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Abstract

This article addresses the issue of strategies for developing information infrastructures in general and for the development of IS support for the health care sector in developing countries in particular. We identify complexities as the main source of the challenges that such strategies need to address and propose the concept of flexible standards as a key element in the respect. This concept/strategy is developed based on two main sources. The first is theoretical: general theories of complexity and information infrastructure “design theory” which are built on the theories of complexity. The second source is a case study examining experiences from three developing countries: Ethiopia, Thailand and South-Africa.

INTRODUCTION

This article addresses the issue of strategies for developing information infrastructures in general and for the development of IS support for the health care sector in developing countries in particular. We identify complexities as the main source of the challenges that such strategies need to address and propose the concept of flexible standards as a key element in a sustainable infrastructure development strategy.
Poor health status, rampant killer diseases such as HIV/AIDS and inadequate health services are seriously hampering human, social and economic developments in developing countries. Considerable efforts are currently being made by international aid and UN agencies to address these problems. The United Nations’ Millennium Development Goals (MDG) (UN 2000), which are targeting the major health problems alongside other key issues related to poverty reduction, constitute a coordinating framework for these efforts. Appropriate information and Health Information Systems (HIS) are seen as crucial to strengthen the health system in developing countries (Lippeveld et al, 2000) and in pursuing the particular MDGs. The WHO HIV/AIDS department states: “There is an urgent need for strategic information in conjunction with the anti-retroviral treatment [of AIDS patients] programmes, including the developing of monitoring and evaluation systems” (WHO, 2003, pp 1).  

Coordinating and monitoring the multitude of ongoing and up-coming programs and initiatives, from the international level down to the local level of implementation, represent a major problem (Jeppsson, Okuonzi, 2000, Chilundu, Aanestad, 2003). Fragmentation and lack of coordination between the various sub-sections of HIS are identified as key problems (WHO, 1994). However, by their special funding for vertical and specific programs, rather than support to strengthen existing routine information systems, the donor agencies themselves invariably represent an obstacle to integration, and thus tend to aggravate the situation (Okuonzi, Macrae, 1995).
Integration is about standardisation, and this article addresses the process of HIS standardisation in developing countries within a more general framework of building information infrastructures (IIs). The II perspective we will draw upon is building upon Science and Technology Studies (Latour and Woolgar, 1986; Law and Mol 2002) and encompasses the wider socio-technological context in the understanding of infrastructure, standards and information systems. Furthermore, building on actor-network theory (ibid.), this perspective regards information infrastructures as open networks that are linked to other networks; since the information infrastructure is not a closed world, the quest for universal standards is futile. Standardisation should therefore aim at a pragmatic balance between control (standards) and flexibility, between data that is “nice to know” and information that one “must know” in order to effectively manage health programs.  

HIS development in developing countries has proved to be difficult due to organisational complexity (Jayasuiriya, 1999, Gladwin et al., 2003,Littlejohn, 2003), unrealistic ambitions (Heeks, 1999), and more generally due to the problem of sustainability (Kimaro, Nhampossa, 2005, Sahay et al, 2000). An additional challenge to HIS development in developing countries is linked to the uneven development of infrastructure between urban / rural and rich / poor regions and communities within the same country. As a consequence, HIS development also needs to be uneven, or scaleable (Sahay, Walsham, 2005). For example, in Addis Ababa, the capital of Ethiopia, all modern infrastructural resources are available, with international airport, Internet, universities, etc. An integrated HIS database application for the city is implemented and working in all sub-cities, hospitals and health centres. This is in stark contrast to the regional state Oromia, which is a vast area of 359,619.8 km2, 25 million population, recurrent problems of famine and very poor infrastructure. The computerised HIS in Oromia has neither yet reached out horizontally to the 16 zonal administrative units, nor vertically “down” to the basic administrative woreda level, nor to the health centres. We will argue that HIS development and scalability in Ethiopia as well as more generally, is about standardisation. A scaleable approach to HIS development in Ethiopia needs to allow for differences along the vertical and horizontal axis, as well as over time, meaning that the standards need to be easy to change, or flexible. 

In this paper we present the cases of Ethiopia, South Africa and Thailand, and discuss and suggest appropriate strategies for HIS development in Ethiopia by comparing the case of Ethiopia to those of South Africa and Thailand. Key challenges of HIS development in developing countries are linked to integration and scalability. Thailand and South Africa have both achieved good results in these areas through a flexible standardisation approach. 
The remainder of the paper is organised as follows; first, a section on HIS development and information infrastructures in developing countries, second, theoretical considerations around standardisation including three parts; complexity, infrastructure development and flexible standards and gateways, third methodology, fourth, the case studies are presented, fifth, analysis and discussion of the case studies, and finally, concluding remarks. 
Health infoRmation systems, standards and infrastructure

While global and national health policies normally recommend local management and integration of the various flows of health information, the current reality is rather opposite. National health systems are typically made up of a number of relatively independent health programs (e.g. HIV/AIDS, vaccination, tuberculosis, mother and child health) and services (e.g. primary health care, hospitals, laboratories, drug supply) which all maintain their own vertical and uncoordinated reporting systems. Overlapping data reporting and gaps result in important data not being reported as well as inconsistencies in definitions and procedures, creating further fragmentation and lack of coordination. This results in excessive data but generally poor use of it (Sandiford et al, 1992). The problem of HIS fragmentation is well documented (WHO, 1994, Cilundu, Aanestad, 2004), and Integration of HIS is consequently being addressed (de Kadt, 1989), as for example by the HIV/AIDS department at WHO in relation to the anti-retroviral treatment (ART) of AIDS patients: 
“Efforts should be made to integrate ART into existing HIS run by governments. Though creating separate systems might be more efficient in the short term, in the long term, this option was recognised as a waste of resources. Strengthening existing HIS in countries can be one of the positive externalities produced by ART programs.”

One common line of reasoning, as indicated by the quote above, is to address integration at the institutional level by pooling resources from the rich vertical programs such as HIV/AIDS, with the generally poor health services. A more design-oriented strategy recommended by several authors is to focus the integration efforts at the district level, since all data collected and reported by the health facilities as a general rule are reported to the district (Lippeveld, 2000, Braa, Hedberg, 2002). Following a global strategy of district based decentralisation recommended by WHO (1994), the district makes up a default integrator of information flows. At the district level, however, the situation in many cases remains fragmented as the different vertical health program offices will tend to handle “their” own information, and rather for upwards reporting than for local use (de Kadt, 1989).

We address the fragmentation–integration dichotomy in HIS development within a perspective of complexity– standardisation; we use HIV/AIDS to illustrate the problem area at a general level in the following section, and at a concrete level in the case studies and discussion.

Combating the HIV/AIDS pandemic is a priority on the global agenda (MDG declaration, UN General Assembly September 2000). The development of relatively cheap and effective anti-retroviral drugs to treat AIDS patients has led to ambitious plans to roll-out treatment programs to millions of people in developing countries, and multi-billion dollar funds are raised to implement these plans. Currently, however, the implementation of these plans is still in its infancy, in particular in Africa, the hardest hit and poorest continent. At the operational level, HIV/AIDS is addressed through three programs; Voluntarily Counselling and Testing (VCT), Prevention of Mother to Child Transmission of HIV (PMTCT), and Ant-Retroviral Therapy (ART), all to be carried out within standard public health facilities.   PMTCT illustrates the integration problem clearly in that first, pregnant women need to be counselled, tested and followed up as part of the general Ante Natal Care (ANC) program addressing all pregnant women; second, the individual HIV +’ve woman needs to be followed up through the delivery and labour services; third, the mother and child need to be followed up through the child health services. The challenge of managing and monitoring PMTCT is twofold; a) coverage, the ability of services to reach out to all pregnant women, b) quality of follow-up of mother and child through the three stages. The level of implementation ranges from the most comprehensive resources and infrastructure, allowing continuous follow-up through all stages, (including detailed patient records) to the least; providing the woman with drugs to be taken by her before and during labour. 
The challenge of managing and monitoring ART is also two-fold (WHO, 2003): a) coordination of flows of dispensing large amounts of expensive drugs to large numbers of patients, with adequate laboratory services within reach, b) life-long follow-up of the mobile individual patients with the continuous risk of drug-toxication, and in the case of non-adherence, individual and widespread drug resistance to the drug regime. 

Effective HIS to support these programs are urgently needed (WHO, 2003) and problems and challenges are linked to the following:

“Monitoring and evaluating the process, outputs, outcomes and impact of these interventions is complicated. The process of implementing ART programmes is difficult and open-ended; the programme outputs differ according to the implementation process used; and goals and objectives of therapy are varied and they have not yet been agreed upon.” (p 2)
The existing HIS: “ Even in the best of cases, these systems are based on paper-based records using non-standardised data collection methods and they are slow, inaccurate, insecure and very labour intensive” (ibid. p 4). 

When developing new HIS it is “... urged that the monitoring and evaluation of ART programmes be simple, with data collection limited to only that information deemed to be essential for the well functioning of programmes.”  (ibid. pp 3)

The recommended strategy: “Operational research is needed in many areas to be able to develop the most efficient and most cost-effective programmes. Strategic information will have to be generated in parallel with programme development, with the two influencing each other. The emphasis is on learning while doing.” (ibid. pp 1).

We summarise and interpret the WHO report, which we regard as representing the current state of problem definition, research challenges and operational thinking, as follows: Implementation of the HIV/AIDS programmes are still in an exploratory phase and standardisation is needed, based on what works best, within a range of areas; from operational procedures to procedures for data collection and essential data to be collected. The recommended approach to standardisation and HIS development is through participatory operational research and practical application through learning by doing, where the information components update the development of the operational components and vice versa. Data standards need to focus on the core “must know” management information, rather than the “nice to know” data overload that currently exists. Finally, HIV/AIDS-HIS needs to be integrated with, and thereby help strengthening the general routine HIS, particularly at the district and operational levels. Building on these problem statements on standardisation more generally, and including the specific information needs of the HIV/AIDS programs outlined above, the following issues related to the more specific HIS standardisation are deducted: 
First, at the individual level. In all programs the individual patient needs to be continuously followed up, over time and across geographical areas (ART) and across different services (PMTCT). This will require some level of standardised patient record, including essential patient data.  Depending on the infrastructure and state of HIS development, this record may or may not be electronic, distributed, facility based and/ or patient carried, but it need to be consistent over time and space. 
Second, at the level of management, monitoring and evaluation. At each point of service essential data need to be collected on number of patients, adherence to and outcome of the therapy, drug availability etc. This data will have to be of good quality and reported up the system in a timely and consistent manner.
 Third, integration across services: Information needs to be communicated and interchanged between different services in relation to e.g. PMTCT, the tuberculosis program, between ART and drug distribution, hospitals, primary health care and overall health management. Obviously, since the HIV/AIDS programmes are not even standardised at the operational level, uniform and all encompassing HIS standards will be impossible to achieve. Rather, as also indicated by the WHO (ibid.), any approach should be based on evolving and changeable standards, starting with the simple, “must know” information. The issue of integrating with standards from other services and sectors, which will also be at varying states of development, adds to the complexity of developing HIS standards. Each of the vertical programs may be regarded as separate “worlds”, which cannot be unified under one set of standards. The HIV/AIDS programmes for example, represents a huge complex, ranging from global politics; world leaders negotiating drug prices with the pharmaceutical industry, the US administration putting a ban on collaboration with organisations involved in abortion, the Pope opposing condoms in the fight against AIDS, to logistics of patients, drugs and laboratories, and all the way down to practical program implementation in a village in Africa.

The uneven development of the infrastructure in developing countries adds to this complexity. At a first level, the challenge is to develop workable data standards, then, at a second level, the interface between the existing paper based systems, and the rapidly emerging computer based infrastructure need to be dealt with. In particular, ART programmes are pushing implementation of electronic patient records that in Africa, for the foreseeable future, will have to co-exist with the paper based patient record system. This disparity in infrastructure along each level of the layered infrastructure model (see figure next section) represents a situation very different from industrialised countries, emphasising the fact that standardised technical solutions cannot easily be transferred from industrialised countries to developing Africa. In the next section we develop our approach to HIS standardisation starting with the issue of complexity. 
Based on the discussion so far we conclude that complexity is a major issue the development of efficient IS support for the health sector in developing countries. We will now go a bit deeper into this issue.
Theory and related research
In this section we will present our two-level theoretical framework. The first level includes rather general and abstract theories that addresse complexity. The second level includes a “design theory” for information infrastructures which draws extensively upon the complexity theories on the first level. Based on this theoretical approach we will outline our concept of “flexible standards.” Research related to ours will be presented in parallel with the framework.
Complexities 
Our overall approach to complexity is primarily based on Actor-Network Theory (ANT). ANT has by and large been developed and used to analyze the alignment of heterogeneous networks or what we may call the making of order in a complex world. This world has been seen as including humans and non-humans, or technological and non-technological, elements. The kind of order-making that has been studied includes the development and acceptance of scientific theories (Latour and Woolgar 1986), working technological solutions (Law 1987) and organizational structures and strategies (Law 1994). Standardization is order-making par excellence.

The early ANT studies focused on complexity in the sense that they spelled out the rich and complex relations between the scientific and the technological on the one hand and the social on the other, related to the making of scientific theories and technological solutions. ANT has been used in research on the negotiation of IS standards and their embedding of their local context of development and use (Bowker and Star, 1999; Timmermans and Berg 1997; Star and Ruhleder 1996; Hanseth and Monteiro 1997; Fomin, Keil and Lyytinen 2003).

Since their emergence in the early 1980s, ANT and ANT research have evolved and left their (so-called) “managerial” approach which focused on how one single actor-network was aligned by a dominating central actor (Law 2003b). Complexity has been addressed more explicitly as the focus turned to the dynamics unfolding when independent actors try to align different but intersected actor-networks (Latour 1988; Star and Griesmer 1989; Law and Mol 2002; Law 2003a). This happened as attention moved towards more complex cases where order and universality could not be achieved in the classical way
. These cases are described as “worlds” which are too complex to be closed and ordered according to one single mode or logic. There will only be partial orders which are interacting in different ways, or interconnected and overlapping sub-worlds which are ordered according to different logics. The interconnectedness of the sub-worlds means that when one is trying to make order in one sub world by imposing a specific logic, the same logic is making disorder in another - an order also has its dis-order (Law 2003b; Berg and Timmermans 2000). Rather than alignment, stabilization and closure, the keywords are now multiplicities, inconsistencies, ambivalence, ambiguities (Law 2003a, Law and Mol 2002). Mastering this new world is not about achieving stabilization and closure, but rather about more ad hoc practices - “ontological choreography” of an ontological patchwork (Cussins 1998). This approach has been applied to studies of cases such as train accidents (Law 2003a), a broad range of hi-tech medical practices (Mol and Berg 1998), and interdisciplinary research (from which the concept of “boundary objects” was developed (Star and Griesmer 1989)). 
The notion of orders’ dis-orders anticipates, then, that the domain that can be ordered in terms of one coherent standard without creating too much new dis-order is limited. The more ambitions we are in terms of ordering a large domain according to one single logic, the more disorder we may create. And aiming at a perfect global order should be the safest way to total failure. We need to be modest. “For a manager accepting imperfection is not a failing. It is an advantage. Indeed a necessity. Perfectionism would be dangerous” (Law 2003a, p.11).  As an example: a perfect order for efficient communication – a “perfect” global standard - creates total disorder regarding change. This is so simply because such a “prefect” standard covering all needs and which is internally consistent and with no redundancy necesserily has to be very complex. But a “change order,” i.e. an order which enables rapid change, is one which is very simple. And in the context of developing countries such “change orders” are crucial in order to achieve rapid development and to manage uneven development of infrastructures.
The fact that order also creates its dis-order points to the importance of side-effects.  Side-effects often propagate and create domino-effects. Such propagation of side-effects is captured by the concept of path-dependence. This concept is seen as the most central one in the whole domain of different complexity theories (Urry 2003). We will here briefly mention two kinds of path-dependent processes: self-reinforcing and self-destructive ones respectively. Typical examples of self-reinforcing processes are found in the evolution of what Thomas Hughes (1983) calls “large technical systems” (which are typically what we would call infrastructures). Such systems tend to get momentum as they get larger and bigger, i.e. they develop more and more independently along a (seemingly) predefined trajectory. The historical evolution and growth of the Internet is a paradigm example. Path-dependency is found to be most present in relation to standards (and technologies where standards matter) (Shapiro and Varian 1999; Arthur 1988, 1994). This is usually explained using the concept of network externalities. In this context that means that a standard has no value in itself. Its (use) value is a product of the number of adopters using it. Accordingly, a standard has virtually no value for users until a larger number has adopted it. For this reasons users’ prefer in a perfectly rational way to wait for the others. Nobody wants to be the first adopters. Secondly, if a standard really takes off, it triggers a path-dependent process regarding the competition between standards where “the winner takes it all” and we may become locked-in by this standard and be unable to replace it by a better one when it is outdated. Such path-dependent processes are extensively reported in the literature about infrastructures and standards.
Self-destructive processes appear when an order’s “dis-ordering” triggers new ordering activites which again create disorders and so on until this process is “reflected” back and creating dis-order in the domain that one initially tried to order. Such self-destructive processes are at the core of Ulrick Beck’s theories about Risk Society and Reflexive Modernization (of which globalization is a key theme) (Beck 1999, Beck et al. 1994). Such self-destructive processes are identified in relation to ambitious standardization of health care (Hanseth et al. forthcoming) as well as other kinds of information infrastructures (Rolland 2002, Ciborra and Osei-Joehene 2003, Hanseth et al 2001).
Infrastructure development
Hanseth and Lyytinen (2004) has posposed a strategy for infrastructure development (formulated as a “design theory” according to Walls et al.’s (1992) definition). They define an information infrastructure as a shared, evolving, heterogeneous installed base (which is also open and standardized). It is a shared resource for a community, it evolves over a very long time and it is heterogeneous in the sense that it includes both technological and non-technological components and that there are several alternative versions of the same standard or service. The concept of installed base refers to what exists, first of all in terms of the existing version of an infrastructure or the existing installed base of a standard. But it also includes existing non–technological components included in the infrastructure (for instance support services) or existing working practices that an infrastructure supports and which may be embedded into it. The socio-technical, or broader heterogeneous, character of infrastructures which is addressed by this approach is certainly important in rich countries, but it is even more so with regards to developing countries because their degree of uneven development and lack of general computer and telemmunication services and competence in larger areas. An installed base is also open in the sense that it consists of a network which is linked to other networks and so on endlessly.
The main idea of this approach is to tackel the complexity of information infrastructures and their standards. Inspired by ANT infrastructures are in this approach seen as partly autonomus actors due to their size and complexity. Infrastructures development are, then,  seen as installed base cultivation. The key tasks are first to make this autonomous organism, an installed base, start growing (to bootstrap the installed base), then second to mange its growth and development – to avoid lock-ins and guide its momentum in the right directions.
Both elements of this development strategy are based on another fundamental principle which says that successful infrastructure developments is first of all about managing the tension between standardization and flexibility (Hanseth et al. 1997). All agrees that standards are crucial in the design of infrastructures. The importance of felxibility, however, is largely neglected. 
Information infrastructure (II) flexibility is crucial for several reasons. First, like all technologies the first versions of any II are poor in quality. IIs improve gradually while users garner experience and discover what is needed both technologically and skillwise to use them effectively (von Hippel 1994, Orlikowski 1996). During design time it is impossible for a designer to foresee all relevant requirements as many of them are discovered while users and designers go together along the technology path. Even, for traditional software design it is a well-known wisdom that requirements will change because the system environment -including user skills- changes when the system is implemented (Lehman 1991). Likewise successful II growth will generate  extensive change while the II gains momentum. A good example is the  redesign of IP addressing scheme due to the current version’s (IPv4) limited addressing capability.  In addition, when separate IIs grow,  often needs emerge to integrate them into one infrastructure. The recent attempts to integrate mobile (short) messaging and e-mail infrastructures, or the Web and mobile data access are here cases in point. 
There are  several types of flexibility that an II needs to possess to avoid technology lock-ins. First the II needs to be easy to change:  for example replacing the current version of a standard with a better version should be possible with low cost and high certainty. With the scale and complexity of the IIs this goal is, however,  often hard to achieve as changes from one standard version to another also add com​plexity and create operational uncertainty.  In short, IIs are brittle. A major difficulty designers face is how to replace one standard version with another one when the change introduces backward incompatibility and results in a technology lock-in. The second type of flexibility is use-flexibility: An II can be used in many ways and it can serve multiple purposes. Use and change flexibility relate in the sense that increased use flexibility decreases the need for change flexibility, and vice versa. Morover, it is not possible to strive towards both goals during the design time.

The two elements of the design strategy (bootstrapping and avoinding lock-ins) are related. Both recognize the installed base (or its lack of) as the principal design target. They consist of a set of design principles that embody the codified procedures by which the design can increase the likelihood of meeting the requirements.  For bootstrapping design strategy these are: 1) Design initially for limited and well targeted usefulness, “must know” rather than “nice to know”, 2) Draw upon what is already there, the existing installed bases, 3) Build further on what is working and as learning takes place, expand the installed base by persuasive tactics and mobilization of bias. For avoiding technology lock-in stratregy these are: 4) Make information infrastructure design simple, and 5) Modularize II by building separately key functions for each infrastructure through the use layering (for example, don’t link particular information needs to particular software applications), and gateways (rather focus on appropriate linkages between sub-systems than building one “big” system). 
Infrastructure complexities, Flexible standards and gateways 
Based on the framework presented above we will now elaborate our concept of “flexible standards.” Standards and infrastructures are closely related. Infrastructures are composed of standardized components – standards are the design specifications of infrastructures. Each infrastructure is based on many – more or less independent - standards at the same time as each standard may be included in many independent and different kinds of infrastructures. This means that a strategy for developing flexible infrastructures needs to be based on flexible standards. 

Use and change flexibility are important aspects of standards. Use-flexibility is usually achieved by formalizing data structures as little as possible. The best illustration of this is the success of web browsers. A web browser may present any data structures represented in XML or HTML. It can also modify the data it has received and return it to the source application (server). This way of communicating is in contrast with that based on EDIFACT. In this case the structure of each message is defined and the software receiving a message needs to know the definition of each EDIFACT message to process it. To do some manipulations on a set of data, the exact structure (and semantics) is required, in others not. In cases where the structure of the data to be exchanged is specified and built into the communicating systems, such data structures can only support a rather narrow range of collaboration (without changes). 
Change-flexibility is achieved through standard means for building flexible technological systems: modularization. That means that standards should be defined in terms of independent modules where each module is so simple that it is easy to change (as well as develop initially). Standards should be modularized horizontally and vertically (or according to both their reach and range (Keen 1991)). Vertical modularization corresponds to traditional layering in software engineering where one layer offers services to the one above. This principle is beautifully demonstrated by the 7 layer OSI protocol model, or as simplified in the layered internet model in figure 1. 
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Figure 1: Layered model of information infrastructures; four technical layers and one (logical) data layer. The hierarchy of data standards in figure 3 is part of the data layer.
Horizontal layering means that different standards are defined for different use areas. Use areas may be sorted along many dimensions. Two such are function and geography. In relation to our cases from health care, that means that we define separate standards for different kinds of services and programs, but where there is overlap in the data layer, we work towards standardisation based on the “must know” principle. While for the technical layers we may define separate standards in all these areas for different countries or regions, the data layer represents the challenge where over-laps occur. While vertical modularization is uncontroversial and rather simple (at least in principle), horizontal modularization is both more controversial and challenging. The reason for this is that standards for different areas – both in terms of functional and geographical domains – overlap. This means that standards based on horizontal modularization will include substantial redundancy as well as inconsistencies. At the same time there will always be a communication and shared information needs across any functional or geographical domains. Standardisation of health data is the case in point. Data on for example anti-retroviral treatment of AIDS patients need to be consistent across space and preferably across time. The technical ways these data are carried however, don’t need to be consistent, as data can be transmitted by post or by internet, as a file or on paper, as long as appropriate gateways are in place. It is important to distinguish between the technical layers and the data layers when it comes to standardisation of health data. 

On top of this comes the issue of markets for ICT solutions. Different standards often create market barriers. For these reasons it has been argued that there are huge benefits to be gained from one consistent set of global standards for information exchange for health care. The problem, is however, that such a set of standards, a perfect global order, are too complicated to ever be defined not to speak about to be maintained. Therefore we have to accept a substantial amount of redundancy and inconsistencies in order to define standards at a level of complexity that can be managed. We have to accept and be able to manage heterogeneity in the sense of several standards and infrastructure components doing partly the same.
Horizontal modularization is relevant on all layers. Taking the Internet as an example, an important design issue from the very beginning was to enable communication across many different kinds of infrastructures providing partly the same service: data transmission over telephone lines, radio, satellite, etc. But this is rather the exception and certainly not the rule within computer communication.  The ideal that is pursued ubiquitously is the general – and indeed sound – design principle that there should be only one single module doing one function. In the world of communication protocols that means that there should be only one single protocol or standard on each level. Again the ISO OSI standardization effort is a perfect example. Although this effort failed (it lost the competition with the Internet protocols), the way of thinking behind it, the “one” solution approach, is hegemonic. This way of thinking is also expressed through the traditional negative attitudes towards gateways.
Horizontal modularization on all levels is crucial in the rich north and even more so in developing countries. There one needs to develop standards and infrastructures running smoothly across heterogeneous supporting infrastructures which may include, for instance, computer networks as well as diskettes and paper documents transferred by means of ordinary postal services.

This means that we should try to develop individual (and internally non-redundant and consistent) standards only for domains that are so small and simple that we are able to order this world without creating (too much) dis-order in other domains. This depends not only on the size and internal complexity of this sub-world, but also on its links to others. Successful modularization within the domain of standards also need to build on the general principle for modularization within software engineering, i.e. identifying components with maximum cohesion internally and minimal couplings externally (Berard 1993).

When modularizing technological systems, their interfaces are crucial. Interfaces between horizontally modularized standards will normally be gateways
. While we see standards as representing a widely accepted order within a domain, we see gateways as ad-hoc converters or other kinds of links between such orders. Gateways can be computer based and translate data from one representation or format to another or they may be based on a combination of a computer based system and a human which print a data structure on a piece of paper, put this into an envelope and then a mailbox.
Successful development of information infrastructures requires successful management of the tension between standardization and flexibility. The way to achieve this is by balancing the use of standards and gateways.

Prototyping and strategies for evolutionary development have become important in IS design and software engineering. We have argued above that standards also need to change through evolutionary processes. We will also argue that prototyping is an important strategy in the domain of standards. Prototyping standards are – just as in the case of ordinary IS – important in order to figure out what a well working solution should look like. But prototyping is also important as a strategy to find out where to draw the borders between standards and to make sure that we develop simple standards that are easy to change. The reasons for this are, first, that when we develop a prototype or a first version of a standard that will later be extended and improved, we can postpone for later many issues that need to be addressed in order to make the standard satisfy all needs it should satisfy in future. According to the infrastructure design theory presented above, the first version of a standard should be targeted to the needs of a specific user group in order to make it maximum useful for minimal costs (to compensate for the lack of use value achieved when a large group of users has adopted it). In a more traditional, specification-driven approach, the domain of a standard easily expands because it is hard to separate “nice to have” from “must have” features - which means that all are included, etc. It is also easy to argue that as many features as possible should be included so that it can serve as many purposes as possible to get as high value as possible. This often triggers a chain of negative implications or side-effects - a self-destructive path-dependent process. The standards become complicated, which makes it expensive to implement, making the first implementations full of errors. The combination of these two make the software implementing the standard expensive to buy, hard to learn, and complicated for the users. All this makes it less attractive for anybody to be an early adopter. The complexity of the standard makes it hard to change. All this means that when this strategy is pursued to obtain a standard that is as useful as possible, one may end up with a standard that is totally valueless.
A prototyping approach to standardization implies that issues related to replacing one standard by another soon appear. One learns how to manage the transition from one version to the next and what kind of support for such a process should be built into the standard (beyond being simple). That means that those involved will be confronted with this issue early on and will learn quickly how the specific standards should be designed to make it as flexible as possible.

Methodology

This article is based on research initiated by a development aid agency to do an informal assessment of Health Information Systems in a few developing countries. The aims were to a) identify key problem areas, b) suggest ways to address these areas, and c) to develop a formal methodology to assess and, eventually to measure progress over time in these areas. In this article we present the result of the study in three countries; Ethiopia, South Africa and Thailand. The additional aim of developing a formal approach for such assessments will not be handled as such in this article, only as part of the research approach. The authors have no previous experience from Thailand, but have been involved in HIS research and development in South Africa since 1994 and in Ethiopia since 2003, as participants in the HISP project ( Braa et al.). While the research approach has been similarly applied in the three countries, the longitudinal research carried out on HIS in particular South Africa, but also Ethiopia, has contributed significantly to the case study in these two countries as well as providing a comparative framework for the study in Thailand.  The empirical study has aimed at eliciting in-depth knowledge on particular issues related to standardization through interviews, discussions and closer collaboration with key stakeholders at all levels of the health system, thus following an “interpretive case study approach” (Walsham, 1995). 

The country sample for the assessment consisted of 6 countries in Africa and 3 in Asia.
 The selection of the three countries for this article is biased; we wanted to present success stories, which we found in Thailand and South Africa, and a challenging country in terms of potential for HIS development in a difficult context, Ethiopia. All nine countries have however been important in eliciting the research questions and focus presented in this article, as well as in feeding into the analysis in the three selected countries. The empirical part of the study was carried out over five months in 2004/2005 divided into three phases

Phase 1: 

An initial study was carried out in four countries (Vietnam, Ethiopia, Botswana, and Mozambique). The aim was to consult key stakeholders and do a short field study in order to elicit key problems and challenges. Fragmentation of HIS caused by “vertical” health programs was identified as major problem in all countries. All countries had plans for strengthening their district based HIS, and all countries identified the problem of scale as a key issue, formulated as; how can we develop human capacity in all districts and how can we implement and support a computer based system in all districts, given the limited human and financial resources available. 

While these problem areas were all well known to the researchers, what was more surprising was that in the African countries, the strong and well funded HIV/AIDS programs were rapidly causing increased fragmentation. Said the HIS responsible in Malawi: “Until 2003 we have had a good HIS process with an increasing level of integration and with a national committee discussing new requirements for data from the health facilities requested by the programs. This is rapidly changing as the HIV/AIDS programs, while not being satisfied with the general HIS, are developing their own systems without consulting us”. This changing situation is because the HIV/AIDS programs are rapidly increasing their scale and impact since 2003/04.

Phase 2: 

The findings from phase 1 were summarised during a workshop with participants from the countries being studied and a semi-structured interview guide and a first version of a questionnaire were developed. 

Phase 3: 

A focused study of Ethiopia, Thailand and South Africa was carried out. We now turn to the study carried out in these three countries.

The fact that the researchers had previous knowledge of Ethiopia (one being national) and South Africa (and are living there), but no knowledge about Thailand, invariably led to different approaches to the data gathering. 

In Thailand, there was a focus on the national level of the ministry of health, though every level of the health system (sub-national, district and facility) was visited.  A team was formed by people responsible at the nation al level and one of the authors,  and a relatively extensive tour to 6 key offices at national level Ministry of public health. Other HIS-related organisations outside of the health system were interviewed – universities, para-statals, the national statistics office and WHO were also contacted. In addition, 2 provinces (Nan and Nonthaburi), 4 districts, 5 hospitals and 4 PHC clinics were also visited

In South Africa, good knowledge of the HIS and context led to a more selective approach: as two authors have lived in the country for many years much of the context and background is well known and three provinces (Mpumalanga, Eastern Cape and Western Cape)were selected for intensive survey.  In these provinces, top HIS officials were interviewed, meetings of HIS- related workers were attended and field visits made to 10 districts and numerous hospitals and health facilities to actually see the HIS in action

While the focus in Ethiopia was Addis Ababa, the Regions of Oromia and Benishangul were included, as well as the federal level. In each region, staff from the regional health bureaus, districts, and health facilities were consulted.  

In all three countries, a number of people also outside of the health system were interviewed – universities, para-statals, the national statistics office, sub-national government etc. A number of international multilateral organisations such as WHO, UNFPA and bilateral agencies (DANIDA, SIDA, NORAD) were also contacted.

The number of people interviewed at different levels in different countries is shown in the following table

	Country
	Ministry of Health
	Para-statals
	Universities
	Inter national 

	
	National 
	Subnational 
	District
	
	
	

	Thailand
	25
	18
	27
	12
	2
	5

	Ethiopia
	5
	7
	16
	5
	9
	5

	South Africa
	7
	14
	32
	7
	8
	3


The team used a mixture of research methods that included in-depth interviews with key informants, focus group discussions and informal discussions, as well as field visits and observations. Direct observation of staff at work, of infrastructure and resources was important in checking the validity of statements made in particular by managers at higher levels.  In addition, existing health data from different sources – annual reports, statistical bulletins, was analysed, cross checked and triangulated to check accuracy, completeness and correctness.   
Case study: Ethiopia, South Africa and Thailand
This case study includes three countries: Ethiopia, Thailand and South Africa. While Ethiopia is one of the worlds poorest countries, has a poorly functioning HIS which they have ambitious plans to strengthen, South Africa and Thailand are mid-income countries, that have had considerable achievements in their HIS development. In Ethiopia good work is ongoing in individual regions, while at the same time the Federal level is leaning towards giving the contract of developing a total solution for Ethiopia to a “giant” international company as the best way to develop a unified HIS. Thailand and South Africa have both achieved a great deal by following a decentralised model for HIS development by balancing local flexibility and innovations with the central need for a certain level of control through developing national standards. The case studies will be used to explore to what extent the experiences in Thailand and South Africa are aligned with the more localised experiences in Ethiopia, and to what extent similar approaches may be appropriate in Ethiopia. The case study starts with Ethiopia and the key issues in terms of achievements and challenges there, the cases of Thailand and South Africa will focus on these issues. The motivation is to discuss and propose a strategy for Ethiopia based on the experience in Thailand, South Africa, and Ethiopia. The countries profile is shown in the table below.
	Country profile
	South Africa
	Thailand
	Ethiopia

	Population
	45.8 million
	62 million
	68.6 million

	Area (sq. km)
	1.2 million
	513.1 thousand
	1.1 million

	Life Expectancy at birth (years)
	45.7
	69.3
	42

	Fertility rate
	2.8
	1.8
	5.6

	Prevalence of HIV (% of population aged 15-49)
	15.6
	1.5
	4.4

	Maternal mortality rate (per 100,000 births) 
	(no data)
	44
	870

	Infant mortality rate (per 1,000 live births)
	53
	23
	112.0

	Under 5 mortality rate (per 1,000 children)
	66
	26
	169.0

	Human development index rank
	111
	74
	169

	Gross national income per capita (US $)
	2,750
	2,190
	90


Country profile (statistics from UNDP and World Bank 2003)
Ethiopia

Ethiopia is one of the poorest countries in the world, with a large population (68.6 million) and a poorly developed infrastructure. While Addis Ababa, the capital, and other centres, have a well developed infrastructure with strong universities and other public institutions, other parts of the country experience recurrent famines
. Ethiopia is thus characterised by stark contrasts and uneven development between rich and poor and urban and rural areas, as well as between the capital and the rest of the country. In order to bring development to all parts of the country, the government has recently embarked on an ambitious project to network all Regions and districts (woredas) using a combination of fiber, microwave, wireless and satellite technologies, while at the same time the mobile network is expanding rapidly. Ethiopia is a federal republic, which consists of 11 relatively independent Regions with borders drawn along widely accepted ethno-linguistic lines. The Regions are divided into Zones, which again are divided into 580 Woredas, the locus of the drive towards decentralisation of government services. Due to its geographical concentration, Addis Ababa is directly organised in 10 woredas, called sub-cities. Addis Ababa covers an area of 540 km2 and its current projected population is 3 millions. In this region 553 public & private health facilities are available.
The overall HIS in Ethiopia is poorly developed; there are no accepted standards used for data registration, collation and reporting across the Regions. Each Region has developed their own formats and procedures for collecting, analysing, using and reporting data internally in the Regions and from the Regions to the Federal level. At the Federal level there are a number of vertical programs and agencies requiring the Regions to report data in addition to the MoH Health Information Processing and Documentation Team, PPD, leading to overlaps, gaps and inconsistency between reporting structures. These problems were identified at a national HIS workshop in June 2004 and the development of national standards for reporting from the regions were set as the main target. The process of developing one all-encompassing set of standards has, however, taken some time; there are numerous disease and service specific vertical programs with conflicting requirements, views and priorities. It is complicated to cater for such complexity in “one-go” at a committee level while at the same time new requirements are constantly evolving and changing in some areas such as e.g. HIV/AIDS. 

While waiting for the national standards some regions have started innovative processes to develop their own standards and HIS. In the Southern People’s Regions a donor-funded project has revised the data forms used in that Region and compiled it in a book of reporting formats. We describe in detail the HISP-project in Addis Ababa and its extension into other regions.

Addis Ababa

The Health Bureau in Addis Ababa started a project with the HISP group at Addis Ababa University early 2003. The data reporting systems were un-coordinated and there was no database application for storing and processing data. Using the South African DHIS software, a first prototype was established based on the existing data reporting formats. This prototype was developed with participants from the health bureau to systematise the rather complex collection of different datasets. In addition to providing a standardised solution, this prototype demonstrated inconsistencies and problems in the current reporting formats, for example that similar data elements and slightly differing data sets occurred in multiple reporting formats with different purposes, and that there was no systematic overview of all reporting requirements. While such inconsistencies in the paper based system had been known and there was an initiative but not acted upon previously, the rigidity of computerization made these problems more transparent and triggered action. After demonstrating the prototype and findings, the health bureau decided on a city-wide project and formed a committee to develop new standards and reporting formats. At a workshop, health workers and managers from facilities, sub-cities, Health Bureau, and some participants from MOH reviewed all reporting formats and standards. Sub-groups reviewed the forms from each program area and over the next two months all data formats were revised and a compiled book of reporting formats was agreed upon. The database for capturing these data was set up, computers were purchased for some sub-cities while others used the computers of the department heads and the HMIS database application implemented. Training and facilitation followed and the project hired a technician to support the system in all sites. During 2004-5 the system was implemented in 5 city-hospitals and 23 larger health centres.

Examples from the standardisation process

Data on Antenatal services were previously reported in three different forms with differing data elements and definitions, used for different purposes. In the new system these three forms were combined into one form with clear definitions. “Pregnant women referred” was previously reported from facilities with and without delivery services, the reason for referral, which is the important issue, was unknown. This data element was changed to include the reason for referral. 

The reporting on health education in the community was open ended, which was changed by identifying the various categories of health education, e.g. Antenatal/PMTCT addressing pregnant women, etc. 

Another type of problem encountered was a mismatch between the registers used for primary patient/client registration and the reports to be derived from these, which led the registers to be changed according to the new agreed standard. 

New information needs were also identified during this process. Previously no detail on delivery complications was reported. The committee on maternal health then identified conditions related to complications to be added to the standard reporting requirements. 

Electronic patient records for HIV/AIDS patients

The program to prevent transmission of HIV from mother to child (PMTCT) is now being implemented in 23 health centres in Addis Ababa, funded by a Canadian Church Aid NGO. At the same time the program to provide anti-retroviral drugs (ARV) to AIDS patients is starting in 4 hospitals.

Typically, this is how new vertical health structures with accompanying vertical HIS are established; however, in this case, the implementing agency has agreed to integrate their information system with the ongoing HMIS development process in Addis Ababa. While management of AIDS patient on ARV will require monthly follow-up of individuals over years, the PMTCT will require tracking and follow-up of the woman and her child though and across three vertical programs; pregnancy check-ups, delivery services and finally the child health programs. Individual patient record systems with the ability to track individuals are regarded as critical in these programs. The plan in Addis Ababa is to develop an electronic individual patient record system and to integrate this with the overall database system already implemented in the city. 

This is seen as extending the standardisation process one step further, from the facility to the patient level, with the same data standards used both at the patient and the facility level. In principle, this is similar to the case mentioned above where the registers used different data elements and definitions than the reports, which were corrected. In Addis Ababa there are so far no plans to extend the electronic patient record to other patient groups.

The challenge of software applications and networking

The Government has recently initiated a project to fast-track implementation of e-governance solutions, with the health sector as one of the targeted areas. The perceived roles of e-governance in health are still very sketchy at the federal level, but include networked and web-based solutions and the general assumption is that this will require one all-encompassing standardised system. As one key actor at the federal MoH said: “We want to give the contract to one giant company who will then be responsible for everything, regardless of the costs”.  The problem, seen from the MoH, is that the tasks of developing data standards (content) and technical standards for communication and data processing needs to be combined into one “system” approach.  

Other regions

In order to emphasise the vastness of the challenge to develop a unified HIS in Ethiopia, and the uneven context in terms of infrastructures between and within the regions, we briefly sketch the process in two other regions. 

Oromia is the largest and most populous region in Ethiopia; 1/3 of the total surface area and a population of 25 million. The region is divided into 16 zones, which again is divided into 212 woredas and 1458 public & private health facilities are available. The HIS reform process here started after some key actors from the Oromia Health Bureau participated in group discussions with HISP Oromia. To set up the database, the data sets currently being collected in Oromia were aligned with the standards developed in Addis Ababa and a committee was formed to review the experience and to develop more consistent and effective standards. Workshop on standardisation was held and the standard agreed upon is adopted at the time of writing only the pilot zones. The major challenge in Oromia is the vastness of the region and the poor infrastructure and human capacity in most woredas. Training on computer basics & the use of DHIS application has been given and the database application has been implemented in some woredas of two zones, While in the remaining zones the plan is to first include all zonal offices in the database part of the HIS before extending to the woredas in the deep rural areas. In this way the regional HIS will reach full coverage down to zonal level, before gradually reaching “down” to the woreda level.

Benishangul-Gumuz Region, stretching 2000 kilometres along the borders of Sudan, populated by several smaller ethnic groups, is one of the poorest regions in Ethiopia. Computerisation of the HIS is seriously hampered by the poor infrastructure, unreliable power supply, lack of computers and poor human capacity. The database application is therefore only implemented in the regional health bureau and in the zonal office in the regional capital Assosa (Mengiste, forthcoming). A foreign donor has promised to purchase computers for all woredas, but the process of implementing the ICT-based HIS will nevertheless have to be regarded as a complicated longer term task. 

The situation in the three regions is summarised in figure 2 which illustrates the uneven development of ICT / database infrastructure and its interface with the paper based system in the levels of the health system in three regions in Ethiopia. Dotted databases illustrates ongoing development. “Patient level” means patient registries and folders. Electronic patient records are being developed for HIV/AIDS patients, (but not for other groups), only in Addis Ababa. The zonal level is not used in Addis Ababa.
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Figure 2:  Uneven development of  ICT / database infrastructure and its interface with the paper based system in the levels of the health system in three regions in Ethiopia

South Africa

In post-apartheid South Africa, since 1994, standardization of health data has been a key element in the process of reforming the HIS, and the health system itself. During apartheid, the health services were extremely fragmented according to race, type of service and the system of ‘homelands’ for black South Africans. This resulted in a multitude of incompatible reporting systems, datasets, definition and standards, within and between provinces. Furthermore, apartheid was characterized by extreme inequity in health services provision and health status between populations and racial groups. Equity in health services provision and health status has therefore been a major political target in post-apartheid South Africa. The important issue in this case is that striving for equity between geographical areas and racial groups required a system of national standards to measure and monitor the extent to which this policy is being achieved and to pinpoint areas where more resources and efforts are needed. 

The HISP project was initiated in Cape Town 1994-95 as part of the ANC government’s Reconstruction and Development Program and has since then been a key actor in the standardisation process in South Africa. This process is described in (Braa, Hedberg, 2002). Here we summarise key issues and bring the case up to date. 

The standardisation process was driven by health professionals in order to ensure equity , i.e. universal coverage of health services. Key health targets such as immunisation of all children, Antenatal care and delivery services for women were identified with corresponding indicators and data elements. The strategy was to reach consensus on a minimum but essential set of such data elements to be collected across all types of health services. It became clear that it was impossible to achieve consensus on “everything”, thus a minimalist approach was adopted. Widespread consultation with different health programs and services led to a first “minimum data set” implemented in the Western Cape Province in 1997. The federal constitution in South Africa gives the provinces considerable independence, which made it possible to develop consensus around a “simple” standard data set in one province without having to take the whole country into account. At the same time, also with HISP support, a minimum data set was developed and implemented in the neighbouring Eastern Cape Province. 

The two data sets differed, but the important issue was that key data for the first time had been uniformly collected across population groups; urban and rural, black and white, rich and poor, in two provinces, formerly divided into black homelands, coloured and white administrative areas. Collection, analysis, use and immediate access to these data were supported and enabled by the decentralised prototype District Health Information Software (DHIS) database application, developed by HISP. The same application, further developed and with 10 years of prototyping use, is now being used in Ethiopia.

The achievement of practical results in two provinces sparked interest in other provinces and at national level and consensus on a national standard dataset was achieved by applying the principle of a hierarchy of standards, providing each level with the freedom to define its own additional standards as long as they adhered to the standards of the level above. 
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Figure 3: The hierarchy of data standards used in South Africa. Belongs to the data layer in the layered model in figure 1.
The first South African minimum essential dataset (2000) consisted of 47 data elements. This data set has been revised several times since then, with the constant problem of including and thus integrating all vertical program areas, which was still not “solved”. In 2002 a workshop on the development of the DHIS initiated a process to develop a national essential set of indicators from all relevant program areas to be collected from all health institutions (public, private and NGO). 

Since the first work on the minimum data sets, the impact of the AIDS pandemic had become evident and health services responses to HIV/AIDS  were organised as separate vertical programs with multiple separate funding, a perceived treat to the process of unifying the health system. Emphasising indicators rather than data elements, i.e. information needs rather than raw data or technical standards, illustrates that health professionals and not IT professionals are still driving the process. 

Since each indicator is composed of data elements (a numerator and a denominator), the indicator list is easily translated into an essential data set. The essential indicator list was approved by the national HIS committee 2005 and the corresponding data set has been implemented in 7 provinces since late 2004. Data on vertical programs such as the PMTCT is thus uniformly collected in all health facilities, even though data at the patient level are managed through many different systems in various provinces and institutions. 

Primary data registration and reporting from the health facilities are still (2005) basically paper based. The drive towards minimising data collection by establishing a minimum essential data set has been motivated by the fact that too much data is collected, health workers are overburdened by data collection and only little of the data is used. 

Thailand

Thailand has a population of 64 million people and is divided into 75 provinces and 795 districts. The HIS in Thailand may be regarded as a “best practice” among mid-income countries and uses an extensive ICT infrastructure which reaches all districts. Data on individual patients is captured electronically in most health facilities, and standard datasets are submitted upwards through the system to the central level, from where feedback and key information is accessible through web (www.phdb.moph.go.th). There is a clear policy on freedom of access to information and most data is freely available on the web and in a multitude of readily available documents. The health system works well, as indicated by the HIV/AIDS situation; HIV prevalence has dropped from 4% in 1990 to 1.3% in 2004, with the number of new infections reducing from 43.000 to fewer than 20.000 per annum. 80,000 people are on ARV therapy, for under $300 per year. 

According to the 1997 constitution, every Thai has the right to health care. From the inception of the universal coverage scheme in 2001 there was a tremendous push to improve quality of data in order to justify the decentralised distribution of funds based on capitation costs (paid per capita) for prevention and health promotion and for direct costs for hospital and high cost patient care.

The National Health Insurance Scheme (NHSO) has established a system of Contracting Units (CUPs) in each district, consisting of a hospital and their network of clinics, which are then paid for the services they are rendering according to the data submitted. The actual payment, quality control and accounting are decentralised to the province level. The CUPs are provided with ICT network access and computers as part of their payment. 

The direct link between payment to the CUPs and data on the services rendered has given great attention to the quality and timeliness of data from the HIS. Two set of standard national data are identified; one is covering community services and is made up of 18 sub-sets including immunisation, family planning, disease surveillance, chronic diseases etc., the other is covering hospital services and consist of 12 sub-sets including inpatients, outpatients, patient payment, referral etc. Each of these 18+12 sub data sets are specified as a file format to be sent to the national level as e-mail attachments. The data transfer from the CUPs and the provinces on the one side, and the national level on the other, is thus standardised both at the logical level of data elements and at the technical level as a file specification. 

Health facilities use various software applications for the primary capture of data and report electronically to the CUPs using Internet or USB memory sticks. Feedback from the central level and access to information is generally web-based, but numerous paper based reports are also produced. As more and more districts get adequate web-access, interchange of data and information between local and central levels is increasingly robust and scaleable. 

As long as the provinces report the required standard data sets and files, the provinces are free to collect and process the additional information they need and can use the software of their choice.  Numerous different software applications for a variety of purposes have been developed in the provinces. In addition, data is obtained from a myriad of surveys collected by every level on a multitude of topics from “healthy Thailand” looking at restaurant quality, exercise, nursery schools, nutrition and sanitation, through to highly academic surveys on e.g. distribution of wealth and occupational health.

While standard software applications have been distributed to the CUPs for collating and transmitting the standard data files, a variety of other software applications have been developed in the provinces in order to pursue their particular information needs. 

Infrastructure and socio-economic conditions differ between provinces, and between cities like Bangkok and rural areas. While freedom for local innovation enable more advanced provinces develop solutions according to their potential, less advanced provinces are benefiting from sharing software solutions developed in other provinces. 

Software is shared between provinces and districts, with provinces picking the best available software from other provinces and sharing it on a no-cost basis. Standards regularly revised through an ongoing HIS development program that has broad participation from all main roleplayers in the process.  

Analysis and discussion

We will now turn towards an analysis and discussion of the three cases. The focus will be on highlighting lessons to be learned. These lessons will be presented within the framework presented above. Towards the end we briefly discuss how Ethiopia could move forward from their current situation. The discussion will concentrate on

· the complexity and heterogeneity in the countries’ health systems – the needs for creating orders;

· how the initiatives in South-Africa and Thailand succeeded in developing flexible standards through prototype driven and evolutionary approaches;

· how the standardization processes succeeded because they were driven by specific needs and with focus on obtaining short term benefits;

· the role of gateways;

· how the larger systems were ordered by aligning new standard to the growing installed base of aligned standards, and how the growth of the installed base made it a more powerful and independent actor in the ordering processes at the same time as “loose couplings” were maintained between the system of standards to avoid being trapped and locked-in by a complex and inflexible installed base.

The contrast between Africa and Asia, and between the comparatively well developed Thailand and South Africa on the one hand and the poverty stricken Ethiopia on the other, are only two among many axes where the case study countries differ. Despite these differences, the issue of standardisation seems to be a common feature in their HIS development process. While Thailand and South Africa have achieved considerable results on a national level, in Ethiopia some progress is achieved on the sub-national level. In this section we summarise and compare key aspects of the standardisation processes. 

Differences and uneven development

Significant differences in contexts within the countries is a key common feature. In South Africa the poverty and poor infrastructure in the former apartheid homelands of Transkei and Ciskei in the Eastern Cape contrast sharply with the context of the global metropolis Cape Town in the Western Cape. Similarly, the world-class standards of Bangkok differ from the poor provinces to the east and north in Thailand. The uneven development of the ICT-HIS infrastructure in the three Ethiopian Regions indicate that internal differences within a country indeed impacts on HIS development. While in Addis Ababa, the database infrastructure includes all health centres and hospitals and work is underway to extend this infrastructure with electronic patient records for HIV/AIDS patients, in other regions not even the zonal level is fully included. These differences in technical infrastructure reflect parallel differences in social, economic and human resource development. Oromia is a vast region of 359.619.8 km2 (bigger than Italy) with extremely poor infrastructure, 25 million people, ethnicity and language different from the rest of the country. The strategy in Oromia is to first establish the HIS-infrastructure in all zones, before gradually extending it to the woredas. HIS development in Ethiopia needs to be based on scaleable approaches in order to cater for the variety of conditions within the country. Thailand and South Africa managed a somewhat similar in-country variety through a scaleable approach based on standards. 

Prototype driven and evolutionary standardization
One post-apartheid challenge in South Africa was to develop an integrated and to some extent uniform HIS covering the whole country. Differences in politics and conditions between provinces made this a difficult task. The approach was to develop through negotiations an initially limited essential data set to be collected and reported throughout the country. Conflicts between provinces on the standards were managed and consensus was obtained because 1) the focus was on a limited sub-set needed for national comparison, and 2) the principle of a hierarchy of standards that allowed all provinces to carry on with their own standards and develop new if they so wanted. In this way the HIS at the national and provincial level was regulated and built through a set of standards. All provinces could comply with these requirements and a national HIS was established. The standards were simple and “loosely coupled”. And because they were simple they were also flexible and easy to change. They were gradually improved and extended and increased over time as the system scaled up in content. Each province was left to develop further and scale up the geographical coverage by reaching out to the peripheral level; within each province, following the same principle of a hierarchy of standards, the HIS was scaled up in terms of content, additional provincial standards included, and at districts and in hospitals, additional standards could be added, as long as they adhered to the standards of the level above.

This strategy is in stark contrast to the standardization approach chosen for developing European EDI standards for health care as well as most EDI like standardization approaches (Graham et al 1995, Graham et al 1996, Hanseth and Monteiro 1997, Hanseth et al. forthcoming). In these cases the strategy has been to develop one European EDIFACT standard for lab reports, for instance. This standard should cover the needs for all of Europe. Such a standard creates immense complexity – technological as well as organizational. When things change anywhere in Europe so that the standard need to be changed, the standard had to change on the European level and accordingly affects all implementations and users. 

Thailand followed a comparable approach. A set of national standards were identified as 30 “files” covering primary health care and hospital-related services. The national level provided software standards to translate the data collected using a variety of software applications in the provinces into a standardised format, as well as infrastructure to send it as e-mail attachments or on the web to the higher level. 
While the technical health standardisation process in South Africa was carried out on the logical content level with its focus on indicators and data elements, the only ubiquitous technical data carrier level has been taken care of by the DHIS software, which continuous development has been going on as an interacting twin process. The technical level has been more openly expressed in Thailand as the standards have been expressed both as a file for transmission and as content, i.e. data elements. The approach in Thailand has also proven to be scaleable; the data elements have been updated and extended regularly as for example treatment for AIDS patients (which includes a range of data), have been included. Also in Thailand, the individual provinces are allowed to develop their own standards and software applications as they like, as long as they comply to the national standards.

Thailand and South Africa have both followed a decentralised, modular approach where each province has been regarded as an independent module and the tension between the central and local needs have been balanced through simple and flexible standards.

Standardisation driven by specific needs
The range and focus of the standardisation processes differ between the three countries. The need for data on activities and services paid for through the universal coverage scheme was the important driver of the standardisation in Thailand. The Thai people are granted the rights to a certain range of health services. Data on this range of services and conditions, and the way to transmit them, are then standardised. Since health services and needs are constantly changing, the standards are also changing. The resulting information is of course also serving a range of other purposes and needs, such as for the management, monitoring and evaluation of these health services and their coverage and impact at all levels of the health systems.

In South Africa, the quest for equity in health services provision and status across population groups was the primary driver of the standardisation. All basic health services were included, but only the key tracer indicators within each area were targeted. For example, of all the activities, inputs, results and costs related to immunisation, only the indicator “% fully immunised children less than one year of age” was regarded as significant in measuring to what extent children also from disadvantaged population groups and communities were reached. 

In Ethiopia the standardisation was motivated by a more pragmatic objective of harmonising the multitude of uncoordinated requirements and tools for data collection. The approach has been to first take all data that is routinely collected & data proposed by federal & health programs such as HIV/AIDS, adapt it to current situation, cut out overlaps, sort out conflicting definitions and fill in gaps, combined with function analysis. Despite the awareness of some members of the HMIS review team, such all-encompassing approach has been followed because of influences of external/internal actors and “Nice to know” syndrome - as has been well accounted in the literature. Consequently data requirements were either identified as coming from above, i.e. the federal level, health programs or from the regional Health Bureau itself. Thus, it is strongly recommended to gradually rationalise and reduce the standard further.

Translating the standards up through the system – gateways
Gateways played important roles in these cases in order to maintain flexible and sustainable infrastructures and to link together different worlds which are ordered according to different logics. In the cases presented above we can identify four ways in which gateways are used: they extract data out of databases and put these data into the format of the standardized messages (this is equivalent to how cgi (common gateway interface) scripts are used to link data bases to the Web); they convert one message format (or data structure) into another; they calculate data values based on other data; and  finally they link together communication services of different kinds (this may be a gateway between two different computer communication protocols, or – most important – they link together computer communication services and non-electronic communication services.

Primary registration of data is paper based in Ethiopia, as it is in South Africa. The interface between the paper and computer based system is located at different levels; health facility, woreda, zone or region, depending on the location in Ethiopia. At each level in the hierarchy of reporting the data a particular translation is needed. The primary registration or translation of the patient encounter with the health services into data, and the translation of this data into an aggregated summary form for the facility is one critical area. The translation from paper to digital format is another. 

In Addis Ababa the standards for data on postnatal check-ups were set to include data on first, and subsequent visits. The problem however was the register used for postnatal visits included the categories of “1st 24 hours”, “1st week”, and “2-6 weeks”. The register therefore had to be changed as part of the standardisation to include a column for showing the visit clearly whether it is first or subsequent to avoid a wrong mapping.

A more complicated example relates to the reporting of diagnosed diseases in Ethiopia. While reporting using Classification of Diseases (ICD) 6 is national standard, capacity and procedures in the health facilities are not adequate for actually diagnosing according to the standards. Acute shortage of physicians leaves the diagnosis and identification of the precise ICD code to unqualified personnel, and where physicians are present and diagnosing the patients, they are not using the ICD codes but leaves the coding to in this respect unqualified statistician. Insufficient laboratory services add to the problems of coding the diseases using ICD. The research participants also share this view. As a consequence of these problems the approach is now to only use ICD in hospitals with sufficient resources and develop standards based on broader diagnosis categories to be used elsewhere. 

The detailed diagnosis required by ICD is a general problem in primary health care and in rural settings as illustrated by an example from South Africa: While control of “sexually transmitted infections” is a key priority, diagnosing cases without adequate laboratory services is uncertain. “Male urethral discharge”, on the other hand, is a certain indication of STI in a male and may therefore be used as a proxy to estimate the level of STIs. This data element was invented and tested in the Western Cape in 1999, then in the Eastern Cape, before finally becoming national standard in 2001. In order to indicate gender bias this data element is used together with “cases treated as STI”. These cases illustrate that standardisation involves trial, errors, and innovations, and that innovations are being spread from area to area before becoming accepted standards. 

The capturing of aggregated data in a database at the facility or higher level represents the interface between paper and computer in Ethiopia and South Africa.  Errors in typing and in the paper reports are addressed through various database supported data validation rules, but the accepted key to good quality data is to analyse and use the data as close to the source as possible. Feedback routines and organisational procedures for information usage are established both in order to ensure quality and to institutionalise sound information handling practices. This translation of the standards from paper to digital format is an area where organisational practice and human capacity and behaviour determine the outcome. Standardised procedures may only be implemented to the extent that the organisation is able to adopt and absorb them. 

In Thailand the primary registration of patient data is largely computer based using a variety of software applications. Obviously, errors occur in registration of patient data, but once digitised, further translations may be handled in a formalised environment. The critical gateway is where the data from the various patient-based software applications in the provinces and within the CUPs facilities are translated to the standard file format, using standard software distributed from the central level. 
Handling fragmentation through integration – absorbing the vertical programs by building the installed base

As the installed base of a set of standards start growing, it becomes increasingly attractive to build on this when developing new standards and extending the infrastructure – nothing succeeds like success.

Fragmentation of HIS caused by strong vertical programs represents a major problem in many developing countries. This seems not to be a problem in Thailand or South Africa. In Thailand all basic health services are included in the universal coverage scheme. When, as an example, treatment of AIDS patients was included as a basic health service, it was also included as part of the universal coverage scheme and funded through them. The whole HIV/AIDS program was absorbed by the universal scheme and data standards were added to the national standards, thus building upon and adding to the installed base.  International donors will then have to use the existing channels for their funding. 

In South Africa the reporting from the HIV/AIDS programs are regulated through the national standards although various programs are organising their own patient based systems and funding schemes. The implementation of the large international HIV/AIDS project in Addis Ababa could potentially have gone for their own solutions, but agreed to rather contribute to the general HIS development in Addis Ababa than to go for their own solution, as in fact recommended by the WHO/UNAIDS workshop referred to earlier. 

The three cases thus illustrate that the existence of a system of flexible standards, and a certain level of commitment to the local HIS development, make it possible to organisationally absorb new large vertical program, add new standards, and thus build the installed base. But a growing installed base also represents a danger. It may become too big and complex and we get locked-into it and unable to change it. For this reason it is important to capitalize on an installed base and to extend it. But this has to be done in a way where we also pay a lot of attention towards maintaining the installed base’s flexibility. This can be done by focusing on modularization in terms of keeping the individual standards independent and at the same time avoid adding new features to existing if one at the same time cannot improve them (make them more general and les formalized, for instance) so that their overall complexity does not grow.

What can Ethiopia learn from Thailand and South Africa?
South Africa and Thailand have both achieved good results by following a decentralised and scaleable approach where, at a first level, the relatively independent provinces are networked and communicating with the national level through flexible standards. From South Africa we may emphasise the particularly evolutionary approach starting with a first simple standard data set which gave immediate results, and then gradually extended and developed the standards and the process further. From Thailand we highlight a particular robust technical framework for data communication; data from the facilities are sent to the CUPs and provinces using the infrastructure at hand; Internet where that is available, or motorbikes transporting a memory flash, where that is more appropriate. From the CUPs and the provinces, data are transmitted as e-mail file attachments to the national centre. Feedback and access to the data from the centre is available on the web to all units with adequate networking, and as the network is developed, more and more districts have access to the web. Those without access, get feedback on paper, from the CUPs and provinces as well as from the national level. 

The process in Addis Ababa has demonstrated that institutional capacity to handle relatively complex standardisation and HIS processes has been developed. Key challenge not yet solved is to link the processes in the regions through a federal set of standards. Developing accepted national minimum data set standard will facilitate the efforts of individual regions to develop their own “minimum” data set. Given the extremely uneven development both of infrastructure and human capacity between and within the regions in Ethiopia, appropriate approaches to HIS development need to be scaleable and evolutionary, starting with relatively simple activities that give “quick win” results and then build further from that. 

The flexible standardisation approach used in both South Africa and Thailand as a means to link provinces together to a national system seems appropriate to Ethiopia. The idea of developing one big system for the whole country will easily lead to failure, because differences between regions and the need for gradual development and scalability are difficult to include in a one “big system” approach. It should not be seen as a problem that slightly different processes are pursued in different regions. After all, the differences between provinces were controlled through flexible standards in both Thailand and South Africa, while at the same enabling local innovations.   
Comparing the cases with the IS standardization discourse
We have seen that standardization of health data in developing countries largely resembles IS standardization related to the development of IIs in the rich world. But there are, however, a few differences which it is worth highlighting. While the IS literature tends to focus on technical standards for communication within and between organizations, health data standardization in developing countries, as we have seen most clearly in South Africa,  focuses on the public sector and on the usefulness of the data and their reporting and analysis practices, rather than on technical protocols for their communication. 

The content and purpose of information are emphasized, rather than the technical infrastructure and its standards for its dissemination, storage and use. This is typically expressed as a quest for optimal indicators both in term of their effective collection and use, to target particular health problems and to measure achievements (see e.g. Sapirie, Orzeszyna, 1995, Heywood, Campbell, 1997).  Following the layered model in figure 1, we may say that the standardization discourse in developing countries has focused on the data layer, whereas in the general IS discourse, the focus has been on the technical layers. One reason for this lack of technical emphasis is that health information systems in developing countries to a large extent are paper based. The international Routine Health Information (RHINO) network, for example, focus only on the data level in their efforts to standardize data handling and use in developing countries (see RHINO, 2001).

This situation is however rapidly changing as most developing countries are in the process of devolving their computing and IT resources within the health sector. As indicated by the cases of Ethiopia and Thailand, the interface and interaction between the previous and current paper based system and emerging IT-based systems represent in many ways the “coalface” of the health data standardization process. The data standards as represented in paper based registers and reporting forms, the “protocols” for data interchange in a paper based environment, are challenged, as we have seen in Ethiopia,  by the formalization required by their “computerization”. While at the same time the IT-infrastructure is being challenged by the new demands and needs for appropriate processing, dissemination and use of health data.

Economies of scale in the market place is seen as an important and partly uncontrollable determinant for the standardization of IT infrastructures, as exemplified by the way the Internet “won” against the European ISO standardization committee approaches by successively providing better solutions and getting more users (e.g. Hanseth et al, 1996). While scale is of equal importance in the health sector in developing countries, they need to be considered and treated quite differently. This difference stems from the nature of standards, how they are mandated, how they are used, and maybe most importantly, the institutional setting in the health sector, where each organizational structure and line of management command uniformity and the standards tend to be institutionally enforced. There is of course competing standards, but these are more likely to occur between than within structures. Negotiations at political and institutional levels, rather than to some extent free competition, therefore seams to be of particular importance in the area of health data standardization. Despite of this, the case of South Africa shows that, there at least, the standard setting resulted from relatively free competition, best practices and negotiations and alignment of a variety of actors, revealing traits  analogous to the case of Internet. The case of South African is however special in that the relatively fluid situation following the fall of apartheid provided a particularly “free” context for standardization. The typical country situation is much more rigid and politically constrained, as we have seen at the federal level in Ethiopia.  

Conclusion

In this article, we have argued and tried to demonstrate that complexity is a major issue in information infrastructure development in general, and in development of information infrastructures for the health care sector in developing countries in particular. The main challenges in developing such infrastructures are of a rather general nature – understanding and dealing with the complexity and heterogeneity of these infrastructures. The major difference between rich and poor countries is, according to our experiences and perspectives, that the complexity and heterogeneity is even larger in poor countries – primarily due to the uneven development within all developing countries. 

We have further argued that the approach to standardization taken when developing information infrastructures is the key issue when approaching this complexity and heterogeneity. We have proposed “flexible standards” as a key concept in this respect. A strategy aiming at developing flexible standards based on prototyping and evolution where standards evolve slowly from their first simple prototypes developed to serve specific short term benefits, through improvement (corrections and simplifications), growth and change to adapt to changing needs is, according to our experience, the best way to manage this complexity. This strategy helps us to avoid being too ambitious in terms of attempting to achieve perfect order. Such a strategy may easily, through reflexive propagation of side-effects, lead to the creation of more fragmentation and chaos. The flexible standardization strategy aims at finding a practical balance between (simple) standards and gateways which translate the different standards and link the sub-worlds these standards order in different ways. This strategy captures the critical factors behind the successful standardization in Thailand and South-Africa, and it seems to us to be the best strategy for how to proceed in Ethiopia.
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� John Law and Annemarie Mol (2002, p. 1) define complexity as follows: “There is complexity if things relate but don’t add up, if events occur but not within the process of linear time, and if phenomena share a space but cannot be mapped in terms of a single set of three-dimensional coordinates.”





� Our concept of gateways is closely related to Star and Griesmer’s (1989) concept of boundary objects which link different actor-networks.


� Thailand; India and Vietnam in Asia and South Africa, Botswana, Mozambique, Malawi, Tanzania and Ethiopia in Africa.


� In a classic study Amartya Sen (1981) analyses poverty, deprivation and famines, as being due to uneven distribution of resources and of uneven development:


 “Starvation is the characteristic of some people not having enough food to eat. It is not the characteristic of there being not enough food to eat.” (Sen 1981, p. 1)
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