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Introduction

Sulayman K. Sowe, Govindan Parayil and Atsushi Sunami

In formulating a global agenda for change and reflection to bring about a
fair and sustainable world, the 1987 Brundtland Report broadly defined
sustainable development as “development that meets the needs of the
present without compromising the ability of future generations to meet
their own needs” (World Commission on Environment and Develop-
ment, 1987). Since then, documents such as the UN Agenda 21 have com-
plemented the key concepts contained in this definition. Chapter 23 of
the agenda stressed that one of the fundamental prerequisites for achiev-
ing sustainable development is broad public participation in decision-
making. There is an urgency to understand and act to ensure that the
essential (technological) needs of the world are prioritized and being met
— especially those technologies that support public participation and
openness. Developing countries continue to make substantial strides in
information and communication technologies for development (ICT4D);
adopting and using technologies in all sectors of life including education,
agriculture, health, government, and infrastructure and social develop-
ment. This has far-reaching implications for understanding current tech-
nology transfer issues as well as the creation, deployment and usage of
technologies to boost the ICT (information and communication technol-
ogies) infrastructure and bring about sustainable progress in developing
countries. More importantly, perhaps, experts and practitioners involved
in ICT initiatives in these countries need to rethink the best way to lever-
age and support their ICT potentials and expertise.

Free and open source software and technology for sustainable development, Sowe, Parayil and
Sunami (eds), United Nations University Press, 2012, ISBN 978-92-808-1217-6
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We are experiencing a significant shift away from the use of technolo-
gies and services based on proprietary software and towards free and
open source software (FOSS) solutions and services. A plethora of FOSS
technologies is increasingly playing an essential role in the sustainability
agenda. As some of the early myths (difficult to use, unreliable, insecure,
inadequate support, etc.) are being debunked, FOSS is influencing all
aspects of ICT, from supporting core ICT infrastructure to areas such as
e-learning, e-government, e-health and much more.

The general concept behind FOSS is making the human-readable
source code of software accessible to anyone who wants to obtain it.
Users can freely share, customize and adapt the software to their local
needs. As such, it can be argued that FOSS technologies support the
broadest public participation, limited not by copyright restrictions but by
one’s ability to learn and modify the technology to meet present needs
while laying the foundation for future generations to meet their own
needs. However, if FOSS and technologies are to have an impact and
contribute to sustainable development, they must not only be accessible
in a format that allows present and future users to modify them in any
way to suit their needs, but there must also be a strategic plan for train-
ing and learning to ensure that the present generation can archive, share
and transfer the technology to future generations.

FOSS transcends geographical and cultural boundaries to usher in a
new software development paradigm where volunteers collaboratively
create software for the commons. The FOSS phenomenon has come of
age and is redefining the way we develop, distribute, use, maintain and
support software. The political economy of FOSS technologies has far-
reaching implications for world development because of the centrality of
information and communications technologies for development (ICT4D).
The global trend in the diffusion and adoption of FOSS technologies is a
testimony to the socio-economic and technological impact the software
has for both developed and developing economies. While FOSS develop-
ment, education and business potentials may appear as a phenomenon
for the developed world, a sizeable number of developing countries have
undertaken bold measures — implementing FOSS policies, supporting
R&D, initiating projects — all with the ultimate aim of bringing about in-
novation, sustainable ICT development and technology independence.
Amid the debate about what sort of technology is appropriate for achiev-
ing sustainable development, FOSS offers some solutions to today’s and
tomorrow’s technology challenges for developing countries. Empirical
and anecdotal evidence continues to demonstrate the potential FOSS
technologies have in empowering individuals and communities, giving
technology users ownership rights and enabling countries and regional
institutions to collaborate with technology partners of their choice at an
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unprecedented rate. These characteristics have the intrinsic value of giv-
ing people the opportunity to participate actively in the development and
shaping of their own technology, stimulating the growth of indigenous
software industries, creating local jobs and lowering technology acquisi-
tion and deployment costs.

There is thus an urgent need to compile and develop a framework that
can help us better understand how FOSS and other technologies can
bring about sustainable development. This book is a compilation which
highlights technology adoption and use in various sectors, lessons to be
learnt and how best to use this understanding to support regional and
international technology cooperation.

The key ideas in this book come from diverse and interrelated topics
covering qualitative and quantitative research. The chapters deal with im-
plications for understanding FOSS and technology diffusion and adop-
tion, bring to the fore theories and best practices on FOSS for sustainable
development and introduce scientifically grounded models to explain the
complex relationships between FOSS technologies and sustainable devel-
opment. There are discussions pertaining to the subject of FOSS technol-
ogies and intellectual property rights (IPR), case studies and surveys with
an emphasis on lessons to be learnt and experience reports on FOSS,
technology policy formulation and obstacles to policy implementation in
developing countries.

The book is a compendium of scholarly chapters that will give the
reader a synergetic overview of the status and projected trends of FOSS
technologies. Contributions come from a wide range of knowledge ex-
perts who are able to combine their technology experiences from devel-
oping countries with their informed knowledge from developed countries
to provide a comprehensive outlook on the themes in this book. The
volume benefits from 33 contributors from 14 countries, spread through-
out Africa, Asia, Europe and North and South America.

The overall objective of the book is to raise awareness, increase
deployment and capture the socio-economic, technical and educational
impact of FOSS technologies for sustainable development. To achieve
this aim, the book integrates chapters covering both theoretical and
practical implications of FOSS technologies. The authors include ex-
perts from social, natural and human sciences, with contributions com-
ing from researchers and practitioners in both developing and developed
countries.

The target audience of the book are ICT4D and sustainable develop-
ment experts in both the developed and developing worlds, FOSS devel-
opers and users, policy-makers, ICT-based small and medium-sized
companies leveraging benefits inherent in FOSS technologies to support
and sustain their business practices, non-governmental organizations
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working in ICT and sustainable development in developing countries,
international organizations with technology transfer initiatives, informa-
tion systems practitioners and research institutions. The book also targets
curriculum designers, universities, colleges and training institutions inter-
ested in the pedagogical aspects of FOSS technologies.

Organization of the book

Initially the editors received 48 abstract submissions. These were screened
by an expert panel of reviewers to gauge their relevance to the aim and
overall objective of the book. Thirty-one abstracts made it through this
process, and these authors were invited to contribute full chapters. From
this cohort, 28 chapters were submitted and subjected to a blind peer re-
view. Using the results, we selected 13 high-quality chapters for inclusion
in this book, plus a concluding chapter. The chapters are broadly organ-
ized into two main sections.

e Part I: FOSS research, theory, technology adoption and practice. In the
first eight chapters of the book, the authors discuss themes related to
qualitative and quantitative research that have implications for the dif-
fusion and adoption of FOSS technologies in the public and private
sectors of developing countries. These include theories of information
society, learning in ICT4D projects and best practices on FOSS tech-
nology sustainability and innovation. This section also covers the use of
FOSS technologies and services as tools to achieve sustainable devel-
opment, their relationship with IPR and lessons to be learnt from
FOSS research and cooperation projects between developing and de-
veloped countries.

e Part II: FOSS case studies, surveys, policy development and experience
reports. Five chapters in the second part of the book document case
studies and surveys which demonstrate practical implementation of
FOSS technologies in the public and private sectors of developing
countries, with emphasis on relevance and lessons to be learnt. The sec-
tion also addresses the development, formulation, evaluation and re-
view of appropriate policies that are responsive to technological trends,
what works and what does not work in existing ICT policies in devel-
oping countries and obstacles to policy implementation.

REFERENCE
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Making sustainable open source
software infrastructures by
federating and learning in the
global context

Gianluca Miscione

I think that if the developing country is serious about not just seeing ICT as a
cost center, but as a requirement for national development, the real advantage
of open source ends up being able to build up your own knowledge base. And
that is not cheap in itself — you’ll likely pay as much for that as you’d pay for a
proprietary software solution. The difference being that with the proprietary
solution, you’ll never catch up, and you’ll have to pay forever, without ever
learning anything yourself. (Linus Torvalds, quoted in Weerawarana and Weer-
atunge, 2004)

Introduction

The idea of the “network society” has highlighted how the logic of net-
works has shaped the contemporary world, with a specific emphasis on
the role of information technology (IT). More than a decade ago Castells
(1998), engaged by the UN Research Institute for Social Development
Conference on Information Technologies and Social Development, wrote:
“The most critical distinction in this organizational logic is to be or not
to be — in the network. Be in the network, and you can share and, over
time, increase your chances. Be out of the network, or become switched
off, and your chances vanish, since everything that counts is organized
around a worldwide web of interacting networks.” Such networks do
not emerge and sustain themselves autonomously; they are in interplay,
shaping and shaped by large IT systems, here referred to as “informa-
tion infrastructures”, comprising practices, institutions and organizing

Free and open source software and technology for sustainable development, Sowe, Parayil and
Sunami (eds), United Nations University Press, 2012, ISBN 978-92-808-1217-6
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processes. Information infrastructures are unevenly distributed and evolv-
ing. Organizational contexts have a central role in such unevenness. Such
unbalanced situations are mostly evident in developing contexts; it is
widely known that many approaches to implementing IT in developing
countries have been tried, with some succeeding and many failing to be
sustainable. This chapter proposes that successful ongoing projects can be
hubs of a broader infrastructure possibly constituted by federating them,
rather than as best practices to be replicated, as commonly suggested. In
such a process, it is argued here that learning is crucial.

Often there is a mismatch between skills implied and required by IT
and those available. This reproduces the marginalization and exclusion
that Castells warned about. IT projects in developing contexts suffer
from both horizontal (local versus global) and vertical (across initiatives)
fragmentation. From a vertical view, IT projects are run by different or-
ganizations, like local ministries, the United Nations, the World Health
Organization (WHO), the Organisation for Economic Co-operation and
Development, donors, national public agencies, non-governmental organ-
izations (NGOs) and consulting firms. The coordination across these
efforts is often insufficient to create sustainability. Horizontally, the intro-
duction of IT is expected to change processes and management across
levels. In public administrations (and not least in developing contexts),
bureaucratic procedures and decision-making tend to be top-down. This
goes for most mainstream software engineering approaches as well. On
the other side, the actual processes of development and implementation
of IT are not linear due to the variety of contexts with multiple rationali-
ties (Avgerou, 2002; Chilundo and Aanestad, 2004). The mismatch be-
tween formal bureaucracies’ functioning, mainstream top-down software
development schemes and actual trajectories of development initiatives
provides a promising field for research and, in turn, relevance for prac-
tice. This chapter intends to approach such issues by looking at the con-
nections between free and open source software (FOSS) and learning.
The focus on organizational aspects complements existing studies on the
economical and technological relevance of FOSS.

FOSS has been attracting the interest of organizations involved in de-
velopment and implementation of IT in developing countries for years.
But the usual assumptions on which FOSS relies cannot be taken for
granted in contexts of actual use. For instance, dispersed and mobilizable
IT capabilities may not be widely available in developing contexts, and
copyright and other FOSS-related rules may not be present, or not en-
forced. This environmental complexity is exacerbated by lack of coordi-
nation across efforts, resulting in local organizations spending inordinate
amounts of time and resources in dealing with separate — and sometimes
conflicting — initiatives and actors.
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The importance of considering the actual consequences of FOSS has
already been highlighted (for instance by Miscione and Johnston, 2010).
This chapter uses a step-deductive argument: by selectively discussing
existing concepts and approaches it aims to draw a line connecting
emerging infrastructures as federations, FOSS and learning. In doing so,
it scrutinizes the usual assumption that FOSS is “good” because it is
based on “good” principles.

Due to the deductive structure of the argument proposed here, the
methodology — the approach and techniques for data collection and
analysis — is not given the same centrality as in empirical papers and
data-driven research. Indeed, relevant empirical cases are selected for
illustrative purposes, rather than being the ground from which the theo-
retical proposal emerged. In spite of these premises, it is important to
state how the empirical part of this chapter has been produced. For about
two years the author has taken part, at different levels and with different
tasks, in a global long-term action research initiative to develop and im-
plement health information systems in developing countries. This involve-
ment, initially framed by action research, progressively became more
informed by participant observation, which implies less direct responsi-
bility for action on the researcher’s side. Action research provided direct
access to globally dispersed activities and accountability lines. Participant
observation reduced bias and provided an accurate understanding of in-
frastructure development phenomena. Interviews and documentary study
enriched data throughout the research process.

The argument is structured as follows:
¢ Infrastructures are central for providing services, especially those in

which economy of scale plays a determinant role.

e Federations hold a pivotal role in establishing wide infrastructures (for
example Edwards, 2010; Miscione, Staring and Georgiadou, 2009), and
require particular strategies and ability to learn.

e Learning in turn can be facilitated by FOSS.

Federations for infrastructures

The term “federation” has been borrowed from political science because
it expresses metaphorically my proposal for agreements and shared
power without constituting a unitary organization, as a unitary state
form would. Federalism combines autonomy for sub-central units with a
central authority, whose power and constraints are constitutionally de-
fined. This understanding of federalism resonates with the view of infra-
structures as federations of existing information systems. Through this
chapter, it is argued that federations of socio-technical systems can help
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in reducing the design/reality gap by linking locally rooted information
systems with globally distributed information infrastructures, which do
not depend on single transnational authorities.

From a historical perspective, we can note that many infrastructures
(like telephony, internet, even railways) emerged through the integration
of existing systems, with incremental standardization being a key element
in their establishment. But the scalability of infrastructures is not simply
the outcome of interoperability and standards. Without considering or-
ganizational and political aspects of the actual contexts of implementa-
tion, integration of systems and scaling up of information infrastructures
do not happen. This is the reason for calling this process “federation”, to
avoid both technological reductionism and the tight technical coupling
implied by “integration”. Facilitation of interoperability among existing
projects, as well as with new ones, is my proposal for a first step in such
direction (Hanseth, 2002).

An information infrastructure has been described as a “shared,
evolving, heterogeneous, open and standardized installed base of IT-
capabilities” (Hanseth and Lyytinen, 2004). Another widely accepted
concept of such infrastructures comes from Bowker and Star (1999), who
studied classification systems. Both address the heterogeneity of what
constitutes infrastructures and their unfolding nature. As discussed by
Miscione, Staring and Georgiadou (2009), establishing coordination
across IT programmes, thus across organizations, requires inscribing co-
operative features and revising lines of accountability. This is not a linear
process because technology tends to inscribe the contexts from which it
originates, which may impede its “transfer”. The dialectic of local and
global, flexibility and standardization (Hanseth and Monteiro, 1997;
Braa et al., 2007) is pervasive in building information infrastructures.
To identify working balances between diverse forces — depending on
local specificity, interoperability and standardization — Rolland and
Monteiro (2002) refer to open processes of continuous and long-term
negotiation.

Lanzara (2009), echoing Latour and actor-network theory, terms
“assemblage” the interweaving of IT with institutional forms. The as-
semblage is a heterogeneous collection of technical and organizational
components with their specificities, not reducible to a single logic. An
assemblage may comprise “a plethora of actors like political authorities,
technical agencies, bureaucratic organizations, I'T providers, professional
service firms, regulatory bodies, software engineering companies, research
centers, together with the technical, functional and normative compo-
nents by which they run their transactions” (ibid.). These constellations
are loosely structured and can be evolving and changing. Lanzara (ibid.)
further argues that technology performs in the same way that institutions
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do by producing regulatory constraints in organizations and societies. |
find this concept useful to account for the entanglement of IT and or-
ganizations when, in both industrialized and developing contexts, dispa-
rate inter-organizational arrangements emerge in relation to IT.

The stance embraced here is empirically inspired by the activities of an
international network devoted to development and implementation of
reporting software for aggregated data from primary healthcare facilities
in developing countries. The Programme on Health Information (PHI — a
disguised name) started in South Africa in the mid-1990s to support the
reorganization of the post-apartheid healthcare system. Its software and
approach were subsequently introduced in several other African and
Asian countries. PHI is now an assemblage of various actors and partner-
ships involving universities, public health authorities, NGOs, donors,
international organizations and consultants. PHI operates at both the
global level (participating in a broad and heterogeneous network of or-
ganizations like universities and research centres, international donors
and ministries of different countries) and local levels (where systems are
piloted and implemented, capacity building is carried out and require-
ments for further developments are collected).

Two prominent characteristics of this project are interesting here: its
adoption of FOSS and its reliance on participatory design principles,
which promote learning processes. Participatory design and action
research — in line with the Scandinavian tradition from which PHI
originated — provided guiding principles of PHI activities. Indeed, it relies
explicitly on participatory design as an action research method to under-
stand and empower peripheral levels of public healthcare systems. This
goal is pursued by supporting the use of health-related information for
action (monitoring, planning, management, etc.). PHI emphasized that
centralized information systems hinder the local use of information, and
hence change in organizational behaviour. A key issue was to inscribe
health personnel’s practices into customized information systems, which
would be based on the information actually needed. Under the slogan
“information for action”, the general goal was “to provide useful infor-
mation for management at each level of the health services”, as proposed
by Sauerborn, Bodart and Lippeveld (2000). On the government and
funding agency side, PHI promises an improvement of healthcare deliv-
ery through supporting the use of reliable information for decision-
making. It is important to stress the characteristic of the assemblages
of not being locally confined. Case studies of PHI implementations in
Indian states and several African countries have to be considered as hubs
in the broader PHI assemblage.

Over several years of activity, PHI developed a standard approach for
health information system (HIS) roll-out within healthcare systems:
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e initial contacts with healthcare authorities

situational analysis and assessment of HIS

participatory customization of HIS

start of a pilot implementation

training

scaling up of HIS and aiming at institutionalization.

This pattern of activity inscribes the participatory principles of PHI. In
most places of implementation, PHI followed those stages.

Learning for federations

Avgerou (2008), in her critical review of the contemporary literature on
information systems in developing contexts, addresses three discourses:
transfer and diffusion, social embeddedness and transformation. The
latter, rooted in the second, is different from the first as it is conscious of
its reductionism. This chapter situates FOSS in the transformational dis-
course, between globally accepted emancipatory discourses (for example
Thompson, 2004) and emphasis on implementations and social embedded-
ness in general, strongly advocated by Escobar (1998) in development
efforts. Analytically, FOSS assemblages can be seen as “transformative”
as far as learning allows bridging the (usually wide) gaps between global
trends and local dynamics. Then the question is “Where does learning
happen?” Assemblages span global and local levels. Such “dispersed lo-
cal” patterns needs to be identified for situating FOSS. A micro-sociology
of global IT is being tried by scholars like Pinch (2010) and Knorr-Cetina
(2009), and is promising in framing some issues discussed in this chapter.
Empirically, this level is between the two usual poles of decision-makers
(public administrators and software developers, both oriented by a top-
down approach to systems design) and actual developments and imple-
mentations (usually sensitive to the variety of contexts). Here there is
scope for FOSS and learning.

The “organizing” aspect of infrastructures is usually understudied, al-
though crucial in understanding and managing the entangling of organi-
zations and technology (Orlikowski and Scott, 2008). Bowker (2000)
argues that the establishment of an information infrastructure operates
simultaneously at the concrete level of participatory design and imple-
mentation (e.g. fields in a database, capacity building, integration of data-
sets and organizational practice) and at a theoretical one (dealing with
the relationships between information science, organization and global
software development, among others). Furthermore, though it is useful to
separate these issues analytically, they are closely intertwined from a
practitioner’s point of view. For example, research on databases, human
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resource management and IT governance involves different disciplines,
but these topics are hardly distinguishable in what people do on a daily
basis, and in how technology changes and can be changed. Thus these dif-
ferent sides have to be tackled holistically by considering the continuous
redefinition of socio-technical arrangements.

An empirical vignette from a PHI implementation in Kerala state in
India is presented here for illustrative purposes. The case is described on
one side from the principles of the supporting network and local politics.
The other side looks at the implementation dynamic, which is underesti-
mated in the common approach to IT for development (Avgerou, 2008).
The empirical data from Kerala, as other sites, are not intended to be a
self-contained case, but a perspective on a constituting globally dispersed
infrastructure.

Among PHI nodes, Kerala is an interesting case because of emphatic
expectations for FOSS-related emancipation in the “knowledge society”
on the part of the public administration:

ICT has opened up the possibility of radically different information exchange
patterns by facilitating faster and more efficient dissemination of information.
It can play a vital role in sustaining the democratic ethos of the Indian society
and ensuring a high level of transparency and accountability in governance ...
The Government has a comprehensive view of ICT as a vehicle for transform-
ing Kerala into a knowledge-based, economically vibrant, democratic and
inclusive society ... The Government realizes that Free Software presents a
unique opportunity in building a truly egalitarian knowledge society. The Gov-
ernment will take all efforts to develop Free Software and Free Knowledge
and shall encourage and mandate the appropriate use of Free Software in all
ICT initiatives. (Government of Kerala, 2007)

In May 2007 the Kerala health secretary gave a presentation at the
PHI coordinating university, pinpointing the main issues that an HIS can
help in improving:
ineffective referral system
escalating health expenditure
ineffective manpower
poor recording, reporting and documentation
lack of supervision of transfer of institutions to local bodies.

To cope with these matters the HIS was expected to streamline informa-
tion flow to and from the top administrative level. This centralization of
information flow contrasts with what PHI advocates and supports: decen-
tralization of action through local use of information. In spite of the sub-
stantial divergence of final scopes, reliance on FOSS narrative from
both sides facilitated the establishment of cooperation with the state of
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Kerala, whose positive orientation towards FOSS is clearly expressed by
official documents.

On this basis, choosing FOSS was desirable for both practical and ideo-
logical reasons. Practically, the software can be “massaged” more by local
stakeholders and a globally dispersed developers’ team. This has been
crucial when the suite of programs must be made available on many ter-
minals. Ideologically, the Kerala government believed that FOSS could
be used to enact and guarantee cooperation and communal property,
which was more consistent with its own ideological dispositions. So FOSS
indigenization processes cannot be understood only on the local or global
levels: the organizational ability to “assemble” the very different actors
is key for understanding and implementing FOSS, possibly not only in
so-called “developing contexts”.

Free and open source software for learning

As infrastructures are fundamental in service provision, and federating is
a convenient strategy in building them, learning to develop and imple-
ment IT accordingly is the consequent step forward. The point proposed
here is that the role of FOSS stays in making organizations become more
able to “assemble”. Besides the technological and economic relevance,
the relevance of FOSS (and potentially of open technologies more
broadly) is in allowing learning within public administrations and across
different kinds of organizations in dispersed settings. Building on the
concept of assemblage, there is a need to account for how such configura-
tions tend towards some patterns rather than others. The implications
and consequences of “assemblages” need to be specified in respect to the
dynamics of such hybrid and open-ended arrangements. For instance,
when data flowing from different vertical health programmes have to be
interconnected, different information systems and datasets are brought
into contact. New information flows are likely to affect the activities re-
lated to those data. So different organizational settings, with their own
specific dynamics and constraints, will interplay. The outcome of such in-
terweaving is hardly predictable, as it does not depend entirely on the
design of the federative efforts. Indeed, distributed coordinated actions
rely on many issues which are often out of the control and view of those
who design and develop information systems. In identifying a balance
between unpredictable dynamics and tendencies towards accepted con-
figurations, the role of learning is highlighted, in the sense of achiev-
ing the ability to arrange and align distributed socio-technical networks
(Czarniawska, 2004).
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More empirically, software developed by PHI has always been free, but
it was initially based on a proprietary platform which was well estab-
lished by the mid-1990s. Within a few years the diffusion of the internet
and related technologies made this solution seem outdated. As the
project evolved, it became apparent that the tools required for continu-
ous updating and customization of the software had to be freely avail-
able. So purely FOSS version development was started, with the intention
of making it web-based and platform-independent. Some underlying con-
cerns about the switch are spelled out in this message between PHI coor-
dinators on the PHI mailing list:

Just two generic comments to this discussion:

1 A fundamental challenge with the DHIS is that it must be able to address
the needs and information infrastructures of different developing countries
(at least), which in practice vary far more than the information infrastructure
in any single country (and in general vary more than the current information
infrastructure in rich countries). In practice this means for instance that it
should:

e Run on any “platform” from a standalone PC to a thin-client based WAN
(whether internet or intra-net based)

e Be able to communicate with other HIS instances using any standard me-
dium (diskettes, low bandwidth dial-ups, broadband connections). These
will often have to be mixed in any specific environment — if the network
goes down, you need to use diskettes etc.

Even if we don’t cater for all such scenarios in the beta version, it must be

catered for in the system analysis.

2 Be careful about limiting your “systems thinking” to what is currently ad-
dressed by AccessMD. There are some obvious extensions of this that we
have already done development work for or at least have been discussing
extensively in South Africa:

e Staff and patient based surveys (Client Satisfaction Survey, Waiting time
survey)

e Human Resource Development (HRD module)

e Patient-based data for specific purposes (Special Patient Data module etc)

e Web based reporting and data mining (web pivot reporter, web portal)

e GIS

e Management modelling (Equity Gauge)

I also know there’s been significant development work done in e.g. Ethiopia

and India to cater for additional needs (disease surveillance etc).

Some of the above would be unknown to most of you (and I don’t have time
now to write up stuff — I’'m on holiday!!), but my point is just that you must not
limit your scope of version 2 to only address monthly routine data.

Finally, also don’t forget to consider the issue of multi-language support — as
the DHIS grows, ensuring efficient multi-language support mechanisms will be
crucial.



16 MISCIONE

The centrality of learning and FOSS is now exemplified through short
cases from the implementation side. The actual roll-out of the PHI effort
in Kerala had to cope with a different set of issues than those perceived
at the policy-making level. For example, many problems were encoun-
tered when installing and using the health data reporting software in pe-
ripheral clinics. Here computer skills were rare, with regard to both use
and maintenance of terminals. The lack of reliable internet connections
(and in many cases of continuous electricity supply) did not allow for on-
line access to the HIS from a central server. Installing and maintaining
locally all the needed components turned out to be a hard, and some-
times unmanageable, task for health personnel, and the limited number
of PHI facilitators could not cope with all the problems in geographically
dispersed facilities. Computer viruses spread through USB memory sticks
after each formatting, with anti-virus updates not easily accessible, and
the configuration of machines proved difficult for most users. The initial
solution drew on the possibilities offered by the FOSS programs and
tools used. This allowed the redesign of the whole set of required pro-
grams. Bootable CDs with a stripped-down version of GNU/Linux as
well as the PHI programs would have allowed users to solve these prob-
lems of viruses and configurations. Because of concerns about the little
RAM available on computers in the clinics, this solution had not really
been tried out on a large scale. Another less “radical” solution was the
development of a single installer, including a “wizard” to guide users
through the installation of all programs. The installer reduced the bur-
den of maintaining and updating the tools on both technical and
health personnel. Such solutions would have been impossible if the
program was not based on FOSS, technically, legally and also in terms of
the distributed organizational ability to create it. This illustrates how
FOSS allows assemblages to address and solve problems which do
not have a pure local or global solution. The assemblage, composed of
FOSS programmers from different countries, graduate students from the
coordinating university, primary health facilities with their needs and
health system officers among others, is an example of an agency which
is globally dispersed but not amorphous, as the term assemblage may
suggest.

A first counterexample, in which non-open policy obstructed learning
and produced a failure, comes from an integration module to be imple-
mented between different applications used by the healthcare system.
One system was proprietary, the other was developed by PHI. As health-
care officers could not provide the source code to the proprietary system,
the PHI software developer team had to proceed with a trial-and-error
heuristic to understand how exported data were formatted (this would
provide the basis for integration). Such “reverse engineering” efforts
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were resource consuming, and had to be carried out by a graduate com-
puter science student from the coordinating European university, as the
local workers did not have the required skills to do it. A second coun-
terexample on a similar line is sketched through an empirical vignette of
the tentative development of a geographical information system (GIS) in
Gujarat, another Indian state in which PHI was involved. Geo-Info (an
imaginary alias) is a quasi-government organization with the official man-
date to develop GIS and related applications. Cooperation between PHI
and Geo-Info began, since in abstract terms it had great potential to pro-
vide a GIS solution to the state health department. The linkage was pur-
sued through two key strategies. Firstly, a clear separation of the HIS and
GIS applications had to be made, with PHI and Geo-Info independently
responsible for their respective applications. Secondly, a “loose integra-
tion” would have been made by establishing a module at the database
level, where software routines were created so that the routine data be-
ing collected through the HIS would be made available in the appropri-
ate format to the GIS application, which could then use these data and
display them on the maps. Despite these positive premises, the collabora-
tion did not really produce the expected results. Among the causes, one is
of salient interest here: the Geo-Info software code was not available,
therefore the software adaptations had to be done internally. In spite of
assurance that necessary human resources would be available, it proved
not to be the case. Also, code writers were located within different or-
ganizations, and no shared practice was established.

The example and the two counterexamples substantiate the claim that
without FOSS, federating a system to develop larger ones, and possibly
infrastructures, is difficult if not impossible.

Discussion

Rottenburg (2000) highlights the paradox between predictability and
accountability in development projects: a development vision has to be
translated into procedures, to which actors are held accountable, rather
than to unpredictable results. The multiple logics of the assemblage do
not necessarily follow such a distinction so linearly. The example of the
installer shows how an ad hoc assemblage — as response to unforeseen
conditions — can cope with unpredictability in an accountable way. When
assemblages include target organizations and final beneficiaries, they
act following a mix of procedures and improvised arrangements account-
able to local needs (like reducing exposure to scarce technical skills and
computer viruses) or visions (like FOSS to link Kerala to the knowledge
society).
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The interactions around local technical skills improvement and the
increased ability for organizations to formulate, express, negotiate and
inscribe their needs in technology are proposed as a chance for organiza-
tional learning. In contexts of multiple accountabilities (Suchman, 2002),
the claim is that the relevance of FOSS emerges from negotiating alli-
ances and does not inhere in FOSS itself. FOSS facilitates learning as far
as its openness is allowed by software development processes and en-
acted by brokering activities to relate dispersed practices (Gherardi and
Nicolini, 2002). Along this line, organizational learning is a theoretical
posture alternative to technical and rationalistic views and approaches
to organizational change (Dierkes et al., 2001). One fundamental of
organizational learning is that knowing is situated: learning takes place in
different contexts, and produces different capabilities. Rather than a
transmission of knowledge, learning “happens” through tuning in sets of
activities. How can organizational learning take place or be facilitated in
relation to FOSS-based information systems development and implemen-
tation? As it is unusual in developing contexts to have spontaneous vol-
untary participation, software development needs to be designed and
carried on in a way that allows local organizations to assemble with
others, and to cooperate to “indigenize” FOSS.

Camara and Fonseca (2007) relate modalities of participation to code
writing and software modularity. They propose a two-dimensional model
to categorize FOSS projects, with one axis representing shared conceptu-
alization among the people involved and the other modularization of the
software. Well-established FOSS projects like Linux score high on both
counts. In the low/high quadrant are pieces of software whose community
is well defined, but in which the architecture does not allow for easy sub-
division of parts of work (e.g. OpenOffice). In high/low you find highly
modular projects in which a large number of communities and individu-
als work without even knowing about each other (i.e. Apache). Finally,
low/low is where most projects start, and where mortality is high. This
scheme can be used to frame some of the relations between technological
choices and assemblage “dispersion”. Indeed, the authors conceptualize a
strong relation between software design and possibilities for division of
labour. A coherent attitude can be found in a message from one of the
PHI coordinators on the PHI mailing list:

A modularized system enables the projects to assign complete parts of the sys-
tem to distributed nodes. Such modularization can greatly benefit from having
well-defined interfaces for the modules to interact with each other. If the sys-
tem is in rapid development, and the developers are unable to keep from
changing these interfaces frequently, the effort involved to keep this modulari-
zation increases dramatically. Additionally, I have observed that changes in the
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interfaces results in additional need for coordination. This also seems to be the
case when modularity in general is suffering. In a project like [PHI], with its
problem of integrating the distributed nodes with the global development net-
work, lessons suggest that design choices that increase the need for coordina-
tion, have direct impact on the distributed nodes’ ability to carry out their
assigned tasks.

This excerpt provides an example of focusing on modularization, while
not considering shared conceptualization nor local contexts’ concrete
needs and intentions. In that view, nodes of the network have “assigned
tasks”, rather than being part of an assemblage within which the logic is
not merely of outsourcing, command and control. Indeed, that approach
created a paradoxical lock-in situation for the leading university. Hustad
(2008), who worked on capacity building in PHI India, argues that open
standards and technologies aimed at opening and decentralizing software
development (Raymond, 1999) ended up concentrating the burden of de-
velopment on the coordinating department of computer sciences, because
the skills to write code using state-of-the-art frameworks and following
application programming interfaces requirements were not available at
low salaries in target organizations in India and Viet Nam. Only if soft-
ware development is carried out in an open and supportive fashion can
FOSS fluidity inscribe a variety of context-bound socio-technical arrange-
ments (De Laet and Mol, 2000), and also avoid path dependencies and
vendor lock-ins (Weerawarana and Weeratunge, 2004).

As mentioned earlier, Avgerou (2008) highlights the transformative
role of IT. It does not conceive target contexts as passive recipients of IT,
but as parties in the evolution of innovations. In Avgerou’s view, social
embeddedness of information systems is not only locally constructed,
“transformative discourse is explicitly concerned with the way IT is im-
plicated in the dynamic of their change” of social, economic and political
relations in a developing country or the world at large. The transfor-
mative view introduces new elements beyond organizations and inter-
organizational links: institutions (intended as broad social models),
implying power relations beyond specific organizational settings. Thus
the transformative discourse intercepts an empirical area situated at the
meso level, between global initiatives and discourses and emphasis on
individual implementations.

Conclusions and recommendations

Fragmentation of IT projects can be tackled, it is suggested here, by sup-
porting coordination through the establishment of “federations”, in which
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technology has to be considered as a relevant actor. The consequent rec-
ommendation is the revision of IT development strategies to conceive of
them as potential parts of larger networks, possibly included in or con-
verging towards a broader infrastructure. Design and implementations
have to be organized accordingly: by thinking about ongoing information
systems as dots to be connected for future information infrastructure.

Hanseth and Lyytinen (2010) distilled a set of principles to design infra-

structures in their (typical) complex environment. The basis for this view

lies in recognizing the importance of the “installed base” of what is
already in place and being done.

Understanding which infrastructural elements can be translated into
the heterogeneous public and private sector contexts in the global South
is a matter of development strategies. As it is a matter of federating exist-
ing and successful IT projects, the possible nodes of an emerging infra-
structure cannot be identified a priori. To deliver sustainable benefits
over their lifetime, infrastructures need to enable processes of experi-
mentation, discovery and invention through trial and error. In coherence
with the theoretical framework delineated before, technical and organiza-
tional aspects have to be considered at the same time for the establish-
ment and maintenance of new networked and collaborative courses of
activities.

On this basis, besides the emphasis on technical skills and economic
aspects, learning has to be considered in the light of the actual and possi-
ble role of FOSS.

e FOSS can be relevant in developing contexts not so much because of
open and dispersed participation of an indefinite number of people
over the net (crowdsourcing — Benkler, 2006), but for different organi-
zations to learn how to create and maintain dispersed local assem-
blages able to “indigenize” FOSS.

e FOSS “discourse” is an increasingly accepted source of legitimization.
FOSS narrative and expectations can make a heterogeneous set of ac-
tors (like ministries, research and healthcare institutions, consultants,
NGOs, WHO and European Union personnel) perform distributed and
coordinated activities. Myths and narratives are discussed by Czarniaw-
ska (1997) in neo-institutional terms; Czarniawska and Sevon (2005)
look at the travel of ideas at the global level. The legitimizing role of
myth is clearly presented by Noir and Walsham (2007) through a case
from India.

¢ Organizational learning is a suitable paradigm for understanding ex-
plicit and tacit knowledge in the entanglements of technology and or-
ganizations (Orlikowski and Scott, 2008).

A crucial challenge for FOSS in developing contexts concerns func-
tioning and sustainable implementation. Scaling up information systems
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has been described as a strategy to achieve sustainability and more rele-
vance (Braa, Monteiro and Sahay, 2004). Given the novelty of organiza-
tional forms required and implied by FOSS, the local elaboration and
eventual consolidation of FOSS-based systems cannot avoid considering
socio-technical fragmentation, which is often the main obstacle to suc-
cessful implementation. The recommendation for a federative attitude as
constitutive in designing and implementing FOSS-based information sys-
tems contrasts with a conceptualization of sustainability as an add-on to
undertake at later stages of IT development. The proposed federative
modus operandi has to be viewed in contrast to the assumptions of both
grassroots spontaneity and one-size-fits-all approaches, which fail in ad-
dressing scalability/sustainability and context variety, respectively.
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Innovative tools for sustainable
agriculture in developing countries:
The impact of open source
biotechnology

Ademola A. Adenle and Obijiofor Aginam

Introduction

Sustainable agriculture is widely acknowledged as a fundamental compo-
nent of any strategy to fight poverty and food insecurity in developing
countries. Agricultural practices — the source of livelihood for more than
86 per cent of poor people living in developing countries (World Bank,
2005) — can only be sustained if the right facilities and measures are put
in place. As a research tool, agricultural biotechnology has potentials to
contribute to sustainable agriculture. Recent reports have shown that
such biotechnology (especially biotech crops) made significant impacts
in terms of increase in yields and income and improving the quality of
life in developing countries (James, 2009). Drought-tolerant, herbicide-
tolerant and insect/pest-resistant crop varieties have been developed
using agricultural biotechnology. However, sustainable agricultural devel-
opment is still far from being accomplished in developing countries due
to a variety of problems, particularly the introduction and diffusion of
new technologies.

One notable problem in the area of biotechnology research and devel-
opment (R&D) is increased intellectual property (IP) protection, which
often impedes the adoption of agricultural biotechnology in developing
countries. Biotechnology R&D, dominated by multinational corporations,
is very expensive and investment oriented with a huge capital base; but
by placing strong IP protection on agricultural inventions, including re-
search tools, the multinationals have contributed considerably to little or

Free and open source software and technology for sustainable development, Sowe, Parayil and
Sunami (eds), United Nations University Press, 2012, ISBN 978-92-808-1217-6
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no innovation in developing countries. Because research tools needed
for the development of subsistence crops are not readily available, open
source biotechnology for agricultural practices is now increasingly advo-
cated in developing countries.

The application of open source in software development led to the
concept of applying it in agricultural biotechnology (Srinivas, 2002). It
is believed this will create an opportunity through which life science in-
ventions could become available to the public and the broad research
community (BiOS, 2005; Thorisson et al., 2005), particularly where IP
protection impedes innovation. Open source as an alternative to proprie-
tary technologies is gradually becoming popular in developing countries,
especially in the area of information and communication technologies
(ICT). Free accessibility and low cost as characteristics of open source
make it an attractive proposition to poorer communities (Hoe, 2006). De-
veloping countries are taking advantage of using open source in solving
problems in agriculture, health, environment and education to improve
livelihoods in rural areas.

This chapter is structured as follows. The first section introduces the
issue linkages of IP protection, agricultural biotechnology and food secu-
rity in developing countries, and the second focuses on how the concept
of open source software is similar to traditional farming practices that
are built on free access, sharing and exchange. The third section discusses
the tools used by the IP protection system in agricultural biotechnology,
while the fourth discusses the potential impacts of open source based on
different examples, including the famous Cambia initiative and PIPRA.
The next section examines the constraints associated with the adoption
of open source biotechnology and assesses policy implications that can
help towards the development of open source in developing countries. In
conclusion, the chapter argues that open source biotechnology can con-
tribute to sustainable agriculture if all the necessary resources are made
available in addition to the implementation of policies that favour open
source development in agricultural practices.

Open source and agricultural innovation

The term “open source” was first used in free software development
(Stallman, 2002). Many licences used by free software and open source
are covered under the auspices of free and open source software (FOSS).
For example, the Free Software Foundation General Public License
(GPL) uses a free software licence and the Open Source Initiative uses
an open source licence. Other FOSS movements include FOSS Bazaar,
Creative Commons and the Debian Linux Community (Raymond, 1999;
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Stallman, 2002; Weber, 2004). The FOSS development project has been
remarkably successful, with many open source programs available; some
of the best known are Linux, Apache and BIND. This success can largely
be attributed to flexible licences such as the GPL, which allow copying,
distribution and preparation of derivative work (Rosenberg, 2000). The
open source concept is based on freedom to use, copy, study, modify and
distribute the software programs without payment, and this gives the op-
portunity to modify the software or technology to the desired taste or for
different purposes with full access to the source code (Hope, 2004). With
regards to modification, the author must state the changes made, when
the code was written and by whom, and the derivative work must be pub-
lished under the GPL - “copylefted” (Cassier, 2006; FSF, 1991). For ex-
ample, open source technology can be made available under a copyleft
licence that prevents any individual or organization from modifying or
reproducing the technology for proprietary purposes since the initial ac-
cess to the technology is open and free. The idea of a copyleft licence
is to ensure that everyone has free access to the innovation without fur-
ther restrictions. The principle of “viral effect” is applied, in that software
incorporating other GPL software must also be licensed under a GPL-
compatible licence.

Open source technologies can be freely used and modified. Users can
derive economic benefit from the modified technology, but cannot pre-
vent others from using the technology or modifying further for their own
economic gain.

Over the past decade awareness of open source has grown worldwide.
The concept holds enormous promise for developing countries, particu-
larly in the area of biotechnology (e.g. agriculture, health). Due to the
open source mode of operation and the benefits associated with the con-
cept, different initiatives are being deployed across various fields to pro-
mote its use for the good of society. Examples of initiatives using the
open source and copyleft approach for their research tools are the Inter-
national HapMap Project for mapping haplotypes of the human genome
(Thorisson et al., 2005), computational drug discovery and development
by the Tropical Disease Initiative (Wake and Ridley, 2003), biological in-
formation and bioinformatics on drug discovery by the Indian Council of
Scientific and Industrial Research, and advanced genetics for improving
agriculture and sharing biological innovations in poor communities by
Biological Innovation for Open Society (BiOS, 2005), founded by the
Centre for the Application of Molecular Biology to International Agri-
culture (Cambia).

Agricultural innovations are widely recognized as the key driving force
of rural development in developing countries. Farmers play a vital role in
the process of innovation, but they face problems of insects and pests,
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low income, small yields and lack of communication. Some of these prob-
lems are partly due to multiple intellectual property claims on key inputs
and tools used in agricultural biotechnologies. Because of these factors,
and the need for innovation to be more affordable and become more
decentralized, open source presents an alternative distributive model in
technological development for agricultural innovation. Authors have
pointed out that some versions of open source may be directly relevant
to agricultural research and development.

As an example, Douthwaite (2002) and Srinivas (2002) refer to the
case of the seed industry and computer software in the 1970s. They noted
that it was a traditional practice for computer programmers to exchange
code freely among themselves, similar to farmers sharing seed freely with
others to grow, improve, save and reproduce it. These days it is a different
ball game: private companies in software and agriculture seek gains and
benefits through private appropriation, in direct contrast to old practices
of free sharing. As discussed above, the copyleft open source mechanism
was developed so that any innovation born out of this approach is not
protected or barred from copying or modification either by the original
licensor or licensees under the open source licence (Hope, 2004). The
same copyleft approach can be applied in agriculture to enable innova-
tions to be developed and shared freely among the innovators as bound
by the rules and agreement of open source licences, allowing further im-
provements and distribution without any obstacles. Open source technol-
ogy can thus play a significant role in future agricultural development,
especially in light of the domination of the seed industries by multi-
national corporate interests that restrict access to the distribution of
seeds through various forms of IP protection.

Implications of intellectual property rights for agricultural
biotechnology

The roles of patent in agricultural biotechnology

The existing IP protection relevant to agricultural biotechnology is com-
plex and mostly serves corporate interests, despite some international
regulatory bodies. Most international agreements focus on different as-
pects of agricultural IP that are governed by different sets of rules, guide-
lines and policies. For example, the International Union for the Protection
of New Varieties of Plants (UPOV) focuses on protecting the rights of
seed producers (e.g. commercial plant breeders), the Convention on Bio-
logical Diversity (CBD) focuses on protecting the right of farmers using
landraces and the Agreement on Traded-Related Aspects of Intellectual
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Property Rights (TRIPS) enforced by the World Trade Organization
(WTO) works specifically on strengthening the rights of inventors.

These international regulatory mechanisms and regimes do not often
work in harmony towards a unified common goal. For example, UPOV
was established by six European nations in 1961, and subsequently re-
vised in 1972, 1978 and 1991. Its emergence in 1961 triggered the enact-
ment of the Plant Variety Protection Act in the United States in 1970.
Differences in regulatory and legislative policies between North America
and Europe (Bocci, 2009) largely impeded access to informal exchanging,
saving and replanting of seeds between farmers. This is in sharp contrast
to the original UPOV, which allowed breeders to exchange or sell their
seeds within member countries (Pardey et al., 2004).

The current international environment, with several entities represent-
ing different interests, contributes to the complexity of the IP regime. The
lack of coherence across international IP agreements and regimes has
created loopholes in the agricultural biotechnology sector that are now
being exploited by multinational corporate interests in most developing
countries. The CBD, for instance, has been criticized for not recognizing
IP protection within the context of TRIPS (Safrin, 2002). This under-
mines the CBD’s role in conserving biodiversity and managing genetic
resources. As [P protection increasingly becomes transnational, develop-
ing countries that are members of the WTO are obligated under the
TRIPS agreement to offer IP protection to plant varieties. As critical IP
discourses have revealed, most WTO agreements, including TRIPS, were
pushed by the industrialized countries based on corporate lobbying and
without sufficient input from developing countries (Jawara and Kwa,
2003; Bello, 2009). However, the UN Food and Agriculture Organization
has played an important role in concluding the International Treaty on
Plant Genetic Resources for Food and Agriculture, which is beneficial to
developing countries (Cooper, 2002).

IP protection emerged as the driving force of innovation in life sci-
ences following two events in the United States in 1980: the legislative
approval and implementation of the Bayh-Dole Act, and a Supreme
Court decision in favour of patent protection for genetically modified
(GM) organisms in the landmark case of Diamond v. Chakrabarty (Rai
and Eisenberg, 2003). After these remarkable developments, huge invest-
ments were made in agricultural technology in the private sector in col-
laboration with universities in most industrialized countries, especially
the United States. Modern IP regimes (notably patents) have been heav-
ily criticized because of non-disclosure of most innovations that can
benefit the public. The private sector is mainly involved in biotech indus-
tries where strong IP protection is used to maximize profit. Multination-
als such as Mosanto, DuPont, Syngenta and Dow are famous for acquiring
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large numbers of patents, holding more than 70 per cent of the patents in
agricultural biotechnology in 1994. In 1999 six integrated companies held
67 per cent of biotech patents, of which 77 per cent were obtained by
smaller biotech and seed firms (de Janvry et al., 2000). Some of these bio-
tech companies have large markets in developed countries, with strong IP
protection on cash crops (corn, cotton and soybean) through patents. The
lack of free access to innovative tools was largely responsible for the de-
velopment of biotech crops for herbicide tolerance, as claimed by Ameri-
can Cyanamid (Pray and Naseem, 2005). In addition, the multinationals
mainly concentrate on crops with huge commercial benefit, neglecting
the innovation needed to develop orphan crops that are simple and cost-
effective for poorer countries.

However, when large companies come together with the sole aim of
acquiring innovation for profit, there is a problem of research costs in-
creasing as proprietary protection increases, and this may adversely affect
the volume and efficiency of R&D. As Rai (2004) observed, “large phar-
maceutical firms, once vertically integrated engines of innovation, must
negotiate a complex array of university and small firm proprietary claims
on research inputs”. This scenario constrains innovation, as it may result
in “patent thickets” due to numerous negotiations that involve high
transaction costs and uncertainty with different patent holders.

A famous example of a patent thicket is “golden rice”, which experi-
enced many delays before it was brought to market. Given the impor-
tance of a biotech innovation like golden rice, which can potentially solve
vitamin A deficiency problems in developing countries where millions of
children are dying of malnutrition, it perhaps should not have become a
contentious issue among more than 20 biotech companies claiming pat-
ents for the innovation. The golden rice saga clearly demonstrated that
multiple owners holding overlapping and fragmented IP rights to differ-
ent components of a large innovation can be an impediment to innova-
tion, making it inaccessible to the public. Academic researchers are
affected when there is high transaction cost on a wide range of innova-
tions, and it becomes more difficult when academics are not sure whether
they can do research that might infringe company patents, sometimes
regarded as “research exemption”, without seeking licence (Heller and
Eisenberg, 1998). This has led to questions of whether enforcement of
patents stands in the way of basic research in universities and research
institutes. Genetech argued that open science was being encouraged with-
out enforcing patent rights on research tools. This is in contrast to the
argument presented by Heller and Eisenberg, which was based on high
transaction costs for acquiring proprietary research tools that involved
many different institutions. Two cases cited by Heller and Eisenberg are
patents on research tools of rDNA and polymerase chain reaction by
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Cohen Boyer and Hoffman La Roche respectively. Heller and Eisenberg
further argue that strong IP protection on research tools leads to reduced
innovations and underused knowledge, creating rights of exclusion (anti-
commons) by IP holders. An example of expressed sequence tag (EST)
was given, where some groups attempted to patent EST but reneged due
to resistance from competitors.

While Heller and Eisenberg and others argued that patents create less
innovation and adversely affect R&D, another school of thought argues
that patents may enable collaborations and facilitate negotiations be-
tween research tool users and producers, leading to development (Arora
and Merges, 2004; Bureth, Penin and Wolff, 2006; David, 2004). But little
empirical work has been done on adverse effects of patents on innova-
tion, thus lack of empirical evidence may undermine the effect of IP re-
gimes on innovation.

In summary, the use of patent rights over research tools could hinder
aspects of R&D. Once there is patent lock on innovative tools it creates
a logjam in health, agriculture, environment and energy development
worldwide (Jefferson, 2007a). In agricultural biotechnology that requires
innovative tools to improve pest/disease-resistant and drought-tolerant
crop varieties, a strong IP regime might impede innovative developments
that are critical to sustainable solutions to food security, malnutrition and
low agricultural productivity in developing countries. Given the likely ad-
verse effect of IP regimes on innovative tools, as demonstrated here, and
a potential patent thicket or anti-commons IP protection in the future,
open source technology should be encouraged for free access to research
tools.

What role can “terminator” technology play?

One of the primary purposes of IP protection in biotech industries is to
gain profit through the application of patents, especially in agricultural
biotechnology. This is obvious in most of the plant patents held by pri-
vate firms situated in developed countries. These patents generate reve-
nue from the poorest to the richest countries. With the development of
new plant varieties by these companies, a different strategy is devised
where IP protection is ineffective. The use of terminator technology has
the potential to serve this kind of purpose. The word “terminator” was
coined by activist groups in an attempt to ban the use of sterile seed
technology (ETC Group, 2002); the original name is genetic use restric-
tion technologies (GURTs). GURTSs were granted a US patent (5,723,765)
in 1998 to a joint partnership between the US Department of Agriculture
and Delta & Pine Land Company (the biggest US cotton supplier) for
two types: trait-specific (T-GURT) and variety level (V-GURT) (Jeffer-
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son, 2001). While T-GURT is designed for GM trait specifics (e.g. disease
resistance), V-GURT is designed for GM crop varieties through seed
sterility.

The mode of action of T-GURT is to induce the disease-resistant ex-
pression of a protected trait through the application of an activator. For
example, when a chemical (activator) is added, an expression of a desired
trait specific to resist a targeted disease is produced (ibid.). Shoemaker
(2001) suggests that spraying a standing crop with a highly specific and
proprietary compound may activate T-GURT. The V-GURT mechanism
is based on application of a sensitive chemical compound (e.g. antibiotic
tetracycline) that switches on the gene for an enzyme to activate a toxin
that prevents germination (Odell, Hoopes and Vermerris, 1994). Alterna-
tively, it can be defined as a genetic switch that either suppresses or
activates the enzyme and toxin, switching germination either on or off.
Terminator technology (V-GURTSs) applies genetic engineering tech-
niques to modify a plant’s DNA by killing its own embryo to render the
seed sterile. In other words, the seeds containing the gene can only be
used for one generation of plant production, preventing farmers from
saving harvested seed to grow next season. This means farmers must pur-
chase further expensive seed, usually accompanied by heavy GM seed
technology licensing fees from biotech industries.

Terminator technology is mostly targeted at developing countries
where [P protections are either very weak or largely non-existent, and it
may not have much effect in developed nations as other technologies can
be used to unravel and relocate innovative characteristics for plant breed-
ing. Moreover, terminator technology will only be developed for certain
crops that may not be available in developing countries, and the crops
may be forced on these countries through the introduction of one regula-
tion or another by patent holders, thus reducing the chance of making
innovations in developing countries. In the light of the fact that termina-
tor technology may force farmers to buy seeds annually, it could lead to
cross-pollination with other non-GM crops, gene silencing during seed
production, toxicity to plants and other gene containment problems
(Daniell, 2002).

Contrary to biotech industries, the idea of introducing terminator tech-
nology is to prevent the flow of unwanted genes from GM crops, thereby
protecting biodiversity, and also to increase continuous access to new and
improved crops.

Although it is possible that the T-GURT form of terminator technol-
ogy could serve a good purpose in terms of disease resistance (Shoe-
maker, 2001), saving the seeds (excluding transgenic traits) (Thies and
Devare, 2007), there is as yet no clear scientific evidence to support this
argument. This suggests that more evidence-based research will need to
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be done, but opportunities may not exist in the future as terminator kinds
of approach in agricultural biotechnology are widely opposed. For exam-
ple, as a result of wide criticism of terminator technology (V-GURT in
particular), application of V-GURTS for different varieties was disquali-
fied in India (Pedleton, 2004) and rejected by the Rockefeller Foundation
(1999) and the Consultative Group on International Agricultural Re-
search (CGIAR, 1998).

In this regard, it may be difficult for GURT to replace IP and serve the
same purpose in most developing countries without a well-functioning
IP system. Clearly, the approach used by multinationals is less innova-
tive and may hinder the development of agricultural biotechnology in
developing countries. Given the ambiguity of introducing transgenic
traits within the context of GURT varieties so as to make a profit, open
source biotechnology can be important in making innovative traits freely
available.

Freedom to operate innovative technology

The role of IP protection in accessibility of innovative technology is ques-
tionable, especially in agricultural biotechnology. Concerns over access to
research tools are based on the belief that IP protection is still having
adverse effects on important innovations. Open source has thus become
an important mechanism in the attempt to provide global free access to
innovative technology. Alternative means are being proposed, but none
of these has been institutionally effective enough to preserve the innova-
tions that are important to humanity. In agricultural biotechnology, the
emergence of the patent as the dominant intellectual property right has
been heavily criticized due to its failure to protect public interests. Most
multinationals with a strong IP protection on research tools stand in the
way of innovation. And when a monopoly right is conferred on innova-
tion, it becomes a potential threat to freedom to operate. For example, in
one case a Canadian farmer was sued by Monsanto for planting glypho-
sate-tolerant canola patented by Monsanto. Even though the origin of
the seed was unclear, the court ruled that the farmer had infringed a
valid patent held by Monsanto by cultivating the seeds.

Research is an integral part of innovation, and most breakthroughs in
science and technology today are a result of work at either universities or
research institutions. However, IP-related problems can become an im-
pediment when a research activity leads to commercialization. Use of a
patented technology is allowed under particular licences for research
purposes, but the result may not be commercialized. Many universities
using a patented technology for research do not carry out an early-stage
assessment of IP protection, as would normally be done by commercial
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firms. This becomes a big problem for the universities when heading to-
wards commercialization, as any innovations achieved under the research
licence may be blocked from commercial use. In one case researchers
using biotechnological tools were stopped from further application of
innovative technology (Wright, 1998). In this case and that of golden rice,
described above, IP was an impediment to the commercialization of re-
search within academic institutions. Academics thus find it difficult to
advance in their research work by using tools that could lead to more
innovations due to these associated risks.

Moreover, anecdotal evidence suggests that researchers are experienc-
ing difficulty, delay and redirecting of work due to high costs or problems
of accessing permission to use patented technology that can benefit re-
search for commercial purposes (Erbisch and Maredia, 2004; Wright,
1998). Even though this kind of problem often happens in developed
countries, without doubt it becomes a spillover problem in developing
countries as most technologies are transferred from the developed world.
And when this occurs, freedom to operate becomes difficult due to lack
of easy and quick access to material held by others. IP as a constraint to
innovation is not peculiar to academia or developing countries: it could
also pose a serious threat to the supply of food and fibre to the poor in
the global South due to the problem of access to patents in the North
found by the international research and donor communities (Pardey and
Wright, 2003).

While the potential of agricultural biotechnology (e.g. biotech crops) to
contribute to the solution to food security and poverty crises in develop-
ing countries is recognized, there remain serious problems in growing
biotech crops partly due to IP protection issues. Also, GM technology is
currently applied in commercial agriculture but it is still difficult to access
this technology in developing countries, as biotech companies are often
reluctant to invest in its development. Most developing countries do not
have a strong and effective legal and regulatory framework for IP protec-
tion and enforcement. Getting access to innovative technologies that
have potential benefits for orphan crops (e.g. millet, cassava, potato,
sweet potato, banana, cowpea and sorghum) production in developing
countries will thus take a long time. Findings on trade data suggest that
problems of freedom to operate are more likely to occur in most orphan
crops grown in developing countries due to IP protection (Binenbaum
et al., 2000).

The open source approach that was originally employed in agricultural
practices could be a potential solution to freedom to operate in agricul-
tural biotechnology. The famous plant biotechnologist Richard Jefferson,
through his BiOS project, is already taking the lead by encouraging sci-
entists, academic and non-academic institutions, governments and the
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public to adopt open source as an alternative to the proprietary technol-
ogy that has dominated multinational corporations. Of all approaches,
the BiOS open source initiative is arguably the most outstanding in
countering restrictions imposed by IP on innovative technologies due
to its openness and transparency, particularly regarding freedom to
operate.

Although international regulatory frameworks such as TRIPS, UPOV,
the CBD and CGIAR are in place, they are not adequate to align the
current IP system with the interests of the public, particularly in develop-
ing countries. CGIAR, for example, coordinates 40 major staple crops
(with the exception of soybean) for exchange of materials through a
common material transfer agreement (Evenson and Pingali, 2007). This is
aimed at addressing equity concerns among different contributing parties,
including farmers, while benefiting access and sharing in developing
countries. Despite the database and legal structures put in place, the
longer-term task of creating a tracking system for materials remains a
significant challenge. As a result of this challenge and IP-related prob-
lems in plant germplasm, a BioLinux/GPLPG-MTA approach could be a
potential solution (Desmarais, 2007).

Impact of FOSS and technological innovation
for sustainable agriculture

Open source can be an alternative to ensure that innovative technology
(e.g. biotechnology) is provided and made available to farmers for sus-
tainable agricultural practices. Innovative technology is critical to the
development of sustainable agriculture around the world. As noted, in-
novations are often impeded by either patents or licences, making free
access difficult. A lack of relevant innovations can be a big problem in
supporting or promoting agricultural practices. Innovative technologies
can facilitate access to sustainable practices by agriculture professionals
working with smallholder farmers and other stakeholders for rural devel-
opment in developing countries. For example, the AgriBazaar initiative is
a collaborative effort between the Agriculture Department of Malaysia
and the Malaysian Institute of Microelectronic Systems to promote and
develop their agro industries. As stated by the Malaysian government,
open source was chosen for the AgriBazaar project due to its free acces-
sibility, low maintenance and cost-effectiveness. It will provide an oppor-
tunity to increase usage of ICT and the internet, increase income and
improve livelihoods for people in rural areas, particularly farmers.

The efforts of individuals or groups of organizations to ensure that in-
novations are freely made available through open source initiatives can
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make a great impact on sustainable agricultural development in develop-
ing countries. This has led to various innovations in terms of operating
systems and products. The free open source GNU/Linux operating sys-
tem first initiated by Linus Torvalds (Hope, 2008; Weber, 2004) had a sig-
nificant impact in advocating open source development, and many others
have followed this example. The Cambia BiOS initiative under the lead-
ership of Richard Jefferson has been at the forefront of promoting open
source for sharing biological innovation. Sustainable agricultural devel-
opment in developing countries is one of the prominent BiOS activities
through which open source development is being promoted (Cambia,
2009; Nature, 2004). The idea is to ensure that biotechnological tools are
made available to poor people to practise innovative agriculture. For ex-
ample, biotechnological innovation through open source development
has led to the emergence of the B-glucuronidase (GUS) reporter gene
system and Rhizobium strains (TransBacter system), which are provided
and shared freely by Cambia BiOS (Jefferson, 2007b). Their develop-
ment has created an opportunity to operate freely where critical restric-
tions are placed on agricultural biotechnology (e.g. plant genetics)
through the Agrobacterium tumefaciens gene transfer patent thicket
(Dennis, 2004).

BioForge is another innovation developed by BiOS, and primarily tar-
gets agriculture, public health and environment through cooperative open
access technology development (BiOS, 2005). For example, a BioForge
project called BiOsentinels is an agricultural diagnostic portfolio devel-
oped to incorporate sensor components for local challenges in farming
and signalling components for detecting crop species that grow in partic-
ular regions in developing countries. There is also a free full-text search-
able database for intellectual property informatics and analysis, Patent
Lens, containing over 1.6 million patents in the life sciences. Where IP
protection or patents restrict free access to diagnostic technology, these
BioForge open source innovations can be a useful tool to solve farming
problems.

BiOS has also launched a campaign to provide communication systems
that allow dispersed individuals to participate in and benefit from decen-
tralized innovative research. But the BiOS initiative is not just about
campaigns or creating awareness, but practical examples in donating free
technologies through open source licence. When a company or institution
invents a technology, a patent is usually filed to protect it from free use
and regain any investment made in the invention. In most cases the com-
pany retains exclusive use of the technology for about 20 years, until the
patent runs out. Placing restrictions on a scarce technology kills innova-
tion. But while company-owned technology is protective, open source
technology is free. Free access to innovative technology has contributed
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to R&D around the world, especially in developing countries with lim-
ited resources. For example, the GUS reporter system arguably remains
the most widely used staining technique in plant science, with over 4,000
literature citations (Boetigger and Wright, 2006). Various academic insti-
tutions have benefited from using open source tools to carry out experi-
mental research in agriculture (Thomas, 2005). Scientists at Cornell
University in collaboration with a small group of farmers from the Ha-
waiian Papaya Growers Co-operative used Cambia open source research
tools to find a solution to a virus problem in papaya; and at Huazhong
University more than 20,000 unique lines were created by Zhang Qifa, a
leading Chinese plant biotechnologist.

The Public Intellectual Property Resource for Agriculture (PIPRA) in-
volves a group of non-profit institutions from more than 15 countries
around the world. It focuses on intellectual property issues (e.g. patents)
by providing free access to patented technology, particularly agricultural
biotechnology, under a set of shared principles. A concerted effort has
been made to develop a database of 6,600 agricultural patents involving
45 different countries. PIPRA’s goal is to ensure farmers, researchers and
other organizations are provided with the right resources for clarity and
analysis of patented technology through effective implementations. One
goal is to mobilize and encourage innovative technologies among various
institutions for the development and distribution of subsistence crops for
humanitarian purposes in developing countries.

However, PIPRA can be distinguished from open source, as the two
movements have different approaches to sharing innovations. PIPRA of-
fers services in terms of collaborations with institutional members on IP
policy analysis, biotechnology resources and commercialization strategy
to improve and develop shared technology packages (Atkinson et al.,
2003; PIPRA, 2006). In open source, service is focused on cumulative im-
provement which requires downstream transfer of the materials under a
copyleft-style “grant-back mechanism” whereby licensees must agree to
share and allow the right to reuse improvements made to research tools
under open source licence (Penin and Wack, 2008). But while the initia-
tives differ, they serve the research community well and achieve their
purpose of encouraging and sharing innovation by creating more free
access to research tools that can benefit institutions across different
countries.

To show that open source technology is gradually gaining ground in
agricultural practices, the General Public License for Plant Germplasm
(GPLPQG) for the seed sector was proposed by Tom Michaels in 1999. The
GPLPG mechanism can contribute to strategies of impeding disposses-
sion and enabling possession when implemented under open source
licence (Kloppenburg, 2010). Michaels (1999) reported that the GPLPG
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could be an effective, simple way to promote the continued free exchange
of germplasm, thereby resisting enclosure and restricted access to vital
information on the gene-scape (Deibel, 2006; Hope, 2008). It can be use-
ful among breeding communities, farmers, plant scientists, universities,
non-governmental organizations and government agencies. In addition,
the mechanism could be a means of sharing and distributing freely a pool
of plant germplasm in “bazaar” fashion among peers, based on protected
commons (Michaels, 1999; Raymond, 1999). It shares similar ideas with
the CGIAR General Challenge Program in providing a common pool of
genomic knowledge and research tools where IP restrictions are placed
on agricultural innovation (Ruivenkamp and Jongerden, 2010).

Moreover, application of open source innovation can promote and
share the benefit derived from growing orphan crops on a large scale by
resource-poor farmers and wider communities in future. Orphan crops
that are grown mostly in developing countries may attract BioLinux open
source when a variety of improved seeds becomes available for sharing
among the farmers. For example, farmers in countries such as Mali, India,
Indonesia and Colombia have been adversely affected by seed industry
sectors, so these countries are likely to welcome the BioLinux approach
(Aoki, 2008; Desmarais, 2007; Douthwaite, 2002; Kloppenburg, 2010). The
opportunities offered by open source go a long way in contributing to
sustainable agricultural development through free access to modern bio-
technology techniques and advances.

Apart from its potential roles in sustainable agricultural development,
the use of open source in genetically engineered products, particularly in
drug discovery for improving health, can be very important in developing
countries. Although agricultural and pharmaceutical projects and their
designs vary, there is a common goal to ensure that biotechnology ad-
vances (e.g. proteomics, genomics) important to both fields become avail-
able to a broad research community and have continuous open access.
Availability of open source in drug discovery may play a big role for
pharmaceutical companies in the future, hence the need to expand this
area. An effort has been made in proposing the Tropical Disease Initia-
tive with a view to developing drugs to fight tropical diseases (Wake and
Ridley, 2003) — the project will focus on different tasks of identifying
new drug targets. For example, a gene or protein can be identified from
human molecular structure that plays a particular role in the mechanism
of a disease (e.g. malaria). Similar efforts using open source drug dis-
covery to achieve research goals include the International HapMap
Project that specializes in mapping the human genome (Thorisson et al.,
2005) and the Council of Scientific and Industrial Research focusing on
identification of non-toxic drug targets for in vitro and in vivo valida-
tion (Brahmachari, 2010). All these projects are designed such that
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universities, research institutions and corporations can work together to
achieve a common goal in solving complex problems associated with
discovering novel therapies. For example, the complete sequence of
Mycobacterium tuberculosis genome in 2008 was made available to the
scientific community through open source. In addition, the initiatives are
aimed at providing affordable and cost-effective healthcare services to
the developing world.

Challenges in FOSS biotechnology adoption and proposed
solutions

Constraints in adopting open source biotechnology

Although open source biotechnology has several potentials to benefit hu-
man development, there are fundamental challenges that must be prop-
erly addressed to ensure these potentials are fully maximized. Challenges
will vary from country to country, but the developing world will likely
face the most, largely due to high levels of poverty, illiteracy, political cri-
sis and economic instability. However, open source adoption will remain
a global problem as long as the majority of world populations have little
or no access to it. The challenge in using open source biotechnology will
not only be in the area of agricultural practices but in every aspect of bi-
ological innovation.

Introducing open source biotechnology in developing countries will re-
quire a considerable amount of capacity building in terms of ICT infra-
structure development and human training. In Malaysia, for example,
using FOSS tools in AgriBazaar was difficult due to a lack of familiarity
among software developers. Some of the engineers were used to proprie-
tary software products, and it can take some time to get used to a new
product. Coupled with interoperability problems, this may cause reluc-
tance among users and organizations to change to open source. In many
developing countries, lack of basic infrastructure such as telecommunica-
tions and electricity may delay the application or adoption of open source
biotechnology. Other factors such as shortage of IT professionals and
absence of IT industries in developing countries can delay open source
development. Each of these requires enormous capital to tackle.

The challenge of IP protection is arguably the most complex issue due
to the high costs involved. This is especially the case for farmers with lim-
ited financial resources to protect their farm products. Beck (2011) sug-
gested an open source consortium may be able to act on behalf of farmers
to secure IP to protect their resources. Although general open source
licence policy is based on the promise to keep source code free and allow
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free access to copyright-protected aspects of the code, challenges still
remain in biotechnology, including the translation of the open source
software model to biotechnology due to the different requirements of
patent laws. To achieve protected commons in open source, copyright as
the dominant IP licence is the key legal right of access in open source
software, whereas patent (not copyright) is the dominant form of IP pro-
tection in open source biotechnology (Hope, 2008). In terms of standard,
patentability is much higher than copyrightability (Lemley and O’Brien,
1997). And the cost of getting patents for innovations in biotechnology
can be exorbitant and time-consuming, compared to open source soft-
ware that costs little or nothing and takes less time. Thus patenting can
cause a setback in research and limit experimentation by a scientist or
individual farmer. In addition, the research culture in open source soft-
ware is different from that in open source biotechnology. For example,
the equipment used in biotechnology is very expensive, while software
creation requires just a computer and a desk. Considering these factors,
the open source approach could be slower to take root in biology than in
software.

Several disputes involving open source and proprietary software could
pose a big threat to future development and adoption of open source
technology, particularly in code ownership (IP) and licence enforcement
issues (copyright licence and contract) in developing countries. FOSS
licensing models can be unreasonable by exploiting IP rights designed
to exclude people from copying software, as opposed to a proprietary
licence dictating what can be done to software by a licensee. Code own-
ership in the IP system will remain a complex issue in global markets due
to the international nature of FOSS. Licensing laws and IP systems (be-
tween licensees and licensors) vary from country to country. For example,
patent protection for data and computer programs is robust in the United
States but intensely debated in Europe and other parts of the world. In a
lawsuit involving Sitecom/Netfilter, a German court stopped Dutch com-
pany Sitecom from distributing code licensed under GPL as Sitecom did
not include the source code (Shankland, 2004). In a similar scenario the
SCO Group of Utah sued IBM for $5 billion, claiming that SCO’s propri-
etary code was included in a Linux distribution by IBM (Shankland,
2005). These are just two examples of dispute over copyright licences;
other legal cases involve big companies, and this can potentially affect
adoption of open source. Although a number of organizations have an
extensive interest in FOSS viability and widespread adoption, they none-
theless have to deal with many legal uncertainties.

Patent misuse through a grant-back mechanism is another challenge in
open source biotechnology. As the technology advances, it may be diffi-
cult to keep research tools and inventions within the confines of the open
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source arena as they become available to a wider research community.
For example, an attempt to seek reward or compensation for an improve-
ment made to the technology may result in litigation if the innovator
involved feels that the improvement should attract greater reward not-
withstanding the original open source licence. Under normal principles of
patent law, people making novel improvements to the core technology
are entitled to apply for patents so long as the requirements of patenta-
bility are met and the right procedures are followed. This can sometimes
lead to shrouded overlapping rights on research tools among multiple
parties (Feldman, 2004), thereby keeping the innovation out of reach for
poor communities. The issue of the grant-back mechanism in open source
licences may discourage collaborations that facilitate increased creativ-
ity and better innovations among young generations of scientists. For
example, the grant-back mechanism and BiOS viral licence have led to
PIPRA’s rejection of BiOS licensing terms (PIPRA, 2006). Moreover, in
the context of the grant-back approach, researchers who are interested
in commercializing their work can decide not to participate when con-
fronted with such a policy.

As mostly practised in developed countries, the governance structures
of academic communities are built around commercial purposes; as a
result, privacy and confidentiality of research work tend to affect the
sharing of data. This may limit the free flow of scientific knowledge and
innovations to the public through an open source model. Commercial
relationships between many universities and biotech industries could
mean that some data may not be shared with the public to protect the
patentability of research work in progress. In this case, access to innova-
tions through open source biotechnology becomes difficult in developing
countries.

Policy implication for open source development

Provision of adequate training

Training is the hallmark of effective and good management. Open source
development requires adequate training in various aspects of FOSS to
facilitate the introduction and growth of open source biotechnology in
developing countries. It is necessary to establish technical support and a
training policy for open source development, particularly in ICT. ICT
policies should be part of the process to promote open source in develop-
ing countries, and should support education and training at different
levels. Due to the low level of ICT literacy in these countries, training
strategies or policies should reflect basic skills (e.g. basic understanding
of IT) and user-friendly methodology in the language of choice of the
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rural poor. In Malaysia, the FOSS software used to connect farmers and
buyers in AgriBazaar was designed to serve these communities in various
local languages. This contributes to acceptance and participation among
the targeted group at grassroots level. Moreover, training should be
given regularly in the course of evaluation and adaptation processes,
and where necessary retraining should be provided for sustainability and
continuity.

Provision of adequate resources and facilities

Given the importance of open source biotechnology for the benefit of
society, adequate resources must be committed to support open source
development in developing countries. Apart from education and training,
basic facilities such as telecommunications and electricity to facilitate the
application of open source should be provided. In all these, open source
technology will require huge financial investment from governments.
Nonetheless, providing FOSS can be cheaper relative to proprietary soft-
ware. For example, the Ugandan University’s migration to open source
was as a result of cost reduction (Bruggink, 2003). This is one example
among many showing that FOSS is cheap and easily adaptable to local
needs for various purposes. In sharp contrast, proprietary vendors are
globally profit-oriented with little or no attention on local needs (Ghosh
and Schmidt, 2006). Thus government policy should recognize the impor-
tance of FOSS and address the provision of the right resources and allo-
cation of budgets for the development of open source.

Collaboration and network expansion

Collaborative data sharing should be encouraged among academic com-
munities, particularly in developed countries, as this will provide opportu-
nities for researchers in developing countries to benefit. Most researchers
in developing countries depend on scientific data and publications from
developed countries to advance their work. For example, developing
countries have created successful science policies through two-way con-
tributions in international scientific exchange (Forero-Pineda, 1997). Col-
laborative data sharing through open source is one of the best approaches
to encourage networking between scientists in developed and developing
countries. Moreover, collaboration based on common pools where indi-
vidual sharing of discoveries in biological innovation is possible should
be encouraged between universities and multinationals, thereby paving
the way for open source biotechnology.

Effective policy and legislation

The success of open source depends on an effective policy and legisla-
tive framework in developing countries. Governments should formulate
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policies that encourage open source development, focusing on supporting
ICT in education and government at all levels; creating an enabling
environment for access to ICT by citizens, business and government;
providing local professionals with adequate training and skills in rele-
vant software development to compete in the market; identifying and pri-
oritizing areas of need, such as local software and IT industries; and
adopting open standards for data storage and preservation. Further, gov-
ernments should work within the framework of relevant international re-
gimes such as the CBD, TRIPS and UPOV to create a friendly IP system
that encourages open source for innovative technologies in developing
countries. This will decentralize patented technologies and make them
freely accessible to researchers in these countries, particularly in agricul-
ture biotechnology.

Flexible licensing policies

Open source licence policy should be flexible enough to allow interested
parties to use innovation with freedom of choice. For example, the avail-
ability of genomic databases through bioinformatics gives flexibility in
the terms chosen by users. By contrast, biotechnology research does not
usually provide an avenue for freedom of choice. Also, the current BiOS
licensing policy does not encourage freedom of choice due to the grant-
back mechanism. Encouraging flexible licensing policy under the open
source approach could lead to rapid development of research tools and
increased economic benefits for users in developing countries.

Conclusion

In the field of agriculture, open source biotechnology is being adopted
rapidly but several challenges still constitute barriers to its use in devel-
oping countries. Given the rate of adoption of commercial biotech crops
between 1996 and 2009 around the world, particularly in developing
countries (80-fold increase — James, 2009), open source will have an im-
portant role to play in sustainable agriculture in the near future. Further-
more, the open source regime will provide means and ways to compensate
farmers for contributing to the growth of plant resources, and may serve
as an information resource for farming communities (Beck, 2011). But if
open source biotechnology is to contribute to sustainable agriculture in
developing countries, some of the issues facing its adoption must be prop-
erly addressed.

Adequate provision of basic infrastructures and financial resources will
play a vital role in the adoption of open source technology. After these
necessary facilities, education forms the basis through which open source
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development can be promoted among citizens, thus quality education on
ICT should be provided to encourage wide grassroots participation. Lack
of political support due to low levels of awareness among government
officials in developing countries can slow down open source develop-
ment, so a concerted effort should be made to educate and encourage
officials at all levels.

IP is another serious challenge in the field of agricultural biotechnol-
ogy. Because IP protection restricts research tools, this stifles innovation
that can benefit developing countries. The IP system affects collaboration
and scientific networking between developed and developing countries,
resulting in little or no data sharing. Without doubt, the current IP sys-
tem is not in good shape, particularly in the crop biotechnology that has
great potential for improving food security and the quality of life of
resource-poor farmers in developing countries. The profusion of patents
in agricultural biotechnology creates problems for future downstream
research. The IP system must be redesigned in a research-friendly way to
suit all the parties involved in biotechnology R&D of crops that are im-
portant to poor people in developing countries. Functional and transpar-
ent international regulatory frameworks that support and protect plant
resources of farmers in developing countries should be provided. In as
much as biotechnology is applied in agriculture practices, the issue of IP
remains central. For agricultural biotechnology to fulfil its great prom-
ise, an effective open source IP management plan is required. Open
source offers a promising solution to the problems plaguing scientists and
farmers only if the IP system is fair, friendly and supportive of the inter-
ests of all stakeholders.

This chapter has explored emerging challenges in the adoption of open
source biotechnology in agricultural practices. Given the IP-related con-
straints on access to innovations in agricultural biotech, more efforts are
required from organizations, individuals, governments and international
agencies to support and promote open source biotechnology for sustain-
able agricultural development in poorer countries. Moreover, a lot of
work still needs to be done in terms of case studies to assess fully the
major areas where open source is being adopted, and the benefits and
constraints associated with its adoption in developing countries.

Finally, if the introduction of open source biotechnology is to contrib-
ute to sustainable agriculture in developing countries, enabling environ-
ments in terms of policy formulation and implementation for establishing,
supporting and providing the capacity building and resources required to
develop open source must be put in place. Most importantly, the atten-
tion and focus of open source development should not be restricted to
one area, but should address every need that will benefit humanity, in-
cluding health and environment.
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3

FOSS as a driver: Perspectives from
the ICT development agenda

Tomonari Takeuchi

Introduction

Information and communication technology (ICT) is regarded as a pow-
erful tool for development. In particular, free and open source software
(FOSS) can help developing countries to solve the financial and technical
problems involved in utilizing ICT. There are many advantages of FOSS,
including free use, reasonable total cost of ownership (TCO), reduced
copyright infringements and achievement of vendor independence. How-
ever, despite the efforts of governments and international organizations
to diffuse it in the developing world, few of the poorer countries are suc-
cessfully utilizing FOSS for their development.

Why is the diffusion of FOSS not occurring? The reason is that its rec-
ognized strengths are not attractive to local people. Though it is common
to stress the advantages of FOSS by comparing it to proprietary software,
this method may not be adequate. The purpose of FOSS for development
(FOSS4D) is not to contest proprietary software but to help the poor to
improve their lives. When advocating FOSS4D, FOSS should not merely
be compared to proprietary software; rather, it is necessary to focus on
its unique nature, namely the paradigm in which volunteers collabora-
tively create software for the common good. This unique feature brings
positive effects beyond the FOSS4D field, and leads to a new paradigm
for development.

The objective of this chapter is to inspire more attention on a new role
for FOSS in development. Thus far, arguments about FOSS tend to focus

Free and open source software and technology for sustainable development, Sowe, Parayil and
Sunami (eds), United Nations University Press, 2012, ISBN 978-92-808-1217-6
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on its economic and technical advantages. However, it has the potential
to bring more actors into the development field and change the paradigm
of traditional development activities. This chapter tries to illustrate this
aspect of FOSS by rethinking its merits beyond economic and technical
aspects.

To accomplish this, this chapter attempts to discover a new role for
FOSS by recognizing the current trends of three related fields: inter-
national development in general, the ICT for development (ICT4D) area
and technology innovation. Among all these fields, the common keyword
is “participation”. The FOSS-driven new scheme for development work is
derived from this word. Participation — among not only local users and
local engineers but also new actors from developed countries — delivers
more resources for development projects and realizes the new paradigm
for development.

The discussion in this chapter begins by introducing the generally rec-
ognized advantages of FOSS as a background for the argument, and
pointing out the weaknesses of these conventional advantages. A new
and more important role for FOSS is then suggested. The future trend of
FOSS as a driver for the new development scheme is explained, and chal-
lenging issues such as sustainability are addressed. The concluding section
summarizes the overall discussion.

Background
Definitions

In general, FOSS refers to software that provides free access to source
code and can be freely modified, distributed and used. Free does not
mean free of charge, but rather refers to “freedom”. The abbreviation
“FOSS” actually contains two terms: “free software” and “open source
software”. There is an organization representing each term: the Free Soft-
ware Foundation and the Open Source Initiative. Thus FOSS can be de-
fined as “software that is distributed under a license that is recognized
either as free software by the Free Software Foundation (FSF) or as
Open Source Software (OSS) by the Open Source Initiative (OSI)” (Hoe,
2006: 4).

The two organizations seem to have the same purpose, but they have
their own philosophies about commonly used software. The free software
movement directed by FSF is a social movement with the objective of
making all software in the world free to run, copy, distribute, study,
change and improve — all based on the idea that information should be
free for society. The open source movement directed by OSI pursues
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better development methodology to realize free access to source code
(Elliott and Scacchi, 2008). However, in general their positions are simi-
lar. For example, OSI defines OSS according to 10 criteria, but these in-
clude FSF’s definition of free software. Thus, in practice, both terms are
used without a clear distinction, though there is a philosophical differ-
ence between FSF and OSI. The term “FOSS” is typically used in such a
way that it expresses the combined meaning of both terms. This chapter
uses “FOSS” in accordance with this general definition.

Merits of FOSS

Most developing countries have been utilizing ICT for development. For
example, among 29 countries that have poverty reduction strategy papers,
12 treated ICT as a tool for poverty alleviation and/or as an independent
item, and the other 17 countries underlined rural telecommunications
as a key component of infrastructure development (Duncombe, 2006).
Regarding software, many developing countries (e.g. South Africa, India,
Pakistan, Thailand, Brazil and Malawi) pay attention to FOSS (Dravis,
2003; Reijswoud and Jager, 2008), not only for its software implementa-
tion but its background philosophy (ibid.). In 2003 African countries
established the Free Software and Open Source Foundation for Africa
(FOSSFA), an offspring the ICT Policy and Civil Society Workshop at
the UN Economic Commission for Africa in 2002, to disseminate FOSS
in Africa (FOSSFA, 2008). Wong (2004) insists that FOSS application can
play a crucial role in achieving the Millennium Development Goals be-
cause it possesses a variety of merits when used in developing countries.
International organizations and governments of developed countries
have been advocating the advantages of FOSS (Wheeler, 2007). For ex-
ample, in 2003 the International Open Source Network (IOSN) was initi-
ated by the UN Development Programme (UNDP) with support by the
International Development Research Centre (IDRC), aiming at treating
FOSS-related issues in the Asia-Pacific region (IOSN, 2007). Similarly, bi-
lateral aid agencies such as the IDRC, Deutsche Gesellschaft fiir Tech-
nische Zusammenarbeit (GTZ) and Swedish International Development
Cooperation (Sida) have supported FOSS-related projects in developing
countries (IDRC, 2007; ict@innovation, n.d.; Weerawarana and Weera-
tunge, 2004). The rationale behind this is that there are advantages to
FOSS. The primary merits of FOSS mentioned by several authors are
clarified in Table 3.1.

These merits are repeatedly cited by international organizations and
donors such as UNDP and the IDRC. The governments of developing
countries have also made efforts to disseminate FOSS by establishing a
related policy (Dravis, 2003). For example, Malawi’s 2005 National ICT
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for Development policy document advocates the use of FOSS as an alter-
native to commercial software (Reijswoud and Jager, 2008). Similarly, the
second Thailand ICT master plan (2009-2013) contains strategies to uti-
lize FOSS in education as well as to promote FOSS business (MICT,
2009). In this context, several FOSS4D projects are being conducted
with various objectives, such as “ICT awareness and bridging the digital

LEINT3

divide”, “FOSS advocacy and capacity building”, “better government—

citizen communication and interaction”, “assisting specific communities”
and “solving specific problems” (Hoe, 2006).

Research questions

At this point, however, a simple question must be asked: are the merits
of FOSS really attractive to people in developing countries? Reviewing
FOSS penetration provides a hint in seeking the answer. This penetration
can be grasped by two aspects: “user” and “area”. Firstly, according to
research, the world penetration of server-related FOSS such as Linux,
Apache and My SQL is higher than proprietary software; on the other
hand, client software such as OpenOffice and Firefox is very limited com-
pared to proprietary software (Wheeler, 2007). This means FOSS is more
commonly used by computer engineers (server users) than ordinary peo-
ple (client users). Secondly, regarding area, research by the International
Institute for Communication and Development (IICD) reveals that ac-
tual use of FOSS in least developed countries is very limited compared to
more developed countries such as South Africa and Brazil (Reijswoud
and Jager, 2008). These facts indicate that the merits of FOSS are attrac-
tive to system engineers and to more developed countries. In other words,
despite the advantages of FOSS, it may not be attractive to ordinary
users and its adoption does not spread out easily in least developed coun-
tries. If FOSS provides the various merits mentioned above, why is its use
so limited? Furthermore, why are ordinary people at the user level in
least developed countries not benefiting from the merits of FOSS despite
the fact that they should be the target of development attempts? It could
be true that there is a gap between the rationale and the reality of FOSS
use (Figure 3.1). In the next section, the reason behind this situation is
examined from the perspective of the reality of local people in develop-
ing countries.

The gap between traditional FOSS advantages and the reality

As shown above, several advantages of FOSS are frequently mentioned
by international organizations and donor countries in their initiatives
(e.g. UNDP supported the IOSN and GTZ supported ict@innovation).
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Table 3.1 General merits of FOSS

Merit Description Reference
Low cost FOSS does not mean free of cost, but most  Hoe (2006);
software is free of charge since it can be Paudel,
copied and distributed freely. Harlalka and
It is difficult for developing countries to Shrestha (2010);
use ICT due to high costs of software Reijswoud and
and hardware. Jager (2008);
Software users must pay a licence fee; Wong (2004)
some software also requires expenses
related to upgrades and support.
FOSS does not involve software fees and
related costs.
Localization Since FOSS can be modified freely, users Hoe (2006);
can improve software to fit their Paudel,
environment and requirements. Harlalka and
It is possible for users to apply local Shrestha (2010);
languages and unique interfaces, which Reijswoud and
may not be available in propriety Jager (2008);
software. Thomas (2010);
Wong (2004)

Prevents Using proprietary software forces users to  Office of
vendor follow standards established by Government
lock-in corresponding vendors; following such a Commerce

standard is advantageous only for (2002); Paudel,
specific vendors, and users cannot Harlalka and
choose new vendors or software because Shrestha (2010);
they must ensure compatibility in Wong (2004)
ongoing systems.

Using FOSS can prevent vendor lock-in
since source code is accessible.

Reduces In developing countries pirated software is ~ May (2006); Wong
copyright commonly used, regardless of users’ (2004)
violations intentions.

Copyright violations could be reduced by
making FOSS pervasive in the public
sphere.

Learning FOSS can be modified and improved freely. Hoe (2006);
opportunity  Access to source code provides Reijswoud and

opportunities for engineers in
developing countries to learn software
development.

Jager (2008);
Paudel,
Harlalka and
Shrestha (2010);
Wong (2004)
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Table 3.1 (cont.)

Merit Description Reference

More security ~ Source code for proprietary software is not  Fuggetta (2002);

open to users, so they must use a system Hansen,

as if it is a black box; there is a security Kohntopp and
risk involved in this, especially in such Pfitzmann
important systems as are found in (2002); Wong
governmental or financial applications. (2004)

FOSS does provide information about
mechanisms inside software: users are
able to interact with a system about
which they know everything.

Fosters ICT FOSS enables entrepreneurs to start Hoe (2006);
industry software businesses easily because it Reijswoud and
eliminates much of the time and expense Jager (2008);
of producing software from scratch. Wong (2004)

As more FOSS businesses are created,
more competition is brought into the
market, the price of proprietary software
decreases and functionality improves.

Rational merits of FOSS
advocated by
developed countries

Real perception of
FOSS in developing

Gap countries

Figure 3.1 Gap between FOSS rationale and reality

Such advantages generally involve comparing FOSS to proprietary soft-
ware, and the advocacy seems aimed at system engineers and government
officials in technical and economic aspects rather than non-technical
ordinary users who are actually the majority. However, does the use of
FOSS in developing countries aim to eliminate proprietary software? Is
the aim of FOSS4D to provide benefits for computer engineers and gov-
ernment officials? Why is FOSS not so common in less developed coun-
tries as in more developed countries? In this section the stated advantages
of FOSS are examined to determine if they are actually beneficial for
people in developing countries, especially ordinary people at the user
level in least developed countries.

Does FOSS really provide economic advantages?

The most emphasized advantage of FOSS is the economic benefit of the
free software licence. However, in reality it is easy to obtain proprietary
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software almost free, although it is pirated copy version. According to
research by the Business Software Alliance (BSA/IDC, 2010), there are
25 countries with greater than 85 per cent software piracy rate; all are
from the developing world, including newly industrializing economies.
The same research shows that the average worldwide PC (client) soft-
ware piracy rate increased to 49 per cent in 2009 from 47 per cent in 2008
as a result of PC market growth in Brazil, India and China. Moreover, the
IICD research reported that people pay too little attention to copyright
issues in most least developed countries (Reijswoud and Jager, 2008).
This indicates that the economic benefit itself is not necessarily a crucial
reason for selecting FOSS, especially in least developed countries. It may
even be the case that downloading a FOSS application from the internet
is more costly than buying a pirated version of proprietary software sold
in markets for much less than the cost of using an internet service for the
download (ibid.). In this regard, realistically the free licence offers mini-
mal advantage for people in less developed countries.

Though some researchers insist that the TCO of FOSS is lower than
that of proprietary software (Wheeler, 2007), others indicate that the
opposite is true (Paudel, Harlalka and Shrestha, 2010). For example,
research conducted by the International Data Corporation shows that
the TCO of a Windows server system is lower than that of a Linux system
because the Linux management tools bundled by vendors are not free
(Shankland, 2002). There is as yet no clear answer to this issue, because
the findings vary according to who (e.g. Microsoft or Linux vendors) con-
ducts the research.

Additionally, recently it has become increasingly difficult to determine
which TCO is lower because the share of the software licence fee in the
TCO has been shrinking. Private software companies tend to offer soft-
ware at a low price to gain future market share, then sell valuable ser-
vices such as customization and system integration for a higher price.
Microsoft offering Windows OS for the One Laptop Per Child project
seems to illustrate a strategy that many software companies may pursue.
The traditional business model based simply on selling software licences
is changing, and consequently the licence fee is becoming a small part of
the TCO. Regarding the cost for service products, such as software devel-
opment and technical support, there is no significant difference between
FOSS and proprietary software since the required manpower is similar
for the two types. Thus the benefit of the free licence is becoming less
meaningful than in the past.

What about a user’s skill?

The economic merit of FOSS is related to a user’s skill. Access to source
code is an important advantage of FOSS, but the source code is of little
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value without software engineering skills (Blake and Tucker, 2006). Some
aspects of FOSS are truly valuable when users have adequate technical
skill. If a user (or someone who works with a user) can read source code,
understand system structure and customize/localize software, adopting
FOSS is cheaper than purchasing commercial software. In developing
countries, however, especially least developed countries, a limited number
of engineers have sufficient technical skill and most organizations, except
government entities and large corporations, do not have such skilled
computer experts on hand. Consequently, it is necessary for most organi-
zations to hire FOSS experts or computer firms to localize software or
improve system security. Unfortunately, the cost of such work may not be
significantly different from the cost of customizing proprietary software.
In this regard, the benefit of FOSS goes to skilled engineers and govern-
ment entities and large corporations. In the case of small and medium-
sized enterprises (SMEs) without an IT section, openness of source code
does not matter. Furthermore, in some least developed countries finding
experienced FOSS engineers may be difficult: there are not many FOSS
developers compared to commercial software ones since FOSS is less
common than proprietary software, and also the lack of fast and reliable
internet connections makes it difficult to train skilled engineers because
knowledge about FOSS is stored and shared primarily on the internet
(Reijswoud and Jager, 2008).

Are the advantages of FOSS truly relevant to local people
at the user level?

Most of the stated benefits of FOSS are presented as advantages over
proprietary software. However, in developing countries these advantages
are relevant only to specific groups. It seems that most FOSS merits are
applicable to the rich and not to the poor. For example, it provides learn-
ing opportunities for software engineers in developing countries, as they
can participate in the FOSS forum on the web and access source code
written by skilled engineers all over the world. Through communication
with mature experts, they can learn software engineering skills and de-
velop the ability to work effectively and efficiently with others. However,
to benefit from such opportunities people must be rich enough to access
an environment where PCs and stable internet connection are available,
educated enough to have good communication and presentation skill (i.e.
internet literacy) and already have a certain knowledge of software engi-
neering. In contrast, the poor who cannot afford to use the internet for
long periods or do not understand English well cannot take advantage of
such learning opportunities. Thus this benefit is available only to wealthy
people. Nowadays, most people in developing countries are able to use
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mobile phones, regardless of economic, social and educational level, but
it is too difficult to receive the benefits of FOSS. It requires the above-
mentioned resources and skills.

Similarly, “vendor lock-in” is prevented only in the case of organiza-
tions that can employ computer experts. Since SMEs do not have such
technical staff, they must pay a vendor for system development. Even if
FOSS is selected by user organizations, the vendor tries to hold on to
customers by concealing its knowledge and technical methods used in
system development. Consider Linux, for instance, which is a commonly
used FOSS. There are numerous companies that provide Linux-related
services, and they have their own unique knowledge and skills. Unless
users possess highly developed technical skills, they must rely on ven-
dors to maintain and renovate the system. SMEs that lack highly skilled
software engineers cannot prevent “vendor lock-in” — only large organi-
zations with an IT section and SMEs with skilled FOSS engineers can
do so.

Regarding copyright violations, it is true that the use of FOSS will re-
duce their frequency, making it of great value to government officials and
corporations. However, this merit of FOSS does not necessarily drive or-
dinary users to prefer it. According to BSA/IDC (2010), more than 90 per
cent of the software in Bangladesh, Georgia, Moldova and Zimbabwe
was illegally obtained. Moreover, the report states that the commercial
value of pirated software in the Middle East/Africa (US$2,887 million) is
much lower than in North America (US$9,379 million). This reality shows
that regardless of a country’s development status, there are many people
who do not care about copyright violation. In this situation, FOSS does
not help much in solving the copyright infringement issue because unless
the moral perspective changes, the issue will remain. Fundamentally, this
issue should be solved by advocacy and awareness campaigns and devel-
opment of legal systems at international level. Since it is necessary to
minimize copyright violations, this merit of FOSS is attractive to govern-
ments and large corporations but not to ordinary people at the user level,
not only in developing countries but also developed countries.

Finally, though it is said that FOSS fosters the local ICT industry, one is
tempted to ask whether FOSS-related business is actually attractive to
ICT companies in developing countries. Reijswoud and Jager (2008)
point out that the absence of role models and the lack of large projects
hinder the growth of FOSS businesses in these countries. In commercial
software there are role models, such as Bill Gates and Larry Allison, who
inspire young entrepreneurs to start successful software companies; but
in the case of FOSS there are no such wealthy role models. Though there
are some successful FOSS business models, as the ict@innovation (n.d.)
project has reported, most are relatively small. Without good examples,
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why would entrepreneurs want to start FOSS businesses in an environ-
ment where proprietary software is used more than FOSS? In fact,
some large FOSS projects — such as African Virtual Open Initiatives and
Resources in South Africa — attract academics but do not encourage the
local business community (Reijswoud and Jager, 2008).

What is the purpose of current FOSS4D advocacy?

The doubts and shortcomings regarding the FOSS hype are explained
above. Two characteristics are found in current FOSS advocacy: firstly,
the accent on technical and economic superiority compared to proprie-
tary software, and secondly a tendency to focus on specific groups (i.e.
skilled engineers, governments and large organizations). It is reasonable
to think that the first characteristic leads to the second. Economic advan-
tages attract government officials and technical ones attract engineers. It
is not accurate to claim that all the advantages of FOSS are invalid, but it
is true that FOSS4D advocacy should incorporate an alternative direc-
tion since the current approach lacks relevancy to the majority group (i.e.
ordinary users), despite the fact that they, rather than the specialist group,
are supposed to benefit from FOSS4D (Figure 3.2).

Let us reconsider the purpose of FOSS4D advocacy. It is obvious that
its aim is to disseminate FOSS in developing countries with the intention
of improving the lives of these countries’ inhabitants. Repeating FOSS
hype against proprietary software, however, is not an effective way to
achieve this goal, because the advantages are limited mainly to system

Beneficiaries

| Economic advantages
Governments

Large corporations

| Technical advantages Engineers

Users

Users are the majority but there is no
clear advantage of FOSS for them

Figure 3.2 Current FOSS advocacy
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engineers and large organizations like government entities, and do not
directly benefit local users who are the majority. It is time to consider
changing the traditional method of FOSS4D advocacy.

What is the new role of FOSS?

As discussed, current FOSS4D advocacy tends to target system engineers,
governments and large corporations rather than non-technical ordinary
people. Of course, such advocacy is important, but FOSS has more poten-
tial to influence a wider range of people. Beyond the current targets, the
benefits of FOSS4D projects can be received by more people, including
those in developed countries, and the impact can be felt not only eco-
nomically and technically but also socially (Figure 3.3).

FOSS can make more meaningful impacts than competing proprietary
software. To realize this future, FOSS4D advocacy must be approached
in a new way. Two questions must be addressed: what is the new role of
FOSS in development, and what is an alternative method of advocating
FOSS for development?

To discover a new role for FOSS, it makes sense to focus on its unique
ideology and methodology. Sound development in the developing world
requires active participation by local people, and in this context there is
similarity, in terms of ideology and methodology, between FOSS develop-
ment and international development. In particular, the FOSS philosophy
and participatory development have much in common. Thomas (2010)

Extent of influence by FOSS advocacy

Targets of current
FOSS advocacy
Limited impacts
Large
Targets of new

FOSS advocacy

corporations
Government

Developin
countries

(=rich people

More impacts

Users without

Society Developed

countries

technical skills

(including poor people)

Individual level Organizational/Social level Country level

Figure 3.3 Extent of influence of FOSS advocacy
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”

points out three elements, “democratism”, “collectivism” and “contextu-
alism”, that are present in both the FOSS movement and the participa-
tory development approach. The FOSS and participatory development
philosophies are based on democratic principles, both methodologies are
collaborative and both prioritize locality (ibid.). In other words, FOSS
has two dimensions: its ability to gather computer engineers in the West-
ern world and its ability to involve locals in the third world, as in partici-
patory development. These characteristics lead to the opinion that FOSS
can generate a paradigm in which various actors voluntarily work to-
wards collaborative production — such as of software, services or websites
— for the common good. FOSS can encourage more actors, from both
developed and developing countries, to participate in development activ-
ities. A greater number of actors generates increased funding and greater
contributions are provided for development projects. This means that the
amount of resources (people and money) available for development ac-
tivities will increase, and hence the impact will exceed that of current
FOSS4D. In addition, collaborative work among people from the devel-
oped North and the developing South will lead to better relationships
between developed and developing countries at the grassroots level.

Seeking an alternative direction for FOSS4D advocacy, it is suggested
that FOSS is able to act as a driver in bringing about this new paradigm
for development. This new role for FOSS can be derived by considering
the current trends of three related fields (Figure 3.4).

FOSS4D
projects

Trend of ICT4D
Local users participate
as producers

Trend of development
More actors participate

New
development
paradigm

Trend of technology
Web 2.0 and mobile
devices

Figure 3.4 FOSS-enabled new development paradigm
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Firstly, as a general trend, more actors are now joining international
development, as represented by BOP (base of the pyramid) business and
CSR (corporate social responsibility) activities. Secondly, in the ICT4D
field there is a move to consider local people in developing countries as
producers instead of consumers (Heeks, 2009, 2010). Such user participa-
tion is key to successful ICT4D projects, and this is true for FOSS4D
projects as well. Finally, in the technology field, along with the diffusion
of Web 2.0 tools and mobile phones, a new platform is emerging for many
purposes, and finding ways to use such a platform has become increas-
ingly important for businesses. Why not for development? Ultilizing the
platform for FOSS4D projects will trigger a new FOSS-enabled develop-
ment paradigm. The trends in each field lead to the new role for FOSS.

Trend of international development

Recently, new types of actors have become engaged in the development
field. As Prahalad (2010) mentions, there are 4 billion people in less de-
veloped countries who are potential consumers of commercial products.
Many private companies are now interested in BOP business. For exam-
ple, Unilever has implemented several activities in developing markets —
such as India, Pakistan and Bangladesh — in collaboration with aid
agencies such as the US Agency for International Development and the
UN Children’s Fund (UNICEF). Unilever sells small pieces of soap that
low-income families can afford, and provides information about hand-
washing which contributes to improved hygiene and health conditions
(Unilever, 2010). In addition, some BOP businesses are becoming major
actors in development. A typical example is a mobile phone business.
Mobile companies from the Western world have been expanding their
markets in developing countries, and their business activity results in a
better life for people in these countries. M-PESA and M-KESHO in
Kenya enable poor people to access financial services through mobile
phones. CSR is another way for corporations to become involved in
international development. As with BOP business, CSR activity has been
expanding. In this context, the impact of the participation of private com-
panies is becoming increasingly significant in the international develop-
ment field.

Moreover, not only companies but also individuals are contributing to
international development through ICT. There are several websites that
enable individuals to help people in developing countries. For instance,
Kiva is a website where people in the developed world can lend a small
amount of money as capital to poor people who are ready to start a small
business. Through Kiva, over $220 million in loans (as of June 2011) have
helped poor people to start businesses and thus pursue better lives (Kiva,
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2011). Such schemes, known as “peer-to-peer funding”, are becoming
more common. There are similar websites where ordinary individuals can
lend or donate money directly to beneficiaries by way of microfinance
(e.g. MYC4), scholarships (e.g. Vittana) or venture capital (e.g. Venture
Capital for Africa).

There is now a trend whereby new kinds of actors — besides traditional
aid workers, international organizations and governments — are entering
the development field. Experience indicates that with more actors, more
development is realized. In this context, collaboration is important in
achieving better development.

FOSS4D projects allow new actors to participate in development ac-
tivities, including IT companies and software engineers. FOSS4D projects
are opportunities for I'T-related companies to explore BOP business and
CSR activities. Assisting with software development in developing coun-
tries enables these companies to find new markets and advertise their
social contributions.

Trend of ICT for development

When it comes to ICT4D, there is a trend of moving from “ICT4D 1.0”
to “ICT4D 2.0”, as Heeks (2009) insists. In the early stages of using ICT
for development, ICT was brought from developed countries to develop-
ing ones. In this technology-driven and technology transfer phase, re-
ferred to as ICT4D 1.0, the owners of ICT are people from the West,
while people in the third world are passive recipients or mere consumers
of information. There is no chance for poor people to control and gain
ownership of ICT. However, in the current era, known as ICT4D 2.0,
people in the developing world are becoming producers of ICT and of
information. They are able to participate in producing information and
creating new ways of applying ICT. For example, projects using commu-
nity radio and/or video enable them to broadcast and share important
information that is not brought from the Western world, but rather gen-
erated by local people (ibid.). In addition, they can act as innovators to
create unique ways of using ICT in their environments (Heeks, 2010). For
instance, they use mobile phones for communication by simply recogniz-
ing ring tones (without talking), and reduce expenses by sharing one mo-
bile phone among several people (ibid.). Such ways of using these phones
are not taught by aid agencies or governments of economically devel-
oped countries. The inhabitants of developing countries learn to use
ICT within their particular restrictions, such as limited financial resources
or unreliable electricity service. These examples should inspire inter-
national organizations and donor countries to consider people in devel-
oping countries as producers and innovators rather than passive recipients
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and consumers. Such a perspective is a key feature of the ICT4D 2.0 era,
and it is essential in making ICT4D projects successful.

Similarly, “participation” is the basis of FOSS development. Based on
the FOSS philosophy, projects have been conducted collaboratively by
numerous contributors from around the world (Okoli, 2008). FOSS is a
suitable tool for promoting participation because its development meth-
odology is participatory, open, sharing and collaborative, and it has
elements similar to those of the participatory development approach,
namely democratism, collectivism and contextualism (Thomas, 2010).
Thus FOSS4D projects have the potential to enable local people to par-
ticipate in development as positive producers.

But local people do not constitute a homogeneous group. There are es-
sentially two social groups: the rich (e.g. educated engineers, government
officials, large corporation workers) and the poor (e.g. ordinary users, but
not necessarily all — there are rich users, too). Wealthy people can easily
take part in FOSS4D projects because they have the knowledge and
motivation to improve their skills. The participation of the poor is more
important — and also more difficult to achieve, because they do not have
resources (e.g. money and time), adequate skills or knowledge. Poor
people are the targeted beneficiaries of development, and they tend to be
the local “users” of the systems that are established. Thus they should be
included in FOSS4D projects — the local users know the requirements
that are most important for system development. It sometimes happens
in ICT projects that a project is started without recognizing the real
needs, and after it is completed no one wants to use the system because it
does not address the real requirements (Curtis and Cobham, 2005). To
avoid such failures, the development process must involve not only local
engineers but also “users” as producers.

Trend of technology

As mentioned, user participation is very important, but it is also easily
ignored because the users are the “have-nots” who do not have enough
resources, skill or knowledge. However, technology improvement pro-
vides possible solutions, namely Web 2.0 and mobile devices. The big Web
2.0 wave is one of the most significant trends occurring today. The defini-
tion of Web 2.0 varies; according to O’Reilly (2005), it can be phrased
concisely as follows:

Web 2.0 is the network as platform, spanning all connected devices; Web 2.0
applications are those that make the most of the intrinsic advantages of that
platform: delivering software as a continually-updated service that gets better
the more people use it, consuming and remixing data from multiple sources,
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including individual users, while providing their own data and services in a
form that allows remixing by others, creating network effects through an “ar-
chitecture of participation,” and going beyond the page metaphor of Web 1.0
to deliver rich user experiences.

As the definition indicates, Web 2.0 is a platform, and this platform
could be used for FOSS4D projects. There are many Web 2.0 services,
including social networking, social bookmarking, blogging, wikis, map
mashups, social news and media sharing. According to Hitwise (2010), on
13 March 2010 Facebook outranked Google as the most visited website
in the United States. In many African countries Facebook is the first or
second most commonly accessed website, and the number of African
users doubled from August 2010 to April 2011 (Balancing Act, 2011).
Presently, many people are seeking a strategy involving Web 2.0 tools that
will provide business opportunities, advertisement or national services.

In international development there are also many attempts to use Web
2.0 tools to create better lives for people in developing countries. For
example, Kiva collaborates with Twitter to obtain investments for small
business owners in poor countries, while a website named Refugee
United is like a Facebook that helps refugees to find their families.

Along with the software innovation represented by Web 2.0, there is
also innovation in hardware technology: the mobile phone. Access to
Web 2.0 tools may be problematic in developing countries, where inter-
net connections are often unreliable, but mobile phones can improve this
situation (Addison, 2009). Improvements in technology have made mo-
bile phones more functional and less expensive in terms of both hard-
ware and communication fees. Mobile phones enable more people to
access the internet. There are significant changes in penetration: in 1998
only 2 per cent of people in developing countries were mobile sub-
scribers, but this figure had increased to 55 per cent by 2008 (Heeks,
2010). There are more mobiles phones in less developed countries than
in developed countries. According to International Telecommunication
Union statistics, the developing world’s share of mobile subscriptions in-
creased from 53 per cent in 2005 to 73 per cent in 2010 (ITU, 2010). This
means that more than two-thirds of the world’s mobile phones are in
developing countries. This mobile penetration enables people, including
the poor, to access information and services. There are many examples of
“mobile for development” projects. Farmers in rural areas of Africa use
mobile phones to determine the current crop price and thus maximize
their profits. People in Kenya can transfer and save money through mo-
bile banking services, such as M-PESA and M-KESHO, even if they do
not have a bank account. The mobile phone is now recognized as a
powerful development tool that allows local people to get involved in the
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information society (Donner, 2010). People can enter the interactive
Web 2.0 information world via mobile phones, even from rural areas in
African countries.

Given the trends of international development and ICT4D, these tech-
nology innovations — Web 2.0 tools and mobile phones — can provide a
platform for collaboration between actors from developed countries and
people in developing countries. The new actors can join development ac-
tivities through this platform, and local people in developing countries
can also be involved using the same platform. For non-technical locals,
using a mobile phone makes the barrier to the internet much lower than
using a computer. Since FOSS development is based on communities on
the internet, there is a possibility of conducting FOSS4D projects based
on new communities and new actors on the new platform. Such projects
have two positive impacts: first, a product can be developed to meet real
user requirements, and second the new actors are encouraged and em-
powered through the software development processes. These FOSS4D
projects will bring about a new development paradigm.

FOSS as a driver for a new development paradigm

Using FOSS is not important in itself, but what is achieved by using it is
very important. If the purpose of utilizing FOSS is merely to produce ap-
plication software or achieve system integration, there is no significant
difference between FOSS and proprietary software. Either one can
achieve the user’s goals. So why select FOSS? For developing countries,
the reasonable cost is considered to be a strong factor. However, as men-
tioned earlier, there is minimal economic difference between FOSS and
commercial software, and this advantage is not attractive to a wide range
of people in developing contexts. So why do Western donor countries —
where most people use proprietary software — recommend FOSS for
developing countries? How can aid agencies using Microsoft Word and
Excel persuade people in developing countries to choose OpenOffice?
The rationale behind using FOSS for development should be based on
what is delivered through the process of FOSS4D projects: “encourage-
ment” and “empowerment” of new actors through this new platform.
Firstly, FOSS4D projects can encourage newcomers from the Western
world to take action. Private IT companies can join the development ef-
fort by allowing their workers to participate in FOSS4D projects. Since
working on the platform via the internet does not require them to go to
another country, the impediments to participation are much smaller than
those associated with traditional development activities. There are addi-
tional ways of contributing, such as offering server hosting services or
providing technical knowledge. Apart from businesses, it is also possible
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for individuals to participate in FOSS4D projects if the platform is acces-
sible. Many individuals already support the poor in the developing world
through peer-to-peer web schemes, as mentioned, thus there are many
potential individual supporters of FOSS4D projects. There will be some-
one in Japan helping with programming, someone in the United States
offering language translation services, someone in Korea acting as a test
user and so on. Anyone can contribute to FOSS4D with their speciality,
because development projects involve a wide variety of information,
skills and knowledge.

Secondly, FOSS4D projects can empower local people — not only engi-
neers but also users. Web-community-based FOSS development processes
involve engineers in developing countries who can benefit from working
with experienced engineers. This is a clear merit included in the tradi-
tional FOSS4D advocacy. However, a new merit is the involvement of
very ordinary local people at the user level. The Web 2.0 platform en-
ables non-technical locals to voice their needs, from which system
requirements are derived. Their voice could be expressed through blog
comments or a vote function, similar to Facebook’s “like” button. An-
other option is using voice messages or SMS via mobile phones. This does
not require complicated operation, and mobile access allows people to
participate casually yet honestly. Since the first step in system develop-
ment is properly understanding users’ demands, their contribution is cru-
cial for success. Simultaneously, this empowers ordinary local users who
do not obtain clear benefit from the current FOSS4D advocacy. They are
directly involved in the development process; thus they are treated as
producers even if they do not have technical skills. If they are treated
as producers and if engineers take account of their input, local users will
be able to exercise their autonomy. This empowerment is actually more
important than the application software, which is developed through
fruitful collaboration.

In sum, FOSS4D projects can enable more people to become active
participants in international development. The ideology of FOSS, which
involves “free” and “open”, is relevant to social movements. Thus far,
however, this movement has stayed within groups of highly skilled engi-
neers. If it becomes open to more people in the form of FOSS4D projects,
a new development paradigm will emerge in which more actors and more
support from developed countries are mobilized, and local users are em-
powered through their active participation. Additionally, through the in-
teractive and participatory FOSS development process, an unprecedented
grassroots relationship may emerge between people in the developed
world and people in the developing world. The FOSS4D process may ex-
tend and enhance development activities — from traditional governmental
schemes to open, flexible contributions and activities. These advantages —
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rather than the benefits of FOSS as compared to proprietary software —
should be considered as the merits of using FOSS for development.

Emerging and future trends

Recent activities indicate that FOSS can act as a driver for the new
development paradigm. Cases involving the use of FOSS in developing
countries demonstrate the feasibility of realizing this FOSS-enabled par-
adigm, but examples of FOSS4D projects also reveal challenges associ-
ated with achieving the paradigm and potential solutions.

FOSS4D projects as a sign of the new development paradigm

A fruitful area for Web 2.0-enabled FOSS4D projects is in the disaster
management field. Ushahidi — which means “testimony” in Swabhili, the
local language of Kenya — is a website that collects and shares infor-
mation about real situations when exact or reliable information is un-
available as a result of disasters or riots. It was designed using FOSS with
mobile text message functionality and Google Maps. The story of Usha-
hidi’s development exemplifies the desirable aspects of future FOSS4D.
In Kenya a serious dispute associated with the presidential election oc-
curred in December 2007. Ory Okolloh (2009: 59-60), a Kenyan activist
and lawyer (not an engineer), created Ushahidi to help citizens to avoid
accidents during this crisis. She describes the birth of Ushahidi as follows:

On 3rd January 2008, I shared my thoughts on my blog and encouraged Ken-
yan “techies” who were interested in building such a website to get in touch.
The response was lightning fast. Within a day or two a group of volunteers had
coalesced and domain was registered. That was the genesis of Ushahidi, which
means “testimony” in Kiswabhili.

Following this blog, the website was developed using FOSS. Fifteen to
20 software developers, most of whom were from Africa, participated
with various contributions. Surprisingly, the website was released within
one week (ibid.). Because it is a FOSS application, it was possible for
Ushahidi to be customized and used for several purposes in other coun-
tries. For instance, it was used in Haiti for sharing information about the
2010 earthquake disaster, in Israel for distributing information about
conflicts in Gaza and in Uganda for election monitoring. Software devel-
opers from several countries, including Kenya, the United States, Hol-
land, Uganda and Ghana, participated in the development of Ushahidi
(Phillips, 2011).
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This process provides an example of the new development paradigm.
Engineers and non-technical people meet on a Web 2.0-enabled platform,
and the system is established according to the real needs of local people.
The process is implemented by actors from both developed and develop-
ing countries. A similar example is the FOSS disaster management sys-
tem named Sahana. When Sri Lanka was damaged by tsunamis in 2004,
Sahana was initially built by volunteers from the Sri Lanka IT industry;
subsequently, international contributors, including programmers and dis-
aster management experts, became involved (Treadgold, 2006). Through
collaboration among Sida, IBM and the US National Science Founda-
tion, it eventually became a generic disaster management tool and is cur-
rently utilized by some governments and non-governmental organizations
(NGOs). These two examples clearly confirm the feasibility of the new
development paradigm proposed in this chapter, which aims to enable
more creators and users to participate in FOSS4D projects.

In the near future there will be many websites that allow people with-
out technical skill, including the poor, to upload their needs and requests
using such tools as SMS, blogs, Facebook or Twitter, and voluntary sup-
porters, including companies, organizations and individuals from around
the world, will determine which projects they can contribute to and how
they can help — such as by writing code, sharing knowledge, performing
translation services, providing server space or offering grant money.
When needs and resources correspond, a project will be initiated. This is
similar to a FOSS4D version of Kiva. Considering the FOSS philosophy
and the context, in which Web 2.0 tools lead to new forms of contribution
and mobile phones remove the impediments to internet access, such plat-
forms will prove successful in the near future. This facilitates support for
and participation in development activities, and more resources will be
used for development. Development activities will become the work not
only of aid agencies but of individuals of all kinds. The new role of FOSS
is to facilitate this shift from traditional development to the new develop-
ment paradigm.

Challenges facing the new development paradigm

There are several challenges involved in implementing the new role of
FOSS. First of all, accessibility is a serious difficulty in most ICT4D at-
tempts, as many scholars (Addison, 2009; Duncombe, 2006; Ndou, 2004)
point out. It is difficult to secure accessibility in the vulnerable environ-
ment present in some developing countries, especially in least developed
countries, which have an unreliable electric power supply and limited
internet bandwidth. There is no simple or comprehensive solution to
this problem. It is necessary to improve infrastructures consistently.
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However, mobile phones can be a potential solution to improve accessi-
bility (Addison, 2009; Kleine and Unwin, 2009). Mobile networks now
cover 90 per cent of the world population; even in rural areas, mobile
access is available to 80 per cent of the population (ITU, 2010). Despite
their cost, mobile phones are dramatically changing the current situation.
The decreasing cost of mobile usage and the rapid penetration of mobile
access indicate that the accessibility challenge will be at least partially
overcome in the near future.

Secondly, the low level of (ICT) literacy is also a serious problem (Ro-
man and Colle, 2002; Warschauer, 2003). Even if access to the internet is
secured, people will not be able to present their opinions if they cannot
read and write. Or if they can read and write but are not accustomed to
using the internet, they still cannot make their voices heard. Of course,
improving education is the long-term solution. However, the story of the
earthquake in Haiti demonstrates other potential solutions. When Haiti
was devastated by an earthquake in 2010, a hotline was set up by an
American aid agency to accept SMS from victims of the disaster. Unfor-
tunately, American NGO workers could not read the messages, which
were written in the local language. The solution was crowdsourcing. As
soon as the text messages arrived, they were forwarded to Haitians living
around the world, who translated them into English and returned them
to the NGO workers in Haiti. This crowdsourcing proved immensely
helpful (Heinzelman and Waters, 2010; Nelson, Sigal and Zambrano,
2010). The case shows that there is an alternative method that does not
require users to do something they cannot do. In the future, technology
and innovation, as in this crowdsourcing example, will further lower ICT
literacy barriers.

Finally, the issue of sustainability presents the most serious difficulty.
There is a hope that technological improvements and innovation will
overcome the first two challenges, but the issue of sustainability cannot
be resolved through technological progress. Hoe (2006) suggests that it is
crucial to secure funding in order to pay people who are working to sus-
tain FOSS4D projects. Voluntarism can initiate a project, but it cannot
make it sustainable. Without a realistic approach (e.g. payments), it is dif-
ficult to continue a project. Based on research about Sahana, Treadgold
(2006) claims that at least core members of a project should be paid to
ensure sustainability, since it is risky to depend entirely on volunteers —
every project requires uninteresting yet necessary work. On the other
hand, some researchers insist that the motivation to contribute to FOSS
projects is not strictly related to money. Elliott and Scacchi (2008) assert
that the motivation for participation is based on the ideology of the free
software movement, which, as Richard M. Stallman (2002) claims, is a
belief in the “freedom” of information for society. Additionally, Lakhani
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Figure 3.5 Sustainable FOSS4D model

and Wolf (2003: 2) conclude that “enjoyment-based intrinsic motivation,
namely how creative a person feels when working on the project, is the
strongest and most pervasive driver”.

As indicated by these contrasting research results, there is no clear
answer to this issue — motivation varies from individual to individual. In
general, motivation is not based on a single factor: most people are moti-
vated by a mixture of different factors. Thus to attract as many actors as
possible, it is important both to secure funds and to emphasize the value
and meaning of participation. For sustainable FOSS4D projects, it is
important to work in a virtuous cycle (Figure 3.5): as more participants
become involved, more development will be achieved. As a result of this
greater achievement, more people become involved. Therefore, any pos-
sible ways should be used to involve as many actors as possible.

Conclusion
Summary of the discussion

This chapter attempts to describe FOSS merits from a different perspec-
tive to that of traditional FOSS4D advocacy. For this purpose, current
FOSS4D advocacy is reviewed. International organizations, donors and
governments in developing countries tend to think that FOSS is an alter-
native to proprietary software. They advocate FOSS4D by presenting
FOSS in comparison to commercial software and discussing such merits
as cost-effectiveness, reduction of copyright violations and prevention of
vendor lock-in. However, there is a need to modify this advocacy given
the gap between it and the local reality. The merits of FOSS currently
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emphasized are not attractive to ordinary people at the user level in de-
veloping countries. New advantages of FOSS are suggested: it can act as a
driver for a new development paradigm which encourages the participa-
tion of more actors from developed countries and involves local people,
not only engineers but also users. The rationale behind the new role of
FOSS is explained in reference to current trends in three related fields,
namely the emergence of more actors in international development, the
necessity of the participation of local users as producers in ICT4D and
the penetration of Web 2.0 tools and mobile phones. This new develop-
ment paradigm is emerging in the context of FOSS4D projects. Two ex-
amples, Ushahidi and Sahana, are introduced and future trends are
discussed, including the challenges of bringing about the FOSS-enabled
new development paradigm and potential solutions.

Concluding remarks

Vision must be shifted according to the trend of the times, since ICT is
always changing, as symbolized by the term “dog years”. What is impos-
sible today will be possible tomorrow. Thus the role FOSS plays in inter-
national development should be modified in accordance with current
technological innovation. It is not reasonable to continue advocating the
merits of FOSS in the traditional way. FOSS has the potential to bring
new actors into the traditional development field. It is beneficial not only
for engineers but also users, likewise not only for developing countries
but also developed countries. In the developed world there are many
people who would like to do something to help the poor or improve soci-
ety, but not everyone is able to travel to Africa to work as a volunteer for
a few years. Consequently, easier ways to contribute — such as peer-to-
peer funding — are becoming more common. Since FOSS development is
web community based, many actors from all over the world can partici-
pate in the process. The new paradigm encourages people in developed
countries to take action on their own, and the participatory process of
FOSS development allows people in the developing world to join in with
a degree of autonomy. Technological innovation enables them to act as
producers of new systems. Furthermore, such FOSS4D projects can bring
about a better grassroots relationship between developing and developed
countries through collaboration between ordinary people from both
Northern and Southern worlds.

Finally, it is necessary to recall that ICT - including FOSS, Web 2.0
tools and mobile phones — is only a tool, not a solution. The action of hu-
man beings is what is truly important. If more people are determined to
support and work for less developed countries, more and better develop-
ment will be achieved. After all, whether or not FOSS can bring about
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the desirable development paradigm depends on ordinary people, who
can work together to achieve extraordinary things.
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A participatory service learning
process for FOSS-based solidarity
projects

David Franquesa, David Lopez, Leandro Navarro and
Fermin Sanchez

Introduction

Software and information and communication technologies (ICT) can be
key elements for social development, especially in developing countries.
Projects on ICT for development (ICT4D) are an important tool to in-
corporate positive changes in these communities. However, as with other
technologies, ICT and particularly software supporting social processes
have a huge potential for change, and for replication to many of these
communities, but also a huge potential for disruption. From experience in
over 50 ICT4D projects, we have learned how important it is to design
and implement an open and participatory process based on the service
learning (SL) concept, where different forms of learning, service and free
and open source software (FOSS) become natural and interdependent
parts of social development. The lessons learned help us in designing sus-
tainable processes for positive change supported by FOSS that can be
appropriated by indigenous communities, contributing to their social de-
velopment and social justice.

ICT4D processes are characterized by the design of intertwined pro-
cesses in coordination with multiple stakeholders. These processes in-
clude understanding the social and technological environment, learning
about diverse technical and social aspects, software development, decision-
making and introduction, adoption and redesign of social processes and
software. The stakeholders are students and teachers at a university, a
partner local organization and members of the target community.

Free and open source software and technology for sustainable development, Sowe, Parayil and
Sunami (eds), United Nations University Press, 2012, ISBN 978-92-808-1217-6



SERVICE LEARNING IN FOSS PROJECTS 75

Software systems and ICT infrastructures can be key elements to fos-
ter the social development of communities, as computer support enables
or facilitates certain processes, empowering people to learn, coordinate,
work effectively and reshape their own communities in social and eco-
nomic terms. The openness in FOSS is a natural part of promoting social
development where local and external actors work together to bring in
knowledge or resources, but sustainability can only be ensured by sup-
porting a process designed and run in the long term by the target com-
munities. This long-term sustainability implies a long-lasting learning
process.

This chapter describes the usefulness of open and participatory SL
processes in software engineering education that complements FOSS
development. Service learning is a method that integrates meaningful
community service with instruction and reflection to enrich the learning
experience. It supports the organizational learning and change that occur
when FOSS is introduced in a developing community. Thus it has a key
role in the sustainability of ICT4D projects on social development in
poorer countries, and also in creating awareness in developed countries.

The lessons learned from projects we have carried out show how a
carefully designed open and participatory process, combining FOSS de-
velopment and service learning as key elements, reduces dramatically
both barriers to participation and cost, and stimulates the indigenous
socio-economic system, opening opportunities for wider collaboration
between many actors in developing and developed countries. Further-
more, scenarios for ICT4D tend to be fragile and risks should be care-
fully avoided, as the effects can amplify in less developed areas.

This chapter first establishes the theoretical framework for our work,
where FOSS and SL get combined for successful ICT4D projects. It then
focuses on selected projects, presenting empirical and anecdotal evidence
and specific lessons learned. We derive the generic lessons learned based
on our experience of 15-20 years in ICT4D projects, and the quality fac-
tors that we apply in successive projects, which can also be generalized.
Finally, results and conclusions are presented.

Theoretical framework

We are university academics developing ICT4D projects in collaboration
with our students. So we first describe the service learning educational
methodology we follow in our projects. We then analyse different ways of
assessing the impact of ICT4D projects in the target community, with a
stress on their resilience — the capacity to adapt and learn from change.
Finally, the real access/real impact framework we use is described.
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Service learning in ICT4D projects

Our work is based on the principles of service learning. Service learning
(Jacoby, 1996; Dufty, Tsang and Lord, 2000) is a method of teaching and
learning that combines an academic classroom curriculum with meaning-
ful service in the community. As a learning methodology it falls within
the philosophy of experiential education. More specifically, it integrates
community service with instruction and reflection to enrich the learning
experience, encourage civic responsibility and lifelong civic engagement
and strengthen communities for the common good.

Service learning has been widely studied in relation to engineering
(Tsang, 2000) and applied in some programmes, such as those at Purdue
University (Coyle, Jamieson and Oakes, 2005). Real-world problems pre-
sented through service learning help students to engage in active learning
and problem solving, which can develop knowledge on sustainability, cre-
ate new perspectives and give them exposure to real techniques in the
practice of engineering. In the Barcelona School of Informatics of Uni-
versitat Politécnica de Catalunya (BarcelonaTech) we use FOSS for soli-
darity and development projects because we believe that it holds the
potential to provide a rich education experience for students. Hislop, Ellis
and Morelli (2009) give a more detailed account of the impact on stu-
dents’ attitudes of using FOSS in solidarity projects.

ICT4D project life-cycle tasks and responsibilities

The development of an ICT4D project requires at least two partners:
one local and one international. To facilitate the assignment of respon-
sibilities and tasks according to the project stage, several teams are
created.

e The management team is responsible for overall management and fi-
nancing issues. It must include people from both local and international
partners.

e The requirements team must define the needs involved and how they
will be covered. This takes local and international expertise. Local
experts have knowledge of the real problems and constraints of the
target communities. International experts provide technical expertise,
and also a holistic knowledge of how other communities are dealing
with similar problems.

e The development team is responsible for finding hardware (when
needed) and adapting or developing new software, validating and im-
plementing the requirements previously defined. It is a task for the
international partner.
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e The operation team is responsible for operating the system once it is
installed. This team consists of local participants, although the inter-
national team can be “on the ground” for installing and training the
operation team.

¢ In projects developed using service learning, another group is required:
the training team, responsible for introducing concepts of human devel-
opment and ICT4D to students.

Once the project has been developed, there is one important question
to answer: do these projects have a real impact on developing commun-
ities? To respond to this, an evaluation in the field of sustainable develop-
ment has to be performed.

Real impact of ICT4D projects

Sustainable development requires a process of dialogue and ultimately
consensus building of all stakeholders as partners who define the prob-
lems together, design possible solutions and collaborate in implementing
them and monitoring and evaluating the outcome (Hemmati, 2002).

There are two key properties to navigate towards sustainability: resil-
ience and adaptive capacity. Resilience (Folke et al., 2002) is defined as
the capacity of a system to absorb disturbance and reorganize while
undergoing change, so it still retains essentially the same function, struc-
ture, identity and feedbacks. Adaptive capacity is the general ability of
institutions, systems and individuals to adjust to potential damage, take
advantage of opportunities or cope with the consequences.

It is fundamental for ICT4D projects to help people in the target com-
munities to adapt to the new tools, but without breaking resilience. In
other words, the project must be useful, appropriate, affordable and rele-
vant for their progress, but also must integrate in the target society, be-
cause this society must retain its identity. ICT4D projects must empower
the community, offering the opportunity to develop, but without the loss
of the community particularities. Thus the impact of ICT4D projects on
the target community must be evaluated.

Evaluation is a tool for learning and steering interventions, and can be
used for controlling and legitimizing political decisions and priorities.
In evaluation practice a huge number of tools have been developed to
conduct assessments, including indicators, models, surveys, cost-benefit
analyses and cost-effectiveness studies, but it is difficult to know how
and when to combine these in carrying out sustainability assessments
(Herwijnen, 2008). Assessment approaches also differ in their applica-
tion — whether to policies, programmes or agreements; to the national,
regional or international level; or to particular discipline-specific, issue-
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specific or application-specific sectors. In addition to the methodology
itself, the procedures for conducting assessments are important to sus-
tainable development — particularly transparency and the involvement of
all stakeholders.

Several impact assessment frameworks on ICT4D projects can be
found in the literature on FOSS (Hoe, 2006) and more generally. For in-
stance, Heeks and Molla (2009) build on a model to create a sequence
(value chain) of linked ICT4D resources and processes. It is divided into
four main targets for assessment.
® Readiness: “e-readiness” assessment typically measures the systemic

prerequisites for any ICT4D initiative, e.g. presence of ICT infrastruc-

ture, skills, policies and so on.
® Availability: implementation of the ICT4D project turns the inputs into

a set of tangible ICT deliverables.

e Uptake: assessment typically measures the extent to which the project’s

ICT deliverables are being used by its target population.

e [mpact: assesses the impact of the project.

Another well-known way to evaluate technology adoption is the tech-
nology acceptance model (TAM - Venkatesh and Davis, 2000). TAM
assumes that beliefs about usefulness and ease of use are always the pri-
mary determinants of IT adoption in organizations. According to TAM,
these two determinants serve as the basis for attitudes towards using a
particular system, which in turn determines the intention to use and then
generates the actual usage behaviour. Perceived usefulness is defined as
the extent to which a person believes that using a system would enhance
his or her job performance. Perceived ease of use refers to the extent to
which a person believes that using a system would be free of mental
efforts. Venkatesh et al. (2003) developed the unified theory of accept-
ance and use of technology (UTAUT) model to consolidate previous
TAM-related studies. In the UTAUT model, performance expectancy and
effort expectancy were used to incorporate the constructs of perceived
usefulness and ease of use in the original TAM study. A TAM 3 model
has also been proposed (Venkatesh and Bala, 2008).

In this chapter we use the real access/real impact model developed by
the Bridges organization (Bridges, 2010). In this model, 12 criteria frame
the analysis of all issues surrounding ICT access and use, including the
“soft” aspects that are often overlooked. They are designed to antici-
pate or detect the reasons why ICT development initiatives, government
e-strategies or grassroots projects fail to achieve their goals, or highlight
how and why these projects succeed.

e Physical access to technology: basic infrastructure requirements, such as
electricity, can be barriers to technology access. People with disabilities
have particular needs.
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e Appropriateness of technology: the developed projects must be appro-
priate to local needs and requirements in terms of power supply, secur-
ity, environment conditions, usefulness, etc.

e Affordability of technology and technology use: we must be sure that
the target communities can afford to obtain, or access, the proposed
technology.

e Human capacity and training: technology is useless if the members of
the target community are not trained to use it, or cannot imagine its
possibilities. Users must be empowered to innovate for themselves in
the use of technology in their environment.

e [Locally relevant content, applications and services: if ICT provides few or
no benefits in the short term, it will not be relevant for local communities.

e [ntegration into daily routines: life in developing countries can be hard.
If ICT is not perfectly integrated into daily routines, it can be seen as
another burden in already overburdened lives. The benefits of incorpo-
rating ICT must reward the effort.

e Socio-cultural factors: across the globe, people are held back from full
participation in their societies or economies on the basis of race, gen-
der, class, age, etc. Development initiatives need to be aware of these
socio-cultural factors in the target community, in order not to increase
the digital divide.

e Trust in technology: the level of confidence in ICT is fundamental in
its acceptance. It is important to inform people about the advantages,
but also about the risks involved in ICT use to help new users guard
against them.

e Local economic environment: ICT programmes must be useful to cre-
ate local opportunities. Failed projects can lead communities to reject
future technology projects, where they feel that funds might have been
used for other things.

e Points 10 (macro-economic environment), 11 (legal and regulatory
framework) and 12 (political will and public support) are related, and
refer to national and regional economics, legal regulations and mid- and
long-term visions of technology that can benefit or hinder ICT projects.

The relationship between service learning, ICT4D and FOSS

Service learning allows us, teachers in developed countries, to offer a real
experience to our software and computer engineering students. Partici-
pating in ICT4D projects forces students to work under real constraints
in terms of time, resources and a target community with some real and
specific requirements. Moreover, it offers a new perspective of life, values
and the real impact of technical solutions, beyond our well-known and
comfortable environment.
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Engineering students offer time and knowledge to develop these pro-
jects. In return, they receive new skills such as a knowledge of contempo-
rary issues and work in multidisciplinary teams, the broad education
necessary to understand the impact of engineering solutions in a global,
economic, environmental and societal context, or the ability to design a
system, component or process to meet desired needs within realistic eco-
nomic, environmental, social, political, ethical, health and safety, manu-
facturability and sustainability constraints. All these skills are part of the
Accreditation Board for Engineering and Technology (ABET) criteria, a
set of 11 skills which are extremely important to achieve the US curricula
quality accreditation (Shuman, Besterfield-Sacre and McGourty, 2005).

To use ICT4D projects to implement service learning, a university must
be a part of the international partnership in the project’s management
team. Without the support of the university, these projects cannot be im-
plemented. It is obvious that our students must be part of the develop-
ment team, but must also participate in the requirements team discussions
as part of their learning process. Finally, it completes the process if stu-
dents can travel to the target community to install the software and train
the operation team. To deal directly with final users and know their needs
and daily life, and how will they use the software, can be one of the most
rewarding experiences of student life.

This process cannot be achieved without working with FOSS. One
reason — not the most important but sometimes basic — is that target
communities very often cannot afford the cost of a proprietary software
licence, and even if they can, they could not adapt the software to their
own needs and bounds, especially the cultural ones. FOSS offers free
licences, documented software, a community of experts around the world
who can help and many other advantages (see other chapters of this
book). But from the point of view of service learning, FOSS is fundamen-
tal: our students have learnt operating systems, networks or software en-
gineering concepts just by understanding and modifying existing code,
and we can only train them in the requirements for ICT4D projects by
using FOSS, because students can analyse and modify the software with
absolute freedom. Without this previous training and knowledge, ICT4D
projects would be unaffordable.

Case studies

Our experience

In the Barcelona School of Informatics we have been introducing sus-
tainability and social commitment concepts in our daily teaching activity
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(Lopez et al., 2011). As part of this objective, we have developed several
ICT4D projects to implement service learning. Most of these help local
communities and non-governmental organizations (NGOs), but about
one-third (the more complex projects) are oriented to support commu-
nities in developing countries with ICT access and use to contribute to
their sustainable development. In these international projects, the recep-
tors receive hardware, when required; software, mainly tailored to recep-
tor needs; training in ICT; and our students’ time and dedication with the
guidance of faculty. All four elements are necessary to develop this kind
of project.

Hardware is provided through a “reuse workshop” that is held twice at
year at our school. In this workshop, students and teachers donate their
time to refurbish and repair second-hand PCs and install free software
for use in solidarity projects (Franquesa et al., 2010). Sometimes the soft-
ware requirements are quite simple, so no new software is needed. In this
case, FOSS is installed in the computers, adapted to the final users. For
instance, in 2007 we donated several computers to a school in Morocco
and installed Ubuntu and FOSS educational software for children under
14, in Arabic and French. If the project is more complex and requires
new or adapted software, some of our students develop it as part of their
bachelor or master theses.

There are two essential factors for the success of these projects that we
as teachers cannot control: volunteers and institutional support. Without
volunteers, almost nothing can be done. We need academic staff to inte-
grate these ideas into their subjects and advise on projects. Students are
required to implement the projects. Administration staff are needed to
help maintain the system. And institutional support is required: the uni-
versity and the school should facilitate and motivate these initiatives.

A growing movement in solidarity exists in our university and enjoys
strong support from the institutional framework. Our Institute for Sus-
tainability (http://is.upc.edu) encourages the reduction, reuse and recy-
cling of various materials, in particular electronic equipment. Another
institution, the Cooperation for Development Centre (CCD; www.upc.es/
ccd/), coordinates this movement. This centre has as its aim the central-
ization of all the university’s solidarity initiatives. CCD’s support is abso-
lutely vital for the success of the projects, because they involve travelling
to the destination community to implement the project in the field and
train final users. This fundamental part of the project cannot be done
without CCD’s legal, logistic and financial support.

However, the most important resource is people. The Barcelona School
of Informatics supports an internal NGO named Technology for Every-
one (TxT; http://txt.upc.edu). TXT consists of students, academics and
administration staff, and coordinates participation in these solidarity
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projects around the world (Farreras, Franquesa and Lépez, 2009). Volun-
teer training is carried out by the requirements team, and part of the
training process is done via an online platform (based on Moodle) that
enables students and final users to interact before starting the project —
in some cases the target community select the students who better fit
their requirements.

The benefits of ICT4D projects as a tool for service learning

These activities are aimed at reinvigorating the civic mission of higher
education and instilling in students a sense of social responsibility
and civic awareness through the development of teaching and learning
opportunities.

First, from the educational point of view, opportunities for integrating
and relating theory to practice are created: academic theory is experi-
enced in a real-world context, and new education techniques are pro-
moted. The university finds a teaching environment in the community,
and the academic and professional capacity of students is increased. Fur-
thermore, since the European Higher Education Area first drew atten-
tion to the learning process from the student perspective, evolving from
“teaching” to “learning how to learn”, the practical aspect in education
has increased in importance (Alonso et al., 2008). Secondly, the commu-
nity benefits from the service: issues vital to social, civic and political
society are explored, and the civic and personal capacity of students is
enriched. Finally, the university receives feedback from the community:
real-world problems learned from active participation in the community
can influence the university to adapt its programme so that it can teach
what is required by society.

As regards human-scale engineering, it is clear that by its very nature
engineering is bound up with society and human behaviour, and involves
responsibilities that should be borne in mind by every school of engi-
neers. In our initiative the university can move closer to society, while at
the same time society improves its opinion of the university.

Selected examples

Over the years we have participated in over 50 ICT4D international co-
operation projects in 18 countries: Angola, Algeria, Bolivia, Burkina Faso,
Colombia, Cuba, Ecuador, Equatorial Guinea, Gambia, Guatemala, Haiti,
Morocco, Mozambique, Nepal, Paraguay, Peru, Senegal and Togo. Some
projects have been quite simple, like installing a computer classroom in a
school, or our participation was very small. Others were of great com-
plexity, lasting several years and involving the development of several
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master’s theses. Here we focus briefly on selected ICT4D projects, just as
a taste of the kind of projects we are dealing with. We present some em-
pirical and anecdotal evidence supporting the lessons learned discussed
in the next section.

Project: Water, a scarce resource

In this project the target groups were farming communities in the coastal
Pacific areas of Peru, with fertile land, a well-structured social network
managing the river waters for irrigation and close proximity to the food
markets of the capital, but poor communications and limited access to
public services. A community of more than 6,000 farmers from the
Chancay-Huaral irrigation district were directly involved in the project.

The goal was to support farmers in improving the quality of life of the
community and the local economy. The project involved a number of
agents: the local government (Ministry of Agriculture), the local farmers’
association, a local NGO (the Centro Peruano de Estudios Sociales), the
International Development Research Centre from Canada and a contri-
bution from our university in the later stages.

Tasks involved the introduction of a complete ICT system, including
electricity (with water-powered generators) in some areas, a wireless
broadband network connecting 14 telecentres, VoIP telephony services
and a software application (Yacu) for the management and coordination
of irrigation quotas and agricultural production.

The project has been successful in supporting a rural community in
adopting an ICT system that helps schools and farmers to be more effec-
tive and have a better quality of life. On the other hand, the project
has not yet succeeded in exporting this technology to other irrigation
districts.

Project: UN Western Sahara refugee camps healthcare system

The UN Western Sahara refugee camps are situated in the western part
of the Algerian desert, near the frontier between Algeria and Morocco.
Men, women and children of Western Sahara have lived here for nearly
20 years in one of the most inhospitable regions of the world: the sum-
mer temperature rises to more than 50° Celsius in the shade, and in
winter it is freezing cold. When they came to these regions, the people
found nothing beyond sand. It is solely thanks to the solid organization
structure and large feeling of solidarity characteristic of these people that
they were able to build a coherent society in this desert.

Nearly all the 20-year-old youngsters were born in these camps. At first
the mortality rate was very high, especially among children. But thanks to
a strong input on hygiene, the Sahrawi people were able to prevent epi-
demics and control the high infant mortality rate. As a result of a policy
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adopted for dealing with food products destined for children, there are
now practically no cases of malnutrition. The Committee for Health Care
focuses its greatest attention on prevention, but treatment is also very
important. In the camps women are trained to become assistant nurses to
help in the dispensaries, and a number of students are training abroad as
nurses or doctors. The Ministry for Health Care has continued to make
progress: a new national hospital just opened, with operating rooms and
facilities for physical and psychological treatments.

Our work focused on two projects, developed as part of two master
theses: an information system for the central pharmacy warehouse, and
an information system for the child vaccination programme. The first
project’s goal was to optimize the storage system of the central pharmacy
warehouse. This was one of our earliest projects, and we proposed it to
the heads of the pharmacy warehouse, seeing a problem to be solved but
without a deep knowledge of the reality of the camps. The project was a
failure, because the final users are not using the information system but
their old and inefficient pen-and-paper system. So for the second project,
we changed our strategy.

The second project’s goal was to develop a child vaccination informa-
tion system adapted to the special characteristics of the refugee camps.
We developed the software in close collaboration with paediatricians
who have been working as volunteers in the camps for several years.
These paediatricians have a deep knowledge of the real problems of the
target community, so we act as experts in technology supporting the work
of experts in cooperation. In this case, the project was a clear success.

Project: Conservation of the K’che’ language and culture

The goal of a range of projects under the label “In your language” is to
enable and extend the participation of indigenous communities in the
digital society, and contribute to improving the learning of a native lan-
guage to avoid language extinction. Projects of this type were started by
Web Networks (Canada) with the Inuit language, and have been applied
successfully in diverse regions of the world. We have participated directly
in one in Guatemala (Quiché o K’che’) and another in Colombia (Nasa
Yuwe language), reusing some of the software tools and the accumulated
experience.

The objective in Guatemala was to help the K’che’ community to
maintain their cultural inheritance. K’che’ is part of the Mayan language
family. It is spoken by close to a million native people in the central high-
lands of Guatemala, but is in peril because most children are now speak-
ing Spanish for communication at school and using Spanish-language
media. This project was a collaboration with the Ajb’atz’ Enlace Quiché
NGO, a non-profit organization run by Mayans for the Mayan people.
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This NGO had experience in developing K’che’ language courses using
internet-connected computers, and our work was focused around two
complementary master’s projects developing an improved set of tools
for language learning. The first project developed a simple content man-
agement system to empower the NGO in creating and managing its own
web content locally using old computers and simple code it could easily
understand, manage and extend. The second project was about develop-
ing a web application to allow language teachers to create and modify
their own multimedia content (animated interactive lessons) for K’che’
language lessons instead of just using pre-packaged fixed modules. Both
projects resulted in and were based on FOSS (Apache web server, PHP,
OpenLazlo, etc.). In both cases the objective was to start up development
and initial use of the tools for the target NGO so it could improve its
training activities by creating and modifying multimedia training modules
and also develop the software tools further.

The project had mixed results: despite some initial success in the crea-
tion of the K’che’ content and implementation of the tools, a lack of
development resources has limited their usefulness so far. However, the
lessons learned have been very helpful.

Project: Casa Guatemala orphanage and backpackers’ hotel

Casa Guatemala is an NGO which owns an orphanage, the home and
school for over 250 children. Casa Guatemala takes care of orphaned,
abandoned or abused children, and those from families too poor to pro-
vide even the basics of child needs. Its main site is located in the jungle
on the banks of the Rio Dulce in Guatemala. The orphanage receives no
government support and is totally dependent upon donations from peo-
ple and groups around the world. Only accessible by river via a little pier,
the orphanage houses the people who work there, the teachers employed
at the school and the volunteers from all over the world who give their
support.

The orphanage covers an area of 40 hectares, including the school and
houses for workers and volunteers. There is also some cultivable land and
a farm (which are the main food sources), a little shop to sell farm pro-
duce and the backpackers’ hotel, located right on the water’s edge of Rio
Dulce with rooms and food to suit all budgets. These last two entities
contribute to the general funding of Casa Guatemala.

We started our collaboration with Casa Guatemala in 2006. Our efforts
have been focused on six main areas: facilitate access by volunteers/
donors/tourists to the orphanage; improve service quality and reduce
costs of the backpackers’ hotel; improve agricultural production systems;
improve water conveyance facilities and water quality; improve energy
facilities; and improve the quality of education.
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In these years we have done 16 different projects related to the six
areas. We have improved physical access to technology through succes-
sive donations of computer equipment, provided by the reuse workshop
at our university. Since problems with electricity at Casa Guatemala have
caused damage to power supplies for desktops, in the last few years we
have donated laptops, which resist voltage fluctuations better and allow
work even without electrical power. This technology is needed at the
orphanage to encourage the digital literacy of children and improve the
internal management processes. However, given that teachers in Casa
Guatemala did not have adequate skills to operate such equipment and
teach their work to children, we have conducted various training courses,
aimed primarily at teachers of the school. Our volunteers are also in-
volved in solving technical problems for the duration of their stay.

We have also designed a program for managing the hotel using free
software tools, and a FOSS CRM (customer relationship management) is
being designed to allow the directors of the orphanage to manage the
large volumes of information they need. These applications are designed
at the request of the orphanage to meet its needs, thus providing an
added-value service. The software meets local regulations and standards
in privacy and security, as well as international standards. However, the
low technological training of Casa Guatemala workers makes them reluc-
tant to use the programs when our volunteers leave the orphanage — they
continue to perform many processes on paper because they do not trust
technology. This causes them to see the technology as a burden rather
than a solution, and often they do not update data in the software, which
eventually makes it inoperative.

Although access to some of the computers we provide is free for all
Casa Guatemala’s inhabitants, workers limit their to use the functions
they need to carry out their jobs. Fortunately this does not happen with
the children, who are much more permeable to the acquisition of new
habits and integrate technology into their lives, especially the internet.

Finally, the use of technology has had a direct impact on the economy
of the orphanage, mainly because it lets the directors maintain constant
contact with sponsors through the internet and also contact potential new
donors.

Discussion and lessons learned

Some main lessons have been learnt from the projects in which we have

participated.

e Potential for replication. The use of FOSS in development projects
opens the way for replication to similar settings. Solutions initially con-
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ceived for a given project can be extrapolated to other partners and
environments, producing (at low cost) generic and specific software
tools. To do so, the requirements of the project should include from
day one the need to generate and publish the documentation for po-
tential reuse.

FOSS may be necessary but not sufficient. FOSS is a key element in
many cooperation projects with less developed countries, but it is not
enough to ensure success. It is part of a complex process that must be
addressed with a holistic view. For example, a solution based in FOSS
may not be useful if the infrastructure is not adequate (e.g. stabilized
power supply is not guaranteed, no appropriate computers are avail-
able or local people are not properly motivated and trained to use
FOSS technology).

The symbiotic relationship of FOSS with service learning. FOSS and SL
are complementary elements that help to solve problems in developing
countries through cooperation projects. Being free of licensing and
usage fees and open for customization and extension, among other
freedoms, FOSS brings the possibility of easy adaptation to how target
communities operate and the needs of each project. SL can comple-
ment FOSS at different levels, e.g. contributing refurbished hardware
from initiatives such as computer reuse workshops, and involving the
collaboration of students who receive, in return for their effort, not just
monetary compensation but learning. FOSS and SL are both effort-
intensive learning activities, and complement each other in a symbiotic
way: SL works effectively using and producing FOSS as an outcome of
learning processes, and the learning processes occurring in SL and at
the same time on target communities introducing FOSS-based systems
feed back to each other along the timeline of projects.

Macro and micro contributions of SL. The macro contributions are
large projects (final degree projects, master’s theses, etc.) that students
do before graduation. These also help in developing professional skills
(i.e. several of the ABET criteria) in students — leadership, multidisci-
plinary teamwork, etc. The micro contributions are small assignments
done by students within a particular subject — for example, working on
adaptation, updating or development of a small piece of software or
developing and installing computers for ICT4D projects. This service
learning could not exist without FOSS. Students are trained in topics
such as operating systems or network environments (because they have
learned to modify some FOSS code, such as a driver). They use this
technical training in real problems with real constraints, being aware
that their work is part of a larger project focused on helping the com-
munity. We consider cooperation projects should be defined in two
steps. The first is based on macro contributions where volunteers deal
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with problems of a certain size, and perform risk analysis and a project
feasibility study. At this stage a commitment must be established with
the counterpart, identifying objectives and responsibilities of each
project member. The second step can be based on micro contributions.
Once the project is running, collaboration can continue by maintaining
the joint learning through a less intensive service — for example the
maintenance and updating of the software developed, and improving
the training of the counterpart.

e FOSS can be disruptive for counterparts. FOSS might require extra in-
formation, training and assistance to its target users during the devel-
opment and deployment phases. This process should be agreed and
committed to by both parties but should mainly occur in the target
communities, with local members taking responsibility for it — assum-
ing it as their own, not as an imposed solution. It is therefore essential
to minimize the workload of the counterpart but maximize its partici-
pation in decisions. For this reason the change and implementation
process should be led (or assumed) by a local person. In the medium
term, perhaps during the first year, the use of FOSS should not be seen
as a burden but as added value for counterparts.

e The formative nature of the process. Service learning benefits both the
volunteer and the partner receiving technology training and a FOSS
solution at the same time. Gradually, the counterpart’s processes change
and are optimized to accommodate the use of FOSS that is concur-
rently being adapted to them. To succeed, counterparts must endorse
the technology, replacing manual processes with more automated ones.
If the automation process does not successfully replace manual ones,
but runs in parallel, it is likely that the project will fail because the
partner has not adopted the technology or adapted its processes and,
as soon as the volunteers return to their country of origin, automation
will be discarded and everything will be back to the previous well-
known manual processes.

e Service learning brings stability to FOSS development. Sometimes errors
in software take a long time to be solved just because the person able
to fix a problem is unavailable or overloaded. This usually occurs when
no local experts are available or they leave the project. We must take
into account that the training makes them more attractive in the la-
bour market. SL can be a solution that allows trained volunteers to
participate in projects while local entities have no permanent trained
staff.

e Service learning might imply an additional overhead. There can be an
excess of staff turnover as people get trained, contribute for a short
time and then are replaced by new people. The training overhead
should not overload the counterpart (even though it has to participate
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in this work), because if too much time/money is spent in the formative
phase of SL volunteer training, it will not get the desired performance
at the production phase. In the extreme case, it is possible that the pro-
ductive phase of volunteering does not compensate the effort invested
in the training phase, and counterparts might prefer to receive directly
the resources (money) to be spent on the volunteer and invest them in
local people, probably less specialized but giving better long-term per-
formance. If that is not possible, the partner may even prefer not to
receive volunteers to save the overhead of their training. However,
training by the counterpart has a key formative value for the students.
Besides the technical training to implement/design/adapt FOSS to a
cooperation project, coexistence with members of the counterpart
community will transform the volunteers, who will never again contem-
plate life as they did before participating in an SL cooperation project.
The counterpart should never see volunteers as a burden, but as a help.
The presence of volunteers has a beneficial effect, since locals can
catch the spirit of voluntary cooperation and leave the competitive at-
titude that often occurs in some environments. And volunteers can ob-
tain further benefit by sharing their experiences with volunteers from
other branches of science, fostering multidisciplinary cooperation.

Organizational barriers. In some cases, the organizational scheme of
the counterpart may be in conflict with using FOSS and its assump-
tions to address a problem. If the organization is too horizontal, com-
petition arises between members of the counterpart that hinder the
successful implementation of FOSS, as some people desire and look
for the failure of others as a way to claim their own success. This hap-
pened, for example, in the Casa Guatemala project. Casa Guatemala
has several crop gardens which were managed by different people:
each managed their garden in a different way and using different culti-
vation techniques. Workers did not share any information or material
between them, and hid their own successful “tricks” to prevent others
from succeeding. This problem was solved by employing a general hor-
ticultural manager, who unified criteria and encouraged cooperation
rather than competition. An organization that is too vertical, on the
other hand, often has problems of lack of responsibility and commit-
ment, especially for members in the lower strata of the pyramid. FOSS
helps to detect weaknesses in the organization because it brings out all
these problems, and can help members of the counterpart to move
from a competitive to a cooperative standpoint, and take more re-
sponsibility within the organization. When a solution based on FOSS is
installed in a cooperative project, users are often expected to share
computers and information. In addition, the lack of knowledge about
the tools encourages them to cooperate. While this is true for any
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software, not just for FOSS, the use of FOSS helps people to see that
there is a worldwide community which creates these products through
cooperation among members of that community. This can help them to
understand that cooperation between them will achieve major goals
and objectives.

® Refocusing projects to match the crude reality. When students begin
working in the field they must usually reformulate aspects of the
project based on the actual situation and the elements at their disposal.
There are typical mistakes in the assumptions. Some are very basic: for
instance, to assume that is easy to get computer spare parts, internet
access or good electrical infrastructure. Other mistakes are more com-
plex: for instance, how to train users to take over maintenance of the
proposed solution, how to find a solution in accordance with the local
ICT strategy and policies, or how to get institutional support. Very
often the counterpart does not have a clear vision of ICT, so we must
focus on providing computer equipment and initial training. The lack
of a mature ICT environment in these projects makes the development
of software applications both uncommon and difficult. For example, in
the UN Western Sahara refugee camps the information system for the
central pharmacy warehouse failed due to the lack of a mature ICT
infrastructure and social ICT culture, whereas projects with the appro-
priate prerequisites — the information system for the child vaccination
programme, and the Yacu system for farmers in Peru — were successful.

e [CT4D promotes social reflection in target communities. TXT only con-
tributes human resources and computers to projects, so our scope for
action and impact is limited and we cannot expect our ICT projects to
improve the situation directly at the macro level. Table 4.1 shows 12 of
the most challenging TxT projects, rated according to the “real access”
criteria. The assessments were performed by project volunteers, and
range from 1 (minimum) to 5 (maximum); the totals are the average
values. The table shows that points 69 are insufficient (ICT is not per-
fectly integrated into daily routines, digital divide is high or acceptance
of ICT is low). However, points 10 (macro-economic environment), 11
(legal and regulatory framework) and 12 (political will and public sup-
port) were the worst rated by our volunteers. These points reflect the
level of ICT maturity and vision of governments, institutions and com-
panies. The ability to influence through service learning could focus
on the promotion of processes of reflection about the appropriate
framework for ICT to flourish. The ideal environment to promote this
reflection requires trust and confidence among both parties. ICT4D co-
operation from an educational institution based on volunteers looking
for new experiences and learning from them is a very favourable as-
pect. This, combined with our FOSS-based approach, removes barriers



oSt 9v'1  LI'L C6'C SLC 00¢€ LI €9¢ 8¢E L9E 80 96°¢

06'c 00T 001 00T 00€ 00C 00T 00 O00F% 00€ 00% 00 00 010 (210ns) BIATIOY
0o¢ 00T 00T 00T 00€¢ 00¥ 00T 00¢ 00T 00€ O00%v 00% 00¢ 010 redoN
9¢’¢ 00T 00T 00T O00F% 00€ 00 OO0 00¢ 00€ 00 00¢€ 00 600C (9mnx eseN) eiquo[o)
9¢c 00 00T 001 00€ 001 00C 001 001 00C 00T O00v 00V 600¢C uooIoures
ys'e 00T 00T 00T 00€ 00% 001 00¢ 00¢ 00S 00v 005 00 600 (210ns) eIATjOg
sy'e 00T 00C 001 00€ 00C O00¥ 00¢€ 00€ O00F 00S 00S 00¢ 600z (JueIne)sar) efewajens
g€ 00T 00C 00T O00% 00C 00 O00v 00 00% 00S 005 00¢ 600¢ ([o101) e[ewolens
Sy'e 00T 00T 00T 00C 00% 00€ 00€ 00¢ 00S 00¥ 00S 00 L00T (210ns) eIAT[OY
06c 00T 00T 00T 00€ 00% 00¢€ 00C 00¥ 00¢€ 00¢ 00€ 00F L0O0T Te3duag
c¢Lec  00C 00T 00T 00T 00T 00F 00T 00 00€ 00€ 00€ 00" LOOT 039010\
0S¢ 00€ 0ST 00€ 00€ 0ST 00S 0ST 0SE€ 00€ 00F 0S€ 00€  LOOT-900T (omweud] ues) eiarog
LLC 00C 00T 001 00C 0SCT 00¢€ O0ScC 00€ 0SCT 00T OSv 0S¢ €00C 032010

cl 11 01 6 8 L 9 S 14 € 4 1 BLI9JLID SS9J0E [y

y1omawrery joedwl [Ba1/sS9008 [Ba1 03 SuIplodde s3ooford X, JO JUdWSsSassy ['f 9[qeL

91



92 FRANQUESA, LOPEZ, NAVARRO AND SANCHEZ

(i.e. interests, restrictions and hidden dependencies) and constitutes a
good environment for dialogue to promote this process of reflection.

e Knowledge and learning processes. One process involves knowledge
transfer that should work both ways (domain information from the tar-
get community to the students doing software development, and soft-
ware engineering and organization techniques from the students to the
target community). Another learning process should run in parallel:
organizational learning for the target community to re-engineer their
social processes, and service learning for the students. Finally, a third
long-term process concerns constructing an ICT4D project methodol-
ogy and the generalization of the software elements being developed
to be more applicable to separate but similar (in requirements) target
communities.

e FOSS versus proprietary software. The development of an information
system using FOSS and the deployment of a wireless network partially
based on FOSS in the Chancay-Huaral project had some main ex-
pected and unexpected effects. Beyond the typical effects, FOSS has
the conflicting attributes of being less expensive and easier to replicate,
but less known than commercial software solutions. That has a critical
effect on the initial adoption, development and maintenance of the sys-
tem, but our SL process was a good complement, bringing a surplus of
training and software development capacities. In countries where there
is no specific support to the use of FOSS, additional training is required
for all actors, unlike some global proprietary solutions from large multi-
national companies. This might be solved initially with mixed solutions,
with FOSS installations using proprietary operating systems or office
applications.

o Effective dissemination of FOSS. In the long term, FOSS facilitates the
replication of experience to other similar settings, as the adoption of
the same software tools comes without additional costs in licensing
and facilitating customization or small adaptations. However, extra re-
sources and incentives should be put in place from the start to encour-
age and support the extra work required to prepare the software tools
for use by external people or projects.

e Staffing risks. As in most projects, training creates highly skilled local
staff with higher chances of getting better employment elsewhere. In
using FOSS, the openness of the software development, particularly
when there is good documentation, facilitates the transition to new
people (either locally or by external supporters) and the incorporation
of additional volunteers adding new features. Thus the risk of losing
key developers is mitigated by the openness and the standardization
effect when a growing community is using a software system in multi-
ple settings.
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e [ocal policies. Beyond the well-known effects of software openness
and associated knowledge in developing local skills and capabilities,
the local policy environment has a significant influence in being neu-
tral, favourable or against FOSS solutions. Balanced or favourable pol-
icies to FOSS in developing countries are difficult to find, given the
strong interests of global software companies and the usually weak
civil social actors.

Conclusions

Using service learning to perform ICT4D projects allows students to ac-
quire very important but difficult-to-learn skills, while helping developing
communities. As a key part of the FOSS philosophy is the idea of sharing
and disseminating knowledge, we wish to offer some recommendations to
other institutions that want to replicate our experience.

It is very important not to disrupt or break the identity of the target
community. We must not change the very nature of a community, but in-
tegrate new tools, processes and even values in their daily routines. ICT
must not be a burden, so local ownership and cooperation with local
experts must be ensured. It is essential to analyse the real needs of the
community, and adapt experts to the project instead of adapting the
project to your knowledge and way of thinking. Projects should be care-
ful with minorities in target communities, so care must be taken to avoid
increasing the digital divide of some excluded subgroups on the basis of
age, gender, race or religion.

Change minds: projects are designed to help, but also to enable all par-
ticipants to learn. Sustainable development requires a process of dialogue
and ultimately consensus building of all stakeholders as partners who
define the problems together, design possible solutions, collaborate to
implement them and monitor and evaluate the outcome. There must be
concrete goals that are realistic and take small steps. Introducing technol-
ogy too fast, without a short-term clear benefit and some training, will
result in its rejection. Projects should be more evolutionary than revolu-
tionary.

Service learning can help to start up new projects (using master thesis
students to develop new schemes, for instance), but can also follow up
and improve ongoing projects (as part of the lab of some courses). Moni-
toring, evaluating and adapting the work to the new needs of users can
be the difference between a successful project and a failed one.

In training volunteers, goodwill may not be enough. Volunteers will be
very sadly disappointed by the lack of progress if key information is
blindly ignored because some things are taken for granted. Volunteers



94 FRANQUESA, LOPEZ, NAVARRO AND SANCHEZ

must try to understand the historical forces: previous bad experiences,
environmental conditions such as unreliable electricity infrastructure, etc.
It is fundamental not to try to impose overnight changes, but spend more
time on understanding the existing process. This will result in a contri-
bution to improved processes supported by the resources provided by
service learning and the tools provided by FOSS developments.

The FOSS paradigm is a natural choice in solidarity projects when
the impact and adaptation of technologies in engineering solutions are a
concern, due to a need for freedom to adapt the solution and reduce
dependencies. Cooperation from an educational institution based on vol-
unteering, FOSS and service learning seems to be an ideal combination,
where mutual learning becomes the central process and a necessary se-
cure and trusting environment can be built to create a shared ICT vision.
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Open source software migration:
Capturing best practices using
process reference models

Onkgopotse Molefe and Thomas Fogwill

Introduction

This chapter presents a summary of a study conducted at the Meraka In-
stitute of the Council for Scientific and Industrial Research (CSIR) in
South Africa to document a set of best practices for organizational open
source software (OSS) migration projects. Such practices can assist with
the planning and execution of future OSS migrations, as well as similar
projects conducted in other organizations. Recent studies have shown
that OSS migrations are increasing in South Africa and internationally,
because OSS is secure, customizable and inexpensive. Its rise brought a
tremendous change in the information technology sector all over the
globe, with numerous government departments, private sector businesses
and educational and non-governmental organizations considering a move
to OSS (Lawrence, 2010). South African examples include the CSIR, a
national science council and the largest research institution in Africa, the
State Information Technology Agency, the national government’s Depart-
ment of Science and Technology, the Water Research Council and the
Centre for Public Service Innovation (Comino and Manenti, 2005).

OSS is software that is freely available for use and can be modified to
meet a user’s specific computing needs. This type of software emerged
worldwide with customizability, freedom, cost saving, security advantages
and avoidance of vendor lock-in as some of the driving factors (Ahmed,
2005). Other reasons cited for OSS adoption include the facts that it is
free to use, copy and share, it can be localized, translated and customized

Free and open source software and technology for sustainable development, Sowe, Parayil and
Sunami (eds), United Nations University Press, 2012, ISBN 978-92-808-1217-6
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to suit a particular business function or user need and it supports older
hardware platforms, eliminating the need for costly state-of-the-art equip-
ment (Ayala et al., 2011).

A problem is that while many organizations want to adopt OSS, they
often struggle to plan and implement successful OSS migrations. Such
projects are highly complex. They require strong technical, development
and integration skills and top-level management buy-in and support.
They also need a robust set of processes to support project execution,
change management and ongoing operation and maintenance of the in-
formation technology (IT) environment (Bruggink, 2003). Limited re-
sources are available in the literature to document the important steps
and hidden problems in migrating from a proprietary to an OSS plat-
form. Many organizations must design their own migration processes
from scratch when planning such a project. This often holds back, or even
precludes, organizations from embarking on the path of adopting OSS.

Process reference models (PRMs) can be a solution to this problem.
They capture the common activities, roles and resources of processes in a
particular environment, and represent process model structures that can
be reused in different environments (Rosa et al., 2005). PRMs make it
easier for people involved in OSS migration to plan and execute projects.
To develop a set of PRMs for OSS migration, it is necessary to identify
the key generic process models that are repeatable in all such projects.
The approach should be to look at a case study and identify the key
processes that will result in a set of PRMs for arbitrary OSS migration
projects.

The study documented in this chapter suggests a set of PRMs for an
organizational OSS migration that were identified using this approach on
project Vula — the CSIR’s OSS migration project. All processes were cap-
tured during the project as process models using the standard process no-
tation IDEFO0. A case study approach was used, based on the systematic
research approach of van der Merwe and Kotze (2009). Data collection
was primarily done through interviews and focus group discussions. Pre-
and post-migration interviews were conducted with project team mem-
bers and migrated users; their responses were recorded and documented.
Focus groups were held with Vula project experts to assess the validity of
captured process models and obtain advice on identifying generic PRMs.
Other data collection methods included participant and non-participant
observation and a review of existing literature.

The aim was to ensure that the resulting PRMs are unique, reusable
and applicable to other organizations planning OSS migrations. The pro-
cess models needed to be generic to ensure that other migration projects
will get the same results. To be of value, the PRMs needed to reduce the
risks associated with OSS migrations and help prevent the occurrence of
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common, recurring problems. The PRMs developed have been informally
verified, and it is firmly believed that they represent a solid baseline upon
which organizations can base their own migrations and will help to re-
duce the risks and challenges associated with such projects.

Background
Open source software

OSS is software that has been licensed in a manner that allows users to
study, edit, improve and redistribute it freely (Ahmed, 2005). Some OSS
licences, such as the GNU General Public License, are viral, in that they
require redistributed or derived works to be released under the same
terms as the original software. Others, such as the Berkeley Software Dis-
tribution style of licence, are less viral and allow distribution of derived
works under arbitrary licences. OSS is often available free of charge and
typically no licence fee is required for using the software. OSS can be
used and shared among users as many times as they want. In contrast to
traditional proprietary software development practices, OSS is produced
by a self-organized community comprising developers, users and IT ven-
dors that engage online and collaboratively develop and improve the
software (Molefe and Fogwill, 2009). It has become very popular world-
wide and is currently used and adopted in many private companies, gov-
ernmental organizations and academic institutions for several reasons:
it is free to use, copy and share; the open source operating systems are
often more reliable and secure than proprietary operating systems; it
can be customized and/or localized to suit specific business functions or
users’ needs; and it works on older personal computers, which are no
longer supported by proprietary software (Dudley, Finlay and Otter,
2006).

There are many OSS operating systems, the most widely used being
Linux. Developed in 1991 as a replacement for the commercial Unix
offerings available at the time, today Linux is regarded as a possible
replacement for commercially produced operating systems. Linux is pro-
duced as OSS and freely distributed. It is used and adapted by many
companies and organizations for both desktop and server environments.
OSS is not restricted to operating systems, but includes network and in-
ternet service software, server software, development libraries and tools
and end-user application software. Application software such as Mozilla
Firefox and OpenOffice.org is available to run on multiple platforms, so
many users do not have to migrate their operating system to make use of
such OSS.
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Process modelling

Processes are the structured, measured activities designed to produce a
specified output in a particular context. Process models are tools used to
represent processes and the flows between them. They are often repre-
sented diagrammatically. For this study, the definition of process model-
ling provided by Perumpalath (2005) is adopted, which specifies that it
is the procedure of constructing the process model using a standard
notation. The primary purpose of such modelling is the documentation of
process information. Comprehensive documentation of processes could
contribute to the success of many projects, especially if models are stored
in a repository where they can later be retrieved. Process models are
used for process re-engineering, reorganization, monitoring and control-
ling, continuous improvement, quality management, benchmarking, prac-
tice and knowledge management (Barn, 2007).

Building process model structures can be a complex and costly exer-
cise. Common recurring problems encountered in the construction of
such models led to the idea of reusing generic process models. These ge-
neric models form the baseline and can be adapted to become the spe-
cific process models that are required for an organizational environment
(Childe, Smart and Weaver, 1997). Generic process models allow model-
lers to learn from the process designs of similar projects, which means
they do not have to build their own process models from scratch. This
results in a saving of resources and effort (Tyrrell, 2000).

Documenting process reference models

PRMs are generic process model structures collected in a library to allow
reuse. They capture the common activities, roles and resources of pro-
cesses in a particular environment, and can be reused in different envi-
ronments (Rosa et al., 2005). One of their advantages is that they enable
design by reuse, alleviating the need to redesign processes. This assists en-
terprises that perform similar practices by allowing them to reutilize
proven processes, without having to develop their own from scratch
(ibid.). Errors often occur during execution of projects, and these may
come at high cost without any guarantee that they will not reoccur. Using
generic process models allows enterprises to avoid these common pitfalls
and benefit from the prior experiences of others. PRMs thus reduce the
risks and costs associated with repetitive errors in projects (Jensen and
Scacchi, 2003).

Van der Aalst et al. (2006) consider PRMs to be like plug and play, in
the sense that they can be dropped into environments other than those
in which they were developed. PRMs, after initial development, often
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require further improvement to reach a level of satisfactory quality. This
point is made by Tyrrell (2000), who indicates that a working process
needs to be monitored and improved from time to time to ensure that it
meets ongoing and possible future requirements. PRMs have been used
by organizations as generic solutions to improve their business perform-
ance (van der Aalst et al., 2006). From the experiences of other organi-
zations, it is evident that PRMs are one of the most powerful means to
capture the acquired process knowledge of an organization (Childe,
Smart and Weaver, 1997). This is why they were selected as the medium
to disseminate the process knowledge acquired during project Vula.

At present, PRMs are represented in various modelling languages and
standard notations (Fettke, Loos and Zwicker, 2005). For any particular
project, a well-defined, widely accepted and easily understood standard
notation is required (Rosa et al., 2005). The Integration DEfinition for
Function modelling (IDEFO0), which is widely used for the creation of
process models, was selected for this study. A number of approaches can
be used to develop PRMs. When applying any of these, PRM developers
must be aware of the fact that modelling can be carried out in many dif-
ferent ways and there is no single optimal path, nor a single correct solu-
tion for the constructive activity. As such, the approaches must be seen
as supporting the construction of PRMs through a number of guidelines
that have been proven to work well in practice, rather than being abso-
lutely and exclusively correct. To date, PRMs have not been used on OSS
migration projects. However, based on the positive effect they have had
on other technology projects, it appears that they offer the potential to
improve greatly the planning and execution of OSS migrations. To inves-
tigate whether this is indeed the case requires that initial PRMs are de-
veloped for OSS migration projects; that these PRMs are used on an OSS
migration to test their validity and effectiveness; that the findings are in-
corporated into the PRMs to improve them; and finally, that the first two
steps are iterated.

This chapter presents the outcomes of the first step, the development
of baseline PRMs for OSS migration projects. The repeated application
(step four) of verification (step two) and refinement (step three) of the
PRMs remains as future work.

OSS migration projects

Background and considerations

Recent literature has shown an increased awareness of OSS over the past
decade and a rise worldwide in migrations from proprietary software to
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OSS (Mtsweni and Biermann, 2008; Ellis and van Belle, 2009). Typical
reasons for migration include lower or free licence costs, easy access to
source code, lower total cost of ownership (TCO), security, customizabil-
ity, stability (Dudley, Finlay and Otter, 2006) and a drive to foster local
and home-grown ICT (information and communication technology) tal-
ent and innovation. South African examples of OSS migrations are nu-
merous, and include the governmental and non-governmental bodies
listed in the introduction to this chapter. With the Vula project, described
in the next section, the CSIR prioritized OSS as a key programme, with
the aim of leading by example and inspiring other organizations in the
public, private and educational sectors to adopt OSS. South Africa is
not alone in recognizing the socio-economic benefits and technological
advancement OSS brings; other nations supporting OSS include China,
Chile, Spain, Thailand, India, Brazil, France, the United Kingdom and
large portions of Germany (Kshetri, 2004). These countries have become
more active in adopting OSS solutions because they believe it is a way
for them to be competitive in the global marketplace: it will reduce the
cost of IT purchases, inform society about the uses of OSS and encourage
the growth of the OSS and ICT industry (van Reijswoud and Topi, 2004).
There are many examples of migration outside South Africa, including
Orwell High School in the United Kingdom, Beaumont Hospital in Ire-
land, the cities of Schoten, Vienna, Munich, Schwibisch Hall and Treuch-
tlingen, and others (Cassell, 2008).

Migrating to a new technology can be challenging, and OSS migrations
are no exception. OSS migrations are complex and require good know-
ledge of the OSS environment, and it can take a long time to complete
detailed planning and implementation of the migration strategy (Astor
and Rosenberg, 2005). Besides the challenges common to all technology
adoption projects (such as effective change management, overcoming user
resistance to change, ensuring business continuity and maintaining pro-
ductivity levels), OSS migrations have several unique challenges. For any
organization intending to embark on a technology migration, TCO is an
important factor. TCO is the total cost of adopting and using a particular
technology, and includes acquisition cost, licence fees and cost of custom-
ization, integration and implementation, as well as operating, support and
maintenance costs over the entire life of the technology (Kok, 2005). Be-
cause of the differing nature of these costs (some are one-off, while others
are recurring), it is difficult to calculate TCO accurately for any particu-
lar technology. This problem is possibly even worse for OSS: it has little
or no acquisition cost and licence fees, and is often easier and cheaper
to customize, but some have argued that it requires a higher degree of
(scarce) skill to maintain and thus carries higher operating and support
costs (Kemp, 2009; Morgan and Finneman, 2007). Others claim that OSS
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is often of better quality than proprietary software, issues are discovered
and rectified more quickly and it is inherently easier to maintain, which
could suggest the opposite. As such, it is important that organizations do
a proper and impartial analysis of their own requirements, to estimate
adequately the cost of migrating to OSS (Bruggink, 2003; Cassell, 2008).

Another important element of OSS migrations is that of technology
evaluation, specifically the evaluation of the maturity and quality of a
particular piece of OSS. Because OSS is collaboratively developed, it is
important to evaluate the software comprehensively before implementa-
tion. Such evaluation should go beyond what is typically done for propri-
etary technology and technology vendors — it should include an evaluation
of the maturity of the OSS product, the effectiveness of its quality assur-
ance processes, the strength of its release and bug-fixing policies, the
strength of its developer community and the rate at which issues are re-
ported and fixed. These are vitally important considerations, to ensure
both suitable levels of current performance and longevity and sustain-
ability of the technology (Kemp, 2009).

For OSS, there is not always a commercial entity formally backing the
technology. It is thus not always possible to find local providers offering
adequate support for the technology. This makes it imperative to survey
the service and support landscape prior to migration to ensure that ade-
quate support can be obtained. In some cases it may be necessary to de-
velop the support capability in-house. A related consideration is finding
providers of quality training — often, due to lower market penetration of
OSS, this can be challenging (Paré, Michael and Charles, 2009; Mtsweni
and Biermann, 2008).

To exacerbate the difficulties in migrating to OSS, there are very few
resources available that document the important steps and hidden pitfalls
involved in the process. This means there is significant difficulty in plan-
ning and implementing migration projects, with processes often designed
from scratch for each project, which results in increased cost and risk
and often holds back, or even precludes, organizations from embarking
on the path towards OSS adoption (Gerber, Molefe and van der Merwe,
2010). In an attempt to address this problem, a study was undertaken to
document best practices learnt on project Vula for future migrations
(Molefe, 2009).

Project Vula

As a way to show their support for OSS, South African delegates gath-
ered for the Go Open Source Conference in August 2005 in Johannes-
burg to declare, document and sign a national open source policy and
strategy for the implementation of OSS in government (Mokhema, 2005).
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This document was presented to then President Thabo Mbeki and mem-
bers of his cabinet. In 2007 the South African national open source policy
and strategy was approved by the cabinet.

The adoption of this policy and strategy paved the way for projects
such as Vula, led by the Meraka Institute of the CSIR in South Africa.
The CSIR is the national science council of South Africa. It has approxi-
mately 2,000 staff, of whom about half are research and development
(R&D) staff involved in research, innovation and technology devel-
opment. The CSIR has a number of operating units, each conducting
basic and applied research in different fields of science, with the goal of
using science and technology to improve the quality of life of South
Africans.

To empower users and promote a vibrant ICT environment for scien-
tific work, the CSIR embarked on project Vula in 2006. The goal was to
enable migration from a proprietary desktop computing platform to an
open source platform based on Ubuntu Linux. The migration was not pri-
marily motivated by cost, but rather by a desire to refine the CSIR re-
search infrastructure on an ongoing basis; show leadership by being one
of the largest South African organizations to adopt OSS; generate and
publicly disseminate knowledge about OSS migration; empower other or-
ganizations to plan and execute OSS migration projects better; remove
the fear and uncertainty associated with adoption and usage of OSS; em-
power users and scientists within the organization; foster local ICT skills
development; and further socio-economic development (ibid.). The mi-
gration was deemed possible and timely due, in part, to advances in the
usability of Linux as a desktop operating system and the availability of
quality productivity suites. Driven by these factors, the project presented
an opportunity for everyone in the organization, especially technologi-
cally minded individuals (from beginners to experts), to benefit and learn
from the experience of migrating to OSS. The CSIR’s migration was
unique when compared to other organizational OSS migrations, in that
the focus was placed on learning and sharing of knowledge. The firm
commitment to migrate to OSS was backed by an approach that removed
technical barriers to migration, and ensured that skills development op-
portunities were made available and support systems and structures were
put in place for the OSS environment. The approach also enabled volun-
tary early migration by individuals and groups, before and during the
mandated migration. A key step in the project was the adoption of open
document standards as an enabler for collaboration and document ex-
change across multiple platforms.

The project followed an incremental approach, and allowed for a hy-
brid model where OSS and proprietary systems would coexist side by
side in the organization. The main activities involved:
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e adapting the enterprise back end to support OSS
¢ switching to OSS on Windows (using the Firefox web browser and the

OpenOffice productivity suite)

e mandating the use of open standards, notably Open Document Format

(ODF) as the CSIR document standard

e switching to an OSS desktop operating system, together with OSS re-
placements for common desktop user applications
developing and implementing desktop and back-end support processes
developing and implementing a roll-out plan to migrate CSIR staff
implementing an appropriate communication strategy
implementing a portfolio of training mechanisms
capturing the learning to enable replication of the results in other
organizations.
The project was organized into five interdependent tracks: technology,
roll-out, training, communications, and research and documentation. In
addition, there was an overarching project management and change man-
agement function. The project leadership consisted of the project coordi-
nator (appointed by the chief executive), the leaders of each of the tracks
and the project manager.

The technology track focused on the analysis, investigation, design, de-
velopment, customization and integration of all technology required to
make the project a success. It involved technology in use across the entire
organization by both functional support and research staff. The scope
included the complete ICT architecture, desktop application software,
system software, server and network infrastructure, migration tools and
server/desktop support and management tools. A base enterprise desktop
was specified in consultation with representatives from each of the or-
ganizational units. Using this specification, the standard Vula desktop sys-
tem was developed, based on Ubuntu Linux and with support for office
productivity, e-mail, secure internet access and web browsing, multimedia
support and support for all CSIR enterprise applications (financial, enter-
prise resource planning, document and configuration management, work-
flow and procurement). Basic researcher tool support was also developed,
including tools for reference management, scientific authoring and re-
search project management. Modifications to the enterprise-wide archi-
tecture and server environments were undertaken on a just-in-time basis,
as a wholesale redesign was not feasible due to cost, high risk and lock-in
via existing long-term vendor licence agreements.

The roll-out track was responsible for planning and implementation of
the OSS technology roll-out within the organization, with minimal dis-
ruption to productivity. It involved activities such as scheduling roll-out
to departments; management of early adopters and users exempt from
migration; provision of adequate support to volunteers, mentors and
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coaches; acquisition, planning and allocation of sufficient support re-

sources to accommodate migration; securing and migrating documents,

files and general data; and developing and implementing post-migration
support processes.

The training track was responsible for managing and executing the
training plan. It did so by developing a skills matrix, identifying required
training interventions and sourcing the relevant training. This track also
focused on non-skills aspects of training, such as developing user interest,
excitement and positive attitude and dispelling fear. An important con-
straint here was cost; hence there was a strong focus on user empower-
ment through self- and peer learning to supplement a programme of
traditional classroom-based training.

The purpose of the communications track was to develop and execute
a communication plan, both internal to the CSIR and external to stake-
holders and the general public. Internally, it was critical to ensure buy-in,
alignment and excitement about the migration. Within the broader scope
of change management, the main objective of the communication compo-
nent was to ensure that stakeholders were informed and prepared for the
new paradigm. To achieve this, the communication strategy was to pro-
gress from merely providing information to soliciting involvement and
then securing full commitment.

The research and documentation track was responsible for document-
ing the migration project and analysing it to obtain new knowledge and
research outputs. The work presented in this chapter was undertaken on
this track. The project faced a number of critical challenges. Some are
common to all OSS migration projects: resistance to change, technologi-
cal risk in adopting new technologies, a legacy of non-interoperable en-
terprise technologies, the cost of migration, differing levels of technical
proficiency among users, de facto use of proprietary formats for external
collaboration and document exchange, a scarcity of skilled technical re-
sources and limited local support and training service offerings. In addi-
tion, due to the nature of the CSIR and the diversity of its research, other
challenges were identified, including:

e a broad and highly specialized set of research tools and software in use
by researchers — this resulted in some users being unable to migrate
fully, due either to their specialized software not running on Linux,
there being no OSS alternative, or the high cost of retraining them on
the OSS alternatives

¢ specialized scientific equipment with poor or no support on Linux

e requirements regarding the use of specific proprietary formats for arti-
cle submissions and documents in some academic communities.
Notwithstanding these challenges, project Vula succeeded in migrat-

ing a significant percentage of staff (across most operating units, both
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functional and R&D) to a Linux desktop. All staff, including those re-
maining on a proprietary desktop, continue to make use of OSS such as
OpenOffice and Mozilla Firefox.

OSS migration process model and PRM extraction

Approach

To extract PRMs from an organizational OSS migration project, it is nec-
essary to:

identify the project processes and compile all process models

identify criteria for selecting PRMs

select PRMs, based on the established criteria

validate the extracted PRMs against other projects.

The systematic approach used to guide the execution of these tasks
was suggested by van der Merwe and Kotze (2009), and consists of five
phases (Figure 5.1).

Phase 1: Define scope

The scope of the project is defined, major role players are identified and
(if applicable) a feasibility study is conducted. For Vula, this phase formed
part of the overall project planning.

Phase 2: Procedure selection

Since few major OSS migrations had been documented, there was
little literature from which to draw appropriate procedures for the
project. The procedure selected for documenting the migration processes
was to use process models and a standard process model notation
(IDEFO).

Phase 3: Data gathering

Phase 3 is concerned with the collection of data to facilitate the identifi-
cation of processes within a project or organization. For Vula, document
analysis, interviews and questionnaires were used as data collection tools.

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Define ‘ Procedure ‘ Data ‘ ‘

. . Comparison Verification
scope selection gathering

Figure 5.1 Approach to project Vula
Source: Adapted from van der Merwe and Kotze (2009).
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Document analysis was done on all project documentation, internal and
external communication and other material related to the project. Other
data sources included survey data, questionnaire responses and technical
documentation. Pre- and post-migration interviews were conducted with
the project team and affected users, to obtain information about their
OSS experiences. All the questions and responses were recorded and
transcribed, and are available as project documentation.

Phase 4: Comparison

Phase 4 involves the extraction of PRMs by comparing the different
process structures identified in the previous phase, and noting those that
are common or unique. The criteria used for identifying PRMs were com-
piled from literature. The set of Vula process models were compared
against the criteria for PRMs and the generic PRMs were extracted.

Phase 5: Verification

Phase 5 involves the verification of the extracted PRMs at an institution
(or in a project) not involved in their identification or extraction. For this
study, the models were verified informally using domain experts and
project leaders. Future work includes verification outside the CSIR.

With regard to epistemological stance, this research was executed as
a qualitative empirical study. The process documentation was primarily
captured through observation and there was no interference with the
project’s execution. The migration was observed in the working environ-
ment of the project team and project execution office.

Vula process modelling

It was envisioned that project Vula would not only benefit the CSIR but
would also present opportunities for skills development and education
to emerging young professionals, particularly in OSS development. To
support Vula’s knowledge-sharing goals, the project processes had to be
thoroughly documented. This documentation was also the first step re-
quired for the identification, generation and documentation of the ge-
neric migration PRMs.

PRMs are typically developed hierarchically and recursively. First the
top-level processes are identified and their detail is captured, including
activities performed as part of the process, their order of execution, in-
puts and outputs to the process, and its roles and goals (Tyrrell, 2000).
Once this information is captured for the high-level processes, they are
decomposed into subprocesses and the method repeats. The steps in
Table 5.1 were followed to identify and capture process models for the
Vula project.
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Table 5.1 Steps

Step  Description Tools/documentation used Deliverable

1 Derive high-level Process listing with goals and High-level
process model resources process model

2 Refine high-level Subprocess and atomic process ~ Subprocesses
process model (sometimes referred to as and atomic
to subprocesses sub-subprocesses) listing processes

Initially, a high-level process model diagram (parent diagram) was de-
veloped (Figure 5.2). This parent diagram was later decomposed into
child diagrams representing the detailed subprocesses of the model. The
high-level process model diagram represents the key processes of the
Vula project, and indicates how an output of one process becomes an in-
put to another. It is possible for a process to have more than one output,
and for detailed, refined processes to have no input. It is also possible to
have more than one input to a process.

As depicted in Table 5.2, each process has its own goal. For example,
the goal of the kick-start project process is to provide assurance to CSIR
employees and its external stakeholders that the project has begun. The
form project team process has a purpose to ensure that a reliable and
committed team is in place. The announce project publicly process goal is
to ensure the public are informed about the project and kept up to date
throughout with regards to its progress. The develop migration plan, di-
vide project into tracks process was refined further into parallel processes,
one for each of the five migration tracks. The outputs of each process as-
sociated with these five tracks are inputs into the migrate scheduled users
to OSS process. After users have been migrated, they continue to receive
support and maintenance and the migration knowledge is documented
(document lessons learnt).

Each of these high-level processes was decomposed into a set of de-
tailed subprocesses (Molefe, 2009), as summarized below.

Kick-start project involved the subprocesses:

e plan the migration
create a project brand
review work done by other organizations
obtain organizational commitment to support the migration
do awareness campaigns
¢ demonstrate the planned OSS desktop to users.
Form project team involved the subprocesses:
e establish project governance
e divide project tasks among team members
e draw a schedule plan for the migration.
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Table 5.2 High-level processes: Input and output resources and goals

Process

Input/output resources

Goal description

Kick-start project

Form project team

Announce project
publicly

Develop migration
plan, divide
project into
tracks

Execute
communication
track

Execute
technology
track

Execute training
track

Execute roll-out
track

Execute
maintenance
track

Migrate scheduled
users to OSS

Support and
maintenance

Document lessons
learnt

Input: CEO declaration
Output: Project initiated

Input: Project initiated
Output: Team formed

Input: Team formed

Output: Media coverage

Input: Media coverage

Output: Migration
strategy

Input: Migration strategy
Output: Migration track

Input: Migration strategy
Output: Migration track

Input: Migration strategy
Output: Migration track

Input: Migration strategy
Output: Migration track

Input: Media coverage

Output: Migration
strategy

Input: Migration strategy

Output: Users migrated

Input: Users migrated

Output: User support

Input: User support,
process model

Output: Migration
completed

To prove the organization’s
seriousness and commitment
to migrating to open source.

To form a team to make
critical decisions during
implementation of an open
source migration.

To ensure the public know
about this type of project.

To help draw a roadmap for
the transition from the
current to desired
environment.

To subdivide the project into
tracks to allow work to be
done thoroughly by
responsible parties.

To create user awareness and
excitement about changing
to OSS.

To find OSS alternatives to
proprietary software and
check the compatibility of
such alternatives.

To provide users with relevant
training and build their skills
to make them productive
after migration.

To prepare users and put them
into action by installing
some OSS applications in
their desktops.

Plan and prepare for support
and maintenance after
completion of the migration.

To deliver an operational
Linux desktop to users.

To continue to provide all the
help needed after
completion of the migration.

To provide guidance to other
organizations planning to
migrate to OSS by describing
best practices.




OPEN SOURCE SOFTWARE MIGRATION 111

Announce project publicly involved the subprocesses:

announce the project internally and externally

invite media.

Develop migration plan, divide project into tracks had the five project

tracks as subprocesses.

The communication track had the following subprocesses:

develop communications plan

communicate migration plans and scope

create user awareness

communicate reasons for change

address user concerns

create positive motivation for change

build user understanding of OSS

distribute necessary migration information

provide regular internal feedback

communicate progress externally.

The technology track had the following subprocesses:

develop a plan to identify technological and business requirements
analyse the current architecture

do an application inventory per user per machine

categorize users according to their dependence on proprietary applica-
tions

investigate alternative OSS applications and assess compatibility
identify OSS desktop environments, distributions and applications
develop pilot base desktop

test, customize, refine and improve the desktop

prepare data centre, servers, network infrastructure and support
services

establish a legacy data conversion centre and ICT support team.
The training track had the following subprocesses:

provide training on OSS environment

train users and technical staff

encourage self-training or allow users to experiment

provide practical hands-on training

call for early adopters

provide exclusive support to early adopters.

The roll-out track had the following subprocesses:

prepare roll-out

equip users with latest versions of OSS

ensure servers, network infrastructure and support services are ready
for migration

conduct pilot courses

select users deemed ready to migrate
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¢ schedule selected users for migration

e communicate process to users

e assign resources for migration or installation
e migrate scheduled users

e convert templates and standard documents.

The maintenance track had a single subprocess, namely to plan and
prepare long-term maintenance.

Migrate scheduled users to an OSS desktop had the following subpro-
cesses:

e communicate process to scheduled users

e confirm user training completed

* gain exclusive access to collect desktop machine

e migrate desktop

e record progress

e release desktop to user

e provide additional assistance and support for a short period after
migration

¢ hand over to ICT operations.

Support and maintenance had the following subprocesses:
e provide ongoing support services
e make system enhancements and upgrades
e ensure positive and continuous commitment to change.

Document lessons learnt had the following subprocesses:
e document the migration and lessons learnt
e review and share lessons learnt with other organizations.

Many of these processes and subprocesses would apply equally well to
generic technology adoption projects. A few, though, are unique to OSS
projects, or manifest differently in OSS projects. For example, the analy-
sis of applications needed to consider several additional factors, including
maturity of the OSS, strength and size of the developer community and
health of the OSS project. In addition, it is often necessary to combine a
set of OSS tools to deliver the same functionality as a single suite of pro-
prietary software, due to the nature of most OSS tools, which are typi-
cally small and built for a single purpose, but designed to work together
well with other OSS tools. In contrast, many proprietary software suites
tend to be more monolithic in design.

Another important factor that distinguishes OSS environments from
proprietary technology environments is how releases and version up-
dates are handled. OSS tends to have very frequent incremental releases,
whereas developers of proprietary systems tend to release fewer but
larger updates. Compare, for example, the release strategies of Ubuntu
Linux (six-monthly releases, small functionality increments) and Micro-
soft Windows (several years between releases, large functionality incre-
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ments). Due to this difference in release strategy, the task of planning
and executing a long-term support and maintenance plan for OSS envi-
ronments differs significantly from that for proprietary environments.

PRMs for organizational OSS migrations

To extract PRMs from a set of process models, it is necessary to define
the criteria to which PRMs must conform. For project Vula this was done
through a detailed study involving an analysis of existing documentation
and a review of the literature. The following characteristics were identi-
fied as being important to PRMs (Rosa et al., 2005; van der Merwe and
Kotze, 2009; van der Aalst et al., 2006):

e reusable

generic

provide enough information to execute a project or business function
well-defined scope, outcomes and results.

From these characteristics, the following criteria were developed and
used to identify and extract PRMs for project Vula:

e clearly defined context, goals and results

e atomic and complete

e generic to migration projects

e reusable within other contexts to achieve similar results.

The high-level process model diagram was analysed to extract PRMs
using these criteria. The extracted high-level PRMs are displayed with
heavy black outlines in Figure 5.3, whereas those that do not form part of
the reference model are not highlighted. The reasons for selection of spe-
cific processes are described in Table 5.3.

Further work required

The Vula project established a partially verified set of PRMs for migra-
tion projects, representing a largely sequential process flow during the
project. Future work will involve the full verification of these PRMs in
other organizations to determine their reusability and applicability to
general OSS migrations. In addition, the PRMs will need to evolve to
cater for other models of project execution, notably those with an itera-
tive approach.

Lessons learnt

Project Vula found that for OSS migrations to succeed, it is vital to have
buy-in and support from decision-makers, notably top management (CEO
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and executives). They play an important role in bringing about change
In an organization, and in driving the required shift in user mindset.
Without the support of top management, the migration project has little
chance of success. Organizational and governmental OSS migrations
should be encouraged, as they offer a number of benefits. These include
possible cost reduction, flexibility, customizability, stability, security and
socio-economic development opportunities.

OSS migration projects require careful planning. Analysis, planning
and brainstorming are required before measurable objectives are set, lest
unrealistic expectations be created. The planning and initiation phases of
such projects are critical to understanding these requirements and scop-
ing the project. Because OSS migration projects can take a significant
amount of time, hard work and specialized skills to complete successfully,
these also need to be carefully planned. OSS deployments may require a
larger initial investment in custom technology (or higher-end skills) than
proprietary software, but OSS has the potential to reduce longer-term
operating costs. However, it is vital to ensure the selected technologies
are robust and well maintained (by the OSS community or a service pro-
vider), and that appropriate skills are available to operate and support
them. If these are not in place, the adoption of the technology will intro-
duce significant risk to the organization.

The quality and composition of the project team are key in determin-
ing the success of OSS migrations. The team must be dedicated, capa-
ble and empowered. Reporting lines, roles and responsibilities must be
clearly defined and communicated, to prevent confusion and a lack of ac-
countability. Where the team comprises people from different organiza-
tional units, cultural differences between those units can cause conflict on
the team and disagreement on priorities, which can lead to delays. In ad-
dition, it is important to ensure that the necessary technical, development
and integration skills exist in the team.

Change management is very important in such projects, but is not typi-
cally a core expertise of internal ICT support units. As such, the project
coordinator and managers must ensure that proper change management
processes are adopted. Detailed analysis will ensure efficient and effec-
tive development and integration activities. False assumptions can lead to
a technology or requirements mismatch and problematic integration, both
of which could require additional effort and delay the entire project. The
analysis required should consider the computing requirements of users,
the functionality and maturity of OSS alternatives, the ICT infrastructure
and architecture and the support and maintenance requirements.

Communication and training are vitally important. Communication
keeps the entire organization on board and informed, and allows early
flagging of potential issues. Training ensures that users can remain
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Table 5.3 Extraction of process reference models from the high-level processes

Process Generic Reusable Reason

Kick-start project Y Y Any technology project must be

initiated.

Subprocesses ensure that any
OSS project gets off to a good
start, with informed and
supportive users.

Form project Process is required for any
team technology adoption project.

Announce The process is particular to Vula
project and its desire to demonstrate
publicly leadership and publish the

approach; it is thus neither
generic nor reusable, as it is
not necessary to ensure
migration success.

Many organizations may prefer
to keep their OSS migration
secret.

Develop Y Y Any migration project requires a
migration plan, plan.
divide project
into tracks

Execute N Y Although it is good practice to
communication have good communication
track during the project, it is not

necessary.

Most subprocesses can be used
on any OSS migration project,
but some, such as external
communications, are particular
to Vula.

Execute Y Y Process is indispensable in any
technology OSS migration project as it
track identifies the necessary OSS

technology solutions.

Execution of subprocesses for
this track is very particular to
OSS migrations and may
differ for non-OSS projects.

Execute training Y Y Training should form part of any

track

technology migration project.
Process is differentiated from
those in generic technology
projects by strong emphasis
on user empowerment and
self-learning through
discovery and customization.
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Table 5.3 (cont.)

Process Generic Reusable Reason
Execute roll-out Y Y Roll-out is indispensable to
track execute any OSS migration.

The approach taken, and
recommended for similar OSS
projects, involves users
directly and thus may differ
from the approach typically
used on general technology
adoption projects.

Execute Y Y Any technology change in an
maintenance organization requires proper
track planning and implementation

for ongoing support and
maintenance.

Migrate Y Y Process necessarily forms part of
scheduled any OSS migration.
users to OSS

Support and Y Y Process must be executed to
maintenance ensure OSS migration is

sustainable.

Document N N Process is very particular to Vula
lessons learnt and is not necessary for

general OSS migration
projects.

productive with their new technology, helps overcome fear and uncer-
tainty and promotes a positive attitude towards change. In general, the
project should strive to change mindsets and get target users positive
about the migration. An effective way of accomplishing this is by involv-
ing users throughout the project and empowering them to perform their
own technology adoption and customization.

From a technology migration point of view, it is preferable to design
and migrate the data centre first, to ensure interoperability with the OSS
desktop. In addition, the adoption of open standards is a critical enabler
for technology migration, promotes interoperability between different
systems and platforms and reduces the integration risks associated with
the project. Open standards also promote the availability of support and
implementations from multiple vendors, reducing the risks associated
with vendor lock-in.

To manage the actual roll-out and implementation and prevent signifi-
cant productivity losses, it is important that a good plan and schedule
are developed for rolling out the OSS to users. Analysing computing
needs and classifying users into categories can help, as can appointing a



118 MOLEFE AND FOGWILL

champion in each organizational unit to help coordinate activities. In
general, it is more efficient to migrate an entire department together, as
this allows better contingency planning and maximizes the shared learn-
ing that takes place. In environments like the CSIR, where there is a wide
range of different uses and technologies, some users need to be convinced
of the value of OSS, particularly those who are entrenched in their cur-
rent technologies. The migration of such users, e.g. R&D staff with varied
and heterogeneous computing needs, is challenging and can only succeed
if the researchers themselves buy into the project.

OSS migrations based on voluntary adoption have a better chance of
success — users are empowered and more positive about the entire pro-
cess. Involving and enthusing users to become early adopters and coaches,
and empowering them to take the initiative and the lead in their depart-
ments, create a positive and open mindset and encourage exploration of
the opportunities that OSS offers to users. The migration or translation
of documents, files and data is extremely important, but can take a lot of
time and resources. The approach used in Vula was to convert all stand-
ard, shared templates, forms and data before migration, to educate users
on how to migrate their own data and to provide a just-in-time conver-
sion support facility to assist where users encountered issues.

Support and maintenance are an important factor to consider in the
migration project. There must be adequate and skilled resources avail-
able to support the new environment. Typically the amount of support
required increases during and for a short period after migration. In addi-
tion, support staff will need to be reskilled and will have to adopt a new
mindset that accommodates the way OSS is developed and used. It is im-
portant to document OSS migration best practices, to improve the quality
of future projects by reducing the incidence of common, repeated errors.
PRMs offer a suitable means of documenting and evolving good pro-
cesses for these projects.

Conclusions

This chapter presented a summary of the activities conducted on project
Vula to capture and document the lessons learnt and the best practices
that emerged. The CSIR embarked on project Vula to migrate its ICT to
OSS. In the planning phase it became apparent that no reference process
model for organizational OSS migrations existed in the literature. It was
decided to capture and publish the knowledge gained on the project, to
facilitate similar endeavours by other organizations. The approach used
was to analyse the project and extract a set of generic PRMs. PRMs
provide a set of baseline processes that can serve as a starting point for
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any organization wishing to perform a similar migration in future. The
process-related information of Vula was captured as process models.
From the project-specific process models, a set of PRMs was identified
using established criteria.

This study confirms that PRMs for organizational OSS migration can
be identified. These models are expected to be useful in reducing un-
certainty and risk in organizations planning to migrate from proprietary
software to OSS, as they capture organizational learning in a way that
could serve as a guide to help in the planning and implementation of
arbitrary OSS migration projects. Although these PRMs still need to be
fully verified and refined in practice, it is believed they already provide a
solid baseline upon which any organization-wide OSS migration project
can build its own process models. This chapter presents the research un-
dertaken in the form of a case study of an organizational OSS adoption,
and suggests an approach for documenting best practices in order to im-
prove the quality of future migration projects.
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Exploring FOSS opportunities in
natural hazard risk assessment and
disaster management

Coley Zephenia

Introduction

This chapter examines natural hazards and disaster management (DM)
as a critical sustainable development intervention. It puts into perspec-
tive the state of natural disasters across the globe and highlights chal-
lenges dominating the area — especially in developing nations. The
primary focus is on the application of free and open source software
(FOSS) technologies in developing value-adding information systems
that can support effective hazard risk analysis and efficient natural DM.
By and large, while developing countries lack information systems for in-
tegrated end-to-end management of disasters, there has been a rise in
frequency of occurrence of disasters due to a number of human and geo-
physical factors. Contemporary holistic DM is now premised on abilities
to gain in-depth understanding of natural hazard risks, full short- and
long-term implications of disasters and proactive planning for disasters.
Such an approach demands the analysis of combined data on seismology,
meteorology, topography, soil characteristics and vegetation, hydrology,
settlements, infrastructure, transportation, population, socio-economics
and material resources; this requires robust and dynamic supporting in-
formation systems. Thus there is a need to develop innovative systems
based on a scalable and flexible architecture in which best practice FOSS
technologies can be implemented. The aim is to ensure DM initiatives,
particularly in developing nations, become highly sustainable. The chap-

Free and open source software and technology for sustainable development, Sowe, Parayil and
Sunami (eds), United Nations University Press, 2012, ISBN 978-92-808-1217-6



FOSS IN DISASTER MANAGEMENT 123

ter includes two case studies of the application of FOSS in the natural
hazards and DM space.

Background

The chapter examines possible ICT (information and communication
technology) interventions in the discipline of natural hazards and DM
through exploring FOSS opportunities. It starts by defining a few rele-
vant concepts.

Natural hazards

Natural hazards are described as “those elements of the physical environ-
ment, harmful to man and caused by forces extraneous to him” (Burton,
Kates and White, 1978). However, the Organization of American States
(1991) elaborately defines the term as “all atmospheric, hydrologic, geo-
logic (especially seismic and volcanic), and wildfire phenomena that, be-
cause of their location, severity, and frequency, have the potential to
affect humans, their structures, or their activities adversely”.

A natural hazard that is not understood or effectively managed has
great potential to turn into a natural disaster. To avoid disasters, serious
research work in hazard risk analysis must inform disaster risk reduction
activities at country, regional and continental levels.

Natural disaster

Several definitions of a disaster have been coined by scholars, but the fol-
lowing definition is closer to home than others:

A serious disruption of the functioning of society, causing widespread human,
material or environmental losses which exceed the ability of the affected peo-
ple to cope using its own resources. Disasters are often classified according to
their cause viz. Natural or man-made. (International Water Association, 2009)

In the history of mankind, natural disasters have caused catastrophic
loss of life and destruction of property during their short periods of oc-
currence. Recent studies have shown that the rate and intensity of natu-
ral disasters are increasing due to a number of human and geophysical
factors. This has made more lives and property across the globe more
vulnerable than before (Figure 6.1). It is clear that natural hazards and
disasters will remain unpleasant phenomena and human beings will con-
stantly need to deal with them. Proactive strategies based on research
knowledge have begun to dominate contemporary efforts to limit natural
hazards before they become natural calamities.
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Figure 6.1 Natural disaster hotspots and vulnerable countries
Source: TEG (2011).

While efforts are being made by affected communities, geographers,
scientists and international developmental organizations to understand
and devise ways to minimize the impact of disasters, many developing
countries still suffer heavy casualties, mainly due to lack of knowledge
and systems to support DM. As just a few examples of consequential ca-
lamities, the 7.0 magnitude quake that rocked Haiti on 12 January 2010
was the biggest urban disaster in modern history: more than 316,000 peo-
ple were killed and 1.5 million left homeless, and estimated damage and
losses ranging between $8 and $14 billion were recorded (AlertNet,
2010). In 2004 the Indian Ocean earthquake, the second largest ever re-
corded at a magnitude of 9.3, claimed 230,000 lives (Its Nature, 2011).
Mozambique suffered floods in 2000 in which at least 700 people died,
650,000 were displaced and 4.5 million were affected, totalling about a
quarter of the country’s population (Wiles, Selvester and Fidalgo, 2005).

In recent decades innovations in space and supporting ICTs have made
gathering, sourcing, processing, retrieving and sharing natural hazard risk
and disaster information feasible. Nevertheless, it is still a Herculean task
for developing countries to analyse natural hazard risks effectively, take
corrective action and minimize impacts of the consequent natural disas-
ters because of the scarcity of IT (information technology) systems and
resources. While factors such as economics and political challenges have
augmented problems in this area, the real challenge has been how to un-
lock the power of IT to promote DM. FOSS presents unlimited potential
to provide institutions involved in these activities with low-cost IT solu-
tions. It could be used to support DM systems that can harness and
streamline data and information from disparate geographical sources.
Such information systems have become instrumental in creating multifac-
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eted, integrated DM initiatives. In addition, using FOSS in developing
such solutions is in itself an innovation in the practice of DM and ulti-
mately sustainable development.

Global hazards and disasters landscape

A snapshot view of natural disaster statistics across the globe indicates a
rise in frequency and magnitude. Between 1980 and 2006 natural disas-
ters killed more than 2 million people worldwide, while between 1991
and 2005 5,210 disasters occurred and caused reported damages totalling
US$1.2 trillion. According to Mulugeta et al. (2007), disaster cases have
grown from an average of 100 major natural disasters per decade re-
corded up to 1940 to 2,800 per decade recorded during the 1990s.

In 2008 natural disasters cost the world US$200 billion (Maplecroft,
2009). Some disasters have annihilated years of investment and economic
development in a few seconds. Global maps produced by risk specialists
Maplecroft (ibid.) show the United States and China bearing about 90
per cent of this burden, while developing countries are most suscepti-
ble to economic losses. Developing countries are also more likely to be
locked up in a vicious cycle of poverty as a result of the growing preva-
lence of natural disasters, due to high population growth, decreasing food
security, high levels of poverty, destruction of natural resources, global
climatic change and collapse of policy and institutional frameworks.
However, although the human impact of natural disasters is predomi-
nantly concentrated in developing countries, with 90 per cent of deaths
occurring in these regions, the rise in both frequency and severity of
climate-related disasters is increasingly impacting upon developed and
emerging economies, including China. Currently, the World Bank (2010)
has a large lending portfolio of natural disaster risk management projects.

Natural disaster management and sustainable development

DM and sustainable development are two intricately related concepts:
the former has become an important component of the latter. According
to Corina Warfield (2008), the primary objective of DM is “to reduce, or
avoid, the potential losses from hazards, assure prompt and appropriate
assistance to victims of disaster, and achieve rapid and effective recovery”.

Wikipedia (n.d.) advocates that developmental considerations contrib-
ute to all aspects of the DM cycle. In principle, integrated DM’s main
objective, and one of its closest interfaces with development, is the
support of sustainable livelihoods, protection and recovery before and
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during occurrence of disasters. Attaining this goal ensures that “people
have a greater capacity to deal with disasters and their recovery is more
rapid and long lasting”. A proactive and holistic DM approach ideally
focuses on managing hazards and preventing and mitigating disasters as
well as preparing people and institutions for emergencies. Thus sustaina-
ble development considerations are strongly represented in all phases of
the DM cycle. Experience, especially in developing countries such as Mo-
zambique, India and the Caribbean states, has shown that inappropriate
development processes can lead to increased vulnerability to disasters
and loss of preparedness for emergency situations. Effective and efficient
hazard management strongly contributes towards disaster-proofing Mil-
lennium Development Goals (MDGs). The Asian Disaster Preparedness
Center (2010: 5) concurs, noting that the “MDG acceleration framework
clearly reveals the importance of considering disaster risk reduction and
increasing resilience to all types of natural hazards ... for accelerating
the achievement of the MDGs”. Thus given that hazard risks and disas-
ters are becoming prevalent across the globe, DM approaches need to be
developed to address the causes and effects of disasters. If successfully
implemented, these strategies have great potential to transform affected
societies into sustainable communities.

FOSS and sustainable development

FOSS use is part of a new paradigm which involves an integrated best-of-
breed approach to software implementation being followed across the
vendor landscape, and in which software-as-a-service, on-demand and co-
sourcing models prevail. New business models and value offerings have
surfaced not only to address classic cost challenges, but also to derive
value from community networks. FOSS implementation is set to impact
positively on the sustainable development of host regions in hazards, DM
and other areas. This has been augmented by the emergence of FOSS as
a strong competitor in the marketplace vis-a-vis proprietary software in
many facets of utilization.

FOSS’s niche in the market has predominantly been the four funda-
mental freedoms it gives to an assortment of users. The freedoms to use,
distribute, modify and redistribute the modifications made to software
released as FOSS, as well as the availability of FOSS without licensing
fees and with source code, have been responsible for its widespread ac-
ceptance and adoption. The growing ubiquity of FOSS has opened up
innumerable opportunities for its application in different environments,
especially in developing countries. In Africa, for example, the Free Soft-
ware and Open Source Foundation for Africa (FOSSFA) has in the past
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five years been a very active catalyst for FOSS adoption in local govern-
ments, training, advocacy and application in other areas such as mobile
technology. The potential to use FOSS in information systems that en-
hance DM is being explored in developing economies, albeit in a piece-
meal way. Unlike in the developed world, DM in these countries is still
hampered by scarcity of data, lack of information infrastructures and
skills, and limited financial capacity to invest in IT.

FOSS is premised on a collaborative and community-driven model of
software development and maintenance. Its value-adding capabilities
have assisted in leveraging developing countries around the world, par-
ticularly free licensing, which has resulted in low costs of access to IT.
FOSS is resilient and allows localization of software applications, thus ac-
celerating efforts to bridge the digital divide. In recent years it has be-
come more widely adopted and a substantial number of projects use the
applications to drive economic development and empower communities
in developing countries or regions. Examples of such projects in this
chapter provide a reference point to demonstrate to stakeholders that
FOSS utilization can offer developing countries a low-cost entry point
into the information and internet age.

With a global rise in frequency and intensity of disasters due to human
and geophysical factors, developing nations have become more suscepti-
ble than ever before. FOSS is a technology and business solution area
that needs to be explored with a view to enhancing DM efforts and facili-
tating sustainable development. A conceptual model for a holistic DM
information system could include areas of potential FOSS implementa-
tion. It is also encouraging that the International Council for Science
(ICSU) Regional Office for Africa published a hazards and disaster sci-
ence plan which includes a number of research projects in this space,
presenting opportunities for FOSS experts and institutions to pursue
research of this nature (Mulugeta et al., 2007). To that end, there are un-
limited opportunities for organizations such as FOSSFA and ICSU to
synergize and establish a modus operandi that can ensure IT and FOSS
professionals play a critical role in research and development of DM
systems.

The information technology challenge in DM

To establish the role that technology play in this realm, it is important to
understand best practice DM process. The DM process is divided into
two life-cycle phases, namely mitigation and response (Figure 6.2). The
two phases involve a number of complex series of activities. Mitigation
focuses on hazard risk assessment, prevention measures and preparedness
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Figure 6.2 Disaster management life cycle

to cope with future disasters, while the response phase concentrates on
emergency reaction to a disaster, recovery and rehabilitation.

Histories of some of the worst and most frequently affected commu-
nities in developing countries illustrate the following challenges affecting
the DM process:

e multiple, successive disasters

e lack of accurate disaster prediction technologies and systems
¢ slow response to disasters and difficult relief operations

¢ unnecessarily heavy destruction of infrastructure and property
e huge but avoidable losses of human and animal life.

All these challenges are related to the lack of adequate data, informa-
tion and effective communication systems before and after disaster. In
this twenty-first century, information and technology play critical roles in
DM (Figure 6.3). To support this assertion, the International Strategy for
Disaster Reduction (2003) states: “Disaster risk reduction begins with in-
formation access.” Disaster managers and stakeholders require complete
and accurate information in all phases of the disaster cycle: pre-disaster
activities entailing analysis and research (to improve the existing know-
ledge base), risk assessment, prevention, mitigation and preparedness;
and post-disaster activities involving response, rehabilitation and recon-
struction (Rego, 2001). Rego also asserts that the ability of leaders and
administrators to make sound DM decisions in analysing risks and decid-
ing upon appropriate countermeasures can be greatly enhanced by the
cross-sectoral integration of information. For instance, to understand the
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Figure 6.3 Disaster management components
Source: Adeel (2009).

full short- and long-term implications of floods and plan accordingly re-
quires the analysis of combined data on meteorology, topography, soil
characteristics, vegetation, hydrology, settlements, infrastructure, trans-
portation, population, socio-economics and material resources. This infor-
mation can be drawn from different siloed sources. In many developing
countries it is a great challenge to consolidate and coordinate these infor-
mation islands without proper information systems. Yet adequate infor-
mation is critical to effective DM operations.

Research also indicates that most DM efforts, especially in developing
states, have been concentrated more on response than on mitigation. This
reactive approach frequently results in unpreparedness and consequent
heavy losses when disaster strikes. Nevertheless, there has been a general
shift towards proactive DM. Emphasis should now centre on monitoring
and establishing knowledge edifices to assess hazard risk, improve hazard
prediction and mitigate impact of disasters in advance (Mulugeta et al.,
2007). This strategy change has coincided with growing interest by scien-
tists in integrated DM with a focus on sharing data, information, DM
technologies and systems. However, there are still very few DM informa-
tion systems (DMIS) that are designed to assist in end-to-end manage-
ment of hazards and disasters.
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Mulugeta et al. (ibid.) identify a number of knowledge, information
and capacity gaps limiting the overall capacity of susceptible commu-
nities to tame natural hazards. These include lack of data, knowledge and
skills; unavailability of a shared platform to discuss disaster information
and prevention strategies; inconsistencies and incompleteness in docu-
mentation of historical records; lack of data and information analysis for
DM, for example remote-sensing images and hydrological and land-use
patterns; and lack of infrastructure, software and skills to download and
interpret data. It is thus recognized that increasing natural disaster risk
across the globe is exacerbated by piecemeal use of information systems
and technologies.

Importance of FOSS-driven DMIS

Management information system concept

Harizanova (2003) defined a management information system (MIS) as a
“system to convert data from internal and external sources into informa-
tion and communicate that information in appropriate forms to managers
at all levels in all functions to enable them to make timely and effective
decisions for planning, directing and controlling the activities for which
they are responsible”. An MIS and the information it generates are
considered essential components of strategy-driven management opera-
tions. MIS technologies have been applied to manage complex phenom-
ena in many corporate organizations — a case in point is the use of IT
asset management tools and configuration management databases in IT
governance.

However, the MIS concept has not been adequately applied to aid
strategic decision-making to enhance DM operations, at least in most of
sub-Saharan Africa and other less developed societies. A DMIS, and
more so if driven by FOSS technologies, can contribute to cost-effective
and holistic DM in a number of ways.

e [t offers a platform for structured processing of information from vari-
ous sources, such as disaster risk assessments, meteorological, geologi-
cal and geotechnical reports, demographics information, disaster maps,
infrastructure and land-use information, specialized disaster research
etc.

e [t enables systematic collection, rapid processing and timely presenta-
tion and dissemination of hazard and disaster information to empower
people and institutions to prepare proactively and respond in ways that
minimize damage and deaths and ensure speedy recovery.
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¢ A robust DMIS feeds information into the DM life-cycle phases, allow-
ing disaster managers to plan ahead for emergencies taking into ac-
count the current risks.

e It provides a framework for a visionary strategy-directed response to
managing disasters, for instance enabling measurement of performance
of natural DM operations, particularly if integrated with balanced
scorecard metrics, such as natural disaster risk reduction and prepared-
ness, disaster monitoring and funding, education and training (Bal-
anced Scorecard Designer, 2009).

e It provides avenues for collaboration and knowledge sharing between
scientists and technologists involved in DM, where content manage-
ment systems and collaboration tools are used.

¢ It enables susceptible communities to participate actively in DM oper-
ations, thus boosting community confidence and enhancing awareness,
speedy response and recovery.

e A FOSS-based DMIS can provide information to support integrated
multi-hazard management and the full DM life cycle.

e [t provides a potential to decrease the digital divide between devel-
oped and developing countries in this area and improve the well-being
of the latter societies.

Case studies of DM systems

In some developed and emerging economies DM information systems

and technologies have been deployed in a bid to make available reliable

and up-to-date information to facilitate DM, such as:

United States FEMA GIS

Computer System for Meteorological Services (COSMETS)

Indonesia Disaster Management Information System

Indian National Natural Disaster Knowledge Network

Vulnerability Atlas of India

India’s state-level disaster management communication, network and

information system in Maharashtra

e China’s Integrated Information System for Natural Disaster Mitiga-
tion.

However, a majority of these systems do not have homogeneous archi-
tectural frameworks that support inclusive disaster risk assessment and
disaster response, mitigation and recovery. In addition, some systems, for
instance GIS, target specific types of hazards and disasters, while others
concentrate on specific areas of DM.

Nah Soo Hoe (2006: 56 and 64) provides two interesting case studies of
the application of FOSS in disaster management in developing countries.
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Sahana disaster management system: Sri Lanka

Sahana is a disaster management system that grew out of the 2004 Asian
tsunami which devastated many of the countries in Asia bordering the
Indian Ocean. In Sri Lanka, one of the countries hardest hit by the tsu-
nami, [CT volunteers put together the Sahana disaster management sys-
tem. Its initial aim was to help track families and coordinate work among
relief organizations during and after the tsunami disaster. Subsequently,
Sahana has been deployed to manage the earthquake in northern Paki-
stan (2005), the Guinsaugon landslide in the Philippines (2006) and the
earthquake in Yogjakarta, Indonesia (2006). Sahana was developed on a
FOSS platform using the LAMP software stack and made available as
FOSS itself. A major advantage of having a FOSS disaster management
system is that it can be readily distributed, localized and customized
according to the requirements of the region or community using it, and
poor countries can afford to use it. Sahana consists of a series of inte-
grated web-based disaster management applications aimed at facilitating
the management of missing people and victims; managing and adminis-
tering various organizations; managing camps; and managing requests
and assistance in the proper distribution of resources. A new and im-
proved version, Sahana Phase II, is now being rolled out: this is more
flexible and powerful and can cater to more general types of disasters.
Sahana is developed and maintained by a dedicated team of six full-time
developers with assistance from the worldwide FOSS community. A key
challenge for the Lanka Software Foundation, the non-profit organiza-
tion that oversees the project, is to ensure that it receives adequate spon-
sorship to support the core development team. The success of Sahana
and its availability as FOSS open up the possibility of international aid
agencies, relief organizations and national governments having a single
cohesive disaster management system. This will make disaster manage-
ment and the associated relief effort much more efficient, and allow re-
gions that frequently experience natural disasters to prepare themselves
better to deal with these as and when they arise. The Sahana project has
inspired the concept of “humanitarian FOSS”, a term coined to denote
the application of FOSS to alleviate human suffering. Such a concept can
be used to bring together many volunteers around the world to build and
contribute to worthy FOSS projects that can benefit mankind.

Tikiwiki GeoCMS: Fiji

This project by the South Pacific Applied Geoscience Commission seeks
to address vulnerability reduction in Pacific Island countries through the
development of an integrated planning and management system. ICT

development and related capacity building are very important to the
project. A key component is GeoCMS24, which facilitates the collection
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and sharing of geographical data among the stakeholders. The creation of
this GeoCMS is a main innovative outcome of the project. As there was
no suitable software available at the time the project started, a new
GeoCMS application was developed from two existing FOSS applica-
tions, MapServer and Tikiwiki. The GeoCMS system has made it possible
for Pacific Island countries to publish their geographical data for access
and sharing over the internet, open to contributions from all over the
world. All this helps in the development and vulnerability reduction of
these nations, as important information can now be made available more
easily and when needed. The mapping and GeoCMS parts of the project
have benefited from FOSS, as they were built by enhancing and modify-
ing existing FOSS applications. The use of FOSS makes it affordable and
practical to build and deploy the GeoCMS application in every partici-
pating country. This in itself leads to local capacity building in ICT and
the recipients are able to learn and understand the technology. The
development of local content is facilitated as people contribute to the in-
formation in the maps, which are made available to all. The GeoCMS
software is currently still being enhanced and new features are being
added. The main project is at its midpoint stage, with deployment actively
taking place in participating countries.

Model DMIS architecture

It is noteworthy that, to date, all kinds of natural hazards and disasters
have been identified and at least classified. Much research conducted by
geologists, geophysicians and meteorologists has managed to establish
general causes and effects of natural disasters. Interestingly, a majority of
disasters occur in multiple locations across the globe and result in similar
or different degrees of impact. There is thus a need to create a viable,
uniform information architecture in which different systems and technol-
ogies can exist and interact in a DM ecosystem. The model architecture
consists of six generic information-processing layers for DM: source, in-
strumentation, transformation, disaster information repository, analytics
and presentation. A DMIS is supported by information technology, infor-
mation management, data and governance standards. This architectural
framework is governed by the following principles.

e Modularization: the framework clearly illustrates a logical view of how
various disaster information silos can be stored in a single disaster
knowledge base for easy retrieval and dissemination.

e Service-oriented architecture: a DMIS model enables integration and
interoperability of various DM databases, networks and technologies.

e Scalability: it allows implementation at different levels — local, regional,
national and global.
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e [nformation management continuum: it ideally depicts how hazards
and disaster-related data are transformed and aggregated into informa-
tion and knowledge.

* Solution orientation: it must facilitate isolation of gaps and problems in
the processing of data and information, thereby allowing improved dis-
aster information management.

e Resilience to technology dynamics: any technology change or replace-
ment in one layer must not affect DMIS operations. It must allow
various ICTs for disaster prevention and management, such as remote-
sensing systems, geographic information and global positioning sys-
tems, warning and forecasting systems and internet communication
technology, to be deployed in relevant architecture layers.

In the following brief description of the DMIS layers, the volume and
depth of processes at each layer depend on the DMIS level of abstrac-
tion, which can be local, national or regional in scope.

Data/source layer

This is the base layer of the framework where raw hazard data are gener-
ated and collected. There is manual or automatic data entry into individ-
ual hazard data storage systems and databases.

Instrumentation

Disaster information harvesting and filtering processes take place in this
logical area. Information extraction tools and codes enable the export of
information from source databases into the information repository.

Transformation

This layer is concerned with validation, verification and cleansing of in-
formation. The outputs of transformation will be usable DM data with
unquestionable authenticity, reliability and integrity that form part of the
disaster knowledge base.

Disaster knowledge base

This information repository stores classified hazard and disaster informa-

tion — both real-time and historical. The disaster knowledge base must

have the capacity to ensure rapid processing of a wide range of informa-

tion in various formats from different sources. It will have the following

metadata characteristics:

e routinely capture all records from different databases

e classify these records appropriately, for example meteorology, topogra-
phy, soil characteristics, vegetation, hydrology, settlements, infrastruc-
ture, transportation, population and socio-economics

e provide adequate information about the records themselves

e provide ready access to records
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e prevent unauthorized access, destruction, alteration or removal of
records

e store records in such a way that they cannot be tampered with, deleted
inappropriately or altered

e allow records to be shared as information resources across a work
space, business unit or organization.

The prime functions of the information repository are to register and
classify hazards and disaster records/files. It also provides storage, index-
ing and tracking, access and security monitoring, searching, retrieval and
rendering, management in any form, disposal, integration with other elec-
tronic applications and reporting.

Analytics

This layer feeds into the reporting on different aspects of hazards and
disasters. It involves performing analytics on relationships between infor-
mation housed in the knowledge base to support an array of decision-
making requirements throughout the DM life cycle. For example, since
disasters can be caused by a combination of natural hazards, information
extracted from the knowledge base can be analysed and correlated, then
consolidated to give relationships between various natural hazards and
predict disaster risks. Inputs for analysis are measurements from various
DM initiatives. This layer results in the realization of metrics, mostly in
different forms, that should match the high-level strategy and specific ob-
jectives of the stakeholders.

Presentation

This is the uppermost layer where presentation and dissemination of
various outputs of analysed information take place. This layer provides
disaster managers, scientists and communities with targeted information
to enable preparedness, strategies and collaboration on initiatives at dif-
ferent stages of the DM life cycle. It gives timed reporting and notifica-
tion at specific intervals, on demand or on an ad hoc basis. Analysed and
coagulated information is delivered through various communication
technologies and special networks — radio, TV, e-mail, mobile phones,
websites — through which dashboards, widgets, graphs and other visuali-
zations are accessed in real time (floods, typhoons, tsunamis, earthquakes,
tropical cyclones, veldt fires, landslides) or as historical information
(drought and famine).

Why FOSS for DM in developing countries?

There has been a growing ubiquity of ICTs in the past decade, with major
advances in technology integration and convergence on a global scale.
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Some interesting developments include the expansion of the internet and
the rise of Web 2.0, and improvements in information systems design,
telecommunications, networks and databases. The greatest opportunity
has been the rise of FOSS and the evolution of a FOSS community, which
is now producing intelligent, cutting-edge technologies that have made
computing faster, smarter and cheaper for users. With FOSS, the code can
be obtained, viewed, changed and redistributed without royalties or other
limitations. Developing countries can now afford to acquire and use these
technologies to roll out value-adding solutions — such as DMIS - that en-
hance sustainable development at low cost. Market-leader applications
and technologies within the FOSS landscape that can be applied to dif-
ferent DMIS layers include operating systems databases, content man-
agement solutions, networks, application servers, business rules engines,
security, business intelligence, portal platforms and integrated develop-
ment environments.

FOSS is mature

With Google, IBM and Sun Microsystems involved, FOSSFA stepping up
its open source capacity initiatives in Africa, the Malaysian government
attaining 97 per cent FOSS compliance and the South African govern-
ment adopting an open source policy, FOSS implementation is the next
big thing in IT and business! By 2012 FOSS’s share in application soft-
ware will be $19 billion, with a five-year compound annual growth rate of
44 per cent (Gartner, 2008). FOSS has now matured to become a tech-
nology of choice to run servers, networks, content management and oper-
ating systems, and business and office applications. The past decade has
seen a significant increase in FOSS use by businesses as a result of the
general corporate drive towards leaner and more efficient operations
when faced with reduced IT budgets but a need to maintain the same
functional capabilities. Since the majority of FOSS solutions have demon-
strated lower cost of ownership and IT innovation (among many other
advantages) compared to proprietary equivalents, many institutions are
now switching to FOSS to achieve business goals. Thus in as much as
FOSS is being used to create mainstream corporate business solutions,
it can also be used with a great degree of confidence to enable DM
processes.

FOSS lowers IT costs and improves access to technology

Traditionally FOSS vendors have brought 80 per cent of the functionality
at a fraction of the cost. Governments in developing countries are using
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Table 6.1 Sample comparison of per capita GDP and Windows XP licence fees

Windows XP cost

GDP/cap PCs Piracy GDP

Country (USS$) (000s) (%) Effective §  months
Albania 1,300 24 n.a. 15,196 5.17
Algeria 1,773 220 n.a. 11,140 3.79
Angola 701 17 n.a. 28,184 9.59
Antigua and Barbuda 9,961 n.a. n.a. 1,983 0.67
Argentina 7,166 3,415 62 2,757 0.94
Armenia 686 24 n.a. 28,806 9.80
Australia 19,019 10,000 27 1,039 0.35
Austria 23,186 2,727 33 852 0.29
Azerbaijan 688 n.a. n.a. 28,708 9.77
Bahrain 12,189 92 77 1,621 0.55
Bangladesh 350 254 n.a. 56,401 19.19
Botswana 3,066 66 n.a. 6,444 2.19
Brazil 2,915 10,835 56 6,777 2.31
Bulgaria 1,713 n.a. 75 11,534 3.92
Burkina Faso 215 17 n.a. 91,801 31.23
Burundi 99 n.a. n.a. 198,864 67.65
Cambodia 278 18 n.a. 71,184 24.21
Cameroon 559 60 n.a. 35,319 12.01
Canada 22,343 14,294 38 884 0.30
Cape Verde 1,317 31 n.a. 14,998 5.10
Regional aggregates

European Union 20,863 116,997 n.a. 947 0.32
EU accession countries 4,840 8,286 n.a. 4,082 1.39
EU applicant countries 2,023 3,592 n.a. 9,766 3.32
Caribbean 4,560 308 n.a. 4,332 1.47
Latin America 4,335 18,703 n.a. 4,557 1.55
Africa 652 7,636 n.a. 30,297 10.31
Middle East 2,679 9,708 n.a. 7,375 2.51
Asia 2,128 102,229 n.a. 9,282 3.16
Oceania 13,946 11,886 n.a. 1,417 0.48

Source: Ghosh (2003).

FOSS to lower total cost of ownership (TCO), while private and some
public sector organizations are using FOSS for strategic IT investment.

Proprietary software is too expensive for many developing

countries

TCO is often used as a measure of software cost. Table 6.1 shows a wide
gap between TCO computations for developed and developing countries.
Lower GDP per capita in developing countries means that while licences
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could be comparatively cheaper than in developed countries, proprietary
software is still beyond their reach. The price of a typical, basic proprie-
tary toolset required for any ICT infrastructure, Windows XP together
with Office XP, is about $560 in the United States. This represents 26.0
months, 67.6 months, 31.0 months, 18.0 months, 9.0 months and 2.5
months of GDP per capita in the Central African Republic, Burundi,
Burkina Faso, Zambia, Zimbabwe and South Africa respectively.

FOSS adapts to local needs

Localization is another area which demonstrates the advantages of FOSS
in building people/community-oriented applications. In general, facets of
localization include capturing content in local languages and stimulating
local innovation and growth in IT, especially in cases where FOSS is cus-
tomized to create home-grown solutions that meet local requirements at
point of need. Another view of localization involves the development of
software itself, for example GNU/Linux. There have been several varia-
tions of these operating systems because of the availability of localization
methods inherent in GNU/Linux development. This also allows local
value chains to be tapped, instead of forcing customers to rely on expen-
sive foreign software vendors.

FOSS redefines independence

FOSS adoptions in developing countries are by and large driven by a

range of socio-economic and political obligations.

e The need to bridge the digital gap and improve access to technology.

e The desire for economic independence.

e A general drive towards security and autonomy.

e Growing local IT industries and stimulating innovations that address
local challenges.

e Minimizing reliance on single suppliers (vendor lock-in), who may not
be focused on regional and national interests.

e Creating an environment in which suppliers fairly and openly compete
on quality and cost for software installation, enabling, support and
maintenance.

Conclusions

There is no doubt that the frequency and magnitude of natural disasters
are increasing due to natural and human-related factors. The key to effec-
tive mitigation of natural hazards and disaster risk and minimizing the
impact lies in investing in high-technology information systems based on
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FOSS. For institutions embracing FOSS, the ultimate benefits are flexibil-
ity, security, reliability, performance, high return on investment, reduced
TCO and the proliferation of an innovation culture in this area. Applica-
tion of FOSS in building these information systems has a huge potential
to facilitate systematic collection, storage, retrieval, analysis and dissemi-
nation of disaster information to decision-makers and affected popula-
tions. This can lead to substantial improvements in DM because the right
information will be available in the right format to the right person at the
right time. This chapter has provided a sample DMIS architectural and
governance framework for consideration by institutions that require a
jump-start in DM. However, implementing a DMIS is by no means an
easy task, as it requires more than the support of sound architectural and
governance frameworks. Factors such as the socio-political environment,
the financial commitment of the international community, governments
and private and public sectors and availability of ICT expertise (which is
scarce in many developing countries) need to be considered.
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Open source software adoption best
practices: Myths, realities, processes
and economic growth

Carlo Daffara

Introduction

The Swiss canton Solothurn is reversing its move to a complete open source
desktop, Swiss and German media report. Major reason for the failure appears
to be a lock-in to proprietary applications. Protest by users added pressure to
the project ... According to the Solothurner Zeitung, the canton was unable to
connect the open source desktop to a governmental database ... [Users no-
ticed] missing special characters and complained about having to switch back
and forth between a Linux and a Windows desktop. (OSOR, 2010a)

This is, unfortunately, the current most common outcome of many migra-
tion experiments with open source software. Despite the many perceived
advantages of free and open source software (FOSS), adoptions are still
marginal and most of the benefits of collaborative development models
do not materialize for the majority of companies and public authorities.
In particular, government agencies and the public institutions to which
they contract out services are large software users with special character-
istics derived from their obligations to citizens and their unique legal sta-
tus. For example, most agencies are expected, or even required by law,
to provide services accessible to all residents of their regions, including
those who are disabled, lack education or are geographically isolated.
Agencies must also be neutral in their relationships with manufac-
turers, and must often guarantee the integrity, privacy and security of the
data they handle over long periods of time. Any institution values the

Free and open source software and technology for sustainable development, Sowe, Parayil and
Sunami (eds), United Nations University Press, 2012, ISBN 978-92-808-1217-6
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advantages of keeping open options for different vendors, because it
tends to lower costs and leave an escape path if a chosen vendor quits
the business or fails to provide up-to-date features. But for public agen-
cies, a competitive market is usually more than a preference — it is a legal
requirement. The legislation enjoins them to initiate procurement by issu-
ing calls for tenders that do not favour a single vendor. Any interested
company that fulfils reasonable criteria can produce a bid to compete on
its own merits with everyone else.

However, this critical adherence to disinterested policy is violated in
the case of proprietary software. Each product is available only from one
supplier (even if it uses a number of intermediaries). If a particular prod-
uct is specified in a call for tenders, the administration has predetermined
the supplier that gets the contract. In the case of computer applications, it
is virtually impossible to avoid specifying a particular product because
the agency needs compatibility with products that are already deployed,
savings in training and maintenance, or other reasons.

Adoption of FOSS by companies has been demonstrated to be both
economical and able to increase flexibility and innovation capabilities; in
this regard, there is no shortage of data and results to demonstrate that
FOSS, when adopted with appropriate best practices, can significantly
lower costs and provide quality IT (information technology) solutions, es-
pecially for small and medium-sized enterprises (SMEs). For example, in
COSPA (2008) the project results demonstrated that by using best prac-
tices for FOSS procurement, not only was software acquisition cheaper
but the evaluation of tangible and intangible costs over five years showed
a cost reduction ranging from 20 per cent to 60 per cent.

An EU study on the impact of FOSS (Ghosh, 2006) indicates that it
can reduce software research and development costs by 36 per cent, while
INES (2006) shows that companies adopting FOSS increased profits
and reduced time to market and development costs in 80 per cent of
the trials. More recent research from Venice University (2009) similarly
found:

Finally, comparing the individual data on firms with turnover of less than
500,000 euros with the variable on size classes of customers (by number of em-
ployees), one can hypothesize a correlation between the use of FOSS and the
ability to attract customers on a relatively larger scale. At the same turnover, in
other words, companies which are “Open Source only” seem to have more
chances to obtain work orders from companies with more than 50 employees
(i.e. medium-large compared to our universe of reference).

Despite this, only 30 per cent of companies are currently using FOSS
in a structured way. This chapter analyses the reasons for the majority of
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adoption failures, and what can be done to increase the probability of
successful adoption, using results from EU research projects and partici-
pation in the UN International Open Source Network activities in South-
east Asia, as well as some activities specific to African countries.

Developing countries: FOSS perspective

To date, most of the work on FOSS adoption processes has been done

in two separate research contexts: its adoption in developed countries

(United States, European Union, Japan) by both commercial actors

and public administrations, and its use in the ICT4D (information and

communication technology for development) context (Sida, 2004). The
degree of sharing between these two environments is quite limited,
meaning that very few scientific results are available for FOSS adoption
processes specifically for developing countries (Camara and Fonseca,

2007). To try to bridge as much as possible the results of these two

fields, the chapter focuses first on the differences between developed and

developing countries in the ICT context, and how these differences im-

pact on the traditional adoption processes. While recognizing that it may

be a rough approximation, the main points have been identified in the
literature.

e [nfrastructural differences: developing countries have a lower share of
available resources per user, including large variation in reach and af-
fordability for classes of users. As an example, in Table 7.1 the ratio of
fixed-line and mobile subscribers shows huge variation between coun-
tries. The limited presence of landlines is an example of the “genera-
tional jump” effect: the absence of pre-existing investment in basic
infrastructure leaves the door open for new technologies. The Inter-
national Telecommunication Union ICT regulatory toolkit (ITU, 2010),
for example, mentioned that “The absence of a well-established inter-
connection regime may allow regulators in developing countries to by-
pass policies that are no longer appropriate, in favour of arrangements
that are sustainable, minimize opportunities for arbitrage, and are more
in line with emerging technologies.” There is a discussion later in the
chapter of how this may be used as a basis to facilitate the introduction
of new FOSS-based tools in ICT environments.

e Cultural differences: developing countries tend to exhibit a higher geo-
graphical differential in both linguistic and economic terms. There is a
higher income gap between urban and non-urbanized areas in these
countries when compared with EU or US areas, as well a higher pres-
ence of local languages and dialects accompanied by a reduced literacy
rate. This may hamper the adoption of software that is not localized, or
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Table 7.1 Fixed and mobile subscribers per head of population

Country Mobile Landline
EU 0.95 0.48
USA 0.83 0.53
China 0.41 0.27
India 0.25 0.03
Guatemala 0.76 0.10
Albania 0.63 0.10
Morocco 0.57 0.07
South Africa 0.86 0.09

is designed using cultural assumptions that may not be universally
valid. The phenomenon is widely known, and is present in developed
countries as well; it mainly affects guidelines that are related to social
aspects of ICT introduction, like the ease with which a FOSS package
can be localized for a minority language.

Negative and positive factors in FOSS adoption

Despite the substantial interest in FOSS, very few studies exist on the
actual factors that facilitate or negatively impact the adoption or migra-
tion processes. One of the largest such studies was done through an
EU-sponsored research effort, COSPA (Consortium for Open Source
Software in the Public Administration), that measured over two years the
real costs and difficulties in several adoption experiments performed in
European public administrations of widely different size and kind (large
and small municipalities, province associations and consortia, healthcare
authorities). The analysis of adoption factors identified in the project re-
sulted in two factor tables (Tables 7.2 and 7.3).

By analysing reports from the many migrations performed in the EU
projects COSPA, Calibre, FLOSSMETRICS and OpenTTT, a set of best
practices designed to facilitate the emergence of positive factors while at
the same time reducing the impact and occurrence of negative ones has
been prepared. One of the main results of this effort is the recognition
that adoption processes are influenced not only by the most commonly
mentioned technical guidelines, but by social and management factors as
well.

e Management guidelines. Understanding the procedures that company
or agency heads need to put in place, and how staff must be coordi-
nated.
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Table 7.2 Positive variables

Variable Spearman Rho
Technological benefits of FOSS outweigh its disadvantages 382

(e.g. ability to tailor to precise needs, transparency)
Availability of FOSS-literate personnel 363%*
Top management support for FOSS adoption 332%
Personnel support for FOSS ideology 332%
Network externality benefits from FOSS (e.g. availability 327%

of extra deployed functionalities, support from other
users of same FOSS project)

Existence of committed and respected FOSS champion .324%
in-house
Limited financial resources ensure consideration of FOSS 155

Note: * denotes variables with significant two-tailed correlation at the 0.01 level.

Table 7.3 Negative variables

Variable Spearman Rho

Perception of work undervalued if using “cheap” FOSS 573%
products

Changing operation model to FOSS might be problematic 525%
(e.g. no contracted maintenance support)

Staff resistance due to fear of being deskilled if using 498*
FOSS instead of commercial packages

No other successful FOSS examples in industry sector 446%

Staff unwilling to tolerate “teething problems” with .380%*
FOSS products

Organization has a favourable agreement with a 374%

proprietary vendor (e.g. bulk purchasing agreement,
state-wide marketplace discounts)
Organization is in a risk-averse industry sector .089

Note: * denotes variables with significant two-tailed correlation at the 0.01 level.

e Social guidelines. Presenting change to staff in a positive manner and
handling the various forms of resistance they will put up; interacting
with the community that developed the software in a productive
manner.

e Technical guidelines. The actual technical processes and approaches
used to perform a migration, including factors like software selection,
update and migration processes, may be enhanced and adapted to the
specificity of FOSS, increasing acceptance by end users, reducing
disruption and discomfort and improving the overall quality of the IT
environment.
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These guidelines have been adapted for the specific ICT landscape of
developing countries, adding a set of suggestions for policy-makers on
how to facilitate a large-scale adoption process.

Management guidelines

The main drive for a successful migration to FOSS always starts with a
clear assessment of the IT landscape, a clear vision of the needs and ben-
efits of the transitions, and continual support. FOSS development models
and support may require a significant change in the way software and
services are accounted for and procured, and in general a shift of respon-
sibility from outside contractors to in-house personnel.

Be sure of management commitment to the transition

Management support and commitment have been repeatedly found to be
one of the most important variables in the success of complex IT efforts,
and FOSS migrations are no exception. This commitment must be guar-
anteed for a time period sufficient to cover the complete migration; this
means that in organizations where IT directors are frequently changed,
or where management rotates after fixed periods (for example in public
administrations, where changes happen regularly), there must be a pro-
cess in place to hand over control of the migration. The commitment
should extend to funding (as transitions and training will require re-
sources, both monetary and in-house). The best way to ensure continued
coordination is to appoint a team with mixed experiences (managerial
and technical) to give continuous feedback and day-to-day management.

Troubleshooting point. If the only people working on planning the mi-
gration are from IT/management information, there may be insufficient
knowledge in upper management and financial planning to continue the
migration after the initial step.

Policy considerations. There are relatively few training programmes for
ICT managers, and even fewer that are specific to the proper manage-
ment of open source systems. A consistently small percentage of SME
and public administration managers have actual management training;
compounded with the limited practical literature on FOSS manage-
ment, this increases the probability of choosing the wrong approach for
introducing a new IT infrastructure. A potential approach is to create an
easy-to-follow guide, designed for the main unaddressed user group
(SME and small public administration managers), providing a small set
of best practices in IT management, explicitly including FOSS guidelines.
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Pointers to online courses (especially the many public access courses
available) can also be the basis of a personal learning path.

What is expected from the migration or adoption, including
measurable benchmarks?

The transition can be started for several reasons, including better control
of IT costs, independence from suppliers, flexibility or support of open
data standards. To be sure that the migration is effectively producing ben-
efits or is going according to plan, it is fundamental to know beforehand
what indicators will be used to evaluate progress. Those requirements
must be realistic; in particular, expectations of TCO reductions must be
compared with publicly available data.

Troubleshooting point. If the only perceived advantage is that “the
software comes from the net for free”, there may be wrong assumptions
that will probably lead to a final negative judgement on the migration.

Policy considerations. Many countries introduced guidelines for esti-
mating the TCO and real costs of an ICT adoption process, and use these
to guarantee a transparent evaluation process in public administrations.
These guidelines in several instances tend to ignore hidden costs like
lock-in and lack of transparency in acquisition processes when there is a
market imbalance (for example, when a single vendor has an absolute
majority of the market and thus a large indirect impact on other vendors).
Acquisition and cost estimation guidelines must take into consideration
these aspects, to guarantee market fairness.

Make sure the timetable is realistic

The introduction of a new IT platform will always require a significant
amount of time; as a rule of thumb the time to perform a full transition
to FOSS may be considered comparable to that of the introduction of a
new company-wide ERP (enterprise resource planning) application; for
smaller transitions, time effort should be scaled accordingly. Give more
guidelines here.

Troubleshooting point. When migration time is measured in days, and
no post-migration effort is planned, the process may be forced to a stop
after the planned resources are expended.

Policy considerations. A simple and effective suggestion may be a cen-
tral, public archive of FOSS adoptions by public administrations, along
with costs, migration efforts and time. These data can be used as a refer-
ence source for other administrations and SMEs — simply by looking at
the most similar project in the list, they can identify a set of similar ef-
forts and the time required for a migration to be performed.
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Make sure that budget allocation is reasonable

An unfortunate effect of the widespread belief that “FOSS is free” is an
improper association with lower cost in every step of the adoption pro-
cess. This may or may not be true; it is important to recognize the fact
that some costs may be shifted from one cost centre to another, or moved
from tangible to intangible (for example from externally outsourced sup-
port to internal self-help). The estimation process is complex, and even
many proprietary projects fail because of budgeting errors or an unantici-
pated increase in the workload.

An initial and simple estimate for real, complete TCO of a migration
project is to double the costs that are estimated for the explicit migration
(COSPA, 2008). While the approach is approximate, and may not be fully
valid for all the possible adoption processes or company/agency sizes, it
does at least provide a valid ballpark estimate that can guarantee the
project managers will not discover (too late) that some efforts cannot be
completed because the budget allocated for a task is insufficient.

Troubleshooting point. When a budget is not clearly allocated or esti-
mated, or when the estimate is too small compared with the approximate
migration cost, the migration process may be halted by a lack of neces-
sary resources — even a marginal deviation from the plan may result in
substantial disruption.

Policy considerations. Similar to that suggested for timescales, a cen-
tral and public database of real costs can be used as a basis to obtain ini-
tial budget estimates and (more importantly) an indication of the
variability of such costs, to find lower and higher bounds on the necessary
budget.

Review the current software/IT procurement and development
procedure

As implementation effort is shifted from commercial to open source soft-
ware, the procurement and development process needs to be updated ac-
cordingly. In particular, the focus may move from acquisition to services,
as less software comes “shrink-wrapped” (commercially bought), and this
may require changes in how the internal IT budget is allocated.

Internally developed software will require a rolling transition to new
software that is either multi-platform or accessible using standard inter-
faces (for example web applications), and this should be taken into ac-
count in the overall IT plan. FOSS should go through the same process
used for proprietary software: this will ensure stability of procurement,
and reduce a posteriori criticism for the managers and administrators
who endorsed the migration process.
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Table 7.4 Ecosystem revenues compared with Microsoft revenues by partner type

Logistics- Retail

Product- Services- Value- oriented logistics
oriented oriented added partner partner
partner partner partner (e.g. large (e.g. large
(e.g. ISV, (e.g. SI, (e.g. account electronics

Microsoft IHV) Hoster) VAR) reseller) store)

$1 $4.09 $2.44 $2.30 $2.70 $2.93

1 24.0% 40.9% 43.5% 37.0% 34.0%

Troubleshooting point. When no change of procurement or develop-
ment is planned, the management may have not understood the scope
of change required for the adoption of open source and open data
standards.

Policy considerations. A nationwide policy can impact only public
administrations, but governments can address public procurement using
guidelines like those published by the EU Open Source Observatory
(OSOR, 2010b) as a basis for increasing fairness in the market. Facilita-
tion of FOSS acquisition has been found effective in stimulating a local
market for open source services as well, with the practical result of in-
creasing the margins of local operators by reducing the fees for (usually
US) proprietary software. Previous studies found, for example, that Mi-
crosoft partners pass 24.0-43.5 per cent of their revenues to the US com-
pany (Table 7.4) — without considering other additional software that
may be resold along with the partner offering (IDC, 2011). A nationwide
policy that facilitates open source has the side-effect of increasing, when
possible, the perce