software artifacts and on organizational 

issues. 

 

To lessen the bias that can easily arise from the very close engagement with a project typical of AR, it is useful to also 

have investigators who have not met the informants and have not become immersed in case details examine the 

evidence, or even keeping of the research team out of the field altogether by exclusively assigning to them the role of 

devil's advocate (Eisenhardt 1989). In the HISP network, this tactic has been employed repeatedly, through the 

participation of "outside" senior researchers who were not engaged in the action research in the writing of papers both 

based on their own observations through field visits and interviews, and in close collaboration with both the core group 

of HISP researchers and graduate students, bringing to the table a more distanced and often critical view of the project 

and its context. I have also been an outsider with regard to several African nodes of the network, and benefitted from 

discussion with the main participants in those implementations. 

 

3.4.1 59BRESEARCH COMMUNITY 
My work has throughout been suffused by involvement in a community of researchers, who have been involved both in 

the same areas as myself, and in implementations in network nodes where my own involvement has been peripheral, 

such as Zanzibar, Zambia, Tajikistan and Sierra Leone, bringing in different empirical material, but also different 

analytical angles, and broadening my view on the functioning of the network as a whole. Discourses both on 

participatory design, Networks of Action, and capacity building were well established in the HISP community as I 

joined it. I sought to enrich this discourse by bringing in perspectives and analytical frameworks from the FOSS and 

GSD literatures. 

 

While the interventions were from the start shaped by open source ideals, it was obvious from early on that some of the 

underlying assumptions of many FOSS advocates (Benkler 2002) were unlikely to be fully applicable in the context of 

building a "vertical" information system with major contributions from the South. However, the extensive literature 

and theorizing on FOSS, as well as the many years of extant research within the HISP network combined to provide a 

useful framework with which to guide both data collection, analysis and interventions. 

 

In connection with the writing of papers, data were harvested from the various sources mentioned above and sorted into 

clusters around themes of relevance to the topic of the paper, informed both by knowledge of events and online 

discussions gained by myself and other co-authors through our practical actions, as well as by observations from other 

researchers in the network, including innumerable informal and formal sessions with master students. Discussions on 
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both practicalities of travel and coordination with students and other project participants constantly intertwined with the 

systematic sorting and ordering of data into patterns. This ensured a steady stream of new information  and 

interpretations. 

 

3.4.2 60BTHINKING AND ACTING 
Throughout my studies, I have engaged in a range of action research activities, and coordinated a widespread 

development and implementation network in parallel with supervision of master students and the writing of papers. I 

have been deeply involved in the day-to-day planning, coordination and work on developing and implementing 

DHIS 2, through iterative and overlapping cycles of intervention and reflection. In contrast to most action 

research, the organization with which I have engaged is itself a long-standing action research network. In other 

words, I have been involved in repeated interventions in several geographically dispersed locations aiming at 

effecting changes to the HISP network.  

This has meant an almost continuous oscillation between being immersed in happenings and reflecting on larger 

patterns in an inductive fashion on the one hand, and more systematic deductive reasoning based on systematically 

collected data such as source code commit messages and email exchanges. The back and forth has afforded me 

mulitple perspectives on developments akin to this stance by Eisenhardt (1989)"When a pattern from one data source is 

corroborated by the evidence from another, the finding is stronger and better grounded". While this constant interaction 

between internal knowledge and externalized data has often been challenging, I don’t think it would have been possible 

to gain a similarly intimate knowledge of DHIS 2 without both angles of research. 

 

Some aspects of my research are reminiscent of ethnographical approaches, in the sense of involving long-term 

fieldwork, getting close to a community, relying on "naturally occurring events", and because of the closeness 

and "natural" embeddedness that comes from being a full participant in the work of the HISP network (including 

a sizable group of students and researchers at my department). This resonates with Alvesson's (2003) concept 

of "self-ethnography". He defines this approach as " a study and a text in which the researcher-author describes 

a cultural setting to which s/he has a “natural access”, is an active participant, more or less on equal terms with 

other participants. The researcher then works and/or lives in the setting and then uses the experiences, 

knowledge and access to empirical material for research purposes. This research is, however, not a major 

preoccupation, apart from at a particular time when the empirical material is targeted for close scrutiny and 

writing. The person is thus not an ethnographer in the sense of a professional stranger or a researcher primarily 

oriented to studying the specific setting" (ibid:174). It is probably a fair to say that for long periods, I have been 

a participant first and observant in a research-focused sense more intermittently, as time or events allowed for 

more distanced reflection.  The value in self-ethnography lies in a struggle of "breaking out" from the taken-for-
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granted character of a particular framework. Translated to this particular study, such "breaking out" entails 

distancing and taking a critical stand towards the paradigms of the research group specifically on core concepts 

such as Information Infrastructure and Networks of Action. In this, I think I have not fully succeeded, and 

probably gone too far in appropriating and internalizing them as valid and relatively unquestioned starting 

points.  

 

My work differs from Alvesson's definition above in several ways: 1) the participation has not only, or even 

mainly, taken place within my own immediate cultural context, but also in several "distant" settings around a 

widely distributed (and partially virtual) network, 2) my "local" perspective shifted quite dramatically after I 

relocated to Geneva to work on the same issues with a basis at the UN, and 3) whereas I find Alvesson's term 

"observing participant" an apt characterization of my role, the emphasis throughout has been on a more 

entrepreneurial type of interventions, in the sense of "radical exploration" (Engeström 2004).  

 

As elaborated above, the action research I have been involved has been unusual, especially because of the 

multiple levels of engagement. However, like much other AR, tensions have been evident between research and 

action - both on a personal level and within the HISP research community as a whole.  Interventions have been 

prioritized over theoretical reflection and paper writing. Concrete project interventions often have a much finer 

granularity than research activities, and have in my case also been driven by a sense of urgency and concern for 

the overall viability of the DHIS2 project. 

On the other hand, tensions have arisen within the community when people have come to feel that researchers 

who rely mostly on observational methods or do not engage in collaborative paper writing do not contribute 

practically to the overall effort, but have rather been "free riding" on the hard work of those who engage in the 

core actions, thus "skimming" the project for case material after only brief field study and adopting highly critical 

stances without really having gotten any fingers dirty with the very real challenges faced by the implementation teams. 

Such tension between differing obligations have been expressed repeatedly: 

the problem i see with <NN> and many other of our phd under hisp is when they get scholarship, they will feel the 
hisp work on project is a burden for them, and they do us a favor by engaging in that and complain to their 
supervisors - that is why lack of progrss in phd 
 
and the committment to hisp is not deep enough - not the kind which someone like <MM> has 
then you get in and criticise hisp for everything...and as if you have no responsibility to try and improve 
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4 3BRESEARCH FINDINGS 

This chapter presents the papers that form the core of this thesis, arranged chronologically, and goes on to summarize 

the findings. 

4.1 21BSUMMARY OF THE INDIVIDUAL PAPERS 

4.1.1 61BPAPER I:  NETWORKS OF OPEN SOURCE HEALTH CARE ACTION F

72
 

This paper recapitulates the experiences from the first two years of efforts at establishing a global network of software 

development nodes for the new web based DHIS 2 system with teams in Norway, Vietnam, and India.  

The project was started in Oslo, with an emphasis on avoiding many aspects that were seen as problematic with DHIS 

1 development. While largely aiming to replicate and expand DHIS 1 functionality, the goal was to start from a clean 

slate in terms of organizing the development effort, through appropriating FOSS best practices and using  “future 

oriented “ technologies. This agenda proved attractive to a number of Norwegian master students, and the team set out 

very ambitiously to completely refactor both the application and the infrastructure around it, going so far as to put in 

place its own servers and infrastructure instead of relying on “mainstream FOSS services” offered by sites such as 

Sourceforge, which key participants deemed unresponsive, outdated, and too restricted.   

From the beginning, emphasis was put on establishing software development nodes also in Vietnam and India. A 

number of key observations were made during the initial period of DHIS 2 development: 

• Implementation efforts require support from a local team able to react in an agile manner without going 

through several "filters" (linguistic, cultural, institutional, and technical/communicative).  One should avoid 

adding unnecessary burdens to the inherent "professional" distances between users and developers.  

• While it seemed cost-effective to hire programmers in countries with a pool of relatively cheap developers, 

prolonged and intense scaffolding in the form of people travelling between nodes was needed to bring these 

developers up to speed. 

• Expectations and ideals espoused by Oslo did not mesh well with realities on the ground in Vietnam and India. 

Both the shift to the web paradigm and  the lack of familiarity with  the “grammar” of distributed development 

and with FOSS as ideology, philosophy and practices proved challenging for developers in India and Vietnam. 
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The Norwegian developers became frustrated in their expectations of smooth FOSS style communication 

patterns online using mailing lists, wikis and internet for learning.  

Sending a series of experienced Norwegian master students for field work over the course of a year proved an effective 

measure. Personal and professional relationships endured beyond the stays. Thus, what was needed was a long-term 

strategy emphasizing local capacity-building. Both cultivating new nodes and fully integrating them into a global 

network proved challenging and time-consuming.  

As the lead author, I contributed to all parts of this paper. I was fully responsible for the discussion of the Indian node, 

while both authors brought in perspectives from the Vietnam and Oslo nodes. 

4.1.2 62BPAPER II: SCALING UP LOCAL LEARNING. EXPERIENCES FROM SOUTH-SOUTH-NORTH 

NETWORKS OF SHARED SOFTWARE DEVELOPMENT F

73
 

 

The aim of this paper is to examine learning within the HISP network across the health and technology knowledge 

domains. The network created institutional structures of collaboration between developers and health practitioners, 

which provided the framework for the merger of knowledge, and this became accentuated as work started on DHIS 2. 

However, the shift to object oriented web application development with "cutting edge" open source frameworks and 

the infusion of new developers far removed from user sites initially hindered integration of practices and caused 

fragmentation. Still, through prolonged bootstrapping and federation efforts, a virtuous cycle was gradually achieved.  

 

The most effective learning mechanism was through practical implementations of the DHIS application in the context 

of the health services. These efforts to fit the technology to local needs improved field level use and created a demand-

push dynamic, attracting political backing and monetary resources for hiring more skilled developers and public health 

specialists. It was only when the developers in Vietnam were pressed to step out of their development lab to actually 

implement the DHIS 2 that their contribution to the global software development took off. Correspondingly, a 

commitment to implement in Kerala, where the state explicitly wanted FOSS solutions, sparked the finalization of the 

first DHIS 2 release. The Kerala implementation experience in turn served to scaffold the necessary capacity in the 

HISP India team to approach other states. This shows how simple diffusion strategies are not sufficient for learning. 

Rather, a process of translation is needed, where the final essential piece of knowledge must be developed – innovated 

– close to the context of use.  
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The DHIS 2 architecture aims to be flexible to the various local contexts with generic setups and basic functionality to 

capture and analyze data through standardized tools.  However, it is difficult to draw a line on where to standardize and 

where to allow for local improvisation, and this decision is influenced by factors such as lack of human resources and 

extreme time-pressure. The coordinators in Norway needed to balance the importance of local problem-solving and 

improvisation such as a “quick fix” in Kerala, with the more long term goal of building a solid network with practices 

regarding sharing among the nodes. While the aim was to share, local needs and contingencies led to a situation where 

at one point four different report solutions were in use around the network.  

 

The complexity and cost of supporting a large variety of local solutions would soon deprive the network of a 

sufficiently significant boundary object around which to collaborate, risking that the distributed solutions would drift 

apart. On the other hand, for the global solution to be used locally, it must be generative and flexible. The process of 

discovering which aspects are essential entails intensive collaboration between core and peripheral network nodes. 

Implementing generic and flexible solutions in the global software however requires considerable resources and takes 

time, which might be might be better used on local add-on solutions. In order not to lose momentum locally, or 

globally, it is important to continuously negotiate an “appropriate” balance between the local and global efforts. If 

implementation momentum is lost locally, there is a chance that local learning processes come to a halt, and eventually 

that less local learning is shared in the distributed network and incorporated in the software. On the contrary, if one 

loses momentum in the global network, the global efforts may disintegrate into independent local projects with limited 

shared learning. 

In this paper, my contribution was mainly focused on two aspects, FOSS and learning perspectives in the theoretical 

background and the DHIS 2 case material and discussion. 

4.1.3 63BPAPER III: DEVELOPMENT AS FREE SOFTWARE: EXTENDING COMMONS-BASED PEER 

PRODUCTION TO THE SOUTH F

74
 

 

This paper examines two cases of FOSS projects aimed for the health care in developing countries, DHIS 2 and 

OpenMRS, in light of Benkler's (2002) model of Commons-Based Peer Production (CBPP). The analysis makes it 

clear that several of the assumptions underlying the CBPP model do not hold in these contexts. However,  based on the 

case studies, we argue that FOSS projects aimed at supporting organizational information systems in the South can be 

successful if some organizational structure is added to the flat, anarchic "bazaar" model. 
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Accordingly, it becomes essential to examine the structure of the network itself, as well as the roles of nodes as they 

change over time. For this, we bring in Conway’s law on the structural congruence of software development 

organizations and the computational artifacts they produce, and identify core-periphery patterns in our case studies. 

However, rather than seeing the identified constellations as static, we examine the trajectories of software modules and 

their creators, focusing on the dynamic interactions of both as they travel in the network .  

We found that modules can have dynamic and sometimes fuzzy boundaries – often following a trajectory from the 

periphery to the core, through a process of generification. Modules and developers move together from the periphery to 

the center – programmers bring modules with them as they move (or vice versa). It is unlikely that a module created at 

the periphery will be a perfect fit for most other settings without going through iterative generification steps. Many will 

stabilize as part of an inner peripheral circle, whereas a select few will gain access to the core, possibly delivering a 

major upset to the whole project, but also triggering new potentialities and adding to the generativity of the core. 

 

In contrast to both the highly centralized “star” topology often seen in rigidly “cathedral”-type projects and the 

radically distributed flat structure of the CBPP model, based on the case studies we argue that resource-constrained 

contexts call for more “chunkiness”, i.e. a certain extent of clustering of resources around hubs, where teams are not 

just virtual, rather than the extremely fine granularity extolled for certain projects, allowing developers to operate 

independently and in many cases investing only tiny efforts, such as making small edits to a Wikipedia article. In order 

to foster really useful competence and sustainable support, a certain level of structure is required. A “snowflake” 

topology entails a number of strong regional hubs around a central repository and a core set of standards. The hubs 

collaborate, and in turn support smaller peripheral nodes. They filter the input from the field, take pressure off from the 

center, and are in a better position to understand local languages and concerns and interact in line with sensibilities, as 

well as to span boundaries to core developers and participate in the generification of innovations. This is closely linked 

to the concept of implementers acting as mediators between users and designers – with people moving between these 

roles and thereby blurring the distinctions. 

Furthermore, the paper extends the Networks of Action approach of building on existing networks and institutions and 

argues that it provides a strategy for bootstrapping necessary conditions for CBPP that are otherwise absent in 

resource-constrained contexts, through a web of artifacts and collaborators.  

 

As the principal author of this paper, I took responsibility for the overall argument, including the theoretical 

perspectives and discussion, introducing key concepts such as the “snowflake topology” and elaborating the relation 

between CBPP and NoA. 

                                                                                                                                                                                                                             
 



73 

 

4.1.4 64BPAPER IV: SHIFTING GROUND FOR HEALTH INFORMATION SYSTEMS: LOCAL EMBEDDEDNESS, 

GLOBAL FIELDS, AND LEGITIMATION F

75 

 

This paper details the qualitative phase shift occurring as a project transitions from an experimental stage of local pilot 

implementations to the very different conditions of full-scale national roll-outs. This shift is examined through global-

local tensions in perspectives on legitimation, illustrated with the trajectory of HISP implementations in a variety of 

settings. 

In a pilot period emphasizing participatory design, rapid iterations of a software application based on immediate 

feedback in local settings where users and developers can meet face to face is crucial to gain relevance and 

legitimation. As an application is introduced in more sites, the influence of global trends is likely to grow, and more 

institutional forms of legitimation are sought from the broader organizational field. Finally, state-wide implementations 

again require an emphasis on specific conditions, though differently from in the pilot stage. We highlight the 

qualitative switch between regulatory contexts, on top of the strictly quantitative expansion of a system. Scaling 

requires actors to be able to relate to quite different cultures, accountabilities and communicative practices.  

To avoid the risk of spreading too thin, support for broader implementations must be sought from state level decision 

makers. At that point, information requirements from health systems will be more rooted in entrenched routines, rather 

than experimental implementations. In the second switch, from networks of action to full, centrally sanctioned rollouts, 

requirements are qualitatively different. For full-scale roll-outs, there is an expectation of something more robust and 

polished. The software must be intuitive and user friendly, capable of handling large datasets, professional quality 

manuals must exist, and extensive training conducted. Such changes explain the adoption process by linking it to the 

socio-technical capacity of matching diverse institutional settings. This entails qualitative shifts between phases rather 

than a simple conception of smooth linear diffusion of information systems. 

These two phase transitions also entail a re-positioning of strategy from the original bottom-up more towards top-

down, shifting the emphasis from the community and local health facility to the ministerial level, with local 

appropriation and empowerment of health personnel becoming less of a driving force for adoption than it was initially. 

“Cultivation” is still an important element, but capacity building and incremental change are not pursued directly at the 

district or community level, but rather at the ministerial level and through infrastructural hubs. Consequently, the 

‘seeds’ are different: graduate health informatics programs, wide regional coverage involving numerous health 

programs, relations with central administrators and international organizations, professionalization of software 

                                                             
75 Miscione and Staring (2009) 



74 

 

developer teams, etc. In this sense, efforts to establish a health information infrastructure can be seen as institution 

building activities, changing according to available sources of legitimation. 

The table below summarizes the second shift in software and organizational characteristics:  

Networks of action Full coverage rollout 

bottom-up top-down 

centrifugal expansion centripetal focus 

agility stable capacity 

open communication internal discussion 

global scope and functionality national and local customization 

spreading thin consolidation 

selection of favorable conditions for success of 

pilots 

capacity to cope with the variety of situations that the 

state presents 

occasional competition between pilots one system (up-front competition for tender) 

loosely structured formal organizations 

 

Given my long term involvement with the HISP network in a wide variety of settings, and in particular coordinating 

the global development of DHIS 2, my contributions in this paper concentrated on the case material and the discussion 

on how the issues around legitimation have played out in the HISP case, and general principles derived from this. 

4.1.5 65BPAPER V: DISTRIBUTING DEVELOPERS TO ENABLE USER PARTICIPATION: MULTILEVEL DESIGN IN THE 

HISP NETWORK F

76 

 

                                                             
76 Titlestad, Staring and Braa (2009) 



75 

 

This paper highlights continuities and differences between the PD literature and the use of open source 

approaches for information systems development in the Global South, in terms of both practical methods and 

political aims, while pointing out that in both cases, sustainability and lasting impact requires networking and 

scaling. 

 

We analyze HISP design as two distinct yet related processes taking place at different levels: 1) in-country 

design of health information systems with an emphasis on the system rather than on software, and 2) across-

country design of a globally distributed toolbox of software and best practices for in-country HIS design. 

These processes continuously feed into each other: globally distributed solutions grow out of local design and 

use, and the global toolbox is utilized in local design processes. In this way, innovation takes place through 

local use, through cycles of innofusion where the global and local mutually influence each other.  

 

Much of the initial success of HISP has been attributed to a focus on Participatory Design.  As the network 

expanded, the PD perspective became harder to maintain, but substantial effort was expended on creating and 

sustaining distributed teams of developers engaged in locally relevant design. Over time, and through 

training and the circulation of people and artifacts, these teams took part in generification of locally designed 

modules in a distributed software development network, reversing the usual discussions on virtual teams and 

offshore outsourcing. 

 

The analysis highlights the leveraging of academic programs, formal standards, and the creation of 

information system cadres and HIS units as organizational infrastructure enabling successful implementation 

of generic information systems. We argue that this kind of institutionalization represents a relatively 

permanent scaffolding for higher level design efforts. The HISP approach to institutional scaffolding of DPD 

contains elements of a more general model through the focus on empowerment through participatory 

capacity building and on the generation of useful tools for and by people at the margins in global 

development.  Much scaffolding and learning by trying is needed. 

The paper adds to the study of DPD, by 1) extending it to the Global South and 2) emphasizing the role of 

implementers as boundary spanning mediators, 3) highlighting the need for active generification of 

innovations that arise in local settings and 4) collaborative development of a common toolbox which in turn 

5) affords learning-by-trying through scaffolding. The learning engendered by use of the system in the 
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Global South can make considerable contributions to generic software design if one manages to facilitate a 

two-way learning and innofusion processes. 

 

I played a major role in the writing of all of this paper, taking responsibility for the theoretical perspectives, 

as well as contributing significantly to both the case and the discussion. 

4.1.6 66BPAPER VI: A FEDERATIVE VIEW FOR INFORMATION  INFRASTRUCTURES IN DEVELOPING CONTEXTS F

77 

 

Like paper VI, the last paper again underscores the importance of keeping the design locus as close as 

possible to where practical local use knowledge is situated. However, it also aims to extend the notion  of the 

network beyond a single software application or platform to the selective integration of running systems and 

coordinating existing organizations as strategies for scaling. 

 

The purpose of the paper is to articulate a meso-level theoretical perspective grounded in the perspectives of 

bootstrapping, meta-design and Networks of Action to conceptualize existing systems as potential hubs of 

emerging information infrastructures. The scalability of infrastructures is not simply the outcome of 

interoperability and standards. Without considering organizational and political aspects of the actual contexts 

of implementation, integration of systems and scaling up of information infrastructures cannot happen. This 

is the reason to call such processes "federative", to avoid both technological reductionism and the tight 

technical coupling implied by "integration". We go on to contrast the characteristics of federalism with those 

of market and bureaucracy. 

 

The main result of the paper is a typology of federating strategies classified according to three infrastructural 

dimensions: accreditation (granting access), coalition (managing gateways), and standards. These dimensions 

are helpful when explaining tensions between flexibility and stability in federations. The table below 

summarizes the typology. 
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Infrastructural Level Ideal – Type 

(Top-down and 
bottom-up) 

Characteristics Examples 

Regulatory 
body/Authorities 

Centralized, 
independent body  

SIDA 

Value Management 
Model 

EU – 7th Framework 
Programme 

Accreditation (in/out 
definition) 

Peer production 

Community, 
distributed acceptance 
(like gift economy, or 
‘potluck’, where status 
and legitimation are 
crucial) 

Wikipedia, FOSS 

Joint ventures  

Merging of 
organizational sub-
parts for a negotiated 
task  

OpenHealth 

Coalition (gateways) 

Networks of Action 
Scaling of dispersed 
collaboration 

PHIS 

Franchising 
Autonomy within the 
frame of controlling 
organization 

Linux Standard 
Base 

Standard 

Sector Association 
Body for negotiation 
and representation of 
interests 

WITFOR 

WSIS 

IFIP 9.4 

W3C 

ICANN 
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For this paper, I contributed substantially to the extension of the NoA perspective to a 

federative view and to the concrete typology, bringing in concepts from FOSS and 

metadesign, as well as perspectives from my interaction with the broader organizational field 

around DHIS 2. 

4.2 22BLINKAGES BETWEEN THE PAPERS 

Taken as a whole, the papers represent a number of angles for analyzing FOSS in the South. 

Papers I ,III and V concern the structure of the global network. A key observation is the need 

for more structure than in the idealized depictions of FOSS as canonized by Raymond (1999) 

when moving to the development of organizational systems in the South. Purely online 

communication in the form of mailing lists, source code repositories and wikis is likely to be 

too thin to support nodes where initial IT capacity is low, and FOSS capacity lower. While the 

literature shows that successful FOSS projects are in fact quite structured (Jensen and Scacchi 

2010), the difference with traditional hierarchical approaches to software development are 

still readily apparent, with a pronounced tendency towards relatively flat and unstructured 

assemblages of collaborators. This is however not sufficient for HMIS development, which 

needs significantly more scaffolding. On the other hand, some of the measures taken to 

provide structure, such as programming frameworks and APIs, in themselves require 

substantial scaffolding to function effectively in a distributed network. Thus, while they are 

meant to ease integration, reuse and generativity, such means of standardization are likely to 

generate resistance from and be bypassed by local developers if imposed. There can be trade-

offs between the various types of generative characteristics.  

Another finding is how the hallowed FOSS exhortation to “release early, release often” holds 

even stronger in the types of settings that form the focus of this study, for the reasons already 

highlighted in this section. Because of the importance of learning from actual use and 

implementation, organizational systems are even less suited to be developed in ivory towers. 

Therefore, federative efforts building on existing implementations and related systems are 

crucial for legitimacy and robustness. To this end, a network of regional hubs supporting local 

implementations, and themselves supported by one or more core nodes is suggested in Paper 

III. More generally, and at a higher level, Paper VI presents a typology of federative 

approaches to provide sufficient networks structure and scaffolding for sustainable local 

development and implementation efforts. Distribution of system development in such a 

“chunky” network (as opposed to the flatness of FOSS ideal types) both allows for support to 
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move closer to implementations and therefore be more able to overcome the well known GSD 

problems of cultural, time zone and organizational distance (Herbsleb 2007), while 

simultaneously relieving the central hubs of some of the burdensome imposing of standards 

and labor to integrate and suggest generification of local contributions. Furthermore, such a 

structure also offers a set of trajectories for developers and implementers, and also enables 

ambitious nodes to grow into regional hubs. 

Paper I elaborates the problems encountered when they were applied in the HISP context. 

Papers II – VI analyze key aspects of the expansion of the network, in terms of opportunities 

for sharing and learning, network structure, requirements and design processes, and the 

context around the network. All papers highlight the crucial role of intermediaries/boundary 

spanners. 

 

Research question Papers Findings 

Conditions for 

organizational FOSS in the 

South 

I, II, III, V - implementers as boundary spanning mediators 

- common toolbox to scaffold learning-by-trying 

 

Measures to support 

networked implementation 

of organizational FOSS 

II, III, V - need for active generification of innovations that 

arise in local settings 

Organizational field for 

HIS in South 

IV, V, VI - Federating approaches affords multiple 

sources of legitimation 
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5 4BCONTRIBUTIONS AND IMPLICATIONS 

5.1 23BTHEORETICAL CONTRIBUTIONS 
 

The bottom up approach to GSD depicted in this work represents a kind of reversal of the 

commonly seen roles in outsourcing by big companies in the North to cheap vendors in the 

South. Analysis of the case material presented in this work mainly contributes by widening the 

field of study beyond what has formed the basis for most of the FOSS literature, namely 

“horizontal” systems that are both used by and developed by well-connected programmers in 

the North (Benkler and Nissenbaum 2006, Fitzgerald 2006, Ghosh et al 2002, Raymond 1999). 

The focus on health information systems in the South has enabled the highlighting of several 

topics that, though present in other discourses, have so far been underplayed in the study of 

FOSS development and implementation. These include the role of implementers when it comes 

to organizational systems, the value of learning from diverse implementations, the influence and 

variety of both organizational and technical boundaries, and the dynamics of crossing or 

dissolving them,and sometimes in this process creating further new boundaries. 

5.1.1 67BIMPLEMENTERS AS  KEY BOUNDARY SPANNERS SPURRING INNOVATION 

 

A number of authors have highlighted processes around knowledge generation in FOSS projects 

(Ducheneaut 2005, von Krogh and Spaeth 20007, von Hippel 2005), pointing out how certain aspects  

can only be learned through practice, i.e. learning by doing and learning by trying (Fleck 1994). 

However, “only a very small number of studies (largely from Science and Technology Studies) 

address technology design and use in tandem” (Pollock and Williams 2010). This study has tried to 

enrich the research base in this respect. 

 

A key contribution of this thesis is highlighting the key role of implementers as mediators of 

knowledge between the development team and end-users when it comes to organizational 

systems, where developers are not likely to also be end users. Implementers are boundary 

spanners that understand what is required for the system to work in the field based on their 

own experiences and close interaction with users over time, ideally in several geographical 

locations and organizational settings, addressing different kinds of problems. On the other hand, 

they are expected to keep close tabs on the overall development of the core software through the 

mailing lists,  stay in close contact with the local developers, and often also know and interact 
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with core developers in several nodes. With meta-design strategies and configurational 

technologies, the importance of implementers as mediators becomes more pronounced. 

 

The DHIS 2 case enlarges the view of trajectories of movement in FOSS projects as analyzed by 

Ducheneaut (2005). While Ducheneaut depicts inwards movement in "canonical FOSS" from 

lurkers to core developers, the DHIS 2 case displays outwards movement  from small core team 

– "seeding " a la Fischer(2004) – to actively engaging a larger community of implementers and 

users.  Furthermore, the focus on implementers adds a dimension to the movement of roles, 

which are no longer confined to the developer-user axis. Successful implementers are well 

placed to lead tasks of co-configuration and even core functional design, thus moving closer to 

the core development. Furthermore, they are likely to be the ones most intensively confronted 

with the needs for higher level system integration, whether it is for interoperability with other 

systems or radical expansion of the functionality into new spheres of organizational information 

needs such as finance, human resources or logistics.  

 

Furthermore,  I hope to have shown that implementers are crucial knowledge brokers in the 

sense of Pawlowski et al (2004), but beyond the two functions identified in that study, viz. 

enabling communication both between developers and users, and between business units, I have 

stressed the role of implementers as system integrators, brokering knowledge between 

networks of FOSS projects. 

5.1.2 68BSTRUCTURAL CONGRUENCE AND NETWORKING AROUND FOSS 

 

Based on the identified importance of implementers and implementations for innofusion, 

another contribution is to widen the focus on isomorphisms. From the well-researched 

congruence between modular application architecture on the one hand and software 

development teams on the other, the current work suggests the importance also of the structure 

of implementations and implementing teams, as the actual learning-by-trying is crucial for both 

local innovation and successful wider adoption.  

 

Furthermore, the examination of the emergent organizational field of health information 

systems in the South and the infrastructural efforts such as the SDMX-HD standard suggests that 

for the public sector we need to look beyond single applications to configurable toolkits and 

integrated suites of systems, and explore innovations in this space as elements are introduced 

within a National Health Information System Architecture (Stansfield et al 2008). 
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It seems unremarkable that a large number of implementations implies a large number of 

implementers and developers in a distributed community of practice, which in itself becomes 

attractive. However, beyond this, this work has made clear how in resource constrained settings, 

even a moderately successful system implementation attracts attention as a fledgling 

infrastructure and thus a potential vehicle not only for expansion of the initial implementation 

footprint, but also for development of divergent functionality and implementation of other 

systems whether closely adjoined or not. The introduction of a district level reporting system 

can quite naturally become the basis for a push for facility level systems, but also build pressure 

on the implementers to provide clinical hospital systems, as well as systems supporting 

community activities and managerial operations. 

 

5.1.3 69BMULTILEVEL DISTRIBUTED INNOFUSION AND GENERIFICATION 

 

Benkler (2002) suggests a model of granular modularization and low cost integration of 

distributed peer production based on a commonly shared resource in projects like Wikipedia 

and in FOSS development.  This work suggests that similar processes can occur at the level of co-

configuration and implementation – relatively independent system implementations are likely 

to yield insights into (re)configuration that can contribute to the overall development of the core 

application in a bottom up way. In other words, through a process of generification, 

configurational contributions  are integrated in a way similar to the integration of code patches 

from distributed developers at the source code level. 

 Furthermore, implementations serve to highlight the wider kinds of systems needed, in other 

words the overall “enterprise architecture” in a country – leading to demands either for 

integration (interoperability) with other systems or for the inclusion of wider functionality (new 

modules) in the system. Again, the peer production in this case takes place not only through 

improvements to the source code, but also on multiple levels above, consisting in the sharing 

configurations and of needs and solutions at the organizational and inter-organizational levels.  

Having a wide range of implementation contexts is likely to yield valuable feedback and lay the 

ground for a robust system in each implementation, as future challenges encountered in one 

location have often already been tackled in other places. In this way, implementations become 

the first steps of a rudimentary information infrastructure, which itself thrives on heterogeneity 

(Nielsen 2006). 

There is both a mutual interdependence and a trade-off between the level of generification of a 

system and the  heterogeneity of implementation contexts on the one hand, and the 
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configuration work needed on the other. The more generic the core of the system is, the more 

open and amenable it will be to the inclusion of additional functionality. However, this also 

means more co-configuration work is likely to be needed in each implementation, thus a larger 

role for implementers, who represent the principle means of mooring an increasingly abstract 

system to the realities on the ground. 

In conclusion, there are trade-offs between the various types of generative characteristics for 

complex software - it can be really hard to make it easy for people to participate. Still, the 

growing strength of the FOSS narrative generally has enabled DHIS 2 to do a fair amount of 

“globetrotting” (Damtew et al 2010). 

5.1.4 70BUNPACKING FRAMEWORKS, BOUNDARIES AND MOVEMENTS 

 

The third contribution of the work presented here lies in taking a closer look at concrete types of 

technical and organizational modular structure for FOSS development beyond the abstract level 

view found not only in the classical work of Conway and Parnas (see also Langlois 1999), but 

also in the FOSS-inspired work of Benkler. The choice of stack (e.g. Java, LAMP, .Net) is likely to 

have significant impact on the pool of experienced developers available in a specific location, as 

does the choice of core frameworks. In other words, the development resources are structured 

with boundaries that are relatively costly to cross. Similarly, the choice of frameworks and 

project toolkit supporting distributed FOSS-style development itself implies a significant 

learning curve in many settings. 

However, the tools for sharing and frameworks that allow for loose coupling and configuration 

within the system also enable movements within the network, as exemplified by Vietnamese 

developers working in India. Conversely, these choices can also place constraints on the 

availability of developers. Also, as FOSS methodologies as well as concrete frameworks such as 

Hibernate are becoming known more generally within the ICT industry, the skills become more 

transferable (and thus valuable), enabling movement within the wider market.  However, there 

are significant constraints to the availability of such skills within the public sector, as the private 

sector tends to be attractive with higher salaries and promises of overseas postings. 

Furthermore, generification allows for movement of implementers who can bring with them 

configuration skills to new sites. 

According to Lanzara and Morner (2005:69), FOSS developers “do basically two things: write programs 

and have e-mail conversations about programming.” For this, they use programming tools and 

communication tools. This is the case for many “canonical”  FOSS projects, where developers are usually 
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not concerned with implementation beyond providing installation instructions. However, for 

organizational IS, I propose that it is useful both practically and analytically to separate four different 

classes of tools: Architectural tools, process tools, communication tools, implementation tools. 

Architectural tools include frameworks such as Spring and Hibernate; process tools include IDEs 

such as Eclipse and build tools like Maven; communication tools are of a wide variety, with 

mailing lists at the core, and implementation tools include documentation, internationalization, 

demo databases with standard content etc. This nuance is necessary if we are to fully 

understand globally distributed production of organizational systems. 

5.2 24BPRACTICAL CONTRIBUTIONS 

5.2.1 71BEXISTENCE PROOF AND MULTILEVEL NOA AS DESIGN PATTERN 

 

The major practical contribution of this work is the demonstration of the viability of the FOSS  

approach within the public sector in the South. In other words, the DHIS 2 project can be 

considerered as a kind of proof of concept that illustrates the feasibility of distributed design and 

development of organizational IS in the South. The medium-up open approach of making the 

software available to implementers along with the support of a network has enabled 

organizations beyond the core group to adopt and spread it, e. g. organizations that are already 

implementing adjoining systems and need to expand the breadth of their portfolios. The 

OpenMRS project has similarly demonstrated the viability of developing a clinical system for the 

South with major contributions from the South. By documenting the trajectories followed by 

these two projects as well as their interactions, this work contributes to the emergence of an 

organizational field of FOSS for health in the South, which in turn can bolster the legitimization 

of further efforts both within and outside of the health care sector. 

Overall, the transformation of the HISP network as a whole shows that it is feasible, though 

costly in terms of time and effort, to extend the Networks of Action approach to software design 

and development. The transformation was achieved through  a multi-pronged approach which 

included  bootstrapping a new development organization in parallel and only marginally 

overlapping with the one behind DHIS 1. The transformation required extensive change in the 

role of implementing teams, and increased their overall burden considerably (which also led to 

significant turnover in some of the teams). To enable the teams to handle this, substantial 

scaffolding was put in place in the form of extensive travel and training arrangements, including 

formal courses, exchange of developers between sites, and workshops bringing people from all 

the nodes in the network together.  
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In other words, though many the conditions for FOSS development are not really available 

available in the South, various scaffolding efforts can compensate. Several of the core characteristics 

described by Lanzara and Morner (2005) seem to indicate that true GSD including the South should be 

unworkable “In open source software environments, no joint development work would be possible 

without such electronic gear and no theories of interactive systems and distributed organizing could ever 

be developed without incorporating the Internet as a constitutive base of it, as an ‘installed base’” 

(ibid:75). Still, even though internet connectivity still leaves a lot to be desired in large swathes of the 

world, these obstacles are not insurmountable. However, it has proven of great value for developers in the 

North to travel to the South to really understand the lack of the slack assumed by most FOSS practices. 

Furthermore, the material presented here shows that such an effort is possible and indeed 

strengthened by engagement at multiple levels, from supporting community health workers, 

through public health officials at provincial and national levels, to working on standards and 

common resources at the global level with international organizations and "peer projects" in an 

emerging field of open source health care systems.  

5.2.2 72BSNOWFLAKE AND SHARED GLOBAL TOOLBOX 

 

The Networks of Action approach has shown itself as a workable bootstrapping strategy for 

achieving scaling and sustainability of health information systems implementations in the South. 

This work demonstrates the importance of distributed implementations and implementers in 

the design process, in order to amass sufficiently diverse inputs to ensure a robust, generified 

and integrated collection of globally applicable tools. The global toolkit can in turn serve as 

scaffolding supporting implementer co-configuration and local learning-by-trying. 

Furthermore, the research has highlighted the need for a number of distributed, sufficiently 

robust nodes to support weaker nodes, thus arguing for a certain “chunkiness” of organization 

and sufficiently robust modular breakdowns, in other words, not spreading the resources too 

thinly, but providing enabling structure. This is in line with the recommendation to aim for 

largely self-sufficient, stand-alone modules that provide value in themselves  and solve problems 

at a reasonable cost as stable intermediary stepping stones towards a full-fledged information 

infrastructure (Hanseth and Lyytinen 2010). The DHIS 2 experience also highlights the 

importance of often quite unstable "stopgap" local modules to avoid that bottlenecks and an 

overloaded core developer team impeding the progress of local implementations. Such modules 

can often be critical to the survival of local implementations, and can later pass through a 

process of generification to become part of the global toolbox, or be replaced by more standards 

based generic solutions at a later stage, for which they can serve as a (partial) prototype. 
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Moreover, the analysis indicates that such chunkiness can also be achieved by federating 

approaches in which a hub extends its support beyond a single software application to an 

interoperable suite of systems, e.g. clinical, logistical or human resources. Not only that, but by 

taking the cost of becoming familiar with related projects (at the minimum through installing the 

system or testing an online demo and following mailing list discussions – also known as 

"lurking"), the team at a regional hub can broaden its view of the position of an application 

within the wider landscape of health sector related information systems. This knowledge in turn 

provides a stronger basis for designing new functionalities within a particular system, or indeed 

in deciding whether to push for new modules or for integration between systems within the 

overall (enterprise) architecture of a specific country. 

5.2.3 73BINSTITUTIONAL SCAFFOLDING 

From the OpenMRS mailing list 

Proponents of NoA argue for the bolstering of local implementations by explicitly aligning them 

with the preexisting local institutional base, and by enrolling them as nodes in a wider 

supportive network of implementations, in effect forming a widely distributed community of 

implementers able to provide shared scaffolding  resources. The scaling to national roll-outs as 

well as the extension of NoA to software development increases the need to create solid and 

lasting support structures, both in terms of the available expertise and professional tools. In 

other words, the scaffolding should be institutionalized into (largely) self-sufficient 

arrangements, such as formal courses and training resources, the designation of personnel 

dedicated to information system development and maintenance, and network support such as 

websites, mailing list archives, documentation and answers to common queries, and regular 

conferences or workshops. Such durable scaffolding enables local experimentation and learning-

by-trying. 

Finally, this work shows that formal training and efforts at building a globally distributed 

community of practice led by regional hubs should focus on strengthening the integrative 

capacity in the network, i.e. the ability to absorb locally developed modules as well-functioning 

elements of the shared toolbox. This is necessary in order to provide implementers with 

sufficient leeway to deal with local contingencies and demands, while still enabling the network 

to handle "diverging" local modules that don't adhere fully to global standards without ending 

To make the next steps in evolution/scale, we will need local/regional support organizations, but 

would like these to be growing local capacity instead of trying to grow OpenMRS as an organization. 

OpenMRS (the organization) will meanwhile need to focus on training, capacity building, improving 

infrastructure & process for building/supporting the platform, certification models, etc. 
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up with serious forking and fragmentation.  A generified toolkit and meta-design strategies 

through solid, but abstract frameworks provide the necessary high level structure to support 

integration efforts. Frameworks thus embody a kind of institutional scaffolding, but their 

extensive use is in itself likely to instigate demands for local capacity building, and should 

therefore be balanced with other kinds of institutional scaffolding, such as training and 

mentoring. 

Conversely, meta-design and generification strategies are also very demanding on the skills of 

the core team, who must ensure consistency at an abstract level why supporting concrete 

implementations. 



 88 

6 5BCONCLUSION 
 

This thesis represents an effort at describing and analyzing an implementation driven process of 

innovation and infrastructure building in the health informatics landscape in the South on top of 

an ecosystem of FOSS platforms. 

6.1 25BINNOVATION ACROSS BOUNDARIES 

To take this research further, it would be interesting to examine the broader landscape of FOSS 

within the public sector in the South (e. g. Pscheidt et al 2009), e. g. in countries like Brazil (e. g. 

Câmara and Fonseca 2007, Nardon and Moura 2007). Additionally, the learning perspective 

could be explored in more detail by more closely following the practices and trajectories of 

individual participants, both developers and implementers (and people filling both roles, either 

“simultaneously” or over time). 

Beyond this, the analysis would undoubtedly be strengthened  by comparison with similar 

processes in other domains besides health. A much richer literature already exists when it 

comes to FOSS type organizational systems development in the North, and especially within the 

private sector (e. g. Lings et al 2007; Van der Linden et al 2009).  Such an expansion in coverage 

would likely require supplementing the intensive, long term action research deployed in this 

work with a range of other research methods such as surveys and interviews, possibly 

supplemented by quantitative analysis of data harvested from online repositories (see e.g. 

Conaldi and Rullani 2010). 

It would also be of interest to explore the concept of modularity further. For example, Svahn et al 

(2009) draw on two case studies of infotaiment systems in the car industry to compare 

component-based and service-oriented innovation regimes and their interaction, a perspective 

that is increasingly relevant as information systems in the health care sector are pushed towards 

integration, opening the question of how best to both maintain and span boundaries, as outlined 

in this thesis. We seem to be moving beyond commons-based peer production (Benkler 2002) to 

something more akin to information infrastructure based peer projects. An example of what I 

mean by this is how governments and international organizations are beginning not only to 

open their dataF

78
F, but also are beginning to standardize on APIsF

79
F. 

                                                             
78 E.g. HUhttp://data.gov.uk/ UH, HUhttp://data.un.org/ U 

79 HUhttp://data.worldbank.org/developers U 
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6.2 26BMULTILEVEL STRUCTURE:  TECHNICAL AND ORGANIZATIONAL 
 

The wider perspective from the organizational field and communities of practice around health 

information points in the direction of a closer focus on enterprise architecture, and beyond this 

to even larger information infrastructures (II) for  the public sector, as well as to interaction with 

individual citizens and civil society (Heeks 2008). The very openness of FOSS makes it important 

to study ecosystems and infrastructures rather than isolated systems (e.g. Jensen and Scacchi 

2005), while the II perspective emphasizes the installed base of organizational routines and 

systems, as well as the bootstrapping of implementations (Hanseth and Aanestad 2003, 

Aanestad and Jensen in progress).  However, FOSS remains rather unexplored within II theory 

(e.g. Hanseth and Lyytinen 2010; Monteiro and Hanseth 1995; Star and Ruhleder 1996). Thus a 

more thorough examination of the case material from the information infrastructure perspective 

could potentially contribute to both of these literatures, especially if enriched through study of 

adjoining (“peer”) systems within an organizational field, or what I have termed “peer systems”.  

Furthermore, this study shows the importance of stack and platform choice even within the 

FOSS ecosystem, as it impacts the capacity available and the types of spillover effects that can be 

expected. Complex frameworks such as Spring and Hibernate take considerable experience to 

master, which can impede the spread of developer participation and the ability of local teams to 

support implementations. On the other hand, once mastered, they offer a solid and relatively 

flexible platform on which future modifications can be built, and large and active communities 

exist around the frameworks themselves. When used by several popular (and possibly 

interacting) systems within the same domain, the frameworks – and more generally, the design 

patterns, development processes and tools they support – can become important parameters of 

the whole organizational field. 

I have followed the DHIS 2 and OpenMRS projects over a period of several years from the 

perspective of country implementations, coordinating software development from a hub in the 

network, and working with and within international organizations and standardization efforts. 

My observations in these varied settings have led me to conclude that it would be of interest to 

examine modularity and integration on the technical side more closely, especially as it relates to 

organizational interaction and collaboration or lack thereof between efforts. Obviously, political 

and funding factors are hugely important at the inter-organizational level. Still, I think studying 

the actual technical artifacts (libraries, frameworks, toolkits, APIs, formats) that make up stacks 

and platforms, as well as the components, modules and services built on top of them from a 

combined software engineering and information systems perspective could yield novel insights. 

The Android operating system stack is a clear candidate for inclusion in such study, but it should 
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not be confined to the FOSS ecosystem, as there are very large and welcoming communities also 

around proprietary platforms, and moreover, the communities interact. However, FOSS 

highlights and abets the blurring between applications and services, and the open access to 

much communication and other resources  facilitates study (von Krogh and Spaeth 2007). In line 

with this thesis, I think fruitful paths of investigation should inspect the technical modularity and layering 

in close conjunction with an examination of actual implementations and the dynamics between 

implementer and developer communities. 

6.3 27BTHE CHALLENGE: MULITILEVEL DESIGNABILITY 
 

One of the keys to generativity as outlined by Zittrain (2006) and Câmara and Fonseca (2007) is ease of use 

and understanding, what Morner and von Krogh (2009) call comprehensibility. Both end-users, 

implementers, local developers and new recruits to the core programming team should ideally be able to 

readily understand the pertinent aspects of a software package, to configure or even modify it to best suit 

their own purposes. Furthermore, for the builders (or cultivators) of national and international enterprise 

architectures and information infrastructures, it must not be to challenging to fit a new system in with the 

installed base. I propose the term designability for all such aspects of a software system. Thus defined, 

designability will however be a complex concept, which can be broken down to specifics properties at 

multiple levels, with the degree of designability possibly (and likely) varying considerably between levels.  

 

At the core code level, designability should then be something close to refactorability of the core 

architecture. When it comes to other developers who are not aiming to alter the core, but rather make 

modifications to more peripheral modules as required by local use, we could perhaps speak of patchability, 

though it is also at this level easy creation or modification of modules is important, i.e. what Câmara and 

Fonseca (2007) term modularizability For implementers and end users, we would rather talk about 

configurability and integratability – how easy is it to shape the software package to the local context, 

including making it interoperate with complementary systems. Finally, end users may care about 

customizability, i.e. the more superficial aspects of the software, such as the overall look & feel. 

 

Software packages that score high on several aspects of designability, in other words are flexible and easily 

to manipulate at multiple levels and by many types of stakeholders are good candidates for attractors (Braa 

et al 2007) around which other systems are likely to coalesce, gradually entangling into socio-technical 

networks of networks, thus shifting the perspective away from the design from scratch of discrete systems 

(Pollock and Williams 2010).  

 

Finally, while the perspective in this thesis has been focused on professional producers and consumers of 

complex software systems, the global trend, also very pronounced in the South is towards citizens 

participating directly (Heeks 2008, Thompson 2007). 
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Abstract. This paper reports on an effort to create a network of both 
developers and users of a public health information system. Through an 
analysis of capacity, recruitment, and power in the network, issues related to 
choice of technologies, global-local tensions, and parameters of institutional 
collaboration, we illustrate a number of challenges. Comparing OSS principles 
to a "Networks of Action" approach, conditions for learning in organizing 
training and development of software with participants from Africa, Asia, and 
Europe, as well as the involvement of advanced students in such efforts are 
discussed. 

Keywords: capacity building, networks, action research, open source software  

1 Introduction 

Several authors underscore the significance of open source software (OSS) to 
countries in the South. In contrast to much outsourcing work, it enables skill 
development in the full software stack (Weerawarana and Weeratunga 2004), and 
OSS solutions are starting to appear in vertical domains such as health care 
(Fitzgerald and Kenny 2003). This paper explores how this has played out in practice 
in one such effort, the Health Information Systems Programme (HISP). HISP is a 
research-driven network of universities and public health care organisations in 
Norway and several developing countries in Africa and Asia, targeted at improving 
development and implementation of computerised health information systems in the 
south. HISP is developing and providing implementation support of an open source 
software application (DHIS), a system supporting local level information use and 
analysis in the primary health care sector. 
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Braa et al. (2004) put forward an action research approach called “networks of 
action” that addresses sustainability of information systems in poor countries through 
establishing a network of sites mutually supporting local learning processes, and 
aligning interventions with existing institutions. The basic tenets of the open source 
development model, as spelled out in the classic essay by Raymond (2000) would 
seem a near perfect fit for such an effort. However, Heeks (2005) is skeptical, and 
questions whether this isn't a blind alley for developing countries, pointing out that 
extensive piracy, lack of awareness of OSS, and poor links to global developer 
communities limit its potential. 
 
Monteiro et al (2005) point out that the dominant accounts of OSS tend to emphasize 
high quality code and the elite character of hackers. However, just releasing source 
code (to Sourceforge for example) is not likely to attract enough capable developers, 
and many projects struggle with labor shortage. In line with the 
recommendations by Watson et. al. (2004), the project described here 
has so far relied on advanced students, as well as on hiring fresh local 
graduates. The strengthening of local knowledge, skills, and 
institutional capacity in a global network is a central goal to the project 
addressing sustainability of local implementations. 
 
An important research question is how this “networks of action”-influenced 
approach affects issues of quality, openness, and participation is a globally 
distributed OSS development process. 

 
Krishna et al. (2004) point out how differing conceptions of “politeness”can be a 
source of tension in cross cultural software teams, whereas OSS relies on the 
initiative of individuals with “itches to scratch” (Raymond 2000) and vigorous 
discussion. The HISP network represents an interesting case for cross cultural 
collaboration and the authors will explore how cultural differences have influenced 
participation around the network. 

2 Method 

HISP is organized as a long term action research network of researchers and 
organizations, where researchers must participate in the specific context(s) to obtain 
insights that can not be understood by studying it “from a distance” (Greenwood and 
Levin 1998). The empirical evidence was collected partly through interviews and the 
reading of documents, but mainly through participant observation. Like Duchenaut 
(2005), we take an interest in the trajectories of the various developers over time, as 
they e. g. grow into core roles or leave. The authors have been involved with the 
project for over three years and are coordinating the development process. 
Additionally, the authors have created and conducted a master level course around 
HISP development, with student reports and feedback providing additional material. 
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3 The development network 

HISP was initiated in South Africa after the fall of apartheid, and is based on 
collaboration between academic institutions, health authorities, and private 
organizations. Funding has been secured through various local and global donors, 
though mainly by the Norwegian Agency for Development Co-operation (NORAD) 
and the European Commission (EC). The District Health Information System (DHIS) 
software was developed in South Africa, and is presently rolled out on a national 
level there. It has also been introduced in several African and Asian countries. The 
versions up to and including the current 1.4 are built on the MS Access platform, and 
the software is provided gratis and with the source code available. A DHIS2 effort 
was initiated in 2004 aiming to make the DHIS platform and database independent 
and web enabled (while still serving users without internet connection). There was 
also need for a more layered and modular architecture supporting distributed 
development, to allow for the creation of developer teams in several nodes in the 
global HISP network. Local involvement and capacity building around the network 
are seen as central to the viability of the project. 
 
 
3.1 The Oslo node 
The HISP project is coordinated from this node, where the authors are based, and 
several Norwegian master students fill key roles in the development process as part 
of their master thesis research. These core developers have also been deeply involved 
as teaching assistants for a project oriented master level course designed around 
DHIS2 technologies, with a total of 80 students in the course of two semesters. The 
course projects have prototyped functionality, explored alternative technologies and 
project extensions. Furthermore, the course has served as a recruiting base for the 
project. The core developers have done field work in Vietnam and India, while 
conducting extensive training of the local teams in the technologies used. 
 
 
3.2 The Saigon node 
Initial collaboration was set up with a large local outsourcing company in Saigon 
where a total of six Vietnamese intern students participated in the DHIS2 
development over a period of nine months. The project thus had a local base where 
both Norwegian researchers and master students could work for shorter or longer 
periods, and also hold courses in OSS Java technologies for the firm’s employees. 
This collaboration was terminated in July 2005, which prompted the project to seek 
collaboration with a local university. A research group of students and faculty 
focusing on DHIS2 technologies was set up in September 2005, and three of the best 
undergraduate students from this group were subsequently hired to work full time on 
DHIS2, guided by Norwegian master students doing their fieldwork, who have also 
conducted seminars on the technologies at the university. 
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3.3 The Kerala node 
The development process for DHIS2 was tried with a number of DHIS 1.3 
implementation facilitators, who all had degrees in computer science. However, they 
turned out to have very little real programming experience, and were quite unfamiliar 
with both Java and web programming, far less the modern frameworks suggested by 
the Oslo team. Close to nothing came of this initial foray into creating an Indian 
development hub. A subsequent effort in the spring of 2005 was similarly ill-fated, 
and three out of four developers were gone from the project within only a few 
months. 
A third round was initiated in late 2005, when two developers recreated the basic 
parts of the DHIS 1.4 in a month’s time, but using plain JSP without any of the 
DHIS2 layered architecture or frameworks, and in isolation from the efforts ongoing 
in Oslo and Vietnam. Their relative success and commitment led to their hiring, and 
they are now being trained in the DHIS2 technologies. 

4 Technology and Process 

The initial stage of the DHIS2 involved a time-consuming process of selecting the 
technological platform and tools to meet the new demands of platform independence, 
web-enabling, modular architecture and distributed development. The field of web 
technologies has evolved considerably over the last decade, and the pace of 
innovation has shown no sign of abating over the two years since the inception of the 
DHIS2 effort, but remains a complex undertaking.  
The so called LAMP H

1
H stack has become widely popular, helped by a thriving market 

in inexpensive web hosting solutions and a large range of discussion forum, content 
management, and blogging software becoming available to anyone with modest 
technical skills. Thus LAMP were perceived to have a simpler learning curve for less 
well trained developers.  
However, such suggestions were met with strong resistance both from developers in 
India who had barely heard about them (and similarly were skeptical to the web 
frameworks and tools introduced by the Oslo developers), as well as from the 
Norwegian students who regarded the other tools as “toys” (one of them being a 
committer to a well known open source Java project). While all saw the need to shift 
away from MS Access towards the web, the decision to use an “object-relational 
mapping” framework became more palatable to the Indian developers after one ex-
employee reported being asked about this in an outside job interview. Similarly, 
contacts in leading consultancy companies providing views from industry served as 
an important legitimation strategy for the frameworks chosen. The Oslo students 
have all had formal exposure to Java, and its position as an established, “enterprise” 
language backed by huge companies, and therefore palatable to government standard 
bodies (see e.g. The Uttaranchal guidelines). On the other hand, sorting out the most 
suitable choices from the plethora of available web frameworks created stress on 
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leaders of the effort. After much search, the project ended up with a stack of 
advanced modern Java frameworksH

2
H. 

5 Discussion 

5. 1 Challenges of building a global network 
As we have seen, the HISP effort to cultivate local teams around the global network 
has proved challenging and time-consuming. Leading forces in the project pursued 
the latest OSS frameworks and mechanisms, both because of a desire to work with 
the best tools and concern for the long term viability of the project, as well as for 
“marketing” within the OSS community, where high quality and general code is 
highly valued. Difficulties in mastering these tools and technologies has hampered 
the participation in India and Vietnam, and the substantial amount of time spent on 
training and supervision of local recruits have taken away valuable coding time from 
the core developers. Despite the time and efforts spent at building local teams in 
India and Vietnam, 80-90% of the code in the first milestone release in February 
2006 had been committed by the Oslo team. Almost all the code so far produced by 
the Asian teams have proved to be of limited value, and has not become part of the 
release. Though all developers have source code commit access, the power of 
deciding what gets released and what gets factored out or should remain in the 
“incubator” rests with the coordinators and core developer in Oslo. 
In India HISP pay is low, conditions can not compete with big companies, and career 
prospects uncertain, making it hard to attract highly skilled developers who are much 
sought after by outsourcing companies. In addition, the Indian project leaders were 
also too busy with implementation (of a previous DHIS version) to muster the energy 
needed to learn new technologies.  
Open participation is a lot more difficult in practice than most accounts make it, 
probably because of a bias towards high profile projects and elite developers. The 
experienced Indian team lost confidence and were bewildered by the new 
technologies and tools introduced in the DHIS 2 process, and similarly in Vietnam 
HISP has struggled to establish an independent developer team able to contribute to 
the project. 
 
5. 2 Distributed OSS development across cultures and contexts 
The Norwegian developers had a hard time understanding the lack of internet use on 
the part of the other developers, both in terms of using mailing lists actively and in 
more independently seeking out information on technical issues. This is partly due to 
the fact that ready broadband access is a very recent phenomenon in these nodes. 
While the culture of always being online and constantly using search engines is 
second nature to the Oslo team, even people with IT degrees seem to use the web 
mainly for email. It has been frustrating for the coordinators and core developers in 
Oslo how difficult it has been to engage Indian and Vietnamese developers in 
discussions on the mailing list or to get them to document their work on the wiki 
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website. Lack of fluency in English is probably a contributing factor, if you don't 
master the language you don't have a voice. But it is even more a case of not 
speaking the “language” of open source and distributed development. In the early 
stages of the project, project staff in India were very hesitant to enter into discussions 
on technologies as choice of framework is more than a technological decision; it is a 
display of power/position. When collaborating on the same modules, the Norwegian 
students had difficulties of communicating directly with the Vietnamese students as 
almost all communication on the list from the Vietnamese side was done by the 
faculty coordinating the group there. To the Vietnamese students it was natural that 
the leader of the group took care of the communication with Oslo, while the 
Norwegian students were used to participating more openly in discussions and felt 
that this hampered effective communication. 

6 Conclusion  

Building networks of actions (Braa et al 2004) or distributed nodes of locally skilled 
software developers in a network of developing countries has proved challenging and 
time-consuming. The differences in programming skills and OSS experiences 
between the Norwegian core developers and the developer teams in India and 
Vietnam show that there is a need to adapt the distributed process to fit the whole 
network. The use of familiar tools and technologies might have changed the situation 
in the south, but would again have made the project unattractive to the developers in 
Oslo and other potential contributors. Still, a greater involvement in the technology 
selection from all the nodes, and especially the Indian, could have given a more 
unified situation. One important lesson learned here is that coordination of such a 
distributed process across different contexts and cultures demands much traveling 
and face to face communication in order to align interests of the network, and to 
overcome the apparent difficulties of online communication. 
The fact that there is a lack of skilled developers and generally poor infrastructure 
for distributed development in many developing countries is nothing new, and is the 
very reason for the strong focus on capacity-building and university collaborations 
(Braa et al 2004) in HISP, and also the main reason to continue this long-term work. 
However, when it comes to software development and producing quality software on 
time to demanding customers, the distributed HISP approach seem to need 
adjustments. This context of software production also clashes with the OSS ethos of 
“It’s done when it’s done”, and unwillingness to compromise on quality. As a short 
term goal it seems difficult to establish effective OSS development nodes in India 
and Vietnam that can deliver quality software, given the resources in HISP. 
However, as a long-term goal, and part of a long-term strategy on local capacity-
building, such a distributed north-south-south development process will have greater 
chances of success.  
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Abstract:  
 
There is solid empirical and analytical evidence for the importance of localising ICT in the 
context of use. Through hands-on experiences, the inevitable source of local processes of 
learning, improvisation and tinkering, an information system is grounded in situated work 
routines. Building on this position, but ultimately moving beyond it, we discuss the challenge of 
balancing two competing demands. On the one hand, allowing the required local learning as 
indicated above, while, on the other hand, accommodating trans-local (or "global") knowledge 
flows to take place. These trans-local knowledge flows are required since reiterating the full 
process of local learning at each and every local site is prohibitively resource-consuming; it 
does not scale.  
 
Scaling of local knowledge is explored using the case of open source software development for 
health care within the HISP network. From a start developing information systems to support 
the new decentralised health structures in post-apartheid South Africa, HISP now has more than 
ten years experience from building South-South-North networks for shared learning in this 
area. Attempting to do the 'same' in each of numerous sites in a number of countries in Africa 
and Asia, the network needs to balance contradictory demands for local learning (thus local 
flexibility) with enjoying economies of scale through harvesting from investments done at other 
sites.  
 
Keywords: Capacity building, local vs. global, standards, improvisation.  
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SCALING UP LOCAL LEARNING - EXPERIENCES FROM 
SOUTH-SOUTH-NORTH NETWORKS OF SHARED SOFTWARE 
DEVELOPMENT  
 

1. INTRODUCTION  
The aim of this article is to explore how information systems development may be incorporated 
in global collaborative networks that enable sharing of both costs and knowledge, while still 
remaining sufficiently flexible to be developed further locally. Sharing of resources is one of 
the great promises of Free and Open Source Software (FOSS) approaches to software 
development – but it also puts demands on the local capacity in all parts of the network, ranging 
from software development to adapting the use context – capacity to both meet local needs and 
contribute to global development at the same time. This is a challenging combination, and there 
is a need to investigate the interconnections in more detail. A particular challenge is to balance 
the efforts going into developing the global core application (i.e. the global standard) with the 
efforts going into local customisation and add-ons. The more generic the global solution, the 
more it can be shared globally and reused, but also, the more resources will be required and the 
more complex the development – and vice versa. Furthermore, the more shared learning and 
“best practices” are incorporated in the "business logic" of the core software, the more it 
becomes a vehicle for shared learning – and, again, vice versa. We address these research aims 
through examining various processes around the design, development, and implementation of 
FOSS solutions in such a network.  

The Health Information Systems Project (HISP) is an extensive South-South-North (SSN) 
network with a focus on information systems for public health care. Initiated by universities in 
Cape Town and Oslo, it is currently present in a number of African countries (South Africa, 
Tanzania (including Zanzibar), Ethiopia, Malawi, Botswana, Mozambique, Namibia, Zambia, 
and Nigeria), as well as in India and Vietnam. For analytical purposes, we distinguish between 
networks within a country (which we call “local” for the purposes of this paper), and across 
countries (which we call “SSN”). The local networks are comprised of various actors in the 
health administration (community, sub-district, district, provincial, and national), universities, 
NGOs, and funding providers. The global SSN network has over the last decade been engaged 
in developing and supporting two sets of processes. One, supporting local learning and 
sustainability around the application and use of computer based Health Information Systems 
(HIS) to address local public health challenges. Two, strengthening the overall SSN network to 
enable further sharing and learning across the various countries in the network. In this paper, we 
explain how these processes are mutually reinforcing, and that they cannot operate effectively 
without one another.  

Given these research aims and backdrop, the rest of the paper is organized as follows. The next 
section discusses relevant literature, and presents key analytical concepts. Section 3 presents 
the research methods, followed by a description of the case itself in section 4. After presenting 
the case analysis in section 5, the final section summarises discussions and implications.  

2. LITERATURE REVIEW  

Sustainability and local improvisation  

There are a number of reports on full or partial failure of information systems (IS) in developing 
countries (Heeks et al 1999). Lack of sustainability, defined as processes that are self-sufficient 
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(Reynolds and Stinson 1993), is often cited (e.g. Kimaro and Nhampossa 2005). However, the 
requirements of modern IS often mean that developing countries cannot be expected to be fully 
self-sufficient in this regard. As suggested by Korpela et al (1998), sustainability would imply 
that the user organisation is able to manage risks that threaten the long term viability of the IS. 
In the context of health information systems (HIS), long term viability will require sufficient 
flexibility for the IS to adapt to and encompass ever-changing needs for information caused by 
new and emerging health challenges, such as the HIV/AIDS pandemic (WHO 2000).  

Inappropriate design as related to the needs and context of use represent a major reason for IS 
failures in developing countries. Design and development need to be grounded in the context of 
use, and the capability for local improvisation in IS development play a key role in order to 
close this “design–reality gap” which needs to be enabled along the following dimensions 
(Heeks 2002):  

• Technology; the IS applications need to be reality-supporting and enabling with high levels 
of “plasticity” and “shallow inscriptions” (Akrich 1992)  

• Nature of design; local design improvisation will rely upon modularity and increments  

• Local capacity; local improvisation will have to be carried out by local people understanding 
context , organisation and work processes, as well as the role of IS.  

• Improvisation-supporting IS development approaches, such as participative approaches.  

The HISP project in South Africa is widely regarded as a success, mainly because of local 
improvisation applied to all the dimensions above; the enabling character of the District Health 
Information Software (DHIS) application, the incremental and modular design and 
participatory approaches applied, together with the capacity of the local team covering the 
range of aspects of both health and software (Braa and Hedberg 2002).The aim of this article is 
to explore how achievements such as these may be shared across countries and developed 
further locally in collaborative networks. 

Standardisation – negotiating the local-global dichotomy  

The difficult issue (analytic as well as practical) is where to draw the line between how much to 
keep constant (standard) across the different sites and what to open to localization. Dominant 
approaches to standardisation portray it as a top-down imposed ‘iron grid’ which subjects 
merely have to comply with (Schmidt and Werle 1998). Recent work on generic software 
packages have examined how to bridge the heterogeneity between different organizations and 
cultures, concluding that they are "brought into being through an intricately managed process, 
involving the broader extension of a particularized software application and, at the same time, 
the management of the user community attached to that solution" (Pollock et. al. 2007).  We 
wish here to focus on the perspective of the developers and implementers. FOSS methodologies 
have a potential to empower local implementors to customize applications for "the very 
particular needs that often arise in different settings, and allows, through use, the natural 
evolution of information technologies and systems within unique and specific contexts" (Weber 
2003).   

The District Health Information System (DHIS) application software lies at the core of the 
HISP project. We explore the negotiations around striking a balance between the need for 
standards to adapt DHIS to various local contexts, while simultaneously coping with 
complexity by leaning towards universal solutions. Globally flexible solutions are often costly 
and intricate both to program and to configure as compared to “hard-coding” of bespoke 
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solutions closely tied to the present local situations. Local capacity, ranging from software to 
the context of use, needs to be developed through practical implementation efforts in each 
country. Sharing software raises the issue of balancing the set of standards being imposed 
through the software with the need for local flexibility and room for improvisation. Unless the 
common core is significant, the software becomes prone to fragmentation into mutually 
incompatible versions (a phenomenon known as "forking" in the context of FOSS), and ceases 
to be an effective boundary object allowing distributed communities of practitioners to 
collaborate and learn across contexts and borders (Pawlowski et al 2000). The case study 
explores how distributed and “shared” development of the software between different countries 
and contexts of use may help identifying areas of the software application that need to be open 
and flexible and what areas can be “fixed”.  

The way universal solutions, predominantly from the developed countries, need, but 
notoriously fail, to be negotiated against the needs of developing countries illustrates the 
problem (Braa, Monteiro and Reinert 1995; Ryckeghem 1996; Sahay 1998; Sahay and 
Walsham 1997). In essence, this amounts to exploring the tensions arising from two different 
strands of reasoning. The former, closely aligned with readily recognizable concerns for 
curbing complexity, reducing risk, and maintaining control, is the argument that the only viable 
way to establish a global information infrastructure is to adhere to uniform, standardized 
solutions (Weill and Broadbent, 1998). The latter, by now well iterated and largely internalized, 
argues for the necessity of adapting information systems to local, situated and contextual work 
settings (Ciborra 1994; Kyng and Mathiassen 1997; Suchman 1987).  

In particular, scholars have pointed out how this needs to be conceptualized as negotiation 
processes involving elements of ‘work arounds’ (Gasser 1986), ‘drift’ (Ciborra 1996a), 
‘improvisation’ (Orlikowski 1996), and ‘situated actions’ (Suchman 1987). Collectively, such 
surprising outcomes of technologies-in-use are often lumped together under the heading of 
‘unintended consequences’ (Barley 1986, Robey and Boudreau 1999). The extent of 
improvisation, drift or unintended outcomes is of course strongly linked to the notion of 
intended action in the first place: if all deviation from the intended trajectory is ‘drift’, this will 
necessary be a significant category.  
 
3. METHODOLOGY  
This article draws on experiences from a continuous software development process in the HISP 
network over the last decade (Braa and Hedberg 2002, Braa et al. 2004). The authors of this 
paper have been engaged in different ways in various processes around in software design, 
implementation, political brokering, and obtaining funding, in both the SSN and the different 
local efforts.  

The HISP initiative draws upon the so called Scandinavian action research tradition in IS 
development where user participation, evolutionary approaches, and prototyping are 
emphasized (Greenbaum and Kyng 1991, Baskerville 1999). This methodology has been 
further developed as part of HISP into a “networks of action” approach, emphasizing the need 
to go beyond learning in singular locations to the sharing of experiences and knowledge 
between various nodes in a network (Braa et al. 2004).  

While one of the authors has been actively involved to different degrees in the process right 
from the start in 1994, the others have been active participants in subsequent phases, including 
the customization and adaptation of the DHIS software in various countries. Two of the authors 
are currently coordinating the global development of DHIS version 2. In addition, we build on 
results obtained by Masters and Doctoral students who have contributed to specific project 
activities such as software customization or capacity development in an action research mode 
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(e.g. Lewis 2005, Nordal 2006, Øverland 2006).  

4. CASE STUDY  

Centralized development and local improvisations of DHIS version 1  

The first releases of the DHIS (referred to collectively as “version 1”) were developed through 
numerous prototyping cycles over a decade, with extensive initial trials in pilot health districts. 
It was subsequently scaled up to two provinces, and then to the whole of South Africa. A major 
reason for its portability and eventual success came down to the system’s flexibility with regard 
to the definition of what data items to collect, as well as a transparent and open database 
management system which meant that local managers and implementers could easily adapt it to 
the needs of any particular province without the need for programmers to be involved (Braa and 
Hedberg 2002). The ease of creating locally defined data sets combined with an emphasis on 
minimal national datasets to be reported upwards in the health system hierarchy. Another 
success factor was the strong involvement of public health professionals both in the design and 
use aspects. The technical team was composed of a main programmer actively engaged in the 
health domain together with a small private company, all working closely with public health 
specialists.  

From 2000 onward, version 1 was adapted and applied in a number of countries in Africa and 
Asia. While data structures could be adapted to the context of other countries using the flexible 
GUI, language and special reporting requirements could not. For the first prototype in 
Mozambique the Portuguese translation was hard coded in the user interface. This did not work 
well, since it represented a “fork” of the DHIS, and the frequent new releases from South Africa 
could not be used in Mozambique. This sparked the development of an independent language 
module, where strings of text could be translated to – in principle - any language. This was the 
first example where specifications developed in other countries was fed back to South Africa, 
and contributed to south-south collaboration.  

The Mozambique activities were tightly coupled with the development group in South Africa. 
In contrast, the team in Ethiopia worked relatively independently with one specific DHIS 
release, and developed a module based on local requirements for handling data based on ICDs 
(International Classification of Diseases), by adding both tables code to the DHIS core. This 
approach was effective locally, but again created a “fork”. The code was not integrated with the 
core distribution from South Africa, and Ethiopia was stuck with one specific DHIS release, not 
able to enjoy the improved features of subsequent releases.  

The use of Microsoft Office, (specifically MS Access) as the platform for development meant 
that the database structure was transparently available, and extensions could readily be made. 
The Indian team took advantage of this fact to employ local capacity to develop a range of 
add-on functionalities related to reporting, presentation, and use of the data collected in the 
system (Nhampossa and Sahay 2005). A GIS extension was also developed, and later translated 
into Portuguese and adapted for the Mozambique context in collaboration with local developers 
there (Lewis 2005). This was the first example of south-south collaboration without the 
involvement of the core development node (South Africa).  

Global software development and local adaptation of DHIS version 2  

In October 2003, a report distributed by the Ministry of Health in Mozambique critiqued 
version 1 as follows: “DHIS technology is outdated by a decade”. It was recommend it to 
migrate to SQL server, tiers should be split, and it should be web-enabled. The content of the 
critique was in many ways already acknowledged by the HISP group, but the report provided 
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the impetus to initiate development of a Version 2 on a completely new platform. As the South 
African team was still hard at work with a final release on the previous platform, the 
development of version 2 became the responsibility of the Department of Informatics, 
University of Oslo. As no funding was available to hire professional developers, this was 
undertaken mainly as a research project involving PhD and master students, most of whom 
were relatively inexperienced with large scale software development. Also, no public health 
experts or local end users were involved.  

The final major overhaul of version 1, which was still under development, was used as the 
functional design for version 2. A full stack of open source Java frameworks was eventually 
selected as the development platform, providing both flexibility and “industrial strength” 
capabilities and scalability. However, the combination of several such advanced frameworks 
proved complicated to master, and limitations in accessing the Internet in partner countries 
presented an additional deterrent to learning, as most of the documentation was available in 
dynamic forms online, as is typical of evolving FOSS frameworks.  

Version 2 development was conceptualized under a model in which core development (of the 
database for example) would take place in Oslo along with a small number of Southern 
partners. In Vietnam, agreements on collaboration was signed between Oslo and a technical 
university, a software company, and the health authorities in two provinces in the South. 
However, results were not as expected, since the health services had no experience of applying 
IT in health, and the HISP technical team (IT students from Norway and Vietnam) knew 
nothing about health.  

It was the development in India from late 2005 that led to the finalisation of a workable 
prototype of version 2. The Kerala government’s informal (but often strongly articulated) 
policy to support FOSS served as a catalyst for the development processes. Establishing a stable 
local team proved challenging, given the great demand from the private sector for skilled Java 
developers. Through “learning by doing”, the Indian developers learnt to deal with many local 
problems, requesting assistance from the SSN through the internet when stuck. Help was 
usually readily forthcoming (primarily from Oslo, but increasingly also from Vietnam). This 
ongoing development of capacity in the team has contributed to the scaling of version 2 to two 
more states.  

Similarly, in Vietnam, the breakthrough came in June 2006, when version 2 was finally 
implemented in several locations in Ho Chi Minh City (HCMC). Rolling out the software on a 
large scale raised the need for both a customised reporting solution, a multi-language module 
with support for Vietnamese translations, as well as technical support to the health offices. 
These demands created the conditions for closer interaction between the local technical team 
and health staff, and with it the potential for mutual learning and increased technical capacity.  

Flexibility and local improvisation  

The flexibility of the new global platform (where the core has been mainly produced in Oslo) is 
pronounced on several levels, and goes well beyond the ability for users to create new data 
collection items without the intervention of a programmer. The very modular web interface 
framework employed by the project allows for easy incorporation of various modules. For 
example, both the Indian and Vietnam teams have created reporting modules able to replicate 
the sometimes fiendishly complex paper reporting formats. These modules integrate nicely 
with the web interface and show up as new menu items. The modular web portal allows the 
local teams to assemble selected modules into a running application. For example, to promote 
management control over the user management and the health hierarchy, the Indian team 
selected to build a slimmed down version for data entry clerks, which removed certain modules.  
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In the case of Ethiopia, there was a strong requirement to collect more fine grained information 
about each disease. Although not going all the way to a full patient data system, the health 
authorities wanted to add International Classification of Diseases (ICD) codes, and to break 
down the statistics collected by sex and age groups. Again, the modularity of the system 
allowed for increased detail at the data entry level in a separate input module, which could 
easily run alongside the global system, though the data were partially stored separately.  

Yet another example of local variations in application of the general software stems from India, 
where the use of 16 official languages and almost as many different alphabets mean a strong 
emphasis on multi-language support. In general, Java is strong in this field, and this is also true 
for the Indic scripts. Thus internationalization of the user interface became. However, data 
clerks in clinics will often prefer all text to be entered and displayed in the local language, 
whereas managers at various levels often prefer to operate in English. Also, data will have to be 
reported in English to the federal level. This means that not only the user interface, but also all 
the names of districts and diseases, which constitute the data in the system, need to be available 
in multiple languages. Also, when expanding to several new states, the project soon faced the 
fact that IT and public health experts from one state often meet a language barrier when 
working in another state. Setting up the database and working with minimal datasets soon 
becomes unwieldy when working with foreign languages. Lacking a full blown 
internationalization of all aspects of the database, the Indian team made use of “shortnames” for 
English equivalents of the local Hindi or Gujarati script versions of diseases and clinics to 
enable the use of two languages in parallel. While the eventually successful generic solution 
providing full support for all elements in the database was being worked on in Vietnam and 
Oslo dragged on because of the intricacies involved, the local team found workable local 
solutions which fulfilled the needs of the users and decisionmakers.  

The hundred flowers of reporting  

The process of developing a reporting solution for DHIS 2 illustrates some of the local-global 
tensions in the SSN, and also consequences of design-reality gaps (Heeks et al 1999). Routine 
and ad-hoc reporting is one of the most context-specific parts of the software, with a wide range 
of local requirements within the SSN.  

In January 2006, a technical team from Norway and Vietnam worked in HCMC on developing 
a global report solution that would serve both the apparently quite simple report demands of 
HCMC and the more general requirements of the global SSN. At the same time, there was 
immense pressure on the HISP India team to roll out DHIS 2 in Kerala state, and the most 
crucial missing part was the report module. The requirements from Kerala were too complex 
for the Norwegian/Vietnamese team to incorporate it into the global solution, and the Indian 
team lacked the necessary “DHIS 2 skills” to develop a generic and integrated solution. The 
combination of these constraints forced the India team to develop a local “quick fix”, which in 
many ways was inconsistent with the core architecture and technology choices of DHIS 2. Even 
though the solution solved a critical problem in Kerala, the Norwegian core developers objected 
strongly to seeing that their global “best practices” standards for software development had 
been thoroughly disregarded. At a time when the core developers, lacking understanding of the 
use context, struggled to develop a generic solution for reports that could be shared across 
countries, the Indians developed a less general tool that lacked the necessary flexibility to be 
shared globally in the SSN.  

The local solution to the Vietnamese reporting needs were somewhat hampered by the 
emphasis on also meeting the more complex and generalized global requirements defined by 
the coordinators in Norway. While the Vietnamese requirements at first seemed quite simple, 
the implementation process and the subsequent interaction with end users sparked a series of 
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new requirements and improvements to this module, a “discovery” of requirements quite 
similar to the complex ones initially elicited in Kerala. Given the increased technical skills of 
the developers in Vietnam, and more importantly their much improved knowledge gained 
through extensive user interaction, the local developers were able to handle these additional 
requirments. However, the coordinators and developers in Norway were frustrated to see that 
these improvements, of which many could benefit the whole SSN, were placed in a separate 
local Vietnamese module as a fork to the global solution. After strong pressure from Norway, 
these local improvements were finally incorporated as part of a global report module.  

Based on the continuous Vietnamese improvements to the global report module, the Indian 
team has also started to use some of the functionality, such as flexible and rapid viewing of 
simple reports, a feature the more static “quick fix” did not support. This then lead to an 
unfortunate complex situation for the users, where two different report modules were in use at 
the same time. However, as the Vietnamese module becomes “globalised”, the “quick fix”, can 
be phased out and fully replaced – a year after being absolutely crucial to getting the system up 
and running in Kerala and the rest of India. This rather chaotic repository of report solutions 
also caused a lot of confusion and delay in making reports in Ethiopia, which, though an early 
pioneer in the use of Version 1, was less well integrated in the SSN when it came to developing 
Version 2, with the result being yet more local fixes to be able to meet the tough deadlines of the 
local health authorities.  

5. ANALYSIS  

In the initial development phases in South Africa, local learning came about through a merger 
between the technology and health knowledge domains. High levels of participation, 
involvement of public health specialists, and technology applied by people experiencing real 
problems served as important mechanisms to aid the learning process and avoid large 
design-reality gaps.  

The role of the SSN was initially to create institutional structures of collaboration, which 
provided the framework for the merger of knowledge. As the system was ported to other 
settings, experiences from Mozambique, India and Ethiopia gave practical evidence of the 
limits of the existing architecture, and raised the need to de-concentrate the development from 
South Africa. However, the health-technology gaps in the other HISP countries remained an 
issue of concern.  

The start of version 2 entailed a conscious effort to create learning within the SSN. 
Impediments to this learning process came from the high threshold level of knowledge required 
to master the full stack of Java frameworks, the lack of public health knowledge, and the 
geographical and cultural distance between Oslo and user sites. However, as we have seen from 
the development of a report solution in Vietnam, an incremental and participatory 
implementation process sparked local learning and a bridging of the initially wide 
design-reality gap. In the HISP India team, with many years of experience implementing DHIS 
version 1, the initial lack of technical skills to support the new platform and take part the global 
software development has been reduced as a result of the practical implementation process. 
This ongoing development of capacity in the team has contributed to the scaling of version 2 to 
two more states. Increased field level implementation creates a demand-push dynamic, helping 
to attract monetary resources, which can help to hire more skilled developers and also public 
health specialists.  

Arguably, the most effective learning mechanism was through practical implementation of the 
DHIS application in the context of the health services, and processes to fit the technology to 
local needs. The participatory implementation process can be understood as a mutual learning 
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process bridging the design-reality gap (Heeks et al 1999). In South Africa, the basic 
functionalities of DHIS were developed over time in close collaboration with users. Similarly, 
the DHIS 2 development demonstrates that practical implementation involves social dynamics 
of reciprocal commitments and “push and demand”. Only when the developers in Vietnam 
were “pushed” out in the field to implement the DHIS 2 did their contribution to the global 
software development take off - due to the increasing need for reciprocal commitments. 
Similarly, in India, the commitment to implement in Kerala sparked the finalization of the first 
DHIS 2 release, which helped create capacity in the HISP team to approach other states. This 
shows that learning cannot take place through simple diffusion, but requires a process of 
translation where the final essential piece of knowledge must be developed – innovated – close 
to the context of use.  

Balancing the support of the global and the local  

The DHIS addresses the critical need for computerised health information systems to be 
flexible in order to adapt to and encompass the ever changing needs for information. The core 
idea of the DHIS architecture is to provide this flexibility to the various local contexts in the 
SSN in a standardised way through a complex meta-design. Core elements of a HIS such as data 
collection sets and organisational structures can be set up generically in each context, and basic 
functionality to capture and analyse data is provided through standardised tools. The more 
advanced peripheral functionality such as tailored reporting, custom data capturing, and special 
analysis tools are kept as external modules that can be loosely-coupled to the standardised core 
to provide the user with an integrated user interface.  

As we have seen from the case of developing a generic report solution, it is difficult to draw a 
line on where to standardise and where to allow for local improvisation. While this distinction 
might seem relatively clear from an architectural viewpoint, this case was influenced by many 
other factors such as lack of human resources with the right skills and extreme time-pressure in 
Kerala. While in Vietnam and India the need to meet local user requirements had top priority, 
the coordinators in Norway needed to balance the importance of local problem-solving and 
improvisation such as the “quick fix” in Kerala, with the more long term goal to build a SSN 
where software and best practices regarding implementation and use are shared among the 
nodes. Though the resource-constrained SSN would benefit from such a sharing of software 
and expertise on one standardised and generic reporting solution, this has proven very difficult 
to develop. Currently there are four different report solutions in use around the SSN, of which 
some are not even possible to share across countries. Table 1 serves to summarize the tensions 
inherent in the local-global dimension.  

Modes of software 
development in the SSN:  

Benefits  Challenges  

Local improvisation  

• System tailored to local 
context  

• Local flexibility enables 
learning  

• Rapid response to local 
demands  

• Harder to integrate with the global modules 
especially in future releases  

• Often more static as it is targeted as solving one 
specific problem (that might change over time)  

• Limited support from the network  

Global standardisation 

• Generic solutions more 
adaptable to change  

• Easy integration also for 
future releases  

• Global support and 
documentation available  

• Likely to be maintained 
and improved 

• Solving many problems in one solution is often 
complex and resource-demanding  

• Standard solutions to context-specific 
requirements are often difficult to maintain over 
time as the requirements keep changing and 
become even more diverse 

Table 1. Benefits/Challenges with the local and global software development in the SSN. 
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6. CONCLUSION  

Developing information systems for public organisations in developing countries is in many 
ways a thankless task – a bewilderingly complex tangle of local and national requirements 
combined with often dismal infrastructure, stifling bureaucratic inertia, limited local IS 
capacity, and severely scarce resources. One approach to these challenges is to collaborate on 
sharing development resources and experiences in mutually supportive “networks of action”. 
HISP is an attempt at doing exactly this, in a way that involves countries both in the North and 
the South, in order to ensure broad contributions on both technology and actual implementation 
issues, aiming to make the contexts of use and development inextricably interlinked. However, 
such an effort will not succeed unless there is significant overlap between the solutions 
deployed in the various nodes in the network, i.e. a global standard. The extreme complexity 
and cost of supporting a large variety of local solutions would soon deprive the network of a 
sufficiently significant boundary object around which to collaborate and the various solutions 
would drift apart. On the other hand, for the global solution to be used locally, it must be fairly 
generic and flexible in certain aspects which are crucial in local contexts. The process of 
discovering what these aspects are unavoidable entails trying to come closer to the South and 
develop the application in close contact with the context of actual use. 

Implementing more and more generic and flexible solutions in the global software will however 
require considerable resources and take time, that might be might be better used on local add-on 
solutions. In order not to lose momentum locally, or globally, it is important to continuously 
negotiate an “appropriate” balance between the local and global efforts. If momentum is lost 
locally, one risks that local learning processes come to an halt, and eventually that less local 
learning is shared in the global network and incorporated in the software. On the contrary, if 
one loses momentum in the global network, one risks that the global efforts are disintegrating 
into independent local projects with limited shared learning.  
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Abstract 

This paper examines the concept of commons-based peer production (CBPP) in the context of 

public health information systems in the South. Based on an analysis of the findings from a global 

network of software development and implementation, an approach to preserve the importance of 

local user participation in distributed development is presented. Through practical examples, we 

discuss the applicability of the CBPP model for software production aimed at improving the 

public health sector in the South, and propose the concept of a “snowflake topology”. 
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Résumé 

Cet article étudie le concept de production communautaire par les pairs (CBPP) dans le contexte des systèmes 

d'information en santé publique des pays du sud. Il présente, à partir de l'analyse d'un réseau mondial de 

développement et d'implantation de logiciels, une approche visant à préserver la participation des utilisateurs 

locaux lors du développement distribué de logiciels. 

Introduction 

The nascent shared global digital infrastructure is deemed by authors like Weber (2003) to become so pervasive that 

they warn against further marginalization of countries in the South that are unable to make use of it, either because 

of lack of local capacity, or through actively being shut out through processes of “property-right imperialism” (May 

2006, Weber and Bussell 2005). Researchers have pointed to the potential of the emerging networked information 

infrastructure to not only lower transaction costs and increase the efficiency of existing economic processes, but to 

act transformatively on organizational principles (Avgerou 2007, Castells 1996), such as through renewed 

possibilities for user participation in innovation (Von Hippel 2001). Large scale change is taking place under labels 

such as global software outsourcing, virtual teams, and global information systems roll-out (Walsham 2008). 

However, as Walsham points out, the world is far from flat.   

On this view, it is rather the case that access to the information infrastructure is fast becoming a crucial instrument to 

further human development, including education and health care. Sen (1999) makes a strong argument that access to 

such services are constitutive elements of development, essential for the kinds of capabilities intrinsic to a coherent 

and full concept of freedom. The terms Open Source and Free Software both designate "Software that comes with 

source code and a usage license that allows for modification and further redistribution of the source code by any 

user" (von Krogh et al 2003), the former emphasizing practical advantages of openness, and the latter the ethical 

aspects of software sharing: "From the perspective of so-called developing countries it is critical that we don’t lose 

sight of the freedom rationale behind free software. If we take Sen’s approach of development as freedom, then we 

are obliged to find ways of placing freedom at the centre of our development efforts, including those efforts which 

refer to software and other information and knowledge structures" (Jolliffe 2006). The expression Free and Open 

Source Software (FOSS) is meant to be inclusive of all these aspects.  

Though not part of the definition, FOSS is associated with a model of organizing software projects as globally 

distributed, electronically networked communities (Lee and Cole 2003, Ljungberg 2000), with the product and 

source available for download by anyone on the internet, allowing the distinction between users and developers to 

be blurred (von Hippel 2001). Technical support is to a large extent provided by other users (peers) on open internet 

forums or mailing lists (Lakhani and von Hippel 2003). "The success of open source software projects demonstrates 

empirically that a large and complex system of code can be built, maintained, developed, and extended in a 

nonproprietary setting where many developers work in a highly parallel, relatively unstructured way and without 

direct monetary compensation." (Weber 2003, p.1) This mode of production offers an alternative organizational 

form to the classical dichotomy of firm vs. market, and Benkler (2002) argues that the much publicized 

characteristics of FOSS and Wikipedia are instances of an even wider phenomenon which he terms Commons Based 

Peer Production (CBPP), and proposes a model to explain why this phenomenon has been successful in a range of 

fields.   

However, there are considerable obstacles to FOSS in such settings, including widespread copying of proprietary 

software, a general lack of awareness, and poor international links, making it hard to be part of “an active, global 

community of like-minded developers” (Heeks 2005). There are implicit infrastructural resources and knowledge 

required to fully take part in the practices (Lanzara and Morner 2005, Orlikowski 2002). Technological means of 

communication are crucial for FOSS development, and services offered by project platforms such as sourceforge.net 

are seen as the sine qua non (Fogel 2005). The underlying need to be familiar with these practices, coupled with 

requirements for adequate internet access, are factors which contribute to the fact that more than 80% of FOSS 

developers reside in the North (Gosh et al 2006).   

Also, FOSS has so far been predominantly applied to what Fitzgerald (2006) terms horizontal infrastructure 

software, such as the Apache web server or the OpenOffice.org productivity suite, in contrast to organizational 

information systems catering to vertical domains like health care, where the knowing to a large extent is embedded 
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in practices of professionals, whose participation in the development is therefore vital. The participatory design (PD) 

literature is rich with methods to facilitate communication between domain experts and programmers, leading to 

more context-sensitive information systems (Bjerknes and Bratteteig 1995, Bødker. and Grønbæk 1991). However, 

the challenge is to make such local efforts combine into more powerful and sustainable collaborative networks, 

where products and learning can be shared in CBPP fashion.    

The objective of this paper is to investigate to what extent the advantages of FOSS approaches can be realized also 

when developing vertical information systems in the South. To do this, we apply the analytical lens of the CBPP 

model to examine the findings from an ongoing global action research network, and present an approach to preserve 

the importance of local user participation in distributed development in resource-constrained conditions.   

In the next section, we outline conditions which have lead to the flourishing of CBPP in the North, followed by an 

outline of the action research methods applied. We then present a project which was explicitly attempted recast 

according to FOSS principles. The two last sections discuss how our findings lead us to extend the CBPP model 

where current conditions in marginalized areas .necessitate interventions and extract recommendations for further 

action both for this case and more generally.   

Literature 

Benkler and Nissenbaum (2006) characterize commons based peer production as "a socio-economic system of 

production that is emerging in the digitally networked environment. Facilitated by the technical infrastructure of the 

Internet, the hallmark of this socio-technical system is collaboration among large groups of individuals, sometimes 

in the order of tens or even hundreds of thousands, who cooperate effectively to provide information, knowledge or 

cultural goods without relying on either market pricing or managerial hierarchies to coordinate their common 

enterprise". Thus, the core characteristics of CBPP consist of I) decentralization, where individuals act as they see 

fit, without a central organizer, and II) "the use of social cues and motivations, rather than prices and commands". 

A key premise of the model is the existence of excess capacity, resulting from a great number of potential 

contributors and a set of organizational structures: "CBPP succeeds when the peers' contribution is based on their 

having some excess capacity to contribute to the final artifact. It is this capacity that allows them to contribute 

without any direct monetary compensation" (Tsiavos 2008). In the case of FOSS projects, the excess capacity also 

stems from the fact that the source code is used to produce more source code, which in attracting further 

contributions can trigger a virtuous circle or snowballing effect. 

The CBPP model applies when projects can be divided into modules which a) can be independently and 

incrementally produced, b) can be sufficiently fine-grained to allow the capture small contributions, and c) can be 

quality-checked and integrated with the overall system through reasonably low cost mechanisms (Benkler and 

Nissenbaum 2006). This enables the discrete efforts of a large number of differently motivated individuals to 

enhance an open-ended core provided by a dedicated few. With large and diverse numbers of participants and ample 

infrastructural tools, quality control can largely be carried out through redundancy and evolutionary selection 

processes. However, the model seldom works without effort: "CBPP is more the designed result of a carefully 

instrumented effort rather than the haphazard outcome of a natural selection process. In addition, it almost invariably 

co-exists or even depends on the classic models of the hierarchy and/or the market" (Tsiavos 2008). 

It is evident from the above that the modular makeup of a system heavily influences the kinds of organizational form 

(division of labor) that are likely to work best. This is a variant of Conway’s Law, which says that the (modular) 

structure of an information system will mirror the structure and communication patterns of the organization 

designing it (Conway 1968). 

In relation to the focus of this paper, the question is to what extent the above characteristics are fulfilled when it 

comes to public sector information systems. While conditions vary significantly between regions and countries, 

there are enough commonalities to public administration to make efforts to share a common base sensible in many 

situations. Pollock et al (2007) describe how generic packages are "brought into being through an intricately 

managed process, involving the broader extension of a particularized software application and, at the same time, the 

management of the user community attached to that solution" by suppliers involved in "generification" work. 

Walsham (2008) asks which users get most to say in such processes and what effects standard technologies will 

have on diverse organizations. In contrast to the proprietary processes studied by Pollock et al, a CBPP approach 

would entail a fluid, open, boundary object with some infrastructural characteristics (Darking and Whitley 2007). 
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Thus, it is of interest to follow FOSS projects over the longer term to study how the implementation experience 

feeds back and shapes the further development over the life cycle. 

One way of addressing negative implications of generification is to draw on the participatory design approach, but to 

make this sustainable and of sufficient impact, it must be extended beyond the focus on local situations, and 

emphasize the scope for mutual learning. The approach called Networks of Action (NoA) is targeted at precisely 

this, and is characterized by" (1) abandoning singular, one-site (typically one organization) action research projects 

in favor of a network of sites, (2) generating local, self-sufficient learning processes together with working 

mechanisms for the distribution of appropriately formatted experiences across sites in the form of vertical and 

horizontal flows, (3) nurturing a robust, heterogeneous collection of actors likely to pursue distinct, yet sufficiently 

similar (Callon 1991; Latour 1986), agendas, and (4) aligning interventions with the surrounding configurations of 

existing institutions, competing projects, and efforts as well as everyday practices." (Braa et al. 2004, p.359)  

The NoA approach addresses sustainability of information systems in poor countries through establishing a network 

of mutually supporting sites supportive of local learning processes, and aligning interventions with existing 

institutions. The basic tenets of the FOSS development model as laid out by Raymond (1998), would seem well 

suited to such an effort. The aim of this paper is to investigate the interaction of these principles in practice. 

Methods 

This article draws on experiences from a continuous software development process in a research initiative called the 

Health Information Systems Programme (HISP) over the last decade (Braa and Hedberg 2002, Braa et al. 2004, Braa 

et al 2007). HISP is an extensive collaborative network with a focus on information systems for public health care in 

the South. Initiated by universities in Cape Town and Oslo, it is present in a number of African and Asian countries. 

Within each country the projects are comprised of various actors in the health administration (community, sub-

district, district, provincial, and national), universities, NGOs, and funding providers. At the global level, with the 

Norwegian and South African nodes as the major coordinating bodies, HISP has over the last decade been engaged 

in development and implementation of health information systems with emphasis of facilitating sharing of software 

and best-practices. 

This research is based on Action Research, a form of participative research where the researcher takes part in the 

change processes in an organization, actively trying to improve some stated problem (Checkland and Holwell 1998; 

Avison, Lau et al. 1999). The case study describes an effort to establish a distributed software development process 

based on the principles of FOSS, in a network of countries in the South. The thick descriptions in the case are results 

of critical reflection on the change process which the two authors have been driving forward over the last four years. 

Application of the CBPP model as an analytical lens has helped us reflect more systematically on the value and 

appropriateness of the action taken, and thereby informed the proposed model and recommendations for further 

action. 

Both authors have been engaged in the HISP action research project for about five years and been involved in 

software development, implementation and education activities. Since 2004, we have been the major driving force 

behind efforts to distribute global software development of DHIS v2, involved in daily coordination. More 

specifically, this work has involved managing programmers in the Norwegian node, facilitating collaboration 

between the different nodes, building development capacity in various countries, and making major architectural and 

design decisions concerning the software.  

Given the focus on the distributed FOSS software development process, we emphasize the interactions with the 

developers including: notes from meetings, mailing list archives, the history of source code repository; collaborative 

web pages (wiki), and project management and issue tracking tools, as well as logs from extensive use of instant 

messaging between HISP actors concerning DHIS v2 development and coordination. These data were systematically 

read through and sorted into clusters around events which were deemed to be important. 

Case 

This case study builds on a long term action research project called HISP and more specifically describes how the 

DHIS software is developed and supported in a global collaborative network. First, we give a brief introduction to 

the DHIS software itself, and then the main part of the case presents the development process in various phases from 
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the initial phase in South Africa in 1996 to the globally distributed process by 2008. In the final subsections we 

illustrate key challenges of the distributed process as well as interventions that addressed them. 

The DHIS software 1996-2008 

Table 1- Spread of DHIS use and development 

 Use Development 

 

DHIS v1 

South Africa (national scale), Botswana, Mozambique 

(pilot), Cuba (pilot in 2002), India (2000-2005), Zanzibar 

(national scale), Tanzania (pilot), Zambia (pilot), Malawi 

(national scale), Nigeria (some states), Myanmar (TB 

program). 

South Africa 

 

DHIS v2 

India (4-5 states, since 2006), Vietnam (2 provinces, since 

2007), Sierra Leone (4 pilot districts, since 2008, plans for 

all districts), Tajikistan (pilot, since 2007) 

Norway, India, Ethiopia, 

Vietnam, Mali, Tajikistan 

 

The DHIS is a data collection and visualization tool for statistical data, tailored to support integrated health 

information management activities. After three initial years of prototyping and pilot implementations, the software 

version 1 (v1) was adopted as a national standard for South Africa in 1999. This success triggered an expansion of 

the HISP network internationally (see Table 1). DHIS v1 is a stand-alone application based on MS Access and VB6. 

It has from the beginning been developed and maintained in a centralized manner by a small team in South Africa. 

The expansion to very different contexts created a strong push for more flexibility to meet new requirements.  

In late 2003, key actors were forwarded an evaluation of the DHIS v1 that had been sent to the Ministry of Health in 

Mozambique by an unidentified source:  

“The DHIS system appears to be a tool mostly intended for small scale scientific research. Its technology is 

outdated by a decade and design is poor from a conceptual point. As a data gathering system is barely usable by 

today standards. As a data warehousing system is inadequate. The system should be migrated to SQL server and 

tiers should be split. WEB enabled user interfaces should be provided. WEB Classes should be constructed to 

encapsulate the business tier.”  

This critique speeded up the work towards a complete overhaul and reimplementation, and by mid 2004, a group of 

Norwegian researchers and students had begun developing a new version, v2, with the following main objectives:  

1) Redevelop v.1 on a new platform independent of operating system and database engine 

2) Design a layered and modular architecture supporting distributed work 

3) Provide an electronic forum with tools and documentation facilitating globally distributed software development, 

and the sharing of code, documentation and best practices across countries in the network  

In line with advice from the main developer in South Africa and influenced by the popularity of Java at Norwegian 

universities, a set of up-and-coming lightweight FOSS Java frameworks were selected as the new development 

platform. The distributed development process was supported by set of tools commonly used in open source projects 

(Fogel 2005): source control management, a wiki for project documentation, an issue tracker for bug reporting, and 

mailing lists for communication among developers and users. 

The first 1.5 years of v2 development was mainly confined to Norway, and focused on establishing a new core 

platform, with a fairly complex layered structure, based on "best practice" object oriented design patterns, pursued to 

perfection. Correspondingly, little attention was directed towards developing user interfaces and functionality for 

data visualization and analysis which were important features of v1 and highly cherished by health sector decision 

makers.  

By the end of 2005, DHIS v2 still contained only the very basic functionality of v1, and had not been tested in the 

field. Then, the HISP India NGO negotiated a contract to implement DHIS in Kerala, and, unusually, state policies 

demanded the use an open source platform. This ruled out the use of v1, and provided the decisive push for a first 
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release of v2. After a troublesome first year in 2006, v2 matured through input from use in the field, and was 

introduced in several other Indian states, Vietnam and Tajikistan in 2007, and in Sierra Leone in 2008. After 2.5 

years of use and continuous development, it was finally on par with the functionality of v1 by the summer of 2008. 

Furthermore, the development team for v2 had expanded from a small Norwegian team in 2004-2006 to include 

developers and domain experts from a number of countries. Table 1 lists the countries that are or have been involved 

in DHIS use and development. Version 1 is licensed under a derivative of the GPL and v2 under the BSD license. 

 

Figure 1 Timeline of DHIS development and use 

Centralized software development process 

The software development process followed the timeline depicted in Figure 1. The process around DHIS v1 was 

influenced by core principles of the Scandinavian IS tradition such as user participation, local involvement, rapid 

prototyping, and bottom-up processes, and involved a small team of developers working closely with users in a few 

selected districts. Key design concepts were developed based on user interaction and an in-depth understanding of 

the domain, such as a flexible metadata model allowing for local additions to central standards and complete 

freedom for local users to modify and tailor the contents of the database, supported through readable tables with 

textual descriptions as identifiers as opposed to cryptic acronyms and numeric codes. Combined with the targeting 

of the district level as key, these principles slowly won their way up the health sector hierarchy in a bottom-up 

process until they became accepted at the national level.  

While the use of v1 escalated to include many new countries, the development team remained centralized, and soon 

became a bottleneck in supporting the expanding network of users with context-specific requirements. The 

architecture and technology of v1 made it difficult to distribute the development, and no tools were used for sharing 

and synchronizing the code base. As a consequence, local developers in Ethiopia forked DHIS release 1.3.68 to 

include some local modules, making it difficult to incorporate improvements and fixes from later releases.  

However, despite the challenges of distribution and lack of web support, v1 remained under continuous development 

in 2008, benefiting from a large user base, as exemplified through an active user mailing list with participation from 

information officers, health workers and other stakeholders at all levels of the health system. Implementation and 
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customization efforts in a range of countries in the Sub-Saharan region are supported by a dedicated and experienced 

team of software developers and health information professionals making up the HISP South Africa NGO. 

Designing for local involvement in global software development 

From 2004, triggered by the critique of v1, the Norwegian team emphasized a more collaborative and distributed 

development process. The need for a modular architecture was clear, so a “core-periphery” architecture was 

designed, as illustrated in Figure 1. This model targeted the emerging needs of the global and increasingly 

heterogeneous HISP network by supporting customized configurations of core functionality that all countries would 

need, while allowing for a selection of peripheral modules to meet local  requirements. Core elements of a HIS such 

as data collection sets and organizational structures could be set up generically in each context, and basic 

functionality for capturing and analyzing data was provided through standardized tools. The more advanced 

peripheral functionality such as tailored reporting, custom data capturing, and special analysis tools were kept as 

external modules that could be loosely coupled to the standard core to provide an integrated user interface. More 

specifically, a local team of implementers can use the shared functionality and then develop and plug local modules 

to assemble a package tailored to the local context, based on clearly defined interfaces. 

    

Figure 2 The modular DHIS v2 core-periphery architecture  

Frameworks getting in the way of the data 

In February 2006, when the first milestone of DHIS v2 was put to use, the HISP India team members, who had 

several years of experience with the previous version, were struggling to make v2 useable in the Kerala context. At 

that time, there were no report tools in place, and poor capacity for processing the large amounts of data collected 

and reported in the Kerala health system. 
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The platform independence requirement meant that the database was abstracted away using an Object Relational 

Mapping framework, and all interaction with the data was designed to take place through an object-oriented 

application programming interface (API), which itself was set up to use a state-of-the-art "light-weight container" 

framework (Tate and  Gehtland 2004). This entailed extensive XML configuration and understanding of concepts 

such as "Inversion of Control" (Fowler 2004), but was meant to relieve developers of the burden of detailed database 

manipulation. However, the abstract conceptualization had the unintended side effect of alienating the Indian team 

from long established and effective habits of closely handling the data.  

The Indian developers had worked with v1, where data are accessible through the means of a human readable 

database, as well as through a "datamart" in which a read-only data repository with easily accessible pre-processed 

data for reports and visualizations were generated and decoupled from the active database. This direct access to the 

database level had formed the basis for many creative reporting solutions tailored to the needs of local users. 

The first problem reported from the Indian team was that they could not find their data, as the database model was 

difficult to understand. Although the meta-data model is quite similar in v1 and v2, the ORM auto-generated table 

names did not make sense to the local developers. Moreover, v2 did not a have a datamart similar to v1 in place until 

May 2006, and when it was at last implemented after requests from India, it worked nicely only with the small test 

datasets used by the core developers in Norway, but performed dismally with the much larger Indian databases:  

“Instead of saying any thing about this module [datamart] I can say this entire module is incomplete and not 

working properly. First point is that till now we couldn’t able to export data values even after waiting for one 

complete night after clicking the button export. Even the calculation of 10 indicators for a year it took more than 7 

hours which is not acceptable.”  

The frustration of the HISP India team was evident, and the developers in Norway, at the time consisting of a couple 

of skilled master students, were struggling to keep up with the pressure from the field. The core team struggled for a 

long time to provide an efficient datamart solution, trying several approaches, but a breakthrough did not come until 

December 2007, when a much faster solution bypassing the whole Java API service was put in place by a 

Norwegian developer traveling to South Africa to work closely with the v1 developers. 

From local hacks to globally shared functionality 

The earlier releases of v2 did not have out-of-the-box data visualization modules for easy display of the data 

collected. Such modules must often be tailored to specific user needs and are difficult to generalize into globally 

shared modules. Furthermore, understanding the logic of how health care data are processed and presented in reports 

is more domain specific knowledge than most of core modules, which was more difficult for the Norwegian 

developers with little field experience to acquire, sitting far from the Indian users. Focusing on the importance of 

local contributions to the globally shared code base, the Norwegian developers encouraged the Indians to conform to 

the code standards of v2, to make use of the provided API to fetch data, and to use the chosen web frameworks and 

portal solution to develop user interfaces for the report modules. 

However, the combination of all these foreign concepts and technologies made the learning curve very steep and did 

not allow the Indian team to deliver to the users within reasonable time frames. As a result, the Indian team managed 

to bypass the Java application and came up with several local web modules for displaying data that communicated 

directly with the database (in the outer peripheral category in Figure 1). In this way, they managed to keep 

credibility among the users. These local hacks were not appreciated by the Norwegian core developer who had 

implemented most of this complex platform: 

“Using the database directly is duplication of work (all access, aggregation and logic code for values is duplicated) 

and also means that the reporting tool is put outside of everything we do (and can do) in the DHIS2 in regards to 

optimisation, caching, security, and so on. [..] This is of course also a question of resources and available time, but 

keep in mind that we are starting to get quite a few of these hacks now, and someone will eventually have to clean it 

up...” 

However, the Dashboard module developed in India to graphically analyze data and indicators in charts, quickly 

became an important instrument for the HISP India coordinators when demonstrating the capabilities of the DHIS to 

local authorities. For quite some time this module was not part of the global code repository, and it was not 

compatible or able to plug into the globally shared core module. 
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The Norwegian coordinators were very eager to incorporate this module into the global code (from an “outer 

peripheral” to a “peripheral module” in the categorization of Figure 1), as it was seen to constitute an important 

extension of the functionality of DHIS v2. During a very constructive visit to India by one of the Norwegian 

developers, he sat spent long hours pair programming with the Indian developer behind the Dashboard module, and 

modified it to fit the standards of v2, and committed the code to the globally available repository. Shortly after this 

integration, the dashboard module was used to great effect by one of the authors at meetings with WHO and the 

Health Metrics Network (HMN) in Geneva, which might result in its utilization in many new countries. 

In Ethiopia in 2007, there was one especially important requirement which put the local team in a make or break 

situation. The health system defined an intricate way of collecting fine grained information for about each disease, 

using the International Classification of Diseases (ICD), for which there was no support in the global software. A 

local developer was employed on a short term contract to add this functionality to DHIS v2, and without interaction 

from the global community managed to absorb the inner workings of the system purely by reading the code (with 

technical documentation being close to nonexistent). In relatively short time he successfully implemented a module 

which in many ways crossed into the core. Although successful in the sense that it solved the urgent need in 

Ethiopia, the solution was not complete, and in many ways a local hack, as it replaced key parts of the core data 

model. As result, the local implementation of v2 became a fork from the global code.  

Still, this module served several purposes; it kept the local implementation process alive by solving an immediate 

need, it was a useful learning exercise for the developer, and it was the first step towards a very important 

contribution to the DHIS v2. A few months later, in September 2007, when the Ethiopian developer came to Norway 

to enroll in the PhD program, he worked closely with the core team to modify his solution to be compatible. At the 

time, implementation activities in Ethiopia were suspended and therefore the immediate need to go ahead with this 

integration was gone. The development still moved forward, albeit at a slower pace, and mostly at the design table 

where developers and coordinators were discussing the difficult issue of how this multidimensional solution could 

fit the core data model. In December, the Ethiopian developer went to Tajikistan where he was responsible for the 

customization of v2. Once there, he quickly saw the benefit of applying the multidimensional model for the detailed 

Tajik report requirements. Under severe time pressure, the multidimensional model was finalized and large parts of 

the core system re-factored to build on the new model, all in a pace impressing the Norwegian developers.  

Then, in the critical phase of finalizing a release of the software to use as a demo for HMN, the Norwegian team 

found out that the recent re-factoring of the core had several negative unintended consequences. The solution 

committed by the Ethiopian developer was focused on the needs in Tajikistan and did not take into consideration all 

the other modules that depended on the parts of the core which he had modified. For a few critical weeks the system 

was not working properly and was in need of urgent housecleaning by the main Norwegian developer. However, 

after the system was brought back to a stable revision, the recent additions on the multidimensional model by the 

Ethiopian developer were utilized to their full potential in implementation also in Sierra Leone. 

From developer to user – the value of understanding the field 

In 2008, the Norwegian team finally got directly involved in DHIS v2 use as the Norwegian HISP group started to 

prepare a customized DHIS v2 for the above mentioned project with HMN in Sierra Leone (SL). At the time the 

Norwegian group was strengthened as a former master student had now graduated and become a full time employee 

in the project. The customization for SL was organized as a collaborative effort between a software company in 

Mali, and the team of coordinators and developers in Norway, as well a related open source project, the OpenMRS 

(Seebregts et al 2007). A lot of the preparations could be done in Norway, where one of the coordinators had 

extensive experience from v1 implementations. This process was very useful for the Norwegian team, as many 

issues with the software that had so far not been communicated, especially related to usability, were discovered and 

quickly fixed by developers located in the same office. 

One of the specific requirements from SL was to design a serious of complex reports visualizing data. Through this 

work, a Norwegian developer put in place a generic reporting framework which enabled the new and faster datamart 

processing as well as a third party easy-to-use report designer. These developments were further improved as the 

developer traveled to SL and worked with the local implementation team, providing his first real exposure to the use 

of DHIS v2. This interaction was very dynamic, as can be discerned from weekly and even daily updates of the code 

base, quickly incorporating bug fixes based on feedback reports from the Mali team.  
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The report framework developed as part of this process was a major step forward for a sharable report solution, as 

most report design solutions so far had been local hacks that were difficult to generalize into a global module. 

During an international developer workshop in Vietnam in August 2008 developers from India, Vietnam, Ethiopia 

and Norway worked together for two weeks with the major objective to align programming efforts and to minimize 

forking and duplication of work. The new report framework was introduced and quickly got popular among the 

other teams that had been struggling with local report solutions that were more difficult to use and were 

considerably slower as they did not take advantage of the newly released and faster data processing solution. A 

major effort was made to extend the report framework to support all report requirements from India and Vietnam in 

addition to the SL requirements it had been based on which resulted in an improved global report solution that was 

immediately put in use in Vietnam and is planned to replace the existing report solutions in India. While extending 

this module to incorporate new requirements from the other countries the functionality tended to grow complex as 

too many use cases were squeezed into the same user interface and now there is some important work remaining on 

improving the usability aspects of the module. 

Communication and use of collaborative platform in the South 

Analyzing the use of the FOSS collaborative platform set up for v2 development, there was a strong dominance by 

the Norwegian team when it comes to contributing to the code repository, writing on the mailing list and on sharing 

documentation on the wiki (Staring and Titlestad 2006). It was very difficult to establish an active contribution to 

these public communication channels in the South, and e.g. in India with the far biggest user base, the 

implementation team has never contributed to the wiki, seldom written to the mailing list, and provided little regular 

feedback to the global team. This situation led to the following message from one of the coordinators in Norway in 

June 2006: 

“I certainly recognize the severely limited capacity on the part of coordinator X and myself vis a vis coordinating 

the expanding plethora of initiatives. Also, the beauty of a loosely coupled network should really be the avoidance of 

having coordinating bottlenecks. Still, communication is vital (as far as possible on public mailing lists); otherwise, 

there is in fact no network.”  

The following responses from the senior HISP coordinator illustrate a very difficult perception of what the 

collaborative network is, as well as the problematic consequences of imposing the technological platform for 

collaboration on the South:  

“i cant see how there is no network -  only if you see the internet as the network..there is a thriving network with 

vietnam, india, ethiopia, and tanzania etc have seen it and want to leverage it and contribute to it...let us not see the 

world from one point of center and one kind of network - because it is not, and it never will be”  

“the demands of implementation make it too difficult to use the internet for communication..for example, the ART 

guys are working day and night for making a presentation to the health minister...how can they do this, their course 

work, in addition to dealing with a damn slow internet...not saying they should not communicate = but in the scheme 

of things the priority changes as compared to the perspective from oslo”  

In an effort to establish v2 development as part of the coursework at the University of Dar es Salaam in 2008, 

student groups had to draw on the global v2 community, and were strongly encouraged to make use of the online 

collaboration tools. This proved difficult to achieve, and little communication took place apart from a few private e-

mails sent from the students to the coordinators in Norway, as illustrated in the chat log below:  

11:05 AM <coordinator in Norway>: how are the other groups doing? its very silent...and little use of the wiki... 

11:07 AM <student in Tanzania>: yeah 

  but we are all trying to make things work 

  and we are not very much used in that direction of communication 

  I guess we have to adopt to it 

Relying on online collaboration often proved very ineffective, as illustrated during Vietnam workshop in 2008, 

when the first day of presenting local work revealed a lot of duplication that had not been communicated on the 

mailing lists or to the coordinators in Norway. Among the more serious duplications were three different datamart 

solutions, meaning that both India and Vietnam were forking the global code, and were not able to benefit from the 
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most recent improvements, which had taking place as a result of the prioritized Sierra Leone implementation. In 

fact, in Vietnam they were using a fork that had a nine-month old core module, meaning that a long range of 

improvements to the global code base was not being utilized. Demonstrating the latest version of the global system 

made it easier for the Norwegian coordinators to convince the Indian and Vietnamese team that moving local forks 

into the global code was a win-win for all parties.  

Long term capacity building approach in HISP 

Recruiting developers has been a major obstacle to distributing v2 development across the nodes in the network. The 

technology stack of the v2, included cutting edge frameworks, and when establishing local development teams in 

Vietnam and India, it proved difficult to find developers with relevant experience. Among the concrete efforts to 

strengthen the development teams were frequent field visits by Norwegian developers, and international workshops. 

Enrollment of developers and implementers from the field into international Master and PhD programs coordinated 

by the University of Oslo provided a more long term perspective. Face-to-face meetings and co-development among 

developers from different countries proved key to enhancing the globally shared software (the core), exemplified by 

the standardization of the dashboard and multidimensional modules.  

In Norway, most of the core developers have been master students contributing their time to the project as part of 

their work for the master’s thesis. Moreover, a practical master level course in open source software development 

has been conducted since 2005 which provides the students with an introduction to the relevant technologies, as well 

as practical experience from participating in the v2 development project. Although the course has been an important 

recruiting base for future v2 developers, the output from the student projects in the course have been of less value to 

the DHIS software, illustrating some of the challenges of mastering the technologies. The approach of recruiting 

local champions to long term study programs has created an inspiring and multinational environment in Oslo by 

2008, with students from Mali, Tajikistan, Ethiopia, Nigeria and Mozambique all participating in v2 development. 

Discussion  

"Think of a snowflake. Under the right conditions, water will crystallize into a unique shape. Take that environment 

away and you have water or ice. Each flake/crystal is unique and beautiful"
1
 

We proceed to analyze our case based on the conditions outlined in the CBPP model, and use the key characteristics 

of the DHIS trajectory to develop a new organizational structure.  

Excess capacity 

In horizontal FOSS projects, the developers are also users - anyone with the prerequisite technical skills can make 

contributions after a perusal of the code, because of the highly shared conceptualization of the purpose of software. 

With a large user base, it is likely that a critical mass will be able to contribute to the development effort. However, 

in the DHIS case, the health workers are not developers, and the base of potential contributors knowledgeable of the 

domain is therefore dramatically diminished. Furthermore, the number of developers skilled in advanced Java web 

programming is very limited, and even with a good technical background, programmers need extensive interaction 

with health specialists in the context of system use before they are able to be productive, as illustrated by the 

dramatic improvement of the code through the Norwegian team's hands-on work in Sierra Leone. This contrasts 

starkly to how FOSS developers often only have virtual contact (if any) with users.  

The pressures of the local implementations and the slow internet meant that the tools and processes put in place by 

the Norwegian team were more of a burden than a help to the other teams, thus the communication costs were not 

lowered much at all. This severely hampered the creation of the short feedback cycles that both characterize many 

successful FOSS and projects and is the cornerstone of the PD approach to IS. However, the v1 mailing list does, 

represent a first step in the direction of user-to-user assistance.   

                                                           

1
From a comment at the One Laptop Per Child News site:  

http://www.olpcnews.com/use_cases/education/an_answer_to_question_22.html 
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Local requirements in Ethiopia eventually lead to substantial changes in the core of the system to accommodate very 

generic multidimensionality. This initially caused major instability, but ended up enhancing the core significantly, 

expanding the overall capacity of the system to incorporate a range of new functionalities, which were immediately 

applied to deal with quite different requirements in Tajikistan and Sierra Leone. Thus the generification also proved 

generative, with the new product serving as raw material for a number of new adoptions. It furthermore facilitated 

collaboration with other projects, which again triggered further adoptions. In this way the network expanded in a 

snowballing manner.    

Modularity 

An explicit goal of the transition from v1 to v2 was to significantly increase the modularity of the system, and this 

was achieved. The creation of the core module and the API allowed developers to work on isolated parts of the 

system, and relieved them of creating tedious "plumbing code" for database interaction. In addition, the new 

approach separated the logic of the system from both the database and the web interface.    

However, this separation introduced a steep initial learning curve into a more abstract world of advanced layered 

frameworks - thus the modular architecture paradoxically introduced more rigidity rather than flexibility, and 

became something the local hubs had to work around in order to respond to user needs. From this perspective, the 

Indian "hacks" on reporting and dashboard analysis can be seen as modular approaches to deal with urgent user 

demands, enabling the project to survive.    

Heterogeneous granularity 

The frameworks deployed in combination with the new web based collaborative tools and process amounted to a de 

facto barrier to less experienced developers. It was thus hard to make very small contributions. This was reflected in 

the fact that very few of the projects carried out by student groups were ever deemed good enough for inclusion in 

the core.  The online collaborative tools in principle made it possible for users and developers of different skill sets 

and in various positions to participate with fine grained input, such as translations, bug reports, and suggestions for 

new functionality. However, inexperience with such tools and the generally poor internet access proved a hindrance 

to active participation. In practice, rather than a flat, peer-to-peer structure, the experience from India and Vietnam 

display a more hierarchical pattern, where user feedback and discussion mostly occurred with the local 

implementers who then gradually (if ever) relayed the information to the global network. In contrast, in the Sierra 

Leone case, the core developer team was in direct contact with the user setting, which shortened the time delay for 

user feedback to be incorporated in the code (even on a daily basis).   

Integration/coordination 

The limited use of the open collaborative platform meant that the flow of communication to a large extent was based 

on personal networks. This resulted in duplication of efforts and parallel solutions.  Unrelenting local demands (“the 

ART guys working day and night for making a presentation to the Health Minister”), combined with both 

difficulties in learning about the abstract core API, and its immaturity and sluggish performance, meant that local 

modules grew into isolated “forks”. Also, the pressure to deliver meant that the self-selection of tasks that are 

suitable to individual skills found in the CBPP model was by and large not an option. This in turn meant that the 

need for training increased. 

If a module is part of the global repository, the original author will no longer be solely responsible for keeping it up 

to date, and others may improve on it. Still, local developers did not trust the cost of integration to outweigh 

potential benefits, and thus, for a long time, integration only took place when people moved in the network, e.g. 

when developers visited other hubs for training as well as during and after global workshops. Orlikowski (2002) 

points out that even in distributed projects participants typically establish trust by interacting face-to-face. From a 

technical point of view, it was only after the performance of the datamart improved dramatically, and demonstrated 

through the Sierra Leone implementation that the integration costs were perceived to have reached an acceptable 

level where most of the hubs came aboard. 

Several parallel solutions are a common phenomenon in large FOSS projects, in the spirit of letting a hundred 

flowers blossom with “natural selection” of the best solution based on what users appreciate.  In the case of DHIS 
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v2, this can be interpreted both as an affirmation of the local flexibility sought by the modular approach, as well as 

an iterative process of participatory prototyping taking place in different contexts in parallel, ending up in a robust 

generic solution. But this meant that too much of the limited available developer resources were tied up in the 

maintenance of forked systems. In the case of Vietnam, the users missed out on a large number of improvements to 

the global code base.  So, while some local needs where met, each process was weak and the potential of a 

coordinated effort unrealized, with a high deferred cost of integration.  

Cultivating snowflakes 

The Networks of Action approach of building on existing networks and institutions provides a strategy of 

bootstrapping necessary conditions for CBPP which are otherwise absent in resource-constrained contexts such as 

the public sector in general, and in developing countries in particular. A bold strategy to deal with this situation must 

entail long term investment in capacity building by bringing developers into a network of mentors and collaborators, 

striving to communicate online, though this will seldom be effective without at least cursory face to face interaction. 

Therefore, the network of people traveling to collaborate will remain the most salient feature of South – South 

cooperation 

Based on the DHIS experience, the most viable option seems to draw in advanced students or fresh graduates who 

are motivated by the prospect of working on a globally distributed long term project where they can have a lot of 

influence. This leads to a suggestion of tying up with and extending existing master and PhD programs. In addition 

to the theoretical content, the academic programs should entail learning from active participation in local 

implementations, and simultaneously in the global network. Experience from the field can also form the basis of 

academic curricula, as in the case of the new course in open source frameworks which was conceived 

simultaneously to fulfill a need for students to be conversant with modern Java frameworks as well as form a 

recruiting base for graduate thesis projects. Another important consideration is collaboration with related FOSS 

initiatives, such as the OpenMRS project in the case of DHIS v2, allowing the creation of a larger shared talent pool. 

PD approaches and mutual learning remain crucial to interweave technical, domain specific and situated knowledge. 

Modular architecture, extensive communication, capacity-building, traveling and physical meetings are important 

instruments to make PD happen in a distributed environment.  At the same time, both NoA and CBPP advocate 

sharing across contexts and this adds the complexity of variation in the local implementation sites. In contrast to the 

slow and theoretical start of the DHIS v2 effort, we recommend early emphasis on the production of a functional 

prototype to quickly get user interaction going (as was done with v1) This is very much in line with the FOSS 

admonition to “Release early. Release often. And listen to your customers” (Raymond 1998).  

The case illustrates various mechanisms for generification as modules and developers move from the periphery (the 

specific) to the core (the generic); traveling and pair programming (core + peripheral developers), workshops, bring 

peripheral developers to Norway and sending the core team into the field to work with users. In line with Conway’s 

law, the organizational structure behind such processes largely mirrors the development and trajectory of modules, 

and the roles of the nodes change over time. In contrast to the highly centralized “Star” topology seen in the 

development of the DHIS v1 and the radically distributed flat structure of the CBPP model, we propose that 

resource-constrained contexts call for more “chunkiness”.  

A “Snowflake” topology entails a number of strong regional hubs around a central repository and a core set of 

standards. The hubs collaborate, and in turn support smaller peripheral nodes. They filter the input from the field, 

taking pressure off from the center, and are in a better position to understand local concerns and interact in line with 

local languages and sensibilities. There is then less need for a dominant core, which can then rather focus on 

cultivating hubs and on building capacity towards more automated coordination and integration.  

Such an organization seems appropriate at least in an initial phase in cases where the core functionality is relatively 

context independent, but technically challenging.  It is important to facilitate the creation of user focused modules at 

an early stage and facilitate frequent two-way travel between the hub nodes. This structure is innovative in the sense 

that it provides a bridge between the focus on involvement in the local user context extolled by the participatory 

design tradition and Benkler’s distributed peer production perspective, balancing global and local considerations, 

even in cases where developers are not end users.  

Furthermore, the case presented here shows that modules can have dynamic and sometimes fuzzy boundaries – often 

following a trajectory from the periphery to the core, through a process of generification. Modules and developers 
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move together from the periphery to the center – programmers bring modules with them as they move (or vice 

versa). It is very hard for a module created at the periphery to hit the bull’s eye at first attempt. Many will stabilize 

as part of the inner peripheral circle, whereas a select few will gain access to the core, possibly delivering a major 

upset to the whole project, but also triggering new potentialities.  

The full set of functionalities required by individual nodes will largely be overlapping, but often not at the same 

times or in the same sequence. Left to fend for themselves, they may thus end up with radically deviating solutions. 

Rather than leaving weak local nodes to develop their own solutions in isolation, a snowflake structure enables a 

(partial) distribution of the integration efforts needed to prevent extensive forking between strong hubs, thus 

enabling increased generification.  Also, participation in the global network means that many more nodes have the 

potential to grow into influential hubs, increasing their capacity to serve local users. 

Conclusion 

Free and Open Source Software provides substantial opportunities for learning - but exploiting this potential in itself 

requires knowledge and resources. Therefore, sustainable FOSS projects in the South require a strong training 

components rooted in interaction with the system in active use, as elaborated by the Networks of Action approach.   

The case presented in this paper underscores the need for long term organizational networks between institutions in 

the South to support the collaborations enabled by CBPP. Strong emphasis must be put on the circulation of both 

people and software, to achieve the right mix of generification and localization. The Snowflake topology outlined 

suggests a pragmatic and distributed approach to meeting the challenges of local development while drawing on a 

pool of shared resources. 

The more of these local improvements that can be shared around the network, as generic solutions, the stronger the 

Networks of Action. Whereas the CBPP model seems to predict that given the right conditions, highly complex 

products will “emerge naturally”, the analysis of the current case indicates that careful long-term cultivation of 

existing structures is crucial to achieve the critical mass of functionality and users to enable a self-sustaining 

snowflake structure. 
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InTRoDuCTIon

ICT infrastructure and information systems 
have come to play a vital role in globalization. 
Walsham (2008) highlights three major aspects 
of this phenomenon: software outsourcing, 
virtual teams, and information system (IS) 
rollout. In this article we examine shifts over 
several years of globally distributed develop-

ment and rollout of an open source information 
system targeted at the public health care sector 
in developing countries, which touches on all 
three aspects. In following the development of 
a system as it co-evolved with the various set-
tings in which it was embedded, we highlight 
shifting sources of legitimation in institutional 
processes involved in health information sys-
tems implementation. The attention to changing 
sources of acceptance and legitimation frames 
our view on knowledge between local cultures 
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and related stakeholders, in the interplay with 
global free and open source software (FOSS) 
development.

Paraphrasing Bowker (2000), health in-
formation systems operate simultaneously at 
the concrete level of design and implementa-
tion (fields in a database, capacity building, 
integration of datasets and organizational 
practices…) and at an abstract level (dealing 
with the relationships between information 
science, organization, public health, and global 
software development, among others). Thus, 
social studies of science and organization have 
a significant contribution to make to the process 
of growing information systems in order to 
create tools for health monitoring and policy 
making. For this, we need to historicize our ac-
tion and its organization: “it is vital to dissolve 
the current disjunction between database (as 
technical storage medium) and policy (as way 
of acting in the world). The production of the 
database is productive of the new world we are 
creating.” (ibid).

By examining the scaling of development 
and implementation of health information 
systems in developing countries, this article 
aims at understanding collaborative knowledge 
development across heterogeneous networks of 
local, national and global actors, and between 
public health workers and FOSS developers 
in dissimilar contexts. We will use “PHIs” as 
an acronym to refer jointly to PHI (Project for 
Health Information) and HIS (Health Informa-
tion System, the principal software developed 
within the project). This hybrid acronym rep-
resents the socio-technical nature of the actor-
network. PHIs began in South Africa in 1994 
as health services underwent major restructur-
ing post apartheid, aiming at standardization 
of information for local action. Subsequent 
international expansion underscored tensions 
between the local and the global (Rolland and 
Monteiro: 2002) related to knowledge gaps and 
communication practices affecting rollout and 
institutionalization. After nearly five years, the 
project to cross the South African border and be 
initiated in Mozambique. In the following two 
years, early prototype implementations were 

started in Malawi and India. Tanzania, Vietnam 
and Cuba (which was abandoned quickly) and 
Ethiopia followed in a couple of years. After 
2002, a number of pilots flourished, mainly in 
South and East African countries, with different 
degrees of development and institutionalization. 
It is impossible to clearly delinate periods for 
all countries involved, because of the “karstic” 
dynamic of the project in most places: a pilot 
can be started, achieve some acceptance, remain 
dormant for indefinite time, be activated again 
depending on new conditions, and so on.

Figure 1 illustrates a model to interpret 
shifts in PHIs over time. The vertical axis 
indicates the intensity of relevance of specific 
places and local settings. The horizontal time 
line relates to the stages of PHIs evolution we 
have identified: pioneer, field constitution, and 
full-scale implementations, demarcated by 1) a 
switch of legitimation from local contexts to an 
organizational field, and 2) a further switch to 
legitimation relying on state structures.

FIRST SwITCH: FRom 
loCAl bounDS To 
oRGAnIzATIonAl FIElD

This section aims at illustrating how changes 
to the PHIs are significant to understand the 
different set of regulatory forces which affect 
ICT development and implementation when 
shifting from accountability in a local context, 
to accountability in relation to the larger field 
constituted by organizations engaged in the 
same kind of activity.

PHIs engaged in bottom-up, participatory 
software prototyping to develop a district-based 
HIS with rapid iterations and a focus on flex-
ibility (Braa and Hedberg: 2002). Legitimation 
at the local level was achieved by embedding 
the system into the organizational setting, and 
aligning with the needs of staff at all levels, 
as well as with local educational arrange-
ments. Such sensitivity to local organizational 
cultures contrasted strongly with mainstream 
development strategies, and in turn provided a 
strong foundation for successful provincial and 
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eventually national acceptance in South Africa 
in 1999. We open our empirical account with a 
quote from an implementer who was involved 
in the project from the early days:

South Africa in 1994 was at a turning point 
in the history of the country; a time of hope, 
uncertainty and potential chaos. People were 
both hopeful and fearful; hopeful of a more open, 
transparent and inclusive society, fearful of the 
way in which this change would happen. In the 
health services, major restructuring was hap-
pening across the board. Equity, redistribution 
and integration were central themes in the shift 
from a fragmented hospital based medical model 
to a Primary Health Care Approach driven by a 
nurse based community model within a district 
health system. New health worker cadres, man-
agers and colleagues coupled with new services 
and systems created an atmosphere of chaos. 
Waves of consultative teams were making the 
rounds, asking questions about problems, but 
also promising sweeping reform. This was met 
by skepticism. Voluntary retrenchment, early 
retirement and ‘new face’ promotions were 
the order of the day. The users of the service 
were also more demanding. Health workers 
knew things were ‘not right’ and that different 
strategy and work practices were both required 

and desired. However, it seemed that there was a 
new way of doing the old job every other week. 
Everything was up for grabs; an opportunity 
for research by ‘outsiders’ who would come in, 
implement a new practice and leave staff with 
‘the mess’. Soon things would revert to the old 
tried and tested ways. It is into this chaotic 
arena that PHIS began to peddle its wares; 
not with the middle managers, but with health 
workers at facility and district levels. Would the 
tools, models and practices advocated by PHIS 
have had the same impact a decade later? It is 
argued that ‘timing was everything’; that the 
period of transition provided a crucial window 
of opportunity for the project

Indeed, under apartheid, the South African 
health services were highly fragmented accord-
ing to racial categories. Also, the health system 
had been oriented towards hospital services, 
with primary health care delivery poorly de-
veloped. This legacy meant that change in the 
organization of reporting became a major ele-
ment in the processes of re-defining the health 
system after the fall of apartheid.

In addition to early experiences in Mongolia 
and South Africa, one of the project initiators 
drew upon prior experience from HIS research 
in Ghana, which had gone through a process 

Figure 1. A model to interpret shifts in PHIs over time
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of health system restructuring towards more 
action-oriented information management, 
developing the idea of rationalizing informa-
tion. The proposed design strategy was based 
on the assumption that an IS consists of much 
more than the technical artifact, with a focus on 
local level and community based Participatory 
Design (PD). PD approaches were seen to be 
of particular importance as they may function 
as a means for community empowerment, 
and possible relations between community 
participation and PD as practiced in the Scan-
dinavian tradition were explicitly explored. 
The Scandinavian PD tradition has had a focus 
on the workplace. However, discussing PD in 
a developing country context, the focus shifts 
from the workplace to the community (Titlestad 
and allTitlestad and all: in press). In referring 
to the three rationales for using PD approaches 
suggested by Greenbaum and Madsen (1993); 
i.e. the pragmatic, the theoretical and the po-
litical perspectives, it was proposed to add the 
community perspective. So PHIs developed a 
vision “to support the development of an excel-
lent and sustainable health information system 
that enables all health care workers to use their 
own information to improve the coverage and 
quality of health services within our communi-
ties”, and the process towards HIS was based 
on local management and community structures 
and addressed local needs. Motivation, commit-
ment and the creation of a sense of ownership 
of the system by all interested parties were 
deemed to be of vital importance.

Based on the experiences in pilot projects, 
a six step model was developed within PHIs for 
health information system development and 
implementation:

1.  Local team and commitment are crucial. 
Get people from the community on board 
and find concrete activities in which they 
can participate

2.  Situation analysis (information audit)
3.  Set objectives, targets and indicators
4.  Create district based information system 

and structures

5.  Training of staff - local empowerment; i.e. 
focus on data needed to make local deci-
sions to improve coverage and quality of 
services

6.  Creating a district information culture: i.e. 
the information needs to be used on a regu-
lar basis, allowing the IS to be improved 
gradually. Analysis of data should become 
a daily routine aimed at improving service 
delivery

By the turn of the millennium, HIS had 
been officially endorsed as a national standard 
in South Africa, and pilot projects were com-
menced in several provinces; KwaZulu-Natal, 
Mpumalanga, Northern Cape, and the North 
West Province. However, the project expansion 
was not only a internal to South Africa. Due to 
the relative success the project had experienced 
so far, it was believed that a similar approach 
and philosophy might be translated to other 
similar countries, and PHIs crossed the border 
to Mozambique. The launch of the project in 
Mozambique marked the beginning of what 
would later become a remarkable widespread 
geographical expansion of PHIs. The initiation 
of PhD and Master study programs shared be-
tween the coordinating university and partner 
institutions in Mozambique represented a new 
way of gathering resources for project imple-
mentation while strengthening local education 
programs. The new organizational and cultural 
environment meant new challenges for the PHIs 
approach, both theoretically and empirically; 
e.g. as the relative success in South Africa had 
in part relied on a “window of opportunity” 
due to a general wish for change, in other 
countries existing systems and entrenched in-
terests proved significant obstacles to smooth 
implementation of the system.

In the case of Mozambique, PHIs started as 
a pilot project in three districts. A distinct dif-
ference between South Africa and Mozambique 
was the required sources of legitimation of the 
project. Although the pilot projects created lo-
cal interest, lack of top-level support hindered 
substantial results in the highly centralized 
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decisionmaking structures of the public sec-
tor. In addition, contrary to what had been the 
case in South Africa, stability was valued over 
change. However, learning form the Mozam-
bican experience with limited impact from 
pilots in small geographical areas, it was also 
acknowledged in the project that without suf-
ficient coverage, both in terms of hierarchical 
geographical span and in relation to the various 
health programs, results were hard to obtain. 
To deal with need for scale and coverage, the 
actions of PHIs were expanded from three dis-
tricts to three whole provinces. Despite formal 
support for this from ministry level, real change 
in the sense of approving the replacement of 
existing reporting routines never came through, 
with the effect that the PHIs initiatives always 
came as an additional burden to the standard 
routines for health staff. Lack of real top-level 
commitment in the centralized HIS context of 
Mozambique meant that the project lost a lot 
of momentum.

In South Africa, the initially community 
driven, bottom-up effort was transformed to an 
official national standard. The South African 
PHIS project itself went through a formaliza-
tion and professionalization processes and was 
established as a separate legal entity. In Cuba, the 
very concept and method of user-participation – 
typical of the Scandinavian approach- did not fit 
well with the local context, thus the theoretically 
“context-sensitive” way of making robust sys-
tems was found to be highly incompatible with 
local conditions. Participatory design carries a 
strong democratic inscription which ran into 
severe obstacles within the public health hier-
archy. Although the delivery of health services 
was decentralized in Cuba, the decision mak-
ing power was not, and bottom-up approaches 
were seen as a threat to the political system as 
a whole. Health personnel proved uncomfort-
able with new powers, responsibility and risks 
of making decisions. In Ethiopia, initial suc-
cesses in pilot regions proved hard to translate 
to the national level, and the ministry decided 
to rely on the expertise of a local company to 
develop their own system (incorporating many 

of the same principles), rather than relying on 
the open source PHIs network.

Still, over time, PHIs got acceptance in a 
number of countries with widely differing politi-
cal and organizational cultures. Its bottom-up, 
not-for-profit approach legitimated pilots in 
Malawi, Cuba, Mongolia, and India. In all cases, 
the expansion was afforded through the align-
ment of health authorities, educational institu-
tions, research centers, and FOSS philosophy 
and development practices (which provided 
affordances for such a diverse set of actors).The 
establishment of such relations linked local and 
global networks of actors, through a negotiating 
process which tended to be legitimized in local 
needs. At the same time, the formal education 
part of the network was significantly expanded 
by enrolling a significant number of master and 
PhD students.

Gradually, PHIs became a globally dis-
persed network of small scale IS implementa-
tions (with South Africa the only nation-wide 
rollout). A perspective on action research and 
actor network theory was developed, with 
the claim that “local interventions need to 
be part of a larger network to be robust” and 
handle the twin challenges of sustainability 
and scalability. Working in multiple contexts 
provides opportunities for cross fertilization 
in a network, whereas narrowing down on 
one best practice exposes the project to the 
risks of volatility, which usually characterizes 
the institutional environment in developing 
countries. This loosely-coupled organizational 
form was termed “Networks of Action” (Braa 
et al.Braa et al.: 2004), and provided agility and 
cross-legitimation, but also exposed a risk of 
spreading too thin, and missing institutionaliza-
tion. Furthermore, alliances were formed with 
other players active in developing countries, 
such as projects on medical record systems and 
UN organizations. A couple of UN initiatives 
indicated the necessity of appraising the big 
picture and scoping out an architecture able 
to cover most of the functions carried out by 
health systems, from local clinical encounters 
via district and provincial administrations up 
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to national and global monitoring and evalua-
tion efforts. One approach to this is Enterprise 
Architecture (Stansfield et al 2008).The result 
was a switch of legitimation from local con-
texts to an emerging organizational field of 
HIS for development (HIS4D). Following a 
Neoinstitutional view (Powell and DiMaggio: 
1991), organizational field denotes the frame 
of reference of organizations engaged in a 
specific activity, their interactions constituting 
a recognized area of activity.

The introduction of the HIS system could 
also have negative effects, and was seen by 
some to somewhat paradoxically divert atten-
tion from quality of care to data quality. The 
gradually closer influence of the organizational 
field and international organizations entailed a 
transition in emphasis from local participation 
to the production and use of information for 
broader monitoring, and also from management 
and quality of health care to management and 
quality of health information. The collected data 
elements were increasingly defined on the basis 
of international standard requirements. While in 
the first period of PHIs information was tightly 
coupled with local contexts, the expansion of the 
project produced a partly autonomous “informa-
tion space” with specific issues not necessarily 
evident at the micro level, e.g. duplication of 
indicators. Therefore, the growth of the project 
itself, and of the related information sphere, 
implied a switch from emphasis on local legiti-
mation processes to legitimation in more global 
socio-technical issues (such as technological 
choices, adoption of internationally accepted 
standards and datasets, relation to millennium 
development goals) embodied in international 
donor requirements.

To sum up, after the first switch from local 
legitimation to a more global organizational 
field as arena of activity, HIS began to inscribe 
a different context characterized by new priori-
ties, where key players (software companies, 
international donors, health standards and goals) 
were no longer local, nor immediately percep-
tible from the implementation level.

SEConD SwITCH: FRom 
oRGAnIzATIonAl FIElD To 
Full-SCAlE RollouT

The requirements and challenges involved by 
a full-scale roll-out are different from the tacit 
convergence, compliance, and isomorphism that 
organizational fields tend to produce. Indeed, 
full-scale roll-outs imply a return of influence 
from specific regulatory environments, although 
at a different scale and political level.

The challenges of scaling are usually seen 
as related to increasing demands in terms of 
workload, scope of the system, and range of 
functionalities that must be supported. Such 
escalation of complexity in turn produces a 
proliferation of side-effects. Awareness of this 
expanded risk is crucial, and tallies well with 
the PHIs case. However, beyond these chal-
lenges, scaling up from a pilot phase to full scale 
rollout also entails shifts in institutional setting. 
Whereas pilots are an institutionalized way to 
test the capabilities of a system in real life set-
tings, a wider rollout is regulated by different 
rules and accountabilities. The involved actors 
must not only increase their capacity, but also 
learn to deal with very different institutional 
constraints, implying different values, orienta-
tions, and legitimated patterns of action.

A PHIs member stated: 

it’s very useful to use achievements on the 
ground to show the possibilities of the system. 
[…] The general problem is the lack of leader  
bottom-up activities didn’t manage to get turned 
around on the top level.” A number of recent 
cases within PHIs show that the bottom-up 
approach, which characterized the beginning 
of the project, was turning into a more top-
down one. The South African story was still 
leveraged for negotiations, but local pilots no 
longer seemed as central: Having succeeded on 
a national level in South Africa and being tied 
into the organizational field globally provided 
the needed legitimacy for other goverenments 
to consider the software, but meant that less 
attention was given to the original philosophies 
propounded by the project. This aspect is quite 
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clear in recent implementations, where local 
health authorities asked to shut off some of the 
functionalities of HIS, frequently the ones which 
make the system useful at local level (i.e. local 
data analysis). “They don’t care about infor-
mation for action” a PHIs action-researcher 
lamented. Even when pilots were started to test 
system viability in a country, power remained 
at the central level. Accordingly, decentraliza-
tion and local empowerment no longer seemed 
determinant for PHIs action. A similar top-down 
focus was exemplified by the following comment 
from a key decisionmaker in an African country: 
“I would prefer a new system using the already 
accepted WHO indicators.”

So, while focus gradually shifted to full-
scale implementations to cover large areas like 
a state or a country, a re-allocation of resources 
was required to comply with the needs and 
requirements of the institutions responsible 
for health in those areas. Accountability was 
achieved by establishing national NGOs in 
South Africa, India and Vietnam, and countries 
like Malawi sought to emulate this. Contracts 
were entered into with national authorities and 
with the UN. While the ability to draw on the 
global network was of continuing importance, 
engagement with bureaucratic structures and 
politics became increasingly salient. Those 
aspects are now empirically presented.

For a longe time, there was a sustained push 
from the core software developers to introduce 
regularly scheduled and thoroughly tested 
stable releases, instead of having implement-
ers constantly downloading and using untested 
source code directly from the FOSS repository 
and thus needing a lot of assistance. However, 
constant pressure from the field for improve-
ments and new features made this impossible 
to enforce, and it was not until the fall of 2008, 
after extensive field trials in Sierra Leone, that 
the core team felt confident enough to declare a 
2.0 “final” release (as opposed to the previous 
“milestones” and “beta”), and thus lending it 
legitimacy. However, in accordance the with 
FOSS philosophy (see e.g. Raymond: 1999), 

unpolished software that works can generate a 
lot of interest, and for a presentation at WHO 
headquarters in Geneva in May 2008, a rough 
solution was created to demonstrate how patient 
data in a medical record system could be ag-
gregated into an increasingly accepted indicator 
exchange format and then imported into HIS. 
This helped raise the legitimacy of both solu-
tions, as part of an emerging Country Health 
Toolkit of interoperating components - which in 
itself was thought of as a response to the needs 
of full rollouts: In several developing countries, 
the PHIs project was met with requests to also 
help set up patient records, and in one African 
country, the Ministry of the Interior wanted as-
sistance from the Ministry of Health in coming 
up with a software solution for national person 
IDs, starting with newborns and patients visiting 
clinics, but gradually using the same for issuing 
passports, licenses etc.

In India, transition from pilots in one 
district and in individual states to national 
level operations made it possible to engage 
authorities in a thorough revision of what data 
should be collected and used to calculate key 
indicators, with a focus on the PHIs “informa-
tion for action”-approach, which resulted in a 
new consensus around a dramatic reduction in 
the number of data items collected. However, 
cases such as Cuba and Tajikistan can serve as 
examples of local (national) settings resisting 
change and forcing accommodation to differ-
ent institutional forms. As five year plans were 
already in place, emphasis was on replicating 
a very detailed statistical information gather-
ing apparatus, rather than a South Africa style 
complete overhaul according to the philosophy 
of using information for district level action.

The full scale rollouts meant new chal-
lenges for the PHIs approach. The project 
became characterized by two paths to institu-
tionalization, one through the health informa-
tion infrastructure on which PHIs is active, 
the other within academia, with the issue of 
scalability as a common denominator. As such, 
health information infrastructure has not yet 
stabilized, and one may well ask whether for 
PHIs the research arena is the stage with the 
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field action taking backstage, or if it is the other 
way around. We do not have a definitive answer 
to this, time and results will tell. For the time 
being, research forms a backstage for ministries 
of health of several developing countries, but 
-at the same time- they are backstage for the 
information system research community which 
reads about implementations and challenges 
in those contexts. Considering the potentially 
never ending retrospective reconstruction of 
the backgrounds of institutionalization, we do 
not propose a definitive judgment. Rather we 
highlight the intimate relation - and continuous 
interchange - between ideas and actions. This is 
particularly relevant for large technical systems, 
which co-evolve with the ideas they support and 
are supported by. We assume that this ‘double 
hermeneutic’ (Giddens: 1982) is pertinent for 
understanding the evolution of infrastructures. 
Paraphrasing Bowker (2000), we might say that 
the PHI-promoted information infrastructure 
operates simultaneously at the concrete level of 
participatory design and implementation (fields 
in a database, capacity building, integration of 
datasets and organizational practices) and at 
an abstract one (dealing with the relationships 
between information science, organization, 
public health, and global software development, 
among others).

The issue of scalability became an official 
topic in the research group which remained at 
the heart of the network. This is how it was 
spelled out in a manifesto draft:

We take a broader view on information in-
frastructures to include both the technical 
components such as the technologies and 
standards, and also the interconnected social 
and organizational elements such as work 
practices, human resource issues, politics, and 
other institutional conditions. […] key research 
issues of the group:

Scalability, or how to generate and man-• 
age growth
The tension between standardization and • 
flexibility;

How can global work processes and in-• 
frastructures be controlled (or managed) 
(e.g. practical as well as legal, regulato-
ry and institutional systems around OSS 
issues)
What kind of risks are involved • 
(produced);
How can learning and innovation take • 
place and be supported and taken into 
account within global work processes 
and infrastructure development;
How are information infrastructures dif-• 
ferent in the context of “third world” 
countries, and what different approaches 
and strategies are required for their culti-
vation to support socio-economic growth 
processes
How are information infrastructures • 
(or: how can information infrastruc-
tures be) maintained, sustained and 
institutionalised?
And first of all: The interaction between • 
these.

More on the action side of this action-
research effort: In 2006 one of the Indian team 
members said during a focus group that she was 
surprised by the short period it took in South 
Africa to gain the momentum for exponential 
growth. Although it can be misleading to com-
pare post-apartheid South Africa to India, such 
differences raised a question both among PHIs 
coordinators and in the university corridors: 
“Can it be that the chances to bootstrap and 
establish an infrastructure depended so heavily 
on historical contingencies and causalities?”

In India, the presence of powerful software 
entities, both public and private, combined with 
a strongly hierarchical tradition to make it hard 
to pursue a bottom-up approach. In one state, 
while the local team was putting its efforts 
in the health facilities, an agreement of the 
state health department with a national public 
company resulted in an intermittent halt to 
all activities. A conference about information 
technologies for development provided an op-
portunity to discuss with a broad audience of 
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researchers and practitioners: one of the issues 
pinpointed was that the halt may have marked 
a crisis of the PHIs bottom-up approach to HIS 
development and implementation. If so, it is 
important to understand why top-down agree-
ments coexist with bottom-up rhetoric (one of 
the sparking questions of this submission). Our 
interpretation is that the HIS4D organizational 
field had become much more crowded, and this 
necessitated situating the project in relation to 
a number of new actors, moving and affecting 
considerably more resources. Negotiations 
tend to be at state level, and this is where the 
balance between different approaches has to be 
explicitly and tacitly negotiated.

The case of a southern state of India is of 
particular interest, both because of a strong 
tradition of self-reliance and independence from 
both global and national trends (which made the 
organizational field less crucial in comparison 
to local considerations), and PHIs use of FOSS 
(which facilitated alignment with official state 
policy). Indeed, the state government official 
policy documents state:

ICT has opened up the possibility of radically 
different information exchange patterns by 
facilitating faster and more efficient dissemina-
tion of information. It can play a vital role in 
sustaining the democratic ethos of the Indian 
society and ensuring a high level of transpar-
ency and accountability in governance […] 
The Government has a comprehensive view of 
ICT as a vehicle for transforming Kerala into 
a knowledge-based, economically vibrant, 
democratic and inclusive society. By the term 
“inclusive,” the Government means that the 
benefits of the socioeconomic transformation 
possible through ICT should reach every single 
citizen of the State. This policy document defines 
the Government’s vision, mission and strategy 
for achieving the same. […] The Government’s 
vision is to turn Kerala into a knowledge soci-
ety with sustainable economic growth, social 
harmony and high quality of life for all. The 
Government realizes that Free Software pres-
ents a unique opportunity in building a truly 

egalitarian knowledge society. The Government 
will take all efforts to develop Free Software 
and Free Knowledge and shall encourage and 
mandate the appropriate use of Free Software 
in all ICT initiatives.

This state policy identifies a meso-level 
between global trends and local specificity, 
which is crucial in situating full coverage 
implementations of HIS. Indeed, FOSS tech-
nologies are what make PHIs an acceptable 
vector of ICT-based transformation, because 
they promise inclusion and democratic devel-
opment. Practically, the software is expected 
to be more under control of local authorities 
and developer teams. Both philosophically and 
practically, the state government maintains that 
FOSS can be used to enact cooperation and 
communal property, which is more consistent 
with its own ideological dispositions and long 
term development strategies.

Table 1 summarizes the second shift in 
software and organizational characteristics.

DISCuSSIon

The notion of “counter networks” (Mosse and 
Sahay 2003) draws upon Castells’ (1996) argu-
ment that social development in the context of 
globalization is related to the use of ICT, and 
determined by the ability to establish synergistic 
interaction between technological innovation 
and human values. Central in this connection 
is communication between “nodes” in a net-
work. Marginalized groups may counter their 
exclusion through the creation of such counter 
networks. This is the line that PHIs explicitly 
followed, focusing on education, research, 
improvement of communication practices both 
inside the health care hierarchy and with the 
population in general.

The opening figure illustrates the fluctu-
ating relevance of local legitimation: in the 
fledgling period, it was crucial. As the influence 
of the organizational field strengthened, global 
trends began to dominate. Finally, state-wide 
implementations again required an emphasis 
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on specific conditions, though differently from 
in the pilot stage. Commonly, the challenges 
of scaling ICT implementations are seen as 
related to escalation of complexity in terms of 
workload, functions, and scope, combining to 
trigger proliferation of side-effects and risk. In 
parallel to this view, we highlight the qualitative 
switch between regulatory contexts, on top of 
the quantitative growth of a system. Shifting 
relations to local institutions (organizational 
culture, public authorities, politics etc) means 
that scalability requires actors to be able to re-
late to quite different cultures, accountabilities 
and communicative practices. From the case 
presented here, we can see how the accepted 
scope shifted from local health facilities needs 
in post-apartheid South Africa (when the aim 
was consolidation of health systems for differ-
ent races through the integration of information 
flows for local action) to the identification of 
common problems and converging resources 
from a variety of settings. Such networks of ac-
tion supported the expansion of the project. But 
interlinked pilots needed another kind of insti-
tutional legitimation to expand. So to avoid the 
risk of spreading thin, state decision makers had 
to be involved, to support broader implementa-
tions. At that point, information requirements 
from health systems were more rooted in basic 
routines, rather than experimental implementa-

tions. In the second switch, from the networks 
of action to full, centrally sanctioned rollouts, 
the requirements were qualitatively different. 
To roll out, there is an expectation of some-
thing more robust and smoother. The software 
must be intuitive and user friendly, capable of 
handling large datasets, professional quality 
manuals must exist, and extensive training 
conducted (at one extreme, training involved 24 
000 people in one Indian state). Such changes 
explain the adoption process by linking it to the 
socio-technical capacity of matching diverse 
institutional settings. Looking at the oscillation 
between different sources of legitimation, we 
can understand how the transformative role of 
ICT (Avgerou, 2007) actually played out in the 
different phases of the scaling. The qualitative 
shifts between phases counteract a linear con-
ception of ICT diffusion.

We can note a re-positioning of the PHIs 
strategy: from the original bottom-up approach, 
things have been steered more towards a top-
down focus, which shifted from the community 
and health facility to ministerial levels. It is 
claimed within the network that pilots are 
still organized at district level. This is surely 
characterizing PHIs approach to localization 
of its interventions. Nevertheless, it has to be 
acknowledged that local appropriation and em-
powerment of health personnel is currently not 

Table 1. Changes in organizational characteristics in the second shift from networks of action 
to full coverage rollout 

Networks of action Full coverage rollout

bottom-up top-down

centrifugal expansion centripetal focus

agility stable capacity

open communication internal discussion

global scope and functionality national and local customization

spreading thin Consolidation

selection of favorable conditions for success of pilots capacity to cope with the variety of situations that the 
state presents

occasional competition between pilots one system (up-front competition for tender)

loosely structured formal organizations
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the driving force of adoption, as it was initially in 
South Africa. “Cultivation” is still an important 
element of PHIs action, but capacity building 
and incremental change are not pursued directly 
at the district or community level, but rather at 
the ministerial level in most infrastructural hubs. 
Consequently, the ‘seeds’ are different: graduate 
health informatics programs, system coverage 
of wide regions and numerous health programs 
(TB, malaria, reproductive health etc), relations 
between public administrators and internation-
ally active organizations, the constitution of 
software developer teams, etc.

In this sense, efforts to establish a health 
information infrastructure can be seen as institu-
tion building activities, changing according to 
available sources of legitimation.
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Abstract. Through the study of a long term, globally targeted effort to design health in-
formation systems in the Global South, we explore challenges to distributed participation 
within and across countries, and describe efforts at addressing these. Networked action 
research projects can enable pooling of resources, skills, best practices and tools, and cross-
country collaboration does not have to preclude local ownership, as illustrated by the case 
material in this article. We highlight specifically the need for circulation of people, artefacts, 
and standards, to both support local practices and foster the capacity of all stakeholders to 
take active part in the design and implementation of information systems. The deep effects 
of global technological change call for a multilevel approach bridging local implementations 
with global research and participatory design efforts and co-evolution of standardised tools. 
 
Key words: Distributed participatory design, boundary spanning, scaffolding, innofusion, 
Global South

1

Titlestad et al.: Distributed Development to Enable User Participation: Multilevel

Produced by The Berkeley Electronic Press, 2009



28 • Titlestad, Staring & Braa

Introduction1 

This article addresses the issue of participatory design (PD) of information systems in resource 
-constrained settings, with a particular focus on the diverse public health care sector in the 
Global South. The insights from the PD tradition are widely recognised, and have become an 
increasingly mainstream part of information system development methodology in rich coun-
tries. However, their potential has yet to be fully exploited in regions such as Africa and Asia, 
where design-reality gaps remain a challenge to computerisation attempts (Avgerou 2002; Heeks 
2006). Examining the case of a long term effort to design health information systems across a 
number of countries, we discuss the scope for PD approaches in networks that are distributed 
along several dimensions.

In the South, the lack of funds and skilled people underscores the importance of being able 
to draw on inputs from similar settings, as participation in design is costly. Key challenges thus 
relate to developing means to leverage achievements and replicating participatory learning proc-
esses in new places. Therefore, Distributed Participatory Design (DPD) becomes an important 
goal – both for empowering developer and user communities in various countries, and for build-
ing reusable tools. The spread of the internet is a major factor in enabling PD across space and 
time (Gumm 2006a). The aim of this article is to explore what DPD can entail in a network of 
South-South-North collaboration.

There is a strong need for consolidation, integration and collaboration in health information 
systems globally (AbouZahr and Boerma 2005; Tierney et al. 2008). The HIV/AIDS pandemic 
and initiatives such as the UN Millennium Development Goals (MDG) have lead to priori-
tisation of the complicated task of improving health services and information flow, and have 
increased donor support for many health programs (such as TB, malaria, vaccination programs, 
maternal health care, etc.). Unfortunately, donors often introduce bespoke systems that sidestep 
established reporting routines. The resulting complexity, coupled with meagre human resources 
and infrastructure, easily leads to fragmentation and poor data quality. The launch of the Health 
Metrics Network (HMN) in partnership with the World Health Organisation (WHO) in 2005 
was an important step towards promoting standards. A key feature of the HMN Technical 
Framework is integration of essential data in a shared repository.

Such emphasis on integration and standardisation is quite removed from the original focus 
of participatory design projects. The PD tradition grew from a number of Scandinavian work-
ing life action research projects in the 1970’s and early 80’s. In particular, union based projects 
focused on empowerment of workers to:

Improve their capacity to negotiate the introduction of new technology with manage-• 
ment (for example, a project for the Norwegian Iron and Metal workers’ union; Nyg-
aard 1977; Sandberg 1979), and

Foster participatory design of alternative computer applications with the workers’ skills • 
and interests in focus (for example, the UTOPIA project, which aimed to create good 
tools for typographers; Bødker et al 1987).

While the direct outcomes from these projects were relatively insignificant, they did have an 
effect at the political level, and gave rise to new legislation regulating the introduction of new 
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technology (Bjerknes and Bratteteig 1995). Even so, the early PD projects had little impact out-
side singular research sites, and therefore also failed to become sustainable. Summarizing these 
experiments, Engelstad and Gustavsen (1993) suggested that the action research community 
needed to move beyond isolated efforts; focus should be shifted “from single organisations and 
work places [...] to networks” (ibid., p. 219). Adding to this the globalisation afforded since 
then by the Internet makes it interesting to examine approaches to user involvement in design 
in distributed networks (Obendorf et al this issue).

The Health Information Systems Programme (HISP) is a multinational research and devel-
opment network aiming at developing information systems to strengthen local health services 
in the Global South. Explicitly rooted in the PD tradition (e.g., receiving the Artful Integrator’s 
Award at the Participatory Design Conference in 2006 for action research and design across 
country and community contexts), the project has increasingly imbibed lessons from the dis-
tributed software development (DSD) literature. HISP was initiated in South Africa in 1994 by 
researchers from local and Norwegian universities, and health activists from the anti-apartheid 
struggle. The project was part of the new ANC government’s Reconstruction and Development 
Program (ANC 1994a), and began as a participatory system design project in three pilot dis-
tricts, aimed at supporting newly defined health districts (ANC 1994b). The project had two 
major elements: 1) definition of an integrated essential data set, including data from the full 
range of health programs and services, to be collected from all health facilities, and 2) develop-
ment of a software application called the District Health Information Software (DHIS) to man-
age the data being collected and integrate with other data sources such as population census. In 
the period 1999 - 2001, use of the DHIS application gradually spread, leading it to become an 
official national system in South Africa (Braa and Hedberg 2002).

After the turn of the millennium, HISP activities spread to other countries in Africa and 
Asia. Today, HISP comprises a global network of universities, health authorities and NGOs 
from around 15 countries in the Global South. Through persistent efforts, the network involved 
in design and development of the software also slowly expanded from a two-man team in South 
Africa to a global team distributed across 7-8 countries in Africa, Asia, and Scandinavia. Distri-
bution and coordination of activities within HISP have been enabled by an international PhD 
program with more than 25 students from Africa and Asia and the establishment of Masters pro-
grams in health informatics in several countries (Tanzania, Mozambique, Malawi, Ethiopia, Sri 
Lanka) funded by the Norwegian government, where students conduct research within the net-
work and circulate between countries, enabling the sharing of experiences and best practices.  

 Organisation of the article: The next section reviews the literature on participatory design 
in distributed contexts and related concepts, followed by a section outlining the methodology. 
Section four details the increasing distribution of design and development activities in the HISP 
project. This is followed by a discussion where we draw on the case study to describe a global 
approach to participation across boundaries. The last section sums up our contributions.
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Literature and background2 

This section discusses the concept of participatory design in relation to recent trends in the direc-
tion of widely dispersed software development and deployment of standard information systems 
in diverse settings. To analyze the role of participatory design in a globalized world, we introduce 
concepts around learning and innovation across boundaries with the help of standards.

 DPD, DSD and standards2.1 

There has been a marked growth in standards based, generic information systems, designed for 
use throughout whole industry sectors, such as health care, or even across sectors, such as ERP 
systems (Pollock et al. 2007). Thus, there is a need for approaches to distributed systems de-
velopment that both ensure coherence and can support diverse local settings, striking a balance 
between global standards and local needs (Rolland and Monteiro 2002). To be able to develop 
global software systems, modularisation and generification strategies become paramount, and 
this is reflected in both organisational arrangements and software architecture (Staring and Ti-
tlestad 2008).

The diversity of distributed use settings should be distinguished analytically from the dis-
tribution of software developers. The latter is explored in the literature on distributed software 
development, which discusses challenges in terms of coordination and sharing of knowledge 
beyond those faced by collocated teams (Lings et al. 2006). This is particularly relevant when 
developers are spread across cultures and time zones, as is common in offshore outsourcing 
(Sahay et al. 2003). Offshoring arrangements are usually seen mostly as cost-saving measures, 
but as pointed out by the Open Innovation literature (Chesbrough 2003; West and Gallagher 
2006), the preponderance of ingenuity in the world is distributed outside of any particular or-
ganisation, and one should seek to harness it. This would seem to be all the more the case when 
potential users are also widely dispersed. 

1 Have Clear Distribution Rationale
2 Clarify All Understandings
3 Leverage Modularity
4 Use Cultural Mediation
5 Facilitate Human Communication

6 Manage Processes
7 Develop a Sense of “Teamness”
8 Encourage Temporary Collocation
9 Encompass Heterogeneity
10 Develop an Effective Tool Base

Table 1: Ten strategies for DSD, from Lings et al. (2006)

The distribution of developers geographically introduces problems of mutual understanding 
which are very similar to issues that PD approaches seek to address, and Gumm (2006a) rightly 
asks whether the concept of DPD embodies a contradiction in terms. Furthermore, whereas 
DSD has so far been studied mostly in commercial settings, PD is often associated with research 
or public sector efforts. In our view, this makes it even more pertinent to compare the two bod-
ies of research. For example, it is interesting to note that the strategies suggested for successful 
DSD (see Table 1) are quite similar to PD methods for bridging the gap between users and 
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developers, for example items 2, 5, 8 and 9. In other words, DSD research provides methods to 
alleviate many of the challenges increased distribution poses, which can help make DPD viable. 
Similarly, Loebbecke and Powel (2009) analyse links to action research and design science. 

PD in the Global South and learning2.2 

Over time, the focus of much PD research has shifted in a more pragmatic direction (Green-
baum and Kyng 1991). A key PD principle is to bridge and blur the user-designer distinction 
from both directions, through mutual learning processes. By this approach, users must be able to 
engage with the artefact under design, and designers should build a thorough understanding of 
the life-world(s) of the users, to have a more complete perspective of the system in use (Bjerknes 
and Bratteteig 1995). Effective methods to achieve this usually rely on prototyping and intensive 
face-to-face interaction between users and designers, such as close observation of the work prac-
tices of users, joint workshops, and scenarios (Kensing 2003). In the Global South, computer-
ised information systems are still few and far between, and potential users in the health care sec-
tor have no or extremely limited prior exposure to them. This amounts to a significant threshold 
hindering participation, and a visual, interactive prototype is essential to overcome such barriers 
and enable meaningful reciprocal learning between designers and users (Kimaro and Titlestad 
2005). Such prototypes become significant boundary objects shared between problem solving 
contexts (Star 1989). In new product development, boundary objects help establish a “boundary 
infrastructure” used to manage knowledge across a given boundary (Carlile 2002).

Mutual design processes are therefore likely to initially have characteristics of exploration 
and struggle to make things work, captured in the related concepts of innofusion (Fleck 1988) 
and learning by trying (Fleck 1994). Complex artefacts such as organisational technologies are 
likely to require processes of experimentation in the contexts in which they are implemented. 
They may need to be taken apart, broken down, adapted and reconfigured, and sometimes the 
technology may be more or less completely re-invented in its implementation and use. Repeated 
reconfiguration of components into systems that fit particular contexts thus blurs the line be-
tween innovation and diffusion, leading to the notion of innofusion (Fleck 1988).

Similarly, learning by trying refers to “the knowledge created during innofusion and may 
occasionally amount to significant changes in technological knowledge bases” (Peine 2008, p. 
5). Learning occurs “due to an initial misfit between product characteristics and its use environ-
ment that leaves room for improvements through the operating experience” (ibid). According to 
Peine, if the initial pioneering phase of radical change results in a working product, the process 
becomes one of learning by using, with smaller, progressive modifications to the functioning 
system. Once the product stabilises and there is less scope for further improvement, learning 
takes on more of a character of on-the-job training, referred to as learning by doing. However, 
in the Global South, with sparse technological infrastructure and knowledge base, this clean 
sequence becomes blurred, with the categories of learning occurring in parallel: familiarisation 
with technology and design of an appropriate system of necessity become intertwined and take 
place simultaneously.

Furthermore, when considering the Scandinavian PD lessons in the context of the Global 
South, an important difference is that the typical arena for movements for social change in de-
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veloping countries is the political ‘grassroots’, rather than the workplace (Braa 1996). Therefore, 
a community based approach is recommended (Byrne and Sahay 2003). As the user-designer 
gap in knowledge of and experience with IT solutions is often wider in the Global South than 
in Scandinavian settings, PD approaches aiming at fostering mutual learning are actually even 
more appropriate and relevant in such contexts (Braa et al. 1993). 

The concept of innofusion is particularly apt when we make the transition from bespoke 
systems for a single site to more distributed information systems. In order to cope with the 
variety of present and future contexts, Fischer (2008) introduces the concept of meta-design, 
meaning design that aims to empower users to engage actively in continuous, iterative develop-
ment, rather than being restricted to the use of existing systems. Meta-design strategies such as 
flexible standards, modularisation and black-boxing can facilitate generification processes (Braa 
et al. 2007). The meta-design approach strives at creating not only a flexible technical basis for 
design, but also social infrastructures in which users can participate actively as co-designers to 
shape and reshape socio-technical systems. 

 Boundary spanning and scaffolding2.3 

Successful examples of global scale DSD can be found when studying the phenomenon of Free 
and Open Source Software (FOSS), which is usually characterised by a communitarian, asyn-
chronous and mediated design practice where both users and developers are widely dispersed 
(Barcellini et al. 2008). FOSS projects typically blur the separation of roles through transparent 
processes and open communication and intensive use of online media (Fogel 2005; Lanzara and 
Morner 2005). Indeed, the FOSS approach can be considered as a continuous form of open 
ended distributed participatory design, where new functionalities can always be proposed by 
different kinds of participants, regardless of their stake in the project, and users can potentially 
be involved in all phases of the development process (Barcellini et al 2008; von Hippel 2005). 
In order to create successful organisational systems, design teams should include both software 
architects and domain experts. Thus, mutual learning processes are crucial, though difficult to 
accomplish (Gumm 2006a). A successful FOSS project will consist of people filling different 
roles (sometimes simultaneously), such as project leader, administrator, developer, and user, with 
varying levels of engagement. In particular, the FOSS literature stresses the role of active users 
who participate by assisting newcomers, reporting bugs, or proposing new features (Fogel 2005; 
Preece et al. 2004).

Prominent ways to cope with the geographical and organisational distribution and diversity 
of roles in FOSS projects include boundary spanners and scaffolding. Boundary spanners are 
persons who act as mediators, traversing boundaries between organisations and teams, enhanc-
ing informal communication across networks (Sarant 2004; Sonnenwald 1996). “Becoming 
boundary spanners implies having developed skills and competencies in the different fields that 
are spanned. Boundary spanners are well aware of all practices and have achieved legitimacy and 
credibility in the domains they span” (Barcellini et al. 2008:560). The multiple dimensions of 
distribution in FOSS projects (and in DPD more generally) mean that many boundaries need 
to be bridged, and this implies a strong need for developers, implementers and coordinators who 
can span organisational contexts and geographical boundaries. Whereas with infrastructural 
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software like databases or operating systems, developers are usually also users, the differences in 
perspective is larger for organisational software, and thus the need for boundary spanners all the 
greater. The gap can best be bridged by technically conversant people who engage in implement-
ing the system and training end-users, and who are also adept at communicating with the core 
developer team. More than just super-users, such mediators normally work closely with users to 
make systems work and therefore understand their problems, but also know at least some of the 
developers by name and can relate to them (Finck et al 2004).

Supplementing and enabling the activities of boundary spanners are material means of me-
diation and support for the design process. Seeing parallels between design and learning, we 
find Orlikowski’s (2006) use of the concept of scaffolding useful for understanding how DPD 
can succeed. A scaffold is not part of the final product, but serves temporary support functions. 
Scaffolds are flexible and can be set up according to local conditions, and are also portable, i.e. 
they can quickly be assembled and modified in different places. Thus the metaphor helps us 
focus on the “temporary and situated engagement of technology in knowledgeable activity. That 
is, for the duration of a particular human practice, actors draw on various artefacts, spaces, and 
infrastructures to conduct their activities” (ibid., p. 462), or what Orlikowski terms the ‘scaf-
folding of knowledgeability’. Moreover, scaffolds are generative, in the sense that they serve as a 
“basis for other (creative) work, facilitating the performance of activities that would have been 
impractical without material augmentation” (ibid., p. 462). 

Thus, the challenges of DPD can be addressed through the combination of a network of 
collaborators formed around boundary spanners and scaffolding infrastructure such as training 
material or the typical technical artefacts employed by FOSS communities (see section 3). Ac-
cording to O’Reilly (2003), the truly distinguishing characteristic that FOSS offers is not the 
availability of the source code, but an overall “architecture of participation”, both material and 
social. The experiences from the case presented below suggest the contours of such an architec-
ture for the Global South.

Method 3 

Our empirical investigations are grounded in the Scandinavian action research tradition, which 
emphasises engagement in the field. A long-term distributed action research effort, the approach 
followed in HISP builds on the literature on networked action research (Elden and Chisholm 
1993; Engelstad and Gustavsen 1993), and has elsewhere been termed Networks of Action (Braa 
et al. 2004a). In essence, it is based on the premise that action should not take place in isolated 
units, but only as part of a greater community where sharing of experiences, learning processes, 
and support are facilitated. The Networks of Action approach is specifically designed for the 
resource limited conditions in the Global South. The 15 years time-span of HISP exceeds tra-
ditional ‘projects’ and is more akin to social movements or programmes (Elden and Chisholm 
1993).

All three authors are actively engaged in the Health Information Systems Programme on a 
daily basis. One of the authors was the originator of the project in the mid-1990’s, and the two 
other authors have been engaged in the action research project for about five years, working on 
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software development, design and implementation, as well as education activities. Since 2004, 
this group has lead efforts to distribute participatory processes of development and design of 
version 2 of the software (DHIS v2). More specifically, we have engaged in the management of 
developers in the Norwegian node, facilitating collaboration between nodes, guiding PD proc-
esses in local implementation projects, and building design capacity in various countries. 

The ongoing activities started more than a decade ago. Such a long-term action research 
project inevitably gives rise to various data sources, both formal and informal, involving multi-
ple types of data and methods of collection. It is therefore difficult to provide extensive quantita-
tive details of the number and timing of interviews and repeat interviews conducted. However, 
the project has produced vast amounts data from primary and secondary sources. In line with 
FOSS best practices (Fogel, 2005), extensive use of open communication tools such as mailing 
lists, issue trackers, and wikis means that much of the informal communication in the project is 
publicly accessible (von Krogh and Spaeth 2007).

Primary data sources include notes form field observations and discussions with health 
workers, administrators, technical staff and local developers as we engaged in project implemen-
tation. Secondary sources include journal papers, conference presentations, PhD and masters 
theses (many supervised by us), and various workshops and seminars. Also, since the project 
received funding from a variety of donors, in particular through the European Commission’s 6th 
Framework Program, extensive project reports have been developed, with detailed description of 
activities and progress, supplemented by evaluation reports, funding proposals and notes from 
meetings involving managers and staff. These data sources are listed in Table 2.

Academic Theses, dissertations, papers, conference presentations

Project related Funding proposals, progress reports, evaluations, presentations to 
stakeholders

Communication
tools

Mailing lists, wiki, issue tracker, source code commit messages, instant 
messaging meeting records

Field Meeting notes, user observations, developer workshops

 Table 2: Data source categories

The empirical focus of this paper is on the trajectory of participatory design in the project, 
from its beginnings following a traditional PD approach in a few districts in South Africa, to an 
increasingly globally dispersed processes of design and implementation taking place around the 
network today. Taking Gumm’s (2006b) four axes of distribution (spatial, temporal, organisa-
tional, and stakeholder related) as an organizing principle, we identified a number of important 
distributed interactions impacting on the design, both of the software and of the overall proc-
ess, including implementation. These interactions were then grouped according to similarities 
in how they were affected by distribution. Surveying these groups, the following main themes 
emerged:

Design taking place at multiple levels, and the interaction between local and global • 
design processes
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The organisation and balancing of teams and roles, and their effect on both traditional • 
PD and DPD

The role of DSD to foster DPD• 
These grouped themes form the structure of the case description in the next section.

Case – distribution in the HISP network 4 

The Health Information Systems Programme (HISP) spans a 15 year period and represents a 
reservoir of field stories across a wide variety of research topics and country contexts. The project 
has undergone major transformations from being a small district pilot to becoming a recognised 
actor on the global arena of health information systems for the South. This case study focuses 
on the trajectory of PD in HISP, particularly during the shift from a locally focused to a globally 
distributed project.

We start by presenting a condensed timeline of design activities in HISP (4.1), followed 
by a description of what exactly is being designed (4.2) in this project. With this background, 
we discuss how various constellations of teams and roles both strengthen and impede local and 
global design activities (4.3), and finally describe how the challenges of global software design 
have been met in and across the various local contexts (4.4) in HISP.    

Timeline of HISP design4.1 

The first phase of DHIS development can be characterised as an intensive three year evolu-
tionary PD process which took the system from a district pilot to a country-wide standard for 
Health Information Systems (HIS)  in South Africa (Braa and Hedberg 2002). These efforts 
were carried out in line with PD practices, and a series of increasingly refined prototypes were 
tested in close collaboration with users, to enable information for local action. To some extent 
the prevailing post-apartheid reform goals of decentralisation and local empowerment were “in-
scribed” into the software. While the iterative design process produced a close fit with the needs 
for sweeping reform, the system accumulated both rigidities and a messy architecture overall. 
This proved problematic when it was subsequently introduced in countries such as Mozam-
bique, India, Vietnam, and Cuba after the turn of the millennium. To address this situation, the 
project embarked on a completely revised and internationalised version of the software in 2004, 
starting from a full remodelling of the database. The developer team was still confined to Cape 
Town, and employed the same technology (MS Access), but this time the users were primarily 
elsewhere (South Africa kept the existing installations, which were stable and well adapted to 
the local situation). Through extensive travelling of project staff, supplemented by e-mail com-
munication, the new internationalised DHIS version was developed as a participatory process 
between the developers in Cape Town and implementation teams in Botswana and Zanzibar 
(Sheikh and Titlestad 2008).

As the new, internationalised v1 was introduced to new countries, the two-person develop-
ment team became a bottleneck to supporting the expanding network of users with specific re-
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quirements. While the technology enabled rapid prototyping, the v1 architecture was not suited 
for distributed development, and because of the small and co-located team, no source code shar-
ing tools had been employed. Another shortcoming of the existing architecture (called v1) was 
the dependence on the Microsoft platform, which meant that even though DHIS v1 itself was 
open source, it required the full MS Windows and MS Office stack to run. These factors trig-
gered yet another revamp of the software. Development of v2 began in 2004 under leadership 
of the University of Oslo, but aimed at distributing development activities to a number of the 
countries in the network, in order to bring software development closer to the contexts of use. 

A stack of “bleeding edge” Java-based technologies was selected for v2, and in parallel a 
distributed development platform similar to those employed by many FOSS projects was set 
up. However, re-implementing DHIS as a modular web application proved quite difficult. Also, 
the radical break in technologies as well as an over-emphasis on the new online communica-
tion platform presented a formidable obstacle to the involvement of existing technical staff in 
various sites. The new flexible but complex architecture in effect hindered PD efforts, as it took 
over a year and a half before v2 could initially be deployed, first in India, and even then much 
important functionality was lacking. The system improved significantly through early use in 
India and Vietnam and later also in Sierra Leone, as well as through the involvement of new 
software developers recruited locally. While engaging with the global source code, their main 
task was to support local implementations, in the process bridging the divide between users and 
developers.

After the first pilot in Kerala in the beginning of 2006, use of v2 spread greatly in India, 
establishing the credibility of some of the HISP team members to participate in a national HIS 
reform process. As a consequence, v2 is planned for installation at the sub-district level all over 
the country. The maturation of v2 made it a candidate for inclusion in the Health Metrics Net-
work (HMN) initiative to implement an integrated HIS in Sierra Leone and also meant that it 
became part of a WHO recommended stack of FOSS tools for public health. 

Table 3 summarises different stages of distribution of developers and user settings.

Timeline Stage Use and Development

1994-1999
Pilot and national 
system

Users and collocated software developers, all in South 
Africa, network of users

2000-2004
Expansion Multiple countries, core development isolated from local 

modifications

2004-2007 Technological transition Two branches (v1 & v2), infrastructure for sharing,  but 
fragmented processes, isolated modifications

2008-> Integration Multiple local teams, travelling, local developments 
contributing to global software 

Table 3: Different stages of distribution of developers and user settings.

Sub-sections 4.3 and 4.4 describe in more detail how the organisation of both people and tech-
nologies was decisive in the design of DHIS during the stages depicted above.    
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Global tools and in-country system design4.2 

Design of in-country systems – example South Africa

As the existing South African HIS was extremely fragmented, with poor data quality and lacking 
standards, the first objective was to develop shared essential definitions of data to be collected 
and key indicators to be calculated across the country. The initial development of a minimum 
data set in Western Cape Province and software to handle it (DHIS) took place in close collabo-
ration with end users and health professionals. Through a gradual process, several features were 
added which to some extent inscribed reform aims and best practices into the software; 1) the 
new health policies with a focus on decentralisation and local management and 2) information 
for local action approach to public health. The breakthrough came in 1997/98 when first one 
province, then a second, implemented new minimum data sets using the DHIS.

The experiences from South Africa have been instrumental for HISP in the development of 
participatory approaches to identify and to support information needs within national health 
systems. In each country, the more concrete design outputs needed for a well-functioning system 
include standardised and clearly defined data sets and indicators, good data flow routines, data 
validation, and various standard formats (tables, charts, maps etc.) for data analysis, presenta-
tion and feedback for each organisational level. While the standardisation of health information 
has made progress at the global level, there are still pervasive contextual differences between and 
within countries, making in-country design processes essential to the implementation of locally 
relevant information systems.

A shared toolbox

We use the term global toolbox for systems design to refer to what is being distributed and ap-
plied in the various in-country design processes in the global HISP network. The toolbox con-
tains software (the DHIS), best practices and recommended strategies for overall development 
of in-country systems, as well as training material and other documentation.

DHIS is a generic tool rather than a pre-configured database application, with an open 
metadata model and a flexible user interface that allow the user to design the contents of a spe-
cific information system without the need for programming. This also allows for rapid prototyp-
ing: for example, during a short initial visit in Sierra Leone, DHIS v2 was quickly customised 
with the local organisational hierarchy, and data was imported from various fragmented systems. 
The implementation team could then present the rapidly assembled system to major stakehold-
ers in the project, visualizing their own data in indicators and charts. By displaying concretely 
what the final integrated system could provide, both technically and in terms of information, the 
DHIS served as a powerful interactive tool supporting early discussions.

In a typical implementation sequence, the initial system designed at the national level un-
dergoes a validation process at selected pilot sites, where local managers and health workers play 
a central role in modifying and further adapting the system to their needs. Being able to com-
municate through a visual and easily editable tool facilitates local PD processes. For example, 
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district managers in Sierra Leone became actively engaged in designing additional calculated 
indicators through the user interface and could quickly see the results in tables and charts, using 
their recently collected data. In Cuba, the sub-district statisticians played a key role in localizing 
the organisational hierarchy by replacing “dummy” names such as “Family Doctor Office 1, 2, 
3” with meaningful facility names not known at the national level (Braa et al. 2004b). Such 
design processes were often carried out as part of on-the-job training.  In this way, an important 
requirement in cooperative prototyping was achieved; to bring the current skills of the users in 
contact with new technological possibilities (Bødker and Grønbæk 1991). 

Teams and roles in HIS design4.3 

A number of actors and stakeholders are part of the HISP network; health workers, administra-
tors, public health experts, graduate students, project leaders, and technical staff and trainers 
in the various sites where the system is introduced. To strengthen the many local implementa-
tion teams, both from the technical and medical information domains, the University of Oslo 
(UiO) introduced graduate programs in health information systems and research projects re-
lated to HISP activities. A number of key project members, with either medical or technical 
backgrounds from Ethiopia, India, Malawi, Mozambique, Tanzania, and Vietnam have so far 
completed Masters or PhD degrees.

A key strategy in HISP has been to ensure circulation of people across countries, and PhD 
students, researchers and consultants from many different countries have through their travel-
ling established bilateral links and learning between countries and also helped to both design 
and disseminate the global toolbox. E.g. in preparation for an upcoming implementation of v2 
in Tanzania, a team attended a workshop in India to learn about relevant experiences. Other 
examples include Ethiopian Masters and PhD students travelling to Tajikistan and India to 
support v2 implementation, and a Vietnamese Masters student who spent time in Ethiopia to 
strengthen the local development team there. 

The influence of the network on local implementation

When v1 was revamped with global use in mind, the South African development team depend-
ed on feedback from Botswana and Zanzibar. Interaction with users in neighbouring Botswana 
was mainly facilitated by developer field visits, but with the more distant Zanzibar the approach 
was to communicate through experienced global HISP staff. The process of customising DHIS 
in Zanzibar revealed a lot of bugs and instability in the new version, causing considerable frus-
tration in the local team, who were simultaneously learning to use the system. From 2005 to 
2007, there was an almost permanent presence of HISP members (PhD students and consult-
ants) from Norway, South Africa, and India, both from technical and public health domains. 
Furthermore, Masters and PhD students from Tanzania mainland (a three hour boat-ride away) 
who enrolled in Oslo programs did extensive field work in Zanzibar, and participated in the 
local implementation team. Experienced DHIS implementers from Norway and India had in-
depth knowledge of the DHIS, and frequently reported back to the developers in South Africa 
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(whom they knew well) on problems. The following e-mail exchange illustrates the importance 
of having technically skilled people in the field who are able to provide constructive feedback to 
the programming team: 

Indian PhD student working in Zanzibar: 

Hi, we have some problem in calculated Data element. I tried both in DHIS 1.4.0.37 
and 40 but both didnt work. I tried to add some calculated data element and then tried 
to export to data mart but the field show blank. And also there is no DataelementCalcalt-
edfield table in datamart file. Acutally, i was going through the code but all the steps for 
export to data mart are about aggreation and indicators and others but not the anything 
about caluclated data element. I dont know whether i am doing any mistake in setting 
up the dataelement.

South African developer: 

There is no procedure to auto-calculate these values in the export to datamart process. It 
is a process that is currently outstanding but it will be included in build 42.

The Zanzibari implementers were recruited from local technical universities and had no prior 
experience with either the DHIS or the health information field. They were immersed in an in-
tensive learning by trying process, working under the guidance of the visiting implementers on 
designing data sets and indicators and customising the slowly maturing software. The local team 
gradually increased their overall command of the domain and the maintenance of the system, 
and gained the capacity to conduct extensive training workshops and facilitate on-the-job learn-
ing by doing in district offices. Fluent in the local language and culture, they could more easily 
understand the feedback from local users and engage in often heated design discussions with 
key stakeholders. Such intensive engagement with users often led to queries or suggested im-
provements which the implementers then raised with the international team, and subsequently 
discussed on the global mailing list or directly with the core developers, in effect forming a 
multi-level chain of mediation. However, as they became more familiar with the core team, the 
local implementers also communicated directly via email or instant messaging.

Results of user-developer gaps in HIS implementation

When DHIS v2 was first introduced in the field in 2006, the HISP India team members, who 
had several years of experience with v1, found it hard to make it useable in their context. At the 
time, no report generation or graphing tools were in place. Additionally, the initial implementa-
tion had poor capacity for processing the large amounts of data collected in India, having been 
tested mostly with small sample data sets, as illustrated by this e-mail from the local team to the 
Norwegian developers:
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We couldn’t export data values even after waiting for one complete night after clicking 
the button export. Even the calculation of 10 indicators for a year it took more than 7 
hours which is not acceptable.

The Indian team also complained that they could not find their data, as the database model was 
difficult to understand. Although the model was quite similar to v1, the new version incorporat-
ed a database abstraction layer, inscribing the use of a Java Application Programming Interface 
(API) instead of directly accessing the database. However, the Indian team found this hard to 
understand, and chose to bypass the API in order to obtain quick results and fill in the gaps in 
the global v2 software, e.g., providing “hard-coded” (but well-performing) reports.

In response to immediate user needs, a Dashboard module was developed by the Indian 
team in collaboration with health managers, with the purpose of enabling graphical analysis 
of data and indicators in charts. This quickly became an important instrument for the Indian 
coordinators when demonstrating the capabilities of the system to local authorities. For quite 
some time, this module remained outside of the global code repository, and due to many local 
workarounds and hacks, it was not compatible or able to plug into the globally shared code. As 
such, this became a constant source of friction between the local team and the core developers, 
who were asked to help out on problems, yet did not want to deviate from the architectural prin-
ciples they saw as the foundation of the system. The tension eased gradually as the Norwegian 
team gained a better understanding of the context and pressures facing the Indian team.

Expanding the developer network - DSD4.4 

Over the expansion stage of the project, local requests for additional functionality in v1 peaked, 
and increased the pressure on the small development team in South Africa. Where skills were 
available, local additions were developed in-country, as was the case with an Ethiopian ICD 
(International Classification of Diseases) module and a Mozambican custom data entry module. 
However, due to the architecture of DHIS v1 and lack of tools to support a distributed devel-
opment process, these initiatives resulted in “forks”, i.e. local versions incompatible with the 
centrally maintained source code. The isolation caused by such forks hindered appropriation of 
global level improvements, and neither did the global toolbox benefit from innovations in the 
locally forked software.

This situation triggered the development of v2, which emphasised distribution of design in 
order to better utilise the skills around the network as well as meeting local user requirements. 
In this way, a DSD process was partly initiated because of the needs to support PD in many 
locations. However, setting up architecture for distributed development while at the same time 
replicating all the functionality of v1 proved difficult, as illustrated by the initial failure of v2 to 
meet user needs in India. The expansion of the developer network meant a wider distribution of 
skills, mitigated by travel, mentoring and enrolment in graduate education programs, while still 
contributing to the project, both in the home country and globally. 

After a long term trial and error process, during which both the coordinators and the net-
work of developers increased their skills and knowledge of the core architecture and processes, 
many were able to bring local innovations into the global code base, thus forming a true DPD 
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network designing the global toolbox. Through close interactions with users and stakeholders 
in the various settings where the DHIS was deployed, several local teams created add-ons to the 
core application, often quite outside the purview of most of the key developers. The need for 
synchronisation with the steadily evolving core code base, combined with the potential use of 
the functionality in other countries, meant that there was pressure to integrate these add-ons 
with the global repository and “domesticate” them as generic (i.e. not country specific) mod-
ules. 

For example, the Dashboard module developed in India quickly became a success there, and 
caught the interest of the Norwegian coordinators as having functionality with a clear poten-
tial for more general use. However, the Dashboard reflected a lack of understanding of the v2 
architecture and did not follow the intended separation of concerns between global (core) and 
local modules. A Norwegian developer visiting India spent a significant length of time pair-pro-
gramming with its developer and committed it to the repository. Shortly after, the new module 
was used to great effect at meetings with the World Health Organization in Geneva. Later, the 
Indian developer stayed in Oslo for a couple of months, working with the team and attending 
the master level course in v2 technologies. 

The Ethiopian team faced an important requirement to collect information with a relatively 
intricate break down by categories of status, sex, and age, and linked to the International Clas-
sification of Diseases (ICD). Some years earlier the Ethiopians had created a fork of v1 to accom-
modate this functionality. This time, a local developer successfully implemented a module in v2 
to support the multidimensional data sets, replacing parts of the core. Although this resolved 
the urgent need in Ethiopia, the solution was incompatible with central parts of the global code, 
such as the calculation of indicators, and therefore could not be easily shared by other countries. 
Shortly afterwards, the Ethiopian developer was recruited into the PhD program in Oslo, where 
he started discussions with the core developers on how to merge it into the global code base. 
Despite generating several good ideas, a concrete solution remained elusive. However, when the 
Ethiopian developer visited Tajikistan a few months later in relation to the customisation of v2, 
he quickly saw the benefit of his multidimensional model for their detailed report requirements, 
and under severe time pressure, the module was finalised and large parts of the core system were 
re-factored. The new module was subsequently utilised to its full potential in Sierra Leone, and 
underwent several improvements and further stabilisation as a joint effort between Ethiopian 
and Norwegian developers.

Discussion5 

The stages in the HISP case—Pilot and national system, Expansion, Technological transition, 
and Integration—illustrate several aspects of the relationship between DSD and DPD. We now 
proceed to analyze the distribution of design activities through the interplay between local and 
global levels, and the crucial role of implementers and networks.
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Global design through local use 5.1 

HISP design can be seen as two distinct yet related processes taking place at different levels: 1) 
in-country design of health information systems with an emphasis on the system rather than on 
software and 2) across-country design of a globally distributed toolbox of software and best prac-
tices for in-country HIS design. In the development model for DHIS v2 as described in the In-
tegration stage, these processes continuously feed into each other; globally distributed solutions 
grow out of local designs and use, and the global toolbox is utilised in local design processes (see 
Figure 2). The multidimensional data module was designed in an evolutionary process through 
iterations of user interaction and prototyping first in Ethiopia, then in Tajikistan and finally in 
Sierra Leone, and in order to meet the architectural requirements of the global toolbox it went 
through an adaptation process in Norway. In this way innovation takes place through local use; 
through cycles of innofusion where the global and local mutually influence each other. 

Figure 1: Evolutionary global toolbox design

Maintaining the focus on PD as the network expanded necessitated distributed teams of de-
velopers engaging in locally relevant design. In time, and through training and the circulation 
of people and artefacts, these teams took part in the design of generic modules which had de-
veloped from their own or similar contexts, thereby forming a DSD network. While the DSD 
literature mainly discusses virtual teams and offshore outsourcing for the commercial sector in 
the US or Europe, the HISP case turns the setting on its head and looks at “outsourcing” of large 
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parts of development of information systems for the social sector in the Global South, explicitly 
aiming to train developers in many locations. In fact, HISP tries to apply the DSD techniques 
listed in section 2, in combination with FOSS approaches to dispersed collaboration. 

A key design method to spread local innovations across a heterogeneous network is abstrac-
tion or generification (Pollock et al. 2007). The struggle to make the Indian Dashboard module 
part of the global toolbox illustrates that it takes considerable effort to make the products of local 
design both relevant and known. To achieve this, the software architecture must take the form 
of flexible meta-design (Fischer 2008) to balance local and global needs (Rolland and Monteiro 
2002). Thus, DPD raises two important issues; 1) the results take the form of standards, if they 
are to be distributed and shared, and 2) the participants customise the results to suite their own 
needs. The benefit of standards, combined with the democratic principle of users being able to 
adapt the system according to their needs, balances the global-local tensions. The standards in 
question therefore have to be flexible (Braa et al. 2007) in order to facilitate innofusion.

As long as the initial technological transition was mainly confined to Oslo, there was little 
room for sharing of local improvements (which were derided by the Norwegian developers as 
“hacks”). However, as the requisite infrastructure and skills gradually evolved through learn-
ing by trying (Fleck 1994), local designs became available as material in the global toolbox, 
in a process of generification. Thus, as Figure 1 illustrates, innofusion in a network creates op-
portunities for learning by trying designs developed elsewhere. In this way, the sharing of local 
innovations within the network means that there is extensive scaffolding material (Orlikowski 
2006) available to the local design of information systems. 

Coping with distribution5.2 

The case study demonstrates that the global toolbox does not travel well across geographical 
boundaries without being linked to the circulation of people who care about it. The imple-
mentation team in Zanzibar with experienced foreign HISP consultants and PhD students co-
designing with locally recruited implementers combined best practices from the global toolbox 
with a thorough understanding of the local context and needs. HISP implementers take the role 
as boundary spanners to balance global standards with local needs and to bridge the technical 
and health domains (see Figure 2). Implementers acting as mediators (Finck et al 2004) are 
involved with extensive negotiations in the redesign of existing paper forms, the determination 
of data to be collected, and the determination of appropriate indicators to be calculated and 
reported. The HISP project do not only seek to automate existing processes, but act politically to 
support the reform of work practices in the direction of effective use of information for action. 

Through co-design with more experienced HISP implementers from other countries and 
long term processes of learning by using, local team members gradually become effective bound-
ary spanners and more active participants in the global network. Furthermore, PhD students 
from other countries learn important lessons from a new context and from interactions with 
other implementers in the network.
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Figure 2: Implementers as mediators

The platform-like character of the software means that it is simultaneously part of an end 
product which includes reports and local data standards, as well as scaffolding used by boundary 
spanners in collaboration with local users to make systems function in their work settings. We 
have seen from the initial phase in Sierra Leone how the flexibility of the platform enabled rapid 
production of relatively elaborate boundary objects that facilitated communication between 
users and developers.

The HISP variety of DPD is one where local implementers fill crucial roles as intermediaries 
with end users. While the project has seen instances of enthusiastic health managers provid-
ing excellent feedback to core developers, such direct communication with end users are very 
much the exception. The South African user mailing list shows some promise in this regard, 
but strong “champions” and other boundary spanners are needed in each country to enable 
anything similar to strong FOSS communities (Barcellini et al. 2008). The long term global 
support to capacity building for local design has been crucial to providing sustainability. In most 
of the HISP countries implementers were enrolled in graduate programs in health information 
systems. However, emphasis was placed on maintaining strong links with field activities, and 
all students were encouraged to link their studies to ongoing design projects, as illustrated i.e. 
through the long term involvement of Tanzanian graduates in the Zanzibar project.

The case for networked PD5.3 

While acknowledging the very real obstacles to PD introduced by increased distribution, we 
believe that the HISP case shows that Engelstad and Gustavsen’s (1993) call for networked ac-
tion research is relevant to DPD, and this emphasis on networking is also very much  part of 
FOSS best practices (Fogel 2005). Thus, one has to find ways of coping with use in a growing 
number of contexts (Obendorf et al, 2009). The benefits of networking and distribution can be 
explored along two dimensions; one political and one practical, which share common needs for 
standardisation.
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The political dimension may be seen in the continuation of the Scandinavian projects from 
the 1970’s and 80’s. These projects addressed a key political issue at the time: the threat felt by 
workers from the introduction of new technologies. Similarly, HISP is addressing the “hot” issue 
regarding equity of health services in the Global South. Also, there was increasing global focus 
on reliable health data and practical ways to design HIS. Sustainable development of HISP has 
repeatedly involved bottom-up distribution and networking to gain significant traction. Once 
a sufficiently broad basic coverage was established, a kind of snowballing effect attracted more 
top-down interest from political (and administrative) quarters, as illustrated in the three exam-
ples below.

First, the momentum created by results (and good timing, as other efforts faltered) enabled 
gradually widened distribution of use and design in South Africa and a spread of HISP activities 
from three districts to the provincial level, then to more provinces, and finally to recognition at 
the ministerial level and approval as a national standard. Second, the expansion in India from a 
pilot district to state-wide rollouts in several regions of the country established the credibility of 
HISP India team members to participate in a national reform process. Problems with the exist-
ing system were highlighted by visualisation of the data using DHIS v2, which thus became a 
key reform tool. The revised data sets are currently being rolled out nationally, and v2 has been 
formally adopted for the process, which is one of the largest HIS implementations in the Global 
South.

Third, the national success in South Africa and new initiatives in a number of countries in 
Africa occurred at the same time that international actors placed national health information 
systems at the top of the global health agenda, generating interest from a wider audience. Since 
action was needed in many countries, and few other actors were operating in several countries 
with the same generic and free software, HMN asked HISP to support Sierra Leone with DHIS 
v2, and WHO initiated collaboration on software development. As the scale of efforts expanded, 
increased emphasis was unavoidably put on efficiency and practical considerations, seemingly 
overshadowing the overt political agenda, i.e., somewhat similar to the trajectory of the PD 
tradition. Nevertheless, the focus on deprived communities remains the same. 

On the practical side, the HISP case also displays clear benefits from distribution and net-
working. On one hand, a string of local implementations have benefited from the global toolbox 
of best practices and software, stemming from multiple implementations and cross country 
collaboration. On the other hand, as illustrated in Figure 1, the material support afforded by 
the global toolbox has been greatly enhanced through the extensive distribution, and the shared 
material fit well with Orlikowski’s (2006) notion of scaffolding. 

However, the HISP case shows that to ensure working information systems in the South, we 
must look beyond temporary scaffolds. The circulation of people is essential to properly exploit 
the toolbox. An overall observation from the case is that the most efficient design happens in 
many different contexts where technical developers, domain experts and stakeholders meet. 
Day-to-day distribution should therefore, if possible, be interspersed with co-location, in line 
with the DSD recommendations from Lings et al (2006) listed in section 2.

But even isolated boundary spanning is not sufficient. Thorough local capacity building is 
crucial, underscoring the importance of engaging students and health staff in learning by trying, 
using and doing. These efforts must have a long term vision, and we propose the concept of insti-
tutional scaffolding to emphasise the importance of activities such as the development of training 
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programs, academic degrees, and various formal standards, as well as the creation of information 
system cadres and ministerial HIS units. Such efforts must be durable to have real impact, and 
therefore, this kind of scaffolding must be relatively permanent (analogously with the century 
perspective on constructing the Sagrada Familia in Barcelona), and involve institutionalisation. 
As these become fully institutionalised and independent, they can be said to have morphed into 
Fischer’s (2008) technical and social infrastructures for meta-design.

Conclusion  6 

The contributions of this paper consist of adding perspectives to the study of distributed partici-
patory design, by 1) extending it to the Global South and 2) emphasizing the role of implement-
ers as boundary spanning mediators, 3) enabling active generification of innovations that arise in 
local settings and 4) collaboration on the DPD of a common toolbox which in turn 5) affords 
learning-by-trying through scaffolding.

In the perspective of the PD literature, parallels emerge between the early Scandinavian 
projects and the current challenges facing information systems in the Global South. The HISP 
case shares many features with for example the influential UTOPIA project (Bødker et al. 1987), 
in terms of both practical methods and political aims. The approaches are similar in their focus 
on empowerment through participatory capacity building and on the generation of useful tools 
for and by people at the margins in global development, technological and otherwise. However, 
while the UTOPIA project stranded as commercial technologies improved, the timing is bet-
ter for HISP. Today, FOSS technologies are at the cutting edge of technological development, 
and huge corporations are embracing them. For example, IBM is using FOSS for competitive 
advantage (Eclipse Foundation 2007). These practices are potentially of immense importance 
in the Global South (Weerawarana and Weeratunga 2004). However, as discussed in this paper, 
much scaffolding and learning by trying is needed before developing countries will be able to 
master them “as their own language”.

Still, as we have shown, the HISP approach to institutional scaffolding of DPD contains 
elements of a model that can plausibly be extended beyond its origins in the public health care 
sector. Moreover, the major contribution of the HISP case lies in the demonstration that the 
learning engendered by use of the system in the Global South can make considerable contribu-
tions to generic software design. In other words, emphasis should be put on facilitating two-way 
learning and innofusion processes. Despite the challenges, the design of global software poten-
tially stands to benefit from wide distribution of use. 
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their fragmentation and lack of coordination. This paper aims at identifying a 

mid-range empirical area and a meso-level theoretical perspective in order to 

propose an infrastructural approach to IT-based efforts. Relying on studies of 

information infrastructure evolution, and experiences in fostering collaboration 

across a variety of IT based development efforts, we propose to practitioners and 

researchers to conceptualize existing systems as potential hubs of a possibly 

emerging information infrastructure, and suggestions to manage them 

accordingly. The proposed new step in that direction is the constitutions of 
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A FEDERATIVE VIEW FOR INFORMATION INFRASTRUCTURES IN 

DEVELOPING CONTEXTS 

 

1. INTRODUCTION 
 

For several years now, the idea of the ―network society‖ has highlighted how the logic of 

networks has shaped contemporary world, with a specific emphasis on the role of IT. Large IT 

systems, here referred to as ‗information infrastructures‘, are unevenly distributed and 

evolving. Organizational contexts have a central role in such unevenness. Such unbalanced 

situations are mostly evident in developing contexts - it is widely known that many 

approaches to implementing IT in developing contexts have been tried, some succeeded, and 

many failed to be sustainable. This paper proposes a view over ongoing successful projects as 

possible hubs of a broader infrastructure to be constituted by federating them, rather than as 

best practices to be replicated, as commonly suggested. Fragmentation of IT projects can be 

tackled, we suggest, by supporting coordination through the establishment of ‗federations‘, in 

which technology has to be considered as a relevant actor.  

We picked the term ‗federation‘ from political science because it well expresses our proposal 

for agreements and shared power without constituting a unitary organization (as a state). 

Federalism combines autonomy for sub-central units with a central authority, whose power is 

constitutionally defined. This understanding of federalism resonates with the view we present 

about infrastructures as federations of existing information systems. Federations of socio-

technical systems, we argue, can help in reducing the design/reality gap by linking locally 

rooted information systems with globally distributed information infrastructures, which do not 

depend on single transnational authorities. Integration of information systems, a crucial issue 

in information systems research, is conceived as part of federative efforts. Indeed, the purpose 

of this paper is to propose a view over ongoing successful IT projects as possible hubs of an 

information infrastructure. A central theme in the Information Infrastructure literature is how 

information technologies emerge and grow in use, in order to propose specific approaches for 

how appropriate applications can be adopted, scaled up, cultivated, sustained, and 

institutionalized over time. We aim at a contribution in this sense by considering the 

constitution of infrastructures as outcome of a federation of information systems, comprising 

both technical components (such as technologies and standards) and social and organizational 

elements (such as work practices, human resource issues, politics, as well as other 

institutional conditions).  

The paper is organized as follows: first we problematize the issue of the ‗network society‘ in 

developing contexts by bringing information infrastructures into the picture. Then, the 

design/reality gap is tackled both empirically (disconnection between plans and actual results) 

and theoretically (information infrastructures as possibly emergent). At this point, federations 

are proposed as a way to develop information infrastructures, avoiding the two opposite risks 

of grand projects (which fail in meeting local requirements, therefore in being used), and 

micro interventions (which hardly scale up). The federative approach is discussed in the final 

section. 

NETWORKS AND INFRASTRUCTURES 

A decade ago, Castells (1998), engaged by the United Nations Research Institute for Social 

Development Conference on Information Technologies and Social Development, wrote ―The 

most critical distinction in this [network] organizational logic is to be or not to be — in the 

network. Be in the network, and you can share and, over time, increase your chances. Be out 
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of the network, or become switched off, and your chances vanish, since everything that counts 

is organized around a worldwide web of interacting networks.‖ The centrality of networks in 

the contemporary world is widely accepted, with their growth increasingly taking place not 

only geographically but also across disciplines and fields of activity (Benkler, 2006). Such 

networks do not emerge by and sustain themselves autonomously, they are in interplay 

(shaping and shaped) by information infrastructures, including organizational practices and 

institutions. The concept of information infrastructures contrasts with the traditional concept 

of information systems, which typically concerns independent or stand alone systems. IIs are 

large scale, complex, and networked technologies such as the Internet. Information 

infrastructures can improve dependability, quality of service, coherence, and affordability of 

services provided to people by supporting such networks.  

 

An information infrastructure has been described as a ―shared, evolving, heterogeneous, open 

and standardised installed base of IT-capabilities‖ (Hanseth and Lyytinen, 2004). Another 

widely accepted concept of information infrastructures comes from Bowker and Star (1999), 

who studied classification systems. The former view can help in pinpointing the heterogeneity 

of large information systems, and in conceptualizing them as in continuous interplay with 

other ones, and with their contexts. The latter, by focusing on classifications, intercepts a 

boundary between information management and interdisciplinary research. Both views on 

information infrastructures tend to contrast reductionist top-down approaches to integration 

and standardization by highlighting how infrastructures are the not-completely-planned 

outcome of long term evolution and contingencies. Integration efforts need to take this open-

endedness into account. 

In many developing countries social volatility and instability is accompanied by lack of 

capacity to make full use of the potential IT presents for development (Weber and Bussell 

2005). Often, there is a mismatch between skills implied and required by IT, and those 

available locally. This reproduces the marginalization and exclusion that Castells warned 

about. IT projects in developing contexts suffer from both horizontal (local vs. global) and 

vertical (across initiatives) fragmentation. From a vertical view, IT projects are run by 

different organizations like local ministries, United Nations, World Health Organization, 

Organization for Economic Cooperation and Development, donors, national public agencies, 

non-governmental organizations, and consulting firms. These efforts are often uncoordinated, 

with the result that local organizations have to spend inordinate amounts of time and 

resources in dealing with separate –and sometimes conflictive- initiatives and actors. At the 

local level, poor focus on the development of expertise and tendencies of neglecting social 

and organizational issues are cited as major factors contributing to the problem of ineffective 

implementation of information systems. However, global implementation plans designed in 

presumably universally valid strategies also often prove problematic, as they easily clash with 

the large variety of contexts of implementation. From a horizontal view, we find 

fragmentation between IT programs. For many years, public administrations have become 

increasingly complex and dispersed, with programs operating as tightly controlled silos, 

resulting in an overall poor quality and ineffectual sharing of information, therefore lack of 

coordination. 

 

Fostering coordination across IT programs, thus across organizations, also requires 

consideration of technological aspects, through inscribing cooperative tools, enabling 

information sharing and revising lines of accountability. We are aware that it is not a linear 

process because technology tends to freeze the contexts from which it originates, with the risk 

of obstructing its transfer. The dialectic between local specificities and global requirements, 

flexibility and standardization (Hanseth and Monteiro, 1997; Braa et al., 2007) is central in 

building information infrastructures. In order to find a balance between local specificity, 
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interoperability, and standardization (Rolland and Monteiro, 2002), open processes of 

continuous and long term negotiation are required. Engaging in ―metadesign‖ to open up 

solution spaces, rather than offering complete solutions (Giaccardi and Fischer, 2008) is an 

interesting approach. 

 

Our proposal has two starting points. The first is our participation, within a broad frame of 

action research, in a project which we refer to in this paper as Program for Health Information 

System (PHIS). This participation put us in contact with a wide variety of IT-projects in many 

developing contexts. The second is our participation in the Committee on Development 

Information (CODI) of the United Nations Economic Commission for Africa (UNECA) bi-

annual meetings, which aim to provide technical and policy assistance to African nations to 

develop national geo-information infrastructures (NGII).  

 

The PHIS network was initiated in 1994 as a health information project in South Africa, in 

collaboration with a Scandinavian university. From 2005, the European Commission funded 

this initiative by supporting the strengthening of collaboration links between the nodes of the 

network. These linkages consist in sharing experiences, skills, products, and processes 

between similar contexts. Indeed, the PHIS network comprises of international training 

programs and open source software development teams which have now expanded from 

South Africa to Ethiopia, India, Vietnam and other countries. Specifically, our involvement 

took place at all levels of PHIS activities, from global software development to local 

implementations in different countries, including capacity building initiatives. 

 

The CODI conferences for national and supra-national geo-information infrastructures 

development in Africa was initiated in 1999 and has convened five times in bi-annual pan-

African meetings.  In contrast to PHIS, CODI conferences have produced documentary output 

(a series of documents and auxiliary reports) that discursively attempt to move Africa away 

from the deadlock of uncertain knowledge and contested values in NGII implementation, first 

by promoting implementation steps and later (when implementation steps failed to bear fruit) 

partnership with the prestigious national information and communication infrastructure 

(NICI) initiatives, thereby avoiding the design-reality gap empirically and theoretically. 

3. Re-Framing the “Design – Reality Gap” 

 

Much research examining the implementation of IT in developing contexts has reported on a 

wide range of cases where systems end up as total or partial failures. The gap between the 

design of information systems and use contexts has been found to be a key factor contributing 

to IT implementation failures (Heeks, 2006). Addressing these challenges is not merely a 

quest for increasingly sophisticated technical solutions, but an endeavor to identify and 

engage with approaches that take into consideration the complexity and heterogeneity of the 

socio-technical contexts that constitute and support information technologies.  

 

Issues related to information systems integration are two-sided. On the one hand, they are 

about integration ―out there‖; about the complex interplay of datasets, protocols, standards, 

work practices, and institutional settings. The other side is about the ―integration of our view‖ 

on such phenomena, which is fragmented in different theoretical traditions and disciplines. 

Our perspective on federating systems highlights the continuous redefinition of socio-

technical arrangements. The ―organizing‖ aspect is usually understudied, although crucial in 

understanding and managing the entangling of organizations and technology in integration 

efforts (Orlikowski, 2008). Therefore, we see organization as a possible result of successful 

integration, not its pre-requisite (Czarniwska, 2004). 
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A supranational sovereign authority, with the remit to regulate and coordinate IT-based efforts 

within and across countries, is unlikely to be established or even possible. At most, a 

supranational authority in Africa, such as the United Nations Economic Commission for 

Africa (UNECA) can play a role in helping build consensus around key African development 

challenges and in articulating common perspectives and positions, which then may form the 

basis for engagement with the international community. For instance, the UNECA has been 

instrumental in the inception of the African Information Society Initiative (AISI) and the 

implementation of NICIs with support from other United Nation agencies and bilateral 

donors. Lack of coordination leads to fragmentation and waste, as well as to unsustainable 

implementations, too weak to amass critical long term support. Therefore, the endorsement 

and development of transnational information infrastructures can only be bottom-up i.e. must 

find a basis through progressively federated ongoing projects. From such a starting point, our 

aim is to provide a framework to facilitate sustainability and scalability of a transnational 

information infrastructure. Concrete possibilities for coordination can be inscribed into the 

project guidelines and technologies. This paper presents an argument along this line by 

suggesting ‗to infrastructure‘ ongoing IT projects. 

 

Indeed, from a historical perspective, we can note that many infrastructures emerged through 

the integration of existing systems, with incremental standardization being a key element in 

their establishment. The scalability of infrastructures is not simply the outcome of 

interoperability and standards. Without considering organizational and political aspects of the 

actual contexts of implementation, integration of systems and scaling up of information 

infrastructures do not happen. This is the reason to call this process "federation", to avoid both 

technological reductionism and the tight technical coupling implied by "integration". 

Facilitation of interoperability among existing projects, as well as with new ones is our 

proposal for a first step in such direction.  

 

Bowker (2000) argues that the integration of large datasets happens at the concrete level of 

database design as well as at the abstract one of negotiating relationships between disciplines, 

simultaneously. Therefore, the two faces of integration have to be contextualized (or 

―historicized‖) both as a guide for practical activities, and as a transdisciplinary research 

topic. On the political implications of categories and classifications, Suchman (1994), Star 

(1991) and Leuenberger (2007) respectively have explored the performative aspect of 

categorizations, the marginalization created by them, and the political relevance of their 

indirect enforcement. All these aspects are constitutive of both enacting and studying 

federations as means of growth of information infrastructures. 

4. „Infrastructuring‟ Needs a Federative Effort 

 

Federating information systems to develop information infrastructure is a way to actively take 

into account legacy systems that not only represent inertia and obstacles for change, but also a 

tremendous resource, because they are part of existing activities and procedures. In other 

words, a globally scalable information infrastructure is of necessity "cosmopolitan", i.e. 

embedded in, and thus familiar with and at ease with  a long range of organizational and 

societal cultures and settings. 

 

Choosing appropriate integration strategies and technologies that balance needs for smooth 

information flow on the one hand, and stimulate and enable innovation, learning and 

improvement of organizational performance on the other, is crucial. Therefore, federation, 

rather than a late add-on option, should be seen as a first concern when considering the need 

for a new information system, incrementally leveraging existing infrastructural parts, re-

arranging both technical and organizational pieces together, negotiating collaborations. Such 
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approach contrasts to a more traditional requirements engineering process of using established 

software libraries but otherwise more or less starting from scratch. It also runs fundamentally 

counter to the ―not-invented-here syndrome‖. 

4.1. Networks of Action Crystallized in Federations 

 

Various arguments have been raised by development studies to establish ―South-South‖ 

collaborative networks. The sharing of resources can help the long-term sustainability of 

information systems implementations. It has been argued that it is important to develop 

―networks of action‖ within which groups and organizations in the South can share 

experiences and support each other in the effort to develop software that is matching with 

local requirements, sustainable on the long term, and globally scalable (Braa et al., 2004). 

Here we propose to consider how to crystallize such "networks of action" for the development 

of information infrastructures. 

We encourage the revision of IT development strategies in order to conceive themselves as 

potential parts of larger networks, possibly included in or converging into a broader 

infrastructure. Design and implementations have to be organized accordingly: by thinking 

about ongoing information systems as dots to be connected for future information 

infrastructure. The base for our view lies in recognizing the importance of the ―installed 

base‖, of what is already in place and being done. Analytically, three layers of infrastructures 

can be identified, with relative issues – technical, organizational, and political:  

Technical 

 

At the basic level, this includes the technical artifacts involved, such as datasets, data 

warehouses, information flow schemes and protocols. Furthermore, it extends to technical 

processes and conceptualizations, i.e. software development and debugging procedures, 

architectural considerations, deployment platforms, programming tools.  

Organizational 

 

This includes both public sector institutions and private companies, facilities, procedures, 

responsibilities, as well as heterogeneity in the provision and access to information (often 

related conflicts of interest), and also the various levels of integration: syntactic, semantic, 

related responsibilities (Carlile, 2004). It also entails unintended side-effects such as increased 

complexity through coupling of previously separate elements. 

Political 

This pertains to local administrations, ministries, international organizations like UN, and 

importantly the range of powerful donors (USAID, Gates Foundation, World Bank etc). 

Political aspects include the re-ordering of relationships (re-distribution of burdens and 

benefits), and balancing (central) control versus (distributed) autonomy.  

Furthermore, though it is useful to separate these issues analytically, they are closely 

intertwined from a practitioner point of view. For example, research on databases, human 

resource management, and IT governance refer to different disciplines, but these topics are 

hardly distinguishable in what people do on a daily basis, and in how technology changes and 

can be changed. Similarly, federations do not necessarily respect such an ordered analytical 

view. More likely, they cut across different levels. In order to account for this, research about 

federations needs to not only be interdisciplinary, but also reconsider assumptions about what 
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is empirically relevant, and how to approach the study. For instance, federating information 

systems for health monitoring and transnational health policy making requires the gradual 

dissolution of the current disjunction of disciplines (health informatics is also policy-making 

as a way of acting in the world, to paraphrase Bowker [2000]). So, services and applications 

impacting public health care (as other domains) need to be tied together to cross-fertilize each 

other; this is the reason for interoperability at the technical level (which includes the 

negotiation of definitions of standard protocols, tools, datasets etc.) and the establishment of 

coalitions at organizational and political levels. 

Thus, instead of being seen as a monolithic system which regulates individual action, 

federative order comes to be seen as an upshot of concrete, communicative interaction, 

creating a broad meshwork to circulate and multiply innovations and dilute negative side 

effects. The establishment of an information infrastructure operates simultaneously at the 

concrete level of participatory design and implementation (e.g. fields in a database, capacity 

building, integration of datasets and organizational practice) and at a theoretical one (dealing 

with the relationships between information science, organization, and global software 

development, among others).  

4.2. Co-evolution of Theory and Practice 

 

Understanding which infrastructural elements can be translated into the heterogeneous public 

and private sector contexts in the South is a matter of development strategies. As it is a matter 

of federating existing and working IT projects, the possible nodes of an emerging 

infrastructure cannot be described ‗a priori‘. For instance, a teleradiology system can match 

well with an aggregated health data reporting system. Two databases about HIV and 

tuberculosis are difficult to integrate because they are based on different technologies and/or 

their administrators‘ responsibility lines diverge. This is why we claim that the federative 

attitude needs to be constitutive of IT efforts, rather than a later add-on: once self accountable 

systems are in place, it is difficult to change them in order to make them to contribute to new 

and broader functionalities, later. Indeed, creating, implementing, re-using information 

standards is difficult, expensive and often in partial conflict with the vested interests of some 

stakeholders. 

 

As socio-technical federations can be used to affect -if not to manage- the installed base, we 

need to find a balance between the need to enable virtuous circles and avoiding the 

propagation of negative side effects across a growing network. Existing problems in particular 

systems should not propagate from the local to the infrastructural level, because risks will 

escalate as a consequence (Hanseth and Ciborra, 2007). Being more specific about the 

strategies for federating systems, we recommend a selective integration which identifies 

specific elements to integrate across systems and places. These strategies can be supported by 

focusing on the following incremental steps:  

 Established initiatives should be documented to enable smooth handover 

 Collaboratively and dynamically mapping and cataloging existing initiatives in 

developing countries 

 The negotiation and provision of guidelines for those who are starting new 

initiatives, and want to avoid being locked out after some time in their activity 

development  
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 Actively fostering coordination of organizational and technical matters  

 Facilitating the federation of complementary technologies and initiatives  

 Establishing mixed public-private transnational consortia 

 Aiming at an independent and authoritative forum for socio-technical 

negotiations 

Such steps do not promise results in the short term, but constitute the base for long term 

efforts to be effective. In practical terms, this means that the initial hubs of emergent 

information infrastructures are likely to be found among ongoing initiatives on the ground: 

established projects -if connected as dots of an infrastructure- have already gone through the 

critical bootstrapping phase (Aanestad and Hanseth, 2003). Thus, ongoing IT efforts are the 

privileged loci of design, but interoperability needs to become a priority. Therefore we 

recommend building on top of what is already there, as this strategy re-orders and orients 

existing and other resources, does not clash with the local ―installed bases‖, is more likely to 

meet local needs, and allows the coordination of fragmented initiatives, improving results and 

saving resources.  

4.3. Federations between Markets and Bureaucracies 

 

Unlike the ―one size fits all" innovation approach, the federating approach is flexible because 

it facilitates modular alliances. So, a federating approach helps scalability and requires active 

management of growth, balancing the tension between standardization and flexibility through 

gateways (Hanseth, 2001) and flexible standardizations (Braa et al., 2007). Thus, it implies a 

mid-long term view and support which goes beyond current fragmentation. Scaling up needs 

to address both ―the what‖ and ―the how‖ (Sahay and Walsham, 2006; Braa et al., 2006). 

The complexity which emerges from the interplay within and between the previously 

introduced levels of federation suggests to position federations between the two ideal-typical 

poles of organized relations: market and bureaucracy, which can never be found in their pure 

forms.  

 Bureaucracy Market Federalism 

Achilles Heel misplaced trust in 

authority and expertise 

coupled with high 

mobilization capacity 

tendency to put self 

interest before 

collective interest 

multiple 

accountabilities (what 

is right the procedure 

or the customers 

requirements?) 

Is vulnerable to dramatic collapse of 

ambitious think tank 

projects 

failures stemming 

from lack of 

cooperation or 

individual corruption 

propagation of side-

effects 

Stresses expertise, forecasting, 

and management 

individuals as self 

interested rational 

choosers 

negotiations and 

consensus building 

Blames poor compliance with 

established procedures, 

lack of professional 

faulty incentive 

structures through 

over collectivization 

internal conflicts and 

slow implementation 

of decisions of public 
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expertise and lack of price 

signals 

interest 

Remedies more expertise, tighter 

procedures, greater 

managerial 'grip' 

market like 

mechanisms, 

competitions and 

leagues, information 

to support choice 

appeal level 

Watchwords steering self-interest alliances 

 

In the table above, the first two columns come from Christopher Hood (1998), who adapted 

them from Douglas and Wildavsky (1982), the third has been added by the authors. It presents 

the characteristics of federations in contrast to other organizational principles. Below we 

propose a list of federations which are classified along three infrastructural characteristics: 

accreditation (granting access), coalition (managing gateways), and standards. These three 

dimensions help in explaining the tension between flexibility and stability in federations. 

Infrastructural Level Ideal – Type 

(Top-down and 

bottom-up) 

Characteristics Examples 

 Regulatory 

body/Authorities 

Centralized, 

independent body  

EU – 7
th

 Framework 

Programme  

Value Management 

Model 

 Peer production Community, 

distributed acceptance 

(like gift economy, or 

‗potluck‘, where status 

and legitimation are 

crucial)
1
 

Wikipedia, FOSS, 

Geoserver, 

Mondrian 

Coalition (gateways) Joint ventures  Merging of 

organizational sub-

parts for a negotiated 

task  

WHO OpenHealth 

 Networks of Action Scaling of dispersed 

collaboration 

PHIS 

Standard Franchising Autonomy within the 

frame of controlling 

organization 

Linux Standard 

Base, HMN, 

NHRM 

 Sector Association Body for negotiation 

and representation of 

interests 

WITFOR 

WSIS 

IFIP 9.4 

W3C 

ICANN 

 

5. CONCLUSIION 

Relying on studies of information infrastructure evolution, and experiences in fostering 

collaboration across a variety of IT based development efforts, we propose to practitioners 

                                                           

1  Also refer to Ghosh (1998) 
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and researchers to conceptualize existing systems as potential hubs of an emerging 

information infrastructure, and to manage them accordingly: selectively federating running 

systems and existing organizational patterns is a way to move the design locus closer to where 

practical local knowledge is situated, and build on that basis. That is why we find a federative 

approach relevant to understand, design and implement information systems in developing 

contexts (and beyond). 

To deliver sustainable benefits over their lifetime, infrastructures need to enable processes of 

experimentation, discovery and invention through trial and error. In coherence with our 

theoretical framework, technical and organizational aspects have to be considered at the same 

time for the establishment and maintenance of new networked and collaborative courses of 

activities. More precisely, the interplay between technology, work practices and 

organizational contexts within which such processes are expected to take place, makes these 

phenomena complex to understand, and to manage. So, analytical dimensions like layers 

(technical, organizational, political) and market-bureaucracy tension (in terms of 

accreditation, coalition, standardization) are proposed to conceptualize federations in a way 

which is accountable both to local needs, and scaling up requirements. 

In her critical review of the contemporary literature about information systems in developing 

contexts, Avgerou (2007) identifies three discourses: 1) transfer and diffusion, 2) social 

embeddedness and 3) transformative. The third is rooted in the second, and both differ from 

the first, because they conceive target contexts not as passive recipients of IT, but as parties in 

the evolution of innovations. In Avgerou's view, the main difference between the last two 

discourses is that for "social embeddedness", information systems are locally constructed, 

whereas the "transformative discourse is explicitly concerned with the way IT is implicated in 

the dynamic of their change [of social, economic, and political relations in a developing 

country or the world at large]." (idem p.8). Avgerou states that the social embeddedness 

discourse is sensitive to local dynamics and situated meanings and actions. The 

transformative discourse introduces new elements beyond organizations and 

interorganizational links: institutions (intended as broad social models) implying power 

relations beyond specific organizational settings. Thus, the transformative discourse intercepts 

an empirical area situated at the meso-level, between global initiatives and discourses, and 

emphasis on specific implementations. At this level, we see a possible development of the 

"Networks of Action" strategy (Braa et al., 2004), to conceptualize and conduct each 

intervention as but one element in a larger network of action. The crystallization of that 

―infrastructuring‖ is seen metaphorically as ‗snowflakes‘ by Staring and Titlestad (2008). 

This strategy also requires substantial investment. Still, many of the building blocks of such 

an infrastructure can be taken from the frameworks underlying ongoing successful projects. In 

this way, rather than each project remaining isolated and autarchic, and thus fragile, 

federations of projects can be more sustainable, though they require the ceding of some 

control in the process of federating. By delegating common functionalities to an open or 

federatively managed infrastructure, each project gains the benefit of resources created by 

others, and at the same time is freed from shouldering the full cost of maintaining its own 

technological and informational platform (Nielsen and Aanestad 2005). Therefore, by creating 

loose or tight federations and pooling their elements, projects may be able to bootstrap an 

infrastructure. 
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