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Abstract

Software engineering as a discipline has for the last few decades tried to tackle the problem of

software project failures. A software engineer's arsenal consists of various methods and tech-

niques applicable to the plethora of different software projects. Initially the field focused on

a rigid methodology where the methods follow a similar work-flow and focus on delivering a

product based on the customer's requirements. This methodology, what can be called classic

software development, is to a large extent based on academic research and observations.

Lately another methodology, agile software development, has has garnered much traction.

Agile software development, which is a collection of methods and techniques used in practice by

experienced developers, puts more emphasis on individuals and delivering constantly changing

software. Free and open source software has received a lot of attention in the recent years and

is usually developed using a method that strongly resembles those of the agile software devel-

opment methodology. However, unlike both agile and classic software development where the

motivation for the development is extrinsic, free and open source development has traditionally

been based on an intrinsic motivation of the developers themselves.

The need to solve a personal problem is usually what sparks off development of free and

open source software. The software and its development is opened up to others who can use

it as a base to solve their own problems. This leads to general software that solves the needs

of many. Usually user solve their problems by hiring contractors to develop bespoke software.

This opens the question of whether open source software can benefit users who do not possess

any development skills. The ideological foundation of open source software is free software.

Therefore, when we look at it more closely, the question revolves around the four freedoms of
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free software. The research question of this dissertation is therefore: How can the four freedoms

of free software benefit bespoke software development?

In order to try and answer this research question, we conduct an ethnographic study where

we look at three different groups: free and open source software developers, software develop-

ers in general, and users for whom the software is developed. Knowledge and understanding

of these groups reveal to us that free and open source software development is in fact funda-

mentally different to both classic software development and agile software development. The

main difference between these development approaches is how information flows between all

stakeholders in the software project. From this observation we define a new methodology, User

DrivenDevelopment, where the user becomes the project leader over the software development.





Preface

What motivates an individual to spend a good chunk of his or her life only to be able to append

three letters to ones name? Is it the money? Probably not. Living on a budget below the min-

imum wage of ones profession is hardly a strong argument for years of professional solitude

buried behind books. Is it showing off? Not likely. Why would anyone want to brag about intel-

lectual desolation and despair? Is it a higher social status? For some but other people see doctors

philosophæ as eccentric men sporting berets and beards1. The high social status is only respected

within the small eccentric community of the beret wearing, bearded men themselves. So why

would one want to join this small community?

For me, it is joy. The pure and simple joy of acquiring new knowledge and quenching my

intellectual curiosity. Most importantly it is, quite frankly, the immense joy I get from knowing

that I am doing my best to improve the quality of life of everybody within my community. My

goals in life are simple. I want to improve the quality of life for those around me and those who

come after me. My friend, John Perry Barlow, expressed this beautifully: "I want to be a good

ancestor". I have further prioritised this for my own needs. I want to improve the quality of life

for (1) my family, (2) my local and cyberspace community, and in the end (3) the world.

With this dissertation I want to contribute to my life goals. I want to help the world under-

stand more about my field, to advance human knowledge with respect to software development

and software freedom. I also want to advance my own knowledge on the subject so that I will

be better equipped to help my local community as well as my cyberspace community. Contra-

1There are of course eccentric women as well (who then do not have beards) but "a beret and a beard" is

a description I heard to describe those who have a Ph.D. and it stuck.
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dictory to common sense I want this dissertation to help me improve the quality of life for my

family, current and future family. They have endured years of little attention while I have been

getting educated and preparing myself for the future. In the end I hope the knowledge gained

and the education I have received can lead to a better life for me and my descendants.

If this dissertation is supposed to help my community and, hopefully in the end, the world

it must be understandable to those who I want to be able to read it. I do not want to focus

only on software engineers. Software engineers are not the only ones inflicted by changes in

software development. Obviously software developers must adapt, but normal end-users, the

people around us who all use computers, must adapt as well.

Software engineering, and in fact every discipline, has its own jargon which can be incom-

prehensible to others. I have set myself a personal goal, when writing this dissertation, to avoid

as much jargon as possible or at the very minimum explain it if I decide to use a word unknown

to the general public. That is I will try to present my research and results, whenever possible,

in layman's terms. I will use analogies, graphical illustrations, and explanations to make the

content of the dissertation as widely understandable as possible, unless it affects the research

itself and its conclusion. To set such a personal goal is rather unconventional since no author

purposely tries to make his or her work inaccessible to others. Nonetheless I feel it is important

to clearly emphasise this, since what use is this research if its conclusions cannot be understood

by the intended audience?

Another personal goal I have set for myself concerns a different kind of accessibility. Free

and open access to knowledge is a vital prerequisite to the development of human capital. The

world's intellectual development would grind to a halt if there was no access to prior knowledge.

I therefore set myself the goal to use books available in bookstores and libraries, and scientific

articles available openly, free of charge on the world wide web for my research. Sadly, this is

harder than it seems. Access to knowledge is far more restricted than I wanted it to be. Even

worse is how the web is used to restrict knowledge.

I am fortunate to have access to many journals and articles only because I did most of my

research at the University of Iceland. The Icelandic government and the University of Iceland

have paid for national and institutional subscriptions to journals which researchers in other

institutions and other countries are not able to access as easily.
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It is a sad turn of events. The Internet was designed as and end-to-end network, meaning

that the network itself is stupid, it is just there to relay information. The end-nodes, i.e. com-

puters connected to the network, could rely on the network to send information to other nodes.

This design is still there but now a few of the end-nodes are examining in what country the other

node is sitting. I hardly believe that hindering the access to information, if your Ethernet cable

happens to be connect to the Net in a particular country, was the original intention of the de-

signers. So since I happened to be doing my research in one country, Iceland, I might have had

more access to knowledge than other researchers in other countries. Unfortunately, I did not

make a habit of checking licenses rigorously and therefore cannot be certain that I was able to

reach this goal, although I am certain that I tried.

However, I want my contribution to be a contribution to the world's wealth of intellectual

knowledge. I don't want it to be kept in the dark from certain researchers who have their offices

in the wrong institutions or live in the wrong country. I wantmy research andmy conclusions to

be useful to those who care to use it, build upon it and modify it. I absolutely do not want to see

mywork, in any form, get closed up andmade inaccessible to theworld. I have therefore decided

to release it under Creative Commons Attribution Share-Alike, cc-by-sa. So even though some

of the source material in the reference section is inaccessible to researchers in other countries,

this Ph.D. dissertation should be open and accessible for future scientists.

I hope you like my contribution to the world. I hope I am a good ancestor.
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Introduction

0.0 Problems and Questions

In October 1968 a group of about 50 leading scientists and experts in computer systems met in

Garmisch, Germany at a working conference on software engineering (Naur and Randell, 1969).

The conference was sponsored by the NATO Science Committee in an attempt to identify the

problems of software at an international level. The experts were concerned with the growing

amount of installed computers, at the time increasing by 25-50 per cent every year, and em-

ployed software programmers had increased twenty to forty-fold in 10 years. Many participants

of the conference were especially concerned with the rising quality problems related to soft-

ware. Large complex systems were experiencing problems in production and an exponential

growth of errors was estimated. The troublesome atmosphere surrounding the conference is

best described with quotation by the famous Dutch computer scientist Edsger Wybe Dijkstra,

who attended the conference:

"The dissemination of knowledge is of obvious value --- the massive dissemi-

nation of error-loaded software is frightening" (Naur and Randell, 1969).

This meeting marked the beginning of the field software engineering, a discipline concerned

with all aspects of software production, from early stages to maintenance (Sommerville, 2007).

About 25 years later, or according to Moore's law an increase in processing speed and mem-

ory capacity by a factor of approximately 65536 (Moore, 1965; Intel Corporation, 2005), theCHAOS
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Report (1994) was released by the Standish Group. One of the goals of the CHAOS Report was to

identify software project failures. Results of the CHAOS Report were stunning. Even though

25 years had passed since the conference in Garmisch, where the foundations of software en-

gineering were laid to improve software production, the CHAOS Report showed that in average

only 16.2 per cent of software projects were completed on time and on budget (for larger com-

panies it was 9 per cent of the projects). Only 68.9 per cent of software projects were actually

delivered. These results, based on over 8000 software projects were grim. A more recent update

of the CHAOS Report, which shows an increase in successful projects (Extreme Chaos, 2001), is

promising but it is also evident that we are not there yet.

Charette (2005) highlights in his special report onWhySoftware Fails in an IEEE Spectrum issue

some embarrassing software project failures ranging from a cancelled $11.25 million dispatch

system for the London Ambulance Service to government tax software causing losses around

$4 billion. Charette's conclusion that billions of U.S. dollars are wasted each year, on entirely

preventable mistakes, is not encouraging.

There is even a popular website called The Daily WTF, started in 2004, devoted to perver-

sions in information technology systems called Worse than Failures. The site posts one or more

stories daily about real life software development oddities such as weird design decisions and

bad code snippets. A community has formed around The Daily WTF, consisting of enthusiastic

developers and others interested, who comment on these stories, mocking the state of software

development today (The Daily WTF, 2009).

Another community, conscious about design and code review, is the free and open source

software community. Free software is software which gives users of the software the freedom

to use it, study it, adapt it, modify it, and distribute it (Stallman, 2002a). Open source software

can be said to be based on those freedoms but defines the whole world as its users unlike free

software where a buyer of the software could be the sole user. These users become members of

the software development team, participating in a transparent and open development process.

Everyone is allowed to criticise, i.e. do a code review on, the software project. Thus open source

software harnesses the knowledge of experienced developers around the world to produce qual-

ity software for a wide range of users (Weber, 2004).
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Open source software development is most often driven forward by scratching a personal itch,

to quote Eric S. Raymond (2001). The initial developer and maintainer has a specific need that

must be fulfilled. As a result the developer starts to develop the software but does so by putting

the source code online andmaking it available to the general public. Other users and developers

can participate in the software development and thus the software will meet more requirements

than those of the original developer.

This raises a question about how open source software development fits users who have spe-

cific needs but little or no knowledge about software development. Does open source software

development work for those who have an itch to scratch but are not able to reach it? These users

often turn to contractors who develop software on their behalf to meet their requirements, in

what is commonly referred to as bespoke softwaredevelopment, or custom-made softwaredevel-

opment. Would it be possible for the contractors to employ open source software development?

Could they put their work online and make the development transparent and all-including, but

still meet the requirements of the original developer? The ultimate question would be: Can a

code review based approach, much like the one used by free and open source community, aid

bespoke software development?

The root of open source software, Free software, is an idealistic view of what software should

be, and what freedoms the user of the software should have. As these freedoms of the users lie

at the heart of open source software development, we need to examine how they can benefit

bespoke software production and its quality. This, i.e. how the freedoms of free software can aid

bespoke software development, is the core of this dissertation. Thus, the research question this

dissertation tries to answer is:

How can the freedoms of free software aid bespoke software development

projects?

To answer this question we must first understand the freedoms of free software and what

the free and open source software community is about. Secondly, we must understand bespoke

software development and software development in general. Lastly, we must understand the

end-users themselves, those who will use the custom-made software. This research revolves

around this fundamental understanding of software freedom, software development, and soft-

ware users. A success criteria to this research would then be to harness the understanding and
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create a practical solution, a proof of concept, designed around freedom in development. This

solution, could be to just use open source software development, but it could also be the use of

a more general approach to software development. An approach that uses the freedoms of free

software to aid bespoke software development.

For the last decade, the author has been involved with the free and open source software

community, as a user, developer, and promoter. This experience has nourished the author's

ideology of digital freedom, the unhindered use of information contained in digital bits, for the

good of society. Ethical and social responsibilities shape the author's ambitions and personal

goals in pursuit of a free digital culture. An inclination towards free software, because of social

good, is unavoidable. Even though the author wants to be neutral towards the idealistic prop-

erties of all software, this matter is too personal for the author to take a neutral stance on the

subject. To avoid the influence of this inclination on the results of the dissertation the research

question has been formulated to ask how instead of can, i.e. a predisposed assumption is made

that free software can benefit bespoke software development. The author fears that if the ques-

tion had been "Can the freedoms of free software aid bespoke software development projects?"

the probability that the results would unintentionally be positive, is greater due to the author's

inclination. That is why the research question asks how instead of beginning with the question

of can. At the same time, the question of can is to some extent answered, but the emphasis is on

how.

0.1 Related Work

Open source software follows an effective development method for general purpose software.

Release the source code of a software to the public and give anyonewho is interested access to the

development, the discussions and the designs. Actively encouraging the public to participate in

the development process has resulted in usable software projects for thepublic. This explains the

success and popularity of generalised open source software projects such as the Linux kernel1,

theMozilla Firefox browser2, and the Apacheweb server3. Open source software projects and the

1http://kernel.org
2http://mozilla.org/firefox
3http://httpd.apache.org
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open source software development method have been thoroughly researched throughout the

years. Academics and hackers alike have tried to explain the success of these software projects

in various articles, papers, books, and conferences.

Free software has also been researched but most often in conjunction with the open source

software development method. This is understandable since free software is an idealistic view

of how software should be and what rights the users should have in general. It does not define

a special development approach and the development of the first official free software project,

the GNU operating system, followed amore traditional software development approach to begin

with. Traditional development approaches have, obviously, been thoroughly researched over

the years, that is since the inception of the field, when it was started by, among others, leading

scientists in the field.

However, for this specific research, the author has not found any scientific works related

that tries to answer how idealistic principles can be applied to bespoke software development.

Understandably there does not exist a need to specifically look at how idealistic rights can be ap-

plied to bespoke software since usually contractors assign the copyright of the work to the users

buying the software, giving the users exclusive rights over thework. This research acknowledges

this fact, but asks how those rights can be used to benefit the development process.

This research has therefore had to rely on literature and works which are related to the

problem in general, that is the traditional software development research, free and open source

literature and research on users and bespoke software development. These works make up the

basis for the analysis and the research itself. Therefore it can be said that the related works,

the works that in any way can be related to the problem at hand, are dispersed throughout the

dissertation itself as part of the research, especially in the analysis part of the research.

0.2 Structure of Dissertation

Forming a new approach to software development as well as conducting research on the appli-

cability of it under various development circumstances cannot be undertaken in a single Ph.D.

dissertation such as this one. The author has therefore, as will be discussed later andmore thor-

oughly in the chapter on research method, confined the study to an exploratory research that
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focuses on forming this new software developmentmethodology, leavingmore thorough studies

to future research.

To comply with this exploratory research the dissertation has been divided into three parts.

The first part, Description, includes this introductory chapter as well as the next chapter on the

research method used. These chapters lay the foundation of the next two parts by giving you,

the reader, a better understanding of why and how the research was conducted.

The second part, Foundations, describes the main analysis of the study. This analysis is fo-

cused on three different groups of software stake-holders. The first chapter dives straight into

the most specific group of the three, free and open source software developers, the hackers. The

reason for starting with the most specific group is that this group is the most important one

since it is this group that is formed around the four freedoms of free software, the heart of the

research question. After a thorough discussion and analysis of the hacker group the dissertation

broadens the analysis and looks at the other two groups, first the more traditional software de-

velopers followed by the users of software. The reason for this is to improve and adapt the more

traditional software development approach by incorporating the hacker approach to software

development instead of the other way around. In order to do so, we must have the hacker ap-

proach in our mind-set to see where it can be applied to traditional development. The chapter

on users focuses and analyses their participation in software development and how important

their participation is to the success of bespoke software projects.

The last part, Hypothesis, combines the knowledge, collected in the second part of the dis-

sertation, into the resulting hypothesis put forth by the exploratory research. The hypothesis is

stated and described in the first chapter, User-Driven Development. Normally a researcher would

then continue to test the hypothesis in order to give it a solid foundation. In this Ph.D. study the

hypothesis test was not possible. Testing whether a software development methodology is valid

would require running software projects to see how the methodology holds out. Unfortunately,

time and budget constraints of the Ph.D. study did not allow for such extensive tests. The results

are therefore exploratory and largely theoretical.

Instead of conducting tests the author tries therefore to improve the hypothesis founda-

tions with a theoretical discussion of how the methodology can be applied to bespoke software

development. This is done by creating a developmentmodel that complies with the hypothetical
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methodology. Before being able to create a newmodel for development the author describes the

most significant difference between the proposed methodology and other methodologies which

in essence revolves around the information flow in the development process. The information

flow and the difference between the different methodologies is described in chapter 6 in the

Hypothesis part. Thereafter a new development model is described.

The dissertation then concludes, like other dissertations, with a presentation of the research

results, a discussion of the results and any conclusions which can be made based on the ex-

ploratory results and the hypothetical methodology.
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Research Method

1.0 Research Approach and Knowledge Claims

Armedwith an unanswered research question and a general layout of the dissertation, it is neces-

sary to define the research approach,method and design used to conduct the research. There are

two distinct categories of research approaches available to a researcher; Quantitative and qual-

itative research. It is also possible to mix these two approaches, but in most cases a researcher

chooses one of the two, employing a mixed approach only if demanded by the research itself.

Choosing between a quantitative or qualitative approach is hard. Each has its qualities and char-

acteristics which the researcher must take into account. Starrin and Svensson (1994) describe

the differences from four perspectives:

0. Precision and scale. A quantitative approach is more precise and more useful on a smaller

scale, i.e. looking at the details, while a qualitative approach is better suited for the big

picture, the larger scale.

1. Objective versus subjective. For a quantitative approach it is necessary for the researcher to

be objective towards the research topic, while a qualitative perspective calls for subjec-

tivity.
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2. Positivism and non-positivism. Nature, i.e. human nature, is better handled by a qualitative

observation (non-positivism), while quantitative experiments are better for an empirical

research (positivism).

3. Characteristics of the subject. The characteristics of the research topic matter. For example,

distance and temperature are quantifiable and thus optimal for a quantitative approach.

Beauty and smell are a matter of opinion, and thus suit a qualitative approach better.

Decision on the research approach based on subject characteristics is not advised as it is

not entirely clear where the line can be drawn.

Being an engineer, the author is accustomed to relying on and using data, evidence, and

facts in every decision, a characteristic of a post-positivist. However, choosing a research subject

so close to the heart of the author, a subject that the author feels he has social and ethical re-

sponsibilities to pursue, the post-positivist knowledge claims are ill suited for this research. A

post-positivist stance requires objectivity (Creswell, 2003) which will be influenced by the au-

thor's personal investment and idealism. The results and experiments might unintentionally

favour one side over the other, i.e. biased input probably results in a biased output, a chance

science should never be willing to take.

A more suitable approach is to use the author's insight and familiarity with the subject to

perform a more exploratory and innovative research. According to Starrin and Svensson (1994),

the difference in the analysis of qualitative and quantitative approaches is the design strategy.

A qualitative approach favours top-down analysis, from the whole to the parts, but quantitative

favours bottom-up analysis, looking at the parts to grasp thewhole. A qualitative approach iden-

tifies anddetermines previously unknowncharacteristics, and a quantitative approach examines

predetermined characteristics and their correlation. So instead of conducting a quantitative re-

search, the approach of choice by post-positivists, a qualitative research is a better option.

A mixed method research approach, i.e. mixing quantitative and qualitative approaches to-

gether, can also be employed. This approach is usuallymore likely to be costly and given the lim-

ited resources of this Ph.D. study, such as budget and time constraints, and a lack of facilities, the

author has chosen a qualitative approach as the main research approach, although a quantifiable

research is not ruled out if quantifiable results are needed. As such this research is a foundation

study but future researchmight employ mixedmethod research approaches to further the field.
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Knowledge claims in a qualitative research are based on two research stances, or researcher

claims; Advocacy or participatory claims, and constructive claims. The advocacy or participa-

tory claims aremade by researchers who are a part of the community they are researching. Con-

structive claims are based on anhistorical and social perspective, andmeanings, i.e. themessages

that are expressed or signified, are interpreted from interaction with the community. As a com-

puter engineer and software developer interested in the free software community, the author

approaches the research from an advocacy or participatory perspective. However, the author's

involvement in the community, at the beginning of his Ph.D. studies, were mostly made up of

using, studying and experimenting with free software. Therefore, the advocacy or participatory

claims are merged with and supported by constructive claims based on interpretations of his-

torical and social perspectives. While conducting the research, the author continued to delve

deeper into the community and to participate more to gain experience for the interpretation of

the community.

1.1 Research Method

When conducting qualitative research, the researcher must choose among five research meth-

ods: Case studies, phenomenological research, narrative research, grounded theory, and ethnog-

raphy (Creswell, 2007). Case studies and phenomenological research are not appropriate as they

look at a specific instance or an experience of a certain phenomenon, respectively, and narrative

research can be to narrow for our purposes.

These three research methods: Case studies, phenomenological research, and narrative re-

search, are more suitable for a qualitative research later on to confirm or refute the results of

the work described in this dissertation.

The two promising qualitative research methods are grounded theory, and ethnography.

Grounded theory tries to find an abstract theory using constant comparison within the research

process (Creswell, 2003). It is a good choice, albeit a highly resource demanding one, and any

lack of resources might contribute to suboptimal results. Therefore, for an exploratory Ph.D.

research such as this one, ethnographic research is far better suited in order to acquire valid

results, albeit not a straightforward choice.
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Ethnographic research is used to examine cultures through in-field observations (Creswell,

2003). Ethnographic researchers provide a descriptive and interpretative analysis of their own

culture, from within it. The researchers must break free from their own assumed world so as to

not affect the study. However, since the researchers are a part of the community the distance

between the research subjects' meanings and world view, and the researchers' understandings

is reduced, simplifying interpretation and analysis. There is a long tradition for ethnography,

ranging back to the 1920s (Breakwell et al., 2006). Park (1967) believed that communities, the

research subject of ethnographic research, constitute a large-scale laboratory, which is not far

off. Free and open source software hackers1, software developers, and users, are all just different,

self-formed communities. The author is a part of all of them. Analysing and interpreting these

three different communities as an ethnographic study, leads to a better understanding of the

benefits and disadvantages of each community. Therefore, the main research method of this

Ph.D. research is ethnography. A deeper understanding of the quirks of each community will

hopefully help build a software development methodology that benefits from the advantages of

all three communities.

1.2 Resource Limited Ethnography

Ethnography is not optimal for making generalisations about globally varied activities such as

software development. Ethnographic studies are usually conducted in-field, i.e. the researcher

lives within and is a part of the community being researched. Therefore drawing conclusions

and stating hypothesis about a specific tribe in some region of the world or the company culture

at a single software development company can be based on ethnographic research while the

research question of this Ph.D. dissertation demands a more general approach. The research

subjects are dispersed around the world in various projects with different goals for a multitude

of reasons.

Of course such cross-cultural ethnographic research could be conducted on a global scale,

across various projects with different goals in collaboration with a multitude of researchers.

1Be aware of that the word hacker is used differently within the free and open source community as

described in the next chapter.
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From such a grandiose research one would be able to draw reliable conclusions, and state and

prove hypothesis. However, such a resource demanding research is outside the scope of a Ph.D.

research. Instead it is necessary to adapt the globally varied ethnography to the limited re-

sources available to a Ph.D. study.

As stated previously, this research examines three ethnographic fields: Users, software de-

velopers, and free software developers. The author is involved in all three subject communities:

He is a user, a software developer, and a free software hacker. However, as stated before, basing

the research and thus its conclusions on specific software projects, such as those that the author

is using, developing and taking part in, would be limiting.

Therefore the study employs ethnography in a rather unconventionalway andmixes it heav-

ily with a literature review to base the research on observations from other participants in the

three subject fields being researched. The author intends to get to know more about the three

fields: Users, developers, and hackers by reading what the research subjects themselves have

written, as well as what has beenwritten about them and other research related to each of them.

A lot of material has been written about free and open source software and its community.

In the same way many publications exist about traditional software development methods and

software development techniques. All of these books, articles, and websites capture the essence

of the community better than an individual can experience from two to three specific projects.

The user community is harder to research since user experience can be as varied as users are

many, especially when researching an intangible topic such as how successful a bespoke soft-

ware development is. Still, a lot of research articles and books have been written on user partic-

ipation which identify the core of the user communities' needs. A large-scale literature review,

supported by real life experience which reveals what material is general, yet thorough enough,

to suit this research is employed to achieve this ethnographic research study.

Two popular forms of ethnographic research are popular: the realist ethnography, and the

critical ethnography. The former is more judgemental than the latter which is more advocative

in nature (Creswell, 2007). For the purposes of this research it will be, because of the knowledge

claims and the world view of the author, a critical ethnographic study.

Since grounded theory is also a good choice for this particular research it is used to some

extent even though lack of resources limits a fully grounded theory research. To be more pre-



16 CHAPTER 1. RESEARCH METHOD

cise, the basic ideas of grounded theory are incorporated in a less resource demanding way. A

"grounded theory-esque" technique of some sort. While conducting the research for this disser-

tation, the author has written scientific papers. These papers were written around ideas and

conclusionsmade as a part of the larger research. The papers were sent to a double-blinded peer

review, and presented at conferences. Journal submissions were deliberately avoided in favour

of conferences to get a faster feedback on the proposed ideas and results, whilst the research

was ongoing. Journal submissions are better suited post-dissertation. Reviews and feedback by

the academic community, at academic conferences, give an idea whether the overall research is

going in the right direction. Thus, the ideas of grounded theory, that the researcher constantly

checks the data and adjusts the research accordingly, are used to boost confidence in the overall

research and guide the author through the Ph.D. study. It is a quality assurance effort for an

unconventional ethnographic research project.

1.3 Knowledge and Experience Gains

With the above in mind this Ph.D. research started with two questionnaires, one for users and

another for software developers. Those questionnaires gave the researcher a better idea of the

direction of the research. It was nonetheless important to understand that results of those ques-

tionnaires could not be used for generalisations about the state of software development in the

world or how software is generally used.

First of all the users and the software developerswho answered these questionnaires live and

work in Iceland and their views are therefore both regional and situational. Also it proved very

hard to verifywhether the sample of software developerswho answered the questionnaireswere

a representative portion of all software developers in Iceland. Data about software developers

in Iceland is unfortunately not adequate nor readily available. Software developers are grouped

with service providers who do not develop software but only service software or operate as soft-

ware retailers. Furthermore the data is collected by a private enterprise which sells access to it

and the processing of it. A representative of this enterprise could not give the researcher an idea

of what such processing would cost which was too much of a risk for a budget limited research

such as this.
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Those two questionnaires are therefore instead more of an exploratory ethnographic re-

search with indicating results than a reliable research with tested conclusions. From those ques-

tionnaires the researcher wrote two research papers that got accepted at international confer-

ences as peer reviewed papers. The acceptance of the papers gave their conclusions amore solid

foundation which was then used as a basis for the literature review with the ethnographic back-

ground.

The literature review is thoroughly discussed in the following three chapters, one on each

of the three research subjects. The conclusions of each is based on literature chosen mostly

from the ethnographic immersion of the author within each of the fields. That is, aside from the

literature review the researcher also participated actively in the three fields but with most of

the emphasis on free and open source software.

The reason for putting more emphasis on hackers was that the author would still be subject

to regional and situational software developers and users since the researcher conducted the

research mostly in Iceland. When possible the researcher participated in conferences where he

met academics and professionals from the two under-emphasised fields in order to keep up with

trends and research in the field. Towards the endof the Ph.D. study the researcher participated in

a free and open source software project, Hackystat2, which is mostly developed at the Collabora-

tive Software Development Laboratory of the Department of Information and Computer Sciences

at the University of Hawai'i at Manoa, United States3. This gave the researcher a firmer grasp on

software development on a global scale, and highlighted the difference and similarities between

methods employed for Hackystat (a single project) and by Icelandic software developers.

The researcher also participated in various free and open source software projects, both on

mailing-lists, in person, and as a developers. Besides from Hackystat the author sent in a patch

to the XChat IRC client4 that removes whitespace before IRC commands and another patch to the

micro-blogging software Status.Net (then known as Laconi.ca)5 adding an RSS feed to hashtags6.

2http://hackystat.org
3Hackystat has since then been discontinued at the University of Hawai'i but lives on as a free and open

source software project
4http://xchat.org/
5http://status.net/
6Hashtags are a way to tagmicroblogmessages in-line. They are named after the symbol which is used to

mark the tags (#). For example, A #hashtag can now be fetched using #RSS. would tag the message
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These gave the researcher an invaluable lesson to how the free software community works since

the XChat patch was not accepted while the Status.Net patch was. In addition the author wrote

the code base for a new free software project called Magellan, which is used to model marine

magnetic anomalies in geophysics.

The author also participated in other non coding activities of other free andopen source soft-

ware projects such as the gNewSense7 Package Freedom Verification project, verifying whether

the packages that can be installed in the Ubuntu-derived distribution gNewSense follow the four

freedoms of free software which gave an invaluable lesson on how to interpret the four free-

doms. The author participated in other free and open source software projects, as well as going

to the largest free and open source developers' conference in Europe, FOSDEM. In addition to

the international participation the author has also participated in the local hacker community

and helped build it up. The author, e.g. manages with help from others the Icelandic transla-

tion of the Ubuntu distribution. Furthermore the author has been active in both the Reykjavik

GNU/Linux User Group and the Icelandic Society for Digital Freedom, as well as advised the Ice-

landic government on matters relating to free software and been a part of the Nordic OSS Re-

searchers Network.

1.4 Submitted Papers

Along the way the researcher wrote papers based on the exploratory research, i.e. experience

gained from the participation in projects and the interpretations of the literature review. The

papers varied by subjects, depending on what part of Ph.D. study the author was researching.

The two papers based on the questionnaires, A Comparison of Icelandic Software Development and

Free and Open Source Software Processes (Björgvinsson and Thorbergsson, 2007a), and Differences in

Information Flow of Icelandic and Free and Open Source Software Development (Björgvinsson and Thor-

bergsson, 2007b), helped, as stated previously, the author to get a firmer ground upon which to

stand for further research.

with hashtags: hashtag and RSS
7http://gnewsense.org/
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While conducting the literature review the author wrote three more papers. Two of them,

Software development for governmental use utilising free and open source software (Björgvinsson and

Thorbergsson, 2007c) and Economic benefits of free and open source software in electronic governance

(Björgvinsson et al., 2007a), were focused on governmental use and how the interpretations of

the literature could benefit software development on a governmental level. The latter paper

was also published as a third paper, in Icelandic, modified to apply specifically to the Icelandic

political environment (Björgvinsson et al., 2007b).

Towards the end the researcher published a paper, User-Driven Development in a Corporate En-

vironment (Björgvinsson and Thorbergsson, 2008), based on the hypothesis put forth in this dis-

sertation at an international conference to verify the results of the ethnographic literature re-

view. One other paper, IPMA Competence Baseline as an Open Standard (Jonasson et al., 2008), was

published based on a small literature review for project management conducted based on the

conclusions of the main literature review.

The author has also been a part of other submissions, indirectly related to the research, such

as Hackademic 2009, a talk at the Research Room of FOSDEM in 2008 (Björgvinsson, 2008), and

an abstract submitted about Magellan (Benediktsdóttir et al., 2008), the free marine magnetic

modelling software.

These submissions, althoughmostly informal or not directly related to the research, and the

more related papers submitted helped the author to criticise, to learn from the literature used

to analyse the three ethnography subjects, and to draw conclusions based on the researcher's

interpretations, backed up by the submitted and accepted papers. From the literature and the

experience gained from participating in these communities the researcher has been able to con-

duct a global ethnographic research.





Part II

Foundations
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Free and Open Source Software

2.0 Hackers

Throughout the ages grassroots painters have defied the foundations of painting, revolutionised

the art form, and opened up new dimensions of artistic expression. Monet, Boudin, Cézanne,

Picasso, Dalí, Pollock, and other pioneer painters at the forefront of revolutionary new painting

styles, resemblemodernday computer hackers (Graham, 2004). A computer hacker is a personwho

enjoys designing software and should not to be confused with a computer cracker which refers to

a person who enjoys breaking into computer systems. Computer hacking is a deep intellectual

process that involves trying out new ideas, to advance the hacker knowledge. Of course the

outcome of computer hacking can be something perceived as provoking and funny, not unlike

the Belgian surrealist painter René Magritte. In fact the term hack in relation to computers was

used by MIT's Tech Model Railroad Club to mean "a project undertaken or a product built not

solely to fulfil some constructive goal, but with some wild pleasure taken in mere involvement",

a feat deeply correlated with innovation, style, and good quality (Levy, 2001).

Taking joy in creating something beautiful yet practical is rewarding and aspiring. A com-

puter hacker is more than just a painter, a computer hacker is an innovator, artist, maker, and

engineer, all molded into a person who takes pride in his or her work. True computer hackers

are the Da Vincis and Michelangelos of modern craftsmanship.
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Levy (2001) describes the hacker culture, from its inception to the last true hacker, in his

book Hackers: Heroes of the Computer Revolution. In the book Levy identifies the principles of the

hacker culture, a body of almost religious beliefs, accepted and followed by this community of

computer enthusiasts, the hacker ethic. This common code of computer hackers, built on ideals

about sharing, openness, decentralisation, free access to computers, and improving the world,

is made up of six tenets:

0. Access to devices that teach one how the world works should be unlimited and total.

1. Information should be free.

2. Avoid authority and promote decentralisation.

3. Judge other hackers by their work and not by their demography.

4. Art and beauty can be created on a computer.

5. Computers can change ones life for the better (Levy, 2001).

This simple principle, that free and open access to information for everyone leads to a better

life, is themajor driving force in the hacker culture. Every action that goes against this principle

risks to be ignored, and even outperformed by the hacker community. Richard Stallman, the

last true hacker in Levy's 2001 opinion, single-handedly showed the true power of the hacker

culture in the "Symbolics War" of 1982-1983. The company Symbolics had, in Stallman's view,

attacked the foundations of the hacker culture by destroying the hacker culture of the MIT AI

Lab where Stallman worked, closing the "gentleman's agreement" between Symbolics and the

lab regarding use of beautiful code snippets. For two years Stallman re-implemented every en-

hancement a team of very gifted programmers at Symbolics made. Stallman used the source

code from Symbolics as a reference to begin with, but never copied it. He re-implemented their

code in a new innovative way and when the MIT administrators became afraid of copyright in-

fringement, he started using only the Symbolics documentation as a reference. All just to keep

the enhancements of Symbolics free and punish the company that destroyed the hacker culture

(Levy, 2001; Williams, 2002).

For hackers, the hacker ethic is human nature. Hackers believe first and foremost that they

are to write quality code for the widest possible use and the greatest benefit. Hackers are driven
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by this goal but not monetary gains. Hackers do not mind a financial compensation since every-

body needs money to live, but they do not insist on getting paid for what they do (McKusick and

Neville-Neil, 2004). Their code improves society and that is sufficient to make them happy.

Seligman et al. (2004) has identified what makes us happy. There are three lives we pursue

to be happy: A pleasant life, where we seek to enhance our positive emotion by getting what

we want, an engaging life, where we engage and forget ourselves in projects we love, and the

meaningful life, wherewe are a part of a bigger community striving towards a common goal. The

most satisfied individuals are those who pursue all three lives but the greatest weight is carried

by the engaging andmeaningful lives (Seligman et al., 2005). Hackers, the computer artists, who

engage in developing software to improve the world, are happy.

Even though Levy called Richard Stallman the last true hacker, the hacker ethic lives on. It

hasmanifested itself in the open informationnetwork, the Internet. Thenature of the Internet as

defined by Searls andWeinberger (2003) is based on the hacker ethic: Nobody owns the Internet,

everybody can use the Internet, and anybody can improve the Internet.

Hacking will continue to exists because hackers are happy doing what they love. They are a

powerful force which should be channelled in the right way, with full understanding and respect

of their hacker ethic.

2.1 Free Software

Richard Stallman had a more drastic effect on the information society after the Symbolics war.

Hemolded his ideals into the GNUproject, which he sharedwith the then defunct hacker culture.

As an operating systemdeveloper, Stallman tunnelled his extraordinary gift into the project, still

verymuch active today, to develop an operating systemdevoid of all shackles, a hacker operating

system (Williams, 2002). Stallman (1983) announced the GNU project publicly in September 1983

on two USENET newsgroups, in a post named "new UNIX implementation." In his post he gives

his reasons for writing GNU. These reasons can be traced back to his hacker roots:

"I consider that the golden rule requires that if I like a program I must share

it with other people who like it. I cannot in good conscience sign a nondisclosure

agreement or a software license agreement.
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So that I can continue to use computers without violatingmy principles, I have

decided to put together a sufficient body of free software so that I will be able to

get along without any software that is not free." (Stallman, 1983)

The next year hewrote a longer, more elaborate document based on his USENET posting, the

GNU Manifesto. Stallman resigned from MIT's AI lab to work on this project. He did not want

to give the university an opportunity to interfere with the GNU project. In a section of the GNU

Manifesto, named "Why All Computer Users Will Benefit", Stallman answers common criticism

against the GNU project. Most of these criticisms are based on monetary rewards for program-

mers and competitive gains of proprietary software, assuming all programmers are pursuing the

pleasant life. Stallman explained that there is nothing wrong with wanting to get paid for work

as long as the means of payment are not destructive for society (Stallman, 2002b).

This financial issue surrounding Stallman's vision, that programmers are unable to get paid

for software freely available for the good of society, still haunts his ideals today. This criticism is

especially loud because of the term he chose for this hacker-idealistic software, free software. The

ambiguity of the word "free" in English causes a confusion whether the software is available at

no cost orwhether the software relates to freedom. Many critics have a hard time understanding

that free software is about liberty and freedom, not price, which is perhaps an indication of what

these individuals cherish more. In Stallman's USENET posts and the GNUManifesto he used the

word "free" carelessly. He understood it perfectly, free software always refers to the freedom of

the user, even though free software can be made available at no cost.

Stallman did not write the formal definition of free software, until 1996 in the Free Software

Definition (Stallman, 2002a), but it had been described in other posts, such as the first GNU Bul-

letin by Jerry Puzo (1986), and had been ingrained in the hacker culture of the 1950's, 60's and

70's. The Free Software Definition defines free software as a matter of users' freedom to run,

study, adapt, distribute and improve the software. Users of free software are guaranteed the

following four freedoms:

0. The freedom to run the program for any purpose.

1. The freedom to study the program and adapt it to ones needs.

2. The freedom to redistribute the program.
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3. The freedom tomodify the program and distribute themodifications back to the commu-

nity.

Software cannot be free software unless the source code is made available since, without

access to source code, users are unable to study the program, adapt it and improve it. It would

be like publishing a book without any text.

Freedom 0 is fundamental freedom for all software. Users should be able to use the software

for any task they want, without getting permission from anyone. Freedom 0 prevents control of

software developers over users and how they want to use their software. Proprietary software

can put users at the whim of a few developers. Their work performance, their home leisure, and

progress in general, would be dependent upon decisions of software developers.

Freedom 1 helps society progress. Users are allowed to study the software and learn from

it, advancing human knowledge. Users can adapt the software so that it fits their needs, either

by doing it themselves or getting others to do it for them. Adaptation helps users get a solution

more suitable to their needs. These adaptations can, for example, improve their work flow and

efficiency, and even submit to their pursuit of a pleasurable life. Access to source code is vital

for users to have this freedom as without source code users are unable to study and adapt it.

Freedom 2 allows users to spread the software to others. Users are able to help their neigh-

bours, improve society, by redistributing copies of the software. These copies can be sold or

distributed without charge. Developers can also benefit from this freedom since their customer

base is expanded, but this is first and foremost a matter of users' freedom. Redistributions of the

software shall obviously not restrict the receiving users' freedom as well.

Freedom 3 helps the software progress. Users who need a certain feature implemented can

implement it, by themselves or with help, and share this new feature with the community. The

software improves as time goes by, improving the society since these improvements give the

society a better tool to work with. This is the real hacker freedom, according to the hacker

ethic. The ultimate freedom that improves the world as hackers envisioned it. The other three

freedoms, freedom 0, 1, and 2, are necessary freedoms for this freedom to be possible.

With free software, Richard Stallman managed to revive the hacker culture, which he felt

had been destroyed. The last true hacker became the father of neo-hackers. These neo-hackers

contributed to the GNU project, thus improving the GNU operating system and freeing the infor-
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mation society. The hacker ethic lives on through the four freedoms of free software and these

freedoms are at the heart of this dissertation since the research question this dissertation tries

to answer is how these four freedoms can aid bespoke software development.

2.2 Open Source Software

Stallman's free software movement has gathered great momentum and today we see a lot more

free software than just the GNU operating system. It is not all Stallman's doing. He could not

have managed this without the help of thousands of volunteers who contributed their time and

effort to pursue these goals, individuals who shared his ideals and ethics. Of all the individual

contributions, perhaps the biggest boost to the revival of the hacker ethic came from Helsinki,

Finland1.

Linus Torvalds, a student fascinated with programming, was dragged to a talk given by Stall-

man at the Polytechnic University of Helsinki in 1991. Torvalds was much more interested in

technology than the politics behind software. He did not have much interest in the software must

be free argument, but still he ended up choosing the GNU General Public License, a software li-

cense devised by Stallman to ensure software freedom, for his small hobby project which turned

into the Linux operating system kernel (Torvalds and Diamond, 2001).

At that time the GNU operating systemwas almost complete. The only thingmissingwas the

operating system kernel, named GNUHURD.When Torvalds released his kernel, as free software,

to hackers online he never anticipated that it would become such a hit among hackers. The GNU

HURD was being developed by a small group of skilled hackers and was not working at the time.

The small hobby Linux kernel worked. It was not perfect but Torvalds released it to the hacker

public, as a program for hackers by a hacker, with hopes that somebody elsemight enjoy studying

it and modifying it for their own needs (Moody, 2002). Torvalds had taken the four freedoms

of free software and essentially defined the world as users of his software and given them the

freedom to use, modify, and distribute it.

1Other noteworthy boosts to the revival of the hacker ethic are, for example, the Apache web server and

the Perl programming language.
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Torvalds' development method worked wonders. It appealed to hackers around the globe.

After slight modifications the Linux kernel was able to replace the GNU HURD as the operating

system kernel of the GNU operating system, thereafter named GNU/Linux (or often erroneously

only Linux2). In a relatively short period of time the GNU/Linux operating systemmatured, and

with it the hacker culture grew. Eric S. Raymond, a hacker of the GNU generation, noticed how

fast the Linux kernel was developed and the resulting quality of the software. In his paper The

Cathedral and the Bazaar he tested the software development practices of the Linux kernel for

a small project he managed, fetchmail. Surprisingly his theories proved correct and fetchmail

matured in very much the same way as Linux had (Raymond, 2001). The guidelines Raymond

drew from the Linux development methodology, which Torvalds has humorously summed up to

laziness and getting credit for the work of others (Torvalds and Diamond, 2001), were 19 lessons

based on a chaotic development approach, the bazaar style, instead of the strict development, the

cathedral approach (Raymond, 2001):

0. Every good work of software starts by scratching a developer's personal itch.

1. Good programmers know what to write. Great ones know what to rewrite (and reuse).

2. "Plan to throw one away; you will, anyhow." (taken from Fred Brooks' the Mythical Man-

Month (1995)).

3. If you have the right attitude, interesting problems will find you.

4. When you lose interest in a program, your last duty to it is to hand it off to a competent

successor.

5. Treating your users as co-developers is your least-hassle route to rapid code improvement

and effective debugging.

6. Release early. Release often. And listen to your customers.

7. Given a large enough beta-tester and co-developer base, almost every problem will be

characterised quickly and the fix obvious to someone.

8. Smart data structures and dumb code works a lot better than the other way around.

2Referring to the operating system solely as Linux disregards the work of those who have worked on the

GNU project since GNU software makes up a large part of the operating system.
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9. If you treat your beta-testers as if they're your most valuable resource, they will respond

by becoming your most valuable resource.

10. The next best thing to having good ideas is recognising good ideas from your users. Some-

times the latter is better.

11. Often, the most striking and innovative solutions come from realising that your concept

of the problem was wrong.

12. "Perfection (in design) is achievednotwhen there is nothingmore to add, but ratherwhen

there is nothing more to take away." (Antoine de Saint-Exupéry)

13. Any tool should be useful in the expected way, but a truly great tool lends itself to uses

you never expected.

14. When writing gateway software of any kind, take pains to disturb the data stream as little

as possible - and never throw away information unless the recipients forces you to!

15. Whenyour language is nowherenear Turing-complete, syntactic sugar canbe your friend.

16. A security system is only as secure as its secret. Beware of pseudo-secrets.

17. To solve an interesting problem, start by finding a problem that is interesting to you.

18. Provided the development coordinator has a communications medium at least as good as

the Internet, and knows how to lead without coercion, many heads are inevitably better

than one (Raymond, 2001).

These principles of the Linux kernel development are a pragmatic application of the hacker

ethic, and many of them defy commons beliefs of general software developers. Raymond's pa-

per got the attention of Netscape managers, who at the time were struggling for their place in

the market. On January 23, 1998 Netscape announced that they would free the source of their

browser, using Raymond's paper as a foundation for their decision (Hamerly et al., 1999).

In relation to Netscape's announcement, only about a week and a half later, Linus' devel-

opment method got a label, open source. This new term was chosen because the idea was to get

managers to notice this new development paradigm, and proponents of Open Source feared that

the ambiguity of the word free, and its hostility towards intellectual property rights, would drive

managers away (Raymond, 1999). Thus, the hacker culture was split into two movements: The
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free software movement of idealistic hackers, concerned with the very nature of software, and

the open source software Movement of pragmatic hackers, fascinated with programming and

creating quality software. Pragmatic idealists would consider themselves to be advocates of free

and open source software, abbreviated FOSS, sometimes FLOSS, for free (no cost), libre (freedom),

open source (development) software3.

The two movements, the two different approaches to hackerism, continued to grow. The

free software movement gaining momentum with idealistic hackers, the open source software

movement gettingworld-wide recognition and attention frombusinessmanagers and pragmatic

hackers. The neo-hacker culture is like the original hacker culture, highly social. Hackerism

has been globalised. Hackers are no longer the stereotypical geek. Around 60% of them are

in a relationship and about 40% live together with their spouse or partner. These neo-hackers

are motivated mostly by social interactions, the learning and sharing of skills and knowledge

(Ghosh, 2005), just ordinary programmers who follow the hacker ethic, perhaps unknowingly.

Increasingly the neo-hackers are getting paid for participating in free and open source software

projects, a trendwhich does not have a significant negative impact on project effort. Paid or not,

creativity is still the ultimate motivation of the hacker culture (Lakhani and Wolf, 2005).

The hacker culture has been split into two movements. It is still necessary to understand

that, even though efforts have been made to combine them (Perens, 1999), advocates of both

movements are still hackers at heart. Their actions are formed by the hacker ethic, they are just

taking two different approaches in their preaching. The hacker ethic lives on, either through

pure ideals or through development practices.

2.3 Discussion

Free software is a modern day, practical implementation of the hacker ethic. The four freedoms

of free software are the freedoms needed to maintain it in a world increasingly run by software.

By asking how the four freedoms of free software can aid bespoke software development, this dissertation

3Themeaning of "free" in FLOSS contributes to further confusion regarding theword free (as in freedom).

Software that gives its users the four freedoms does not have to be gratis, although many are.
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is essentially asking how can the hacker ethic help bespoke software development? A more clearly

formulated question, referring to the hacker ethic, could therefore be:

How can free and open access to software information benefit bespoke soft-

ware development?

The hacker culture has resurfaced thanks to free software. This culture is larger than ever,

a global force of peers who identify with and follow the hacker ethic, available to users via the

Internet. The individuals of the hacker culture, the neo-hackers, can and should play a role in

a methodology that incorporates their beliefs. The development methodology should therefore

make it possible to easily incorporate the skills of the neo-hackers. Utilising their skills will

improve the end-product, and hopefully the world.

This dissertation focuses on the four freedoms of free software, who also lie at the roots of

open source software. However, open source software development, as an application of the

hacker ethic is very important to the work of this dissertation. Learning from open source soft-

ware development and reusing its techniques and methods is extremely beneficial for this re-

search. In the end, we are trying to see whether the open source software development can be

used for bespoke software development. However, by focusing on the freedoms of free software

we might find a more generalised approach that incorporates open source software develop-

ment. Free software begot open source software and now open source software has grown up.

The parent has a chance to learn something from its offspring.
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Software Development

3.0 The Roots of Software Development

From abaci to cybernetics, mankind has always been intrigued by letting machines do our bid-

ding. Using mechanical solutions to make our lives easier and then bask in their reflective glory.

Computers, initially a profession involving human beings performing calculations but by now a

mixture of electrical hardware and programmable software, have had a great impact on society.

The conception of themodern day computer is a result of thework of great engineers, physicists,

but most importantly mathematicians.

The digital world around us is run on the theories and findings of mathematicians such as

Al-Khwārizmī, Gottfried Wilhelm Leibniz, and Lady Ada Lovelace. The ties between software

development and mathematics is very strong. Niklaus Wirth, the designer of the programming

language PASCAL, even pointed out at the RomeNATO conference on Software Engineering Tech-

niques, that the fundamental concepts of programming are already present in mathematics.

They are only surrounded by another terminology (Buxton and Randell, 1970). Computer sci-

ence is rooted in mathematics and the ground-breaking work of mathematicians who used and

improved the ideas of those who came before them (much like hackers improving existing solu-

tions).
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3.0.0 Computer Science

The fundamental study of computer science is the systematic study of the processes that describe

and transform information. Until themid 1980s the computers weremostly used for automation

of number crunching, i.e. the mathematical transformation of numbers, but with the advent of

the personal computer and the Internet it now also deals with coordination and communication,

i.e.moving and organising data and other information. Skilled computer scientists are proficient

in four different areas:

• Algorithmic thinking -- Creating step-by-step procedures to solve a problem and give un-

ambiguous results.

• Representation -- Storing, organising, and encoding data to answer questions efficiently.

• Programming -- Using predefined building blocks and logic to cause a machine to behave

in a certain way.

• Design -- Combining the three areas above with practical considerations and resource

management to efficiently solve the task at hand (Denning, 2004).

The field of computer science is immensely diverse and skilled computer scientists rarely

work in all areas. Instead they usually choose to specialise in one of twelve subareas of the field

(Denning, 2004). All of these subareas deserve some attention but with respect to software de-

velopment the most important one is software engineering.

3.0.1 Software Engineering

Applying the theories and techniques of computer scientists in a disciplined manner is the task

of software engineers. This sub-area of computer science revolves around the definition, de-

velopment, delivery and maintenance of software products that meet the customer's needs and

expectations on time and within budget. At its core it is the project management aspect of soft-

ware projects, i.e. the management of geeks.

Software development activities are considered by most practitioners and theorists to be:

0. Specification of requirements.

1. Design.
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2. Implementation.

3. Verification and validation (Melhart, 2004).

Prototyping has also beenmentioned as an additional step, following the specification of the

requirements, to clarify those requirements. Maintenance is also commonly considered as the

last, and infinite, activity of software development (Melhart, 2004). Sadly, maintenance often

seems to be more of an afterthought than a planned activity as research on reverse engineer-

ing techniques is being conducted to facilitate the maintenance of older systems. Reverse engi-

neering techniques might also be necessary due to the nature of software and business. When

software development companies can no longer live off a software product, they tend to aban-

don support for it. That particular software product has usually been delivered as a machine

comprehensible code only, which in return demands reverse engineering of the software if the

remaining user base wants to keep maintaining it.

These software development activities have been pieced together in numerous software

models, processes that focus on certain activities or rearrange their order. Techniques and

tools have been developed for each activity and incorporated as standard procedure in many of

these software processes, such as for instance the Unified Modelling Language (UML) for object-

oriented design (Melhart, 2004).

The problemwith software development is that the subject of the software projects, the soft-

ware product itself, is constantly changing, as the needs and expectations of users continually

evolve (Melhart, 2004). This demand differentiates software projects from other projects, since

changing a mental object, such as software, is relatively easier than changing a physical object,

such as a car. This curse of software projects can be addressed in many ways, each with its own

disadvantages. Setting sturdy project limits regarding scope and time might deliver the previ-

ously specified product on time and within budget but it will be delivered to an unhappy user.

Speeding up the development process might reduce the risk of users changing their require-

ments, but it will affect the quality of the software product. Making prediction about future user

needs and designing accordingly might make it easier to modify the software as the users' needs

evolve, but these predictions might have catastrophic results if they are wrong and can only be

as good as the predictor who must then understand the needs of the users completely.
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The commonway of addressing this software engineering dilemma has been to include feed-

back and adjustments in the disciplined processes of software engineers, thusmaking themmore

flexible and better equipped to tackle the ever evolving users' needs (Melhart, 2004). This flex-

ibility does however make it harder to deliver the software product on time and within budget

since the project scope can easily grow.

Software engineering does not only deal with the flexibility regarding the software prod-

uct, but also around the process itself. The Capability Maturity Model Integration (CMMI) helps

software development organisations to categorise themselves within any of its five levels Initial,

Managed, Defined, Quantitatively Managed, and Optimising. The few software development organi-

sations that reside on the last level, Optimising, are focused on software process improvements,

i.e. becoming more proficient at adapting their processes to different projects (Persse, 2006).

Many developers and researchers however believe that the key to success can be found in a spe-

cific development methods or approaches (although none have shown an order of magnitude

improvement within 10 years of the introduction (Glass, 1999; Harel, 1992)).

3.1 Models and Methodologies

Before the use of systematic development models, and still today, software programmers were

responsible for the software projects. Programmers are praised if the project was successful and

blamed if the projectwas a failure. This approachhas been referred to as cowboy coding since the

programmers bear a resemblance to the independent lone rangers of the old wild west. Winston

R. Royce, described a developmentmodel for large software projects in a paper published in 1970

(Royce, 1970). His model, which is now known as thewaterfall model, divides the software process

into eight distinct tasks.

0. Specify system requirements

1. Specify software requirements

2. Make a preliminary design

3. Analyse the requirements

4. Design the product
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5. Turn design into code

6. Test the resulting product

7. Put software into operation (Royce, 1970)

Royce (1970) claimed that these activitiesmust be followed one after the other in a successive

manner as illustrated in figure 3.0, but he also argued that this model was flawed and software

development processes must allow iterative interaction backwards in the process, and not only

between the successively defined steps. Unfortunately, Royce's warnings were ignored and soft-

ware developers started using his model. When it turned out that the model was prone to cause

project failure his ideas were attacked by practitioners and researchers who seemed not to have

read Royce's original paper.

Even though the most important part of Royce's model is the sequence of activities devel-

opers must follow, practitioners tend to not notice his claim that feedback and interaction is

needed. However within these iterations developers must follow the sequence. Royce therefore

hints at and claims that iterative and incremental development is necessary for a large software

development project to be successful.

Iterative software development and incremental software development are two similar ap-

proaches that followRoyce's idea (Larman andBasili, 2003). That is, the key concept behind them

is the same but the implementation of it differs. Both models follow Parnas' principle about in-

formation hiding (Parnas, 1972), i.e. dividing a software project into manageable modules that

communicatewith one another through their interfaces. Iterative software development, shown

in figure 3.1a, delivers all modules of the software project at the same time, but the functionality

of every module has not been fully implemented. Incremental software development, shown in

figure 3.1b, focuses the attention of the developers on a single module and getting that module's

functionality fully implemented before starting on the next one. Both of these approaches are

usually used together, i.e. developers incrementally build the modules in a prioritised order and

build each one of them iteratively.

Barry Boehm (1986) introduced the Spiral model, shown in figure 3.2, in 1986 as a risk-driven

mixture of Royce's (1970) iterative waterfall model and McCracken and Jackson's (1982) evolu-

tionary model. In Boehm's model the development progresses through iterative steps but at the
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Figure 3.0: The waterfall model as described by Winston W. Royce
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(a) Iterative software development (b) Incremental software development

Figure 3.1: Iterative and incremental software development models implement func-

tionality stepwise within modules or for a single module, respectively
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beginning of each step the developers perform a risk analysis and afterwards mitigate the iden-

tified risks by creating prototypes, administering user questionnaires, performing simulations

or using any other risk resolution techniques before continuing the development. After each

module has been developed and modified, the developers plan the next phase, conduct a review

of the developed product and the plans for the next phase before setting new objectives and

repeating the process.

Figure 3.2: The spiral model as described by Barry Boehm
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Other models have been developed and emphasise certain aspects or techniques of the de-

velopment process. The V-model, used by the German federal administration (Schuppan and

Rußwurm, 2000), is essentially Royce's waterfall model with more focus on verification and val-

idation. The Rational Unified Process is based on Boehm's spiral model but incorporates object-

oriented design and techniques (Sommerville, 2007). The Personal Software Process (Humphrey,

1995), puts emphasis on individual developer improvements while developing software projects.

Recently focus has shifted from development models, i.e. a description of an implementable

process, to developmentmethodologies, i.e. a framework for structure and control of the process

(Boehm, 2006). This management shift acknowledges that specific models or specific processes

cannot be applied to every project or teams. Successful development teams form their own pro-

cesses and improve them using various process improvement techniques, but they all rely on

a common core, shared between them. The process modelists have transformed into process be-

haviourists. Their focus is no longer on finding the optimal development process, but the optimal

development behaviour. Research is mostly done by examining successful development teams

and identifying the key elements to their success. These elements are then incorporated into a

development methodology.

The most recently immortalised methodology is agile software development, a collection of

lightweight software development methods. At the centre of the agile software development

methodology is the agile manifesto (Beck et al., 2001), conjured up by 17 experienced software

development practitioners and consultants. The agile manifesto contains four statements re-

garding the priorities of values:

• Individuals and interactions are valued over processes and tools

• Working software is valued over comprehensive documentation

• Customer collaboration is valued over contract negotiation

• Responding to change is valued over following a plan (Beck et al., 2001)

Preferring the values on the left, individuals and interactions, working software, customer collab-

oration, and responding to change, does not mean that the values on the right, processes and tools,

comprehensive documentation, contract negotiation, and following a plan, are excluded from software

development. Agile software developers focus more on the left side and keep the right side at
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the back of their heads. Moreover, agile software proponents are guided by 12 principles of agile

software development, their modus operandi:

0. The highest priority is to satisfy the customer through early and continuous delivery of

valuable software.

1. Requirements changes are welcomed, even late in development. Agile processes harness

change for the customer's competitive advantage.

2. Working software is delivered frequently, within a range of a couple of weeks to a couple

of months, however the shorter timescale is preferred.

3. Business people and developers must work together daily throughout the project.

4. Projects are built around motivated individuals. They are given the environment and

support they need, and trusted to get the job done.

5. The most efficient and effective method of conveying information to and within a devel-

opment team is face-to-face conversation.

6. Working software is the primary measure of progress.

7. Agile processes promote sustainable development. The sponsors, developers, and users

should be able to maintain a constant pace indefinitely.

8. Agility is enhanced through continuous attention to technical excellence andgooddesign.

9. Simplicity--the art of maximising the amount of work not done--is essential.

10. The best architectures, requirements, and designs emerge from self organising teams.

11. The team regularly reflects on how to become more effective, and then tunes and adjusts

its behaviour accordingly. (Beck et al., 2001)

After observingmany different successful and failed software projects the proponents of ag-

ile software development reached the conclusion that these value priorities and these principles

define successful software projects. Many of the authors of the agile manifesto had devised their

own lightweight development methods in the 1990s, before they were collected under the term

agile (Poppendieck and Poppendieck, 2003), and every one of those agile software development

methods incorporated those principles to achieve these value priorities.
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Many agile software development methods have been described, and are well known and

used all over the world. All of these methods are quite similar, due to their roots in the agile

manifesto, but they differ in how they approach and focus on software development. Extreme

Programming (XP), developed by Kent Beck while he worked as a programmer for the car man-

ufacturer Chrysler (Copeland, 2001), focuses mostly on programmer habits and practices such

as pair programming and maximum work hours (Shore and Warden, 2007). Scrum, described by

Mike Beedle and Ken Schwaber (2001), focuses more on the process schedule and its flow. Lean

Software Development, originally a method used for car manufacturing at Toyota but adapted to

software production byMary and TomPoppendieck, tries to eliminate resourcewaste in order to

developmorewith less work (Poppendieck and Poppendieck, 2006). The Crystal family by Alistair

Cockburn, who considers software development to be an economically constrained cooperative

game (Cockburn, 2006), is a collection of methods, that can be applied to different projects de-

pending on the coordination and communication needed from Crystal Clear, to Crystal Yellow,

to Crystal Orange, and so on (Cockburn, 2004).

Agile software development has fostered various software development philosophies. Test

Driven Development has taken a life of its own but is rooted in the test-first concept of Ex-

treme Programming. In Test Driven Development developers create tests before writing the

code (Janzen et al., 2005). This is a mix of requirements specification and testing. Since tests are

created to verify that the code fulfils the requirements, they are written instead of specifying

the requirements to reduce duplication of work. Similar philosophies concerning the founda-

tion or the motivating artifact of the development process have been around for some time, not

only within the agile community. Feature Driven Development bases the process on developing

specific functionalities (features) for the user (Palmer and Felsing, 2002). Model Driven Engi-

neering relies on creating models to support the development process (Boehm, 2006). Business

Driven Development is driven by the business requirements and creates solutions that satisfy

those requirements (Mitra, 2005). Domain Driven Design revolves around creating a specific do-

main language to write the software in (Evans, 2004), thus making it more understandable to

the stake-holders. All of these philosophies can be mixed together in various ways. For instance

Business Driven Development uses Model Driven Engineering to achieve its goals and Feature

Driven Development can use Test Driven Development to specify and validate that the user fea-



44 CHAPTER 3. SOFTWARE DEVELOPMENT

tures have been implemented correctly.

Open source software development, described in the previous chapter, can been regarded as

development methodology. Quite a few have tried to categorise it as an agile software develop-

ment method (Warsta and Abrahamsson, 2003; Koch, 2004). However, as hard as they try, it may

seem to be an agile method but it fails because of the fifth agile principle, the most efficient and

effective method of conveying information to and within a development team is face-to-face conversation.

Most likely the agile principles need to be updated. Brook's law, adding manpower to a late project

makes it later (Brooks Jr, 1995), was itself overthrown by open source software development, as

Eric S. Raymond's eighteenth guideline claims, provided the development coordinator has a commu-

nications medium at least as good as the Internet, and knows how to lead without coercion, many heads

are inevitably better than one (Raymond, 2001). The same guideline also questions the fifth agile

principle. Internet access was not as widespread as it is today around the timewhen the agile de-

velopers createdmost of theirmethods, but it has proven itself to be an effective communication

medium for software development. Large, globally appreciated free and open source software

projects are managed and run through electronic mailing lists. Face-to-face conversation is still

important but not necessarily the most efficient and effective one. Open source software de-

velopment is the evolution of agile development. As human communication evolves, so must

software development methods.

3.2 General Field Knowledge

In 1975 Frederick P. Brooks, Jr. (1995) released his phenomenal book The Mythical Man-Month.

Brook's book has been called the bible of software engineering since, as Brooks himself pointed out

in an interview with Fortune magazine in 2005 "[E]verybody quotes it, some people read it, and

a few people go by it" (Roth, 2005). Brook's experience with building and managing large soft-

ware projects for IBM prompted him to write The Mythical Man-Month. The book deals mostly

with problems of the management of software projects rather than the technical difficulties the

projects might face. The original 1975 edition contained 15 essays, each discussing different ar-

eas of software projects. The Tar Pit describes large system programming as a tar pit many fight

fiercely against and a few of those that survivemanage to come out on time, within budge, meet-
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ing all goals. However the joys of programming, the joys of making things useful to others and

learning more, the joys of working on a puzzle made up of pure thought, are still so great that

programmers willingly battle the tar pit of software development.

In the essay the book itself is named after, The Mythical Man-Month, Brooks claims that soft-

ware projects cannot be scheduled around howmany man-months it will take to develop it. It is

not possible to addmoremen to the projects to reduce the number of months it takes to develop

the software. In this essay Brooks puts forward Brooks' law, briefly mentioned in the previous

section, adding manpower to a late project makes it later. With the advent of the Internet as a com-

munications medium this lawmight not hold the same ground as it did in 1975 but it should still

be respected and certainly not forgotten.

Another interesting essay is the one on the Surgical Team. This essay deals with the man-

agement and organisation of the development group. An interesting proposal which Brooks'

attributes to Harlan Mills (1971) is to organise the development team like a surgical team. The

team is lead by one chief programmer, the surgeon, and the rest of the team ismade up of people

to assist the chief programmer. Their roles are a copilot, an administrator, an editor, two sec-

retaries, a program clerk, a toolsmith, a tester, and a programming language lawyer. Breaking

a development team up into specialists who work on well defined tasks suits the different ar-

eas computer scientist usually immerse themselves in. However the roles of the specialists have

changed from 1975 as much as computers and software have changed.

There are other very interesting claims made by Brooks in his book. Many of his claims are

based around specific activities of software development such as design or programming. There

are however two more statements made by Brooks worth noting. One can be found in the essay

called The Documentary Hypothesis and deals with development documentation. Many documents

and papers will be created when developing software but only a few of them are critical (and

should therefore be of interest to the manager). Those documents are the objectives, the user

manual, the internals documentation, the schedule, the budget, the organisation chart, and the

floor space allocation. Again, these documents, like the roles within the development team have

changed through the years. Floor space allocation, for example, is not critical to a manager of

a free and open source software project. Developers who follow the agile development process

value working software more than comprehensive documents but some of these documents are
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still critical to the project.

The other noteworthy claim by Brooks has to do with communication. In the essay Why

Did the Tower of Babel Fail? Brooks states that schedule disasters, functional incompatibilities and

bugs in the software are caused by lack of communication. Brooks states that teams should com-

municate with one another, both formally and informally, in order for their projects to succeed.

Without proper means of communications the organisation of the project will fail and thus the

project it self will fail (Brooks Jr, 1995).

The Mythical Man-Month is a great book for software engineering theorists and practition-

ers, but it is not the only source of knowledge in the field. Many greatminds of computer science

have put forward various laws and hypothesis useful for the management and organisation of

software projects. Albert Endres and Dieter Rombach (2003) have compiled an excellent collec-

tion of observations, laws, and theories from the field of software engineering in their handbook

for software and systems engineering. The handbook covers all software development activi-

ties and identifies important laws, hypothesis, and conjectures relevant to every activity as well

as other areas of software engineering. Many of those laws are interesting but a few are espe-

cially interesting to those who want to understand where problems and opportunities lie within

software development.

Defining the requirements of a software product is the most vital step. According to Glass'

law "Requirement deficiencies are the prime source of project failures". It is therefore absolutely critical

to the success of the project to use a good and solid technique to define and analyse the require-

ments of users. Agile software development solves this problem by incorporating the user in

the development process as much as possible. Open source software development tackles this

problem by making all users potential developers by allowing them to develop the software to

meet their personal requirements. The Agile and Open Source development approaches are also

beneficial to the designing of the software since according to Curtis' law "Good designs require deep

application domain knowledge". Either incorporate the users or specialists in the field, as much as

possible or educate software developers in the field. However, in case of the latter approach, it

is useful to keep Doug Norman's Apprentice's law in mind, which states that "[i]t takes about 5000

hours to turn a novice into an expert".

Regarding the construction of large systems Lanergan's law, that states that "[t]he larger and
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more decentralised an organisation, the more likely it is that it has reuse potential", combined withMcIl-

roy's law, stating "Software reuse reduces cycle time and increases productivity and quality", lead to

the conclusion that a decentralised development structure is more likely to achieve higher pro-

ductivity and more quality. This is especially interesting when considering the decentralised

nature of open source software development, since there have been claims about better produc-

tivity and the higher quality of free and open source software. The benefits of the decentrali-

sation of the organisation is further advanced by three other laws. Weinberg's law claims that

"[a] developer is unsuited to test his or her code" so dividing the coding and testing between differ-

ent entities is valuable. Metcalfe's law, which originally was applied to technical networks but

does in fact apply to all networks, states that "[t]he value of a network increases with the square of

its users". Extending this network across corporate boundaries is beneficial because Sackman's

second law, "[i]ndividual developer performance varies considerably" combined with a reasonable as-

sumption that one single software development company is unable to hire all of the best devel-

opers, indicates that the best talent can be found in different software development companies.

One can therefore deduce that a larger, more decentralised development network of various soft-

ware development companies taps into the best talent and results in a more productive process

and a better end-product.

3.3 Discussion

At the heart of software development lies mathematics and logic. Mathematics is the great an-

cestor of software engineering. Computer science is the application of mathematics for me-

chanical execution and software engineering is the application of computer science theories for

software development. Different developmentmethodologies, variousmethods, techniques and

theories are based on logic and the application of logic to construct working applications. Thus,

the field of software engineering is the management of highly logical creatures of art and crafts,

the programmers.

There are however more fields and domain knowledge needed for software projects to be

successful. Users have various backgrounds and not all of themhave a heavymathematical back-

ground. Other fields of computer science that focus on users and their interactions with soft-
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ware, such as Human-Computer Interaction (HCI), are often multi-disciplinary and focus on the

transformation of user experience tomathematical logic. These fields and subareas of computer

science are as important to the success of software as the logical programming of the software.

Their tools and techniques are as important as the tools of the programmer or the tester.

For the last 40 years, the software engineering field has been consumed in a search for the

best software development method. This has been called, initially by Brooks in a 1986 paper No

Silver Bullet (Brooks Jr, 1995), the search for the silver bullet. Software development is likened to

a werewolf and software engineers are desperately seeking the silver bullet to slay the werewolf.

Many software engineer theorists and practitioners believe that by creating the correctmodel or

describing the correctmethod, incorporating the software development activities in a successful

process, the woes of software development will be eradicated. According to Brooks (1995) they

will not succeed. There is no single method to develop software that will produce an order-

of-magnitude improvement in the development productivity of software within 10 years from

its introduction. Development productivity will increase slowly by learning to use and apply

various methods.

Instead of becoming proficient in the current software development methods, we are prolif-

erating software development with more methods. This is not necessarily a bad progress of the

field, after all it is never wise to suffocate innovation and creativity. However, we must be aware

of the fact that a lot of interesting methods, models, techniques and tools have already been

created. There are also research results where the more recent development models have been

unfairly compared to the waterfall process, a model both introduced and attacked for its ineffi-

ciencies in the original paper by Royce (Huo et al., 2004; Dalcher et al., 2005). This is disturbing

as it indicates that either researchers are unaware of or have not read the original paper, and it

can givemisleading results sincemost models are superior to the flawed and very basic waterfall

model. The correct way to scientific progress is to compare them to other recent methods. To

become proficient in the methods of the field and progress from there. We need to stand on the

shoulders of giants.

This is not to say that recent research and development of the field has been in vain. We can

see how the methods and models are changing, improving and evolving. From the strictly man-

aged processes of 1970 we have seen amove tomore agile, open processes, focusing on the users'
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needs, reuse of older modules, and little design and documentation. It is hard to predict how the

field of software engineering will evolve but wemay anticipate a more open environment where

it might actually be easier to develop new software, based on older software, than to use and try

to maintain the old one.

We cannot stop proliferation of methods but we must encourage the use of older and more

established ideas. The developer networks must grow. We must mix together developers across

company boundaries, each developer specialised in their own sub-area of computer science,

from database management, to algorithm design, to human computer interaction. Each devel-

oper performs his or her specific task as a part of a highly decentralised surgical team with the

user at the helm. It is quite easy to envision a surgical team made up of specialised companies,

i.e. one that manages databases, one that takes care of user interface, one that deals with opti-

misation etc. Each and every developer should have the freedom to choose between established

and improved development methods, but everyone's work should be compatible with everyone

else's work.





0100
User Participation

4.0 User Involvement

"Imagine a river, wide and majestic, which flows for miles between strong em-

bankments, where the land is firm. At a certain point, the river, out of weariness,

because its flow has taken up too much time and too much space, because it is ap-

proaching the sea, which annihilates all rivers in itself, no longer knows what it

is, loses its identity. It becomes its own delta. A major branch may remain but

many break off from it in every direction, and some flow together again, into one

another, and you can't tell what begets what, and sometimes you can't tell what is

still river and what is already sea. [...]

[...] The branches of the delta are, if you like, so many attempts of the river to

flow as quickly as possible to the sea, that is, to the moment of purification."

Il Nome Della Rosa -- Umberto Eco (1983)

So does Brother William of Baskerville, the main protagonist of Umberto Eco's book Il Nome

Della Rosa, describe the various branches of the Christianmonastic orders to his apprentice, Adso

of Melk. This parable, although Brother William did not think much of it, captures the notion of

computer users quite well.

Computer users are like a river flowing towards the ultimate destination, the sea, a grand

space able to propel them innewdirections, to reachplaces never seenbefore. Computers are the
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streambed that allowsusers to flowefficiently (but also inefficiently) towards the ocean. At some

point computer users diversify. There may still remain a major branch, i.e. users of generalised,

commercial-off-the-shelf software, but there will be many branches, users demanding bespoke

or custom-made software to flow more quickly and efficiently towards the haven. Somewhere

on the way a few of these bespoke software users realise they have many things in common, and

they flow together again to jointly flow ever more quickly and efficiently.

The users reach their final destination at different times, at different places. Some users

who break off from the major branch reach the ocean before others, some reach it last, and

some return to the main branch. In the end it is still the same river. All users are a part of the

same group, and all of them are trying to reach the same destination. They just have different

way of getting there, most of them just go with the flow, but there are some who break off for

efficiency reasons.

There is more to learn about users fromUmberto Eco's Il Nome Della Rosa than just fromwhat

the novel contains. In 1986 a film adaptation directed by Jean-Jacques Annaud, was released star-

ring Sir Sean Connery as BrotherWilliam and Christian Slater as Adso. Although the film version

of Brother William made no attempts to describe the difference between the various monastic

orders using a parable of a majestic river, the film still reveals something important about users.

Users are able to innovate and adapt work with their special skills and knowledge. Jean-Jacques

Annaudmight not have been able to write as eloquently as Umberto Eco, but he did a superb job

at envisioning Eco's medieval monastery, its inhabitants, and its guests. Jean-Jacques Annaud is

a user of the novel. A different user than normal readers, but a user nonetheless. Annaud is a

branch that broke off the main stream and flowed into another stream, the cinema guests, who

indirectly became users of the novel.

Another branch user is Stefan Feld, a German board game designer, who designed a board

game freely based on Umberto Eco's novel. The games is aptly called The Name of the Rose, albeit

originally Der Name der Rose since Feld is German (and a user of the German translation of Il Nome

Della Rosa, by Burkhart Kroeber). The couple Paige Phillips and Javier Berzal, took Feld's game

and further improved it, creating a special two player variant called The Scholar and the Murderer,

incorporating more characters from Eco's novel (Eco, 1983; Phillips and Berzal, 2009). We have

users breaking from another user branch, i.e. users modifying other users' modifications.
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Board games in general is a really interesting area with multitudes of user branches. People

who play and collect board games often design their own and publish themon the Internet, pitch

them to a publisher, or produce and sell physical copies of their games, on their own. Original

developers support and even encourage improvements to their games. Uwe Rosenberg, another

German designer, designed and published a card game about beans called Bohnanza. In 2000

he founded a small board game publishing company called Lookout Games with Hanno Girke,

another user who had improved upon Bohnanza. The initial sole purpose of Lookout Games was

to publish Girke's improvement, High Bohn, in a small edition. Now Lookout games has grown

and is the publisher of more of Rosenberg and Girke's games such as Agricola, a game widely

regarded as one of the best board games in the world (Abrunhosa, 2008).

Umberto Eco's novel, its filmadaptation, and theworld of board games show that users aren't

only users, they are also creators. They modify, adapt, and improve the original work that they

regard highly. It is not an act of plagiarism (official publications of course acquire licensing

rights), it is a tribute, an act of admiration of the original work. These users are not only the

users of the original work, they are also users of their own knowledge to further advance the

original work's reputation. They are trying to make a good product even better, for themselves,

and for others. This is also one of the coremotivations of free software developers (Ghosh, 2005).

When it comes to developing software, higher user involvement in the process leads to a

higher chance of success. Ives and Olson (1984) call it "common wisdom". Keil and Carmen

(1995) showed that more direct links between customers and developers increase the odds that

a software project will be successful. However, higher user involvement in the development

process transfer not only to a higher likelihood of success, it also leads to an increase in user

satisfaction (Kujala, 2003).

The reasons may seem obvious, the user can better observe the growth of the product, and

intercept when something goes wrong. This is in fact the reason given by Cockburn and High-

smith (2001) for why user experts should be members on-board in the software development.

User experts give rapid feedback to the developers on any implications, thus preventing that a

misunderstanding accumulates as thework progresses. Cockburn andHighsmith are bothhighly

regardedproponents of agile software development, a recent twist on software development that

values customer collaboration over contract negotiation as stated in their agile manifesto (Beck
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et al., 2001).

Other development methods and processes, such as user participatory design, encourage

and recommend user involvement. The ISO 13407 standard on human-centred design processes

for interactive systems (ISO 13407, 1999) specifically recommends user involvement for better

understanding of the user and the task at hand. Participatory design, also known as cooperative

design, is a Scandinavian development method that puts special focus on user participation in

the development process (Kensing and Blomberg, 1998). The World Bank has even recognised

and incorporated user involvement in their development process, Community-driven development,

not used for developing software, but for helping underdeveloped nations progress and move

forward (Mansuri and Rao, 2004).

It is inevitable that the user must be involved, to a high degree, in the software development

process. The involved users can be regular users, the normal users of the software. However the

most valuable users are those whom Eric von Hippel calls lead users.

4.1 Lead Users

According to Eric von Hippel (1988) typical users are limited. Their creativity and ability to solve

problems is constrained by the previous real-world experience and they are unlikely to innovate,

i.e. generate a novel product that conflicts with products familiar to them. In another more

recent book by von Hippel (2005), Democratizing Innovation, he shows that a large number of users

are in fact more capable of innovating than manufacturers. In another research conducted by

von Hippel and Riggs (1994), they show that users are better at developing new products, and

manufacturers better at improving existing products. These users von Hippel talks about, are

not the typical user who is ingrained in existing products and not able to innovate outside of

its concepts. These users are what von Hippel and Glen Urban (1988) call lead users. This small

innovative subset of users are the different small branches of the river, flowing more efficiently

towards the sea than the main branch.

Von Hippel (1988) claims that lead users of a certain novel product, process or service, show

two characteristics, distinct from other user characteristics:
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0. Lead users face needs that will be general in a marketplace, but they face themmonths or

years before the bulk of that marketplace encounters them, and

1. lead users are positioned to benefit significantly by obtaining a solution to those needs.

(Von Hippel and Von Hippel, 1988)

These characteristics are what drive lead users to innovate, and their innovations are differ-

ent from those of themanufacturers. Lead users need futuristic innovations now,manufacturers

mostly innovate for the current market. This creates and interesting innovation problem, some-

thing that Clayton M. Christensen (1997) dubs The innovator's dilemma. The innovator's dilemma

is ironically caused by listening closely to ones users and managing ones company well. Doing

thorough marketing research and producing products, processes, and services according to the

customers' needs leads to innovation of sustaining technologies and cause themanufacturer to lose

its leading position (Christensen, 1997). As von Hippel (1988) pointed out, marketing research

is constrained by user experience. Marketing research shows the current wishes of the users,

and is unable to predict the future wishes until it is too late. Sustaining technology innovations

are thus improvements, incremental or radical, of existing products (improvements such as in-

creased capacity, speed, etc.), while disruptive technology innovations cause a shift of user focus

to a new, revolutionary product (transistors were disruptive in respect to vacuum tubes, mobile

telephony is disruptive in respect to wire-line telephony, etc.) (Christensen, 1997).

This is an interesting predicament that established manufacturers face. Keep your cus-

tomers happy by satisfying their needs, but create new products to shift their needs elsewhere.

In essence, compete against yourself. This difficult dilemma is what von Hippel (1988) tried to

solve with his knowledge and research on lead users. His lead user method is aimed towards

innovative manufacturers who want to stay ahead of the market. The method is based on the

knowledge that lead users are those who innovate and create disruptive technologies but man-

ufacturers only improve upon existing product with sustaining innovations. When innovating

new solutions von Hippel (1988) proposes a four step innovation process, nicely summarised by

Olson and Bakke (2001):

0. Identify key target areas and recruit key stake-holders to form a lead user study team.

1. Use experts to determine the trends that the users lead.
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2. Identify and find the most advanced users/customers in the field of interest.

3. Develop the new product ideas that result from interviewing the lead users (Olson and

Bakke, 2001).

Thebottom-line is thatmanufacturers need to incorporate users into the innovationprocess.

Identifying and incorporating lead users is more likely to givemanufacturers the edge needed to

stay ahead of the market, releasing disruptive technologies to lead the main branch into a new

and more efficient riverbed, supporting the new channel with sustaining improvements.

4.2 Development Methods

In the 1970s and the 1980s labour unions in Scandinavia, who had little experience with infor-

mation technology, and Scandinavian researchers set out to improve worker democracy in the

workplace. Their work resulted in what has become to be known as participatory design. The

general idea behind participatory design is that management often forces specific computer or

software solutions onto workers without fully understanding the consequences. That is work-

ers, most often low-level workers, are not fully valued by management because their skills and

knowledge is invisible. This invisible knowledge is called tacit knowledge and participatory de-

sign aims tomake it visible and practical. This is done by allowing theworkers, notmanagement,

to participate in the design and implementation of software systems (Spinuzzi, 2005).

There are many different methods that fall under participatory design, ethnographic meth-

ods, theatre for design, participatory ergonomics, mock-ups, translators, etc. (Muller et al.,

1993). Participatory design is therefore more of a methodology, a framework applied to projects

focused on worker democracy, that uses different methods to achieve its purpose. Spinuzzi

(2005) claims it is more of a research than a design process. It is an action research to build a

product workers are contempt in using. Spinuzzi identifies three stages common with all par-

ticipatory design projects:

0. Initial exploration of theworkusingmethods such as observations, interviewsor other ethno-

graphic techniques.
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1. Discovery processes with heavy interaction between users and developers, using methods

such as role-playing games, organisational toolkits, and story-boarding.

2. Prototyping using techniques such as mock-ups, and paper or cooperative prototyping

(Spinuzzi, 2005).

Spinuzzi has additionally identified three criteria which are crucial for internal integrity in

participatory design projects. These criteria are often difficult to meet, and it is easy to produce

something that looks like participatory design but fails all three of these criteria. Nonetheless,

these three following criteria must be applied in a rigorous manner to projects:

• Improvement of the quality of life for workers, achieved through:

– Reflexivity and agreement between developers and users.

– Co-determination of the project by developers and users.

• Collaborative development, achieved through:

– Involvement of users in the development process, not only to explain requirements

but to participate actively in the development.

– Mechanisms for consensus/agreement and representationof allworkers throughelected

or assigned representatives of the whole workforce.

– Common language games so that each side (developers and users) can understand the

other side.

– Common aims co-determined near the beginning of the project but modifiable at a

later stage.

• Iterative process, achieved through:

– Continual participation of users at multiple stages of the development.

– Revisiting stages repeatedly and cyclically to flesh out all of the tacit knowledge.

– Sustained reflection even of minor details at later stages (Spinuzzi, 2005).

By using participatory design, workers are more likely to get software that suits their work

needs, since developers are better equipped to discover the tacit knowledge, the invisible skills,
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of the actual users of the system. Participatory design has been described as a part of a big-

ger field, called user-centred design which focuses on user needs and interests by emphasising

usable and understandable products (Norman, 1988). Spinuzzi (2005) however emphasises a dif-

ference between the two. User-centred design supposes that development is done on behalf of

the user, while participatory design supposes work is done with the users.

Participatory design is not the only software development methodology that emphasises

user involvement. Agile software development, as stated earlier, calls for real user involvement.

One of the agile principles even states that users (business) and developers must work together

daily throughout the whole project (Beck et al., 2001). Shore and Warden (2007) describe, in

their book The Art of Agile Development, their rule of thumb as two customers for every three pro-

grammers. Customers are mainly responsible for planning releases, when to release and most

importantly what to release. Customers also act as living requirements definitions, explaining

to programmers, on-site, what is needed at any given time.

Shore and Warden (2007) claim that on-site customers need not be the real customers and

have additionally identified four different roles of on-site customers on agile development teams

(although they confine themselves to extreme programming teams): A product manager whose

job it is to maintain and promote the product vision, domain experts who clarifies domain rules

and provides other domain knowledge unknown to programmers, interaction designers who un-

derstand the users' needs and how they will interact with the product (atypical customers), and

business analystswho supports domain experts and helps them remember details theymight oth-

erwise forget (atypical customers).

Shore andWarden (2007) discuss customer involvement further in their book. Real customer

involvement depends largely on the type of the development project. They categorise software

development projects into five different development categories:

• Personal development, where the development team develops software for itself.

• In-house custom development, where the development team develops software for the or-

ganisation they work for to streamline processes and operations.

• Outsourced custom development, which closely resembles in-house custom development,

but involves a development team outside the organisation, thus lacking the connection

an in-house custom development team would have.
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• Vertical-market development, which is not a customdevelopment but a development of soft-

ware for many organisations in a specific industry, where each customer may require

customisations.

• Horizontal-market software, where the software being developed is general software used

cross-industry and sold in shrink-wraps at stores.

In personal development the real customer is the development team, thus there is no need

to identify an external customer to participate as a member of the development team. For in-

house custom development both executive sponsors, the managers who commission the develop-

ment, and real customers, the end-users of the product, should be members of the development

team. In outsourced custom development efforts should be made to set up a similar team such as

with in-house custom development but that cannot always be readily achieved. In such cases it

might be wise tomove the development team to the customer's offices and/or try to establish as

frequent meetings as possible. Shore and Warden advise developers of vertical and horizontal-

market software projects to listen closely to all customers. Following the needs of a specific

customer can lead to an alienation of other customers who have other needs and expectations

of the product. Shore and Warden mention the use of customer review boards, previous end-

users serving as domain experts, and trade shows as possible customer involvement techniques

for vertical-market development. For horizontal-market development Shore and Warden men-

tion focus groups, user experience testing, community previews, beta releases, as examples of

suitable customer involvement methods.

Shore andWarden conclude by stating that real customer involvement is helpful but not cru-

cial to the software project. They claim that real customer involvement increases the chances

of delivering a successful product but warn readers that real customer involvement does not

necessarily reflect the needs of all users. They further claim that end-users often try to im-

prove their existing way of working instead of innovating and should therefore only be involved

but not in control. This statement subtly hints at the belief that developers or other experts are

more competent at innovating than users. A belief that slightly contradicts Eric von Hippel's

research on lead users. Shore and Warden claim that when innovation is needed, special inno-

vative thinkers should be given a prominent position on the development team as interaction

designers or product managers. It should be noted that von Hippel's argument is based on thor-
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ough research while Shore and Warden's book is based on their personal experience managing

agile software projects. It is likely that Shore and Warden have not identified the lead users or

that the innovative thinkers they mention are in fact outsourced lead users or domain experts

(although Shore and Warden do not specifically mention it).

Open source software development, on the other hand, is all about user-as-developer soft-

ware development. As Eric S. Raymond (2001) famously called it: "Scratching a personal itch".

The user is a developer and the developer is a user, there is no distinction. In this respect, free

and open source software development contrasts Shore and Wardens claim that the user should

not be in control. Free and open source software allows the user to control what the software

will do. Every user can participate in developing the software, customising it to his or her needs.

These modifications are then released back to the software project where other users, who have

the same or similar needs, can use these modifications or further improve upon them. In this

aspect, open source software development is mostly personal development fused with both verti-

cal and horizontal development. However it also gives users the freedom to use the software for

in-house and outsourced custom development projects. Releasing the modifications back to

the community is advisable since it allows the user-developer to benefit from other improve-

ments instead of creating a daunting and burdensome task to maintain the special customised

offspring.

4.3 Discussion

One question remains for this chapter, and for clarification of this research: What is a user? The

question has been left unanswered so that a single definition would not stand in the way of

researching users and user participation in software development by narrowing the field. We

can see that users vary greatly, there are some that have specific needs while other only need to

follow others. User involvement in the development process varies as well, from requirements

explanation and feature prioritising to individual user development.

This variety makes it harder to give a good definition of what a user is. However, Jonathan

Grudin (1991) defines users and developers in such a way that it can be used for the purpose of

this research, and its scope includes, quite nicely, the user variety. According to Grudin users
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are the people directly engaged with the system, i.e. end-users, what Shore and Warden (2007) call

the real customers, and developers are active members of a development project. Grudin's definition

of developers is narrow, since it excludes people in management positions and support roles.

Those individuals are not the active members of the development project. This does not mean

that there is no management of the software project, just that managers are, like users, not the

active developers of the project. Grudin's definition does not go well with free and open source

software development, where users-are-developers and developers-are-users, but for clarity's

sake we will assume that users of free and open source software are only those who use the

software and contribute to the project on an irregular basis, while developers are those who

continuously contribute new features and fixes to the project, often called the core team.

Just like management is important for a smooth project operation, even though managers

arenot developers, user involvement is still a necessity for a softwareproject to be successful. Re-

search indicates it is a contributing factor to the project's success. There are of course different

types of users who require different types of software. Instead of stating that user involvement

is not crucial, like Shore and Warden (2007) do, the author believes that user involvement is ab-

solutely crucial. However, the project type does not indicate how the user should be involved.

It is the other way around, the project is defined by whom it is being developed for.

User organisations that require bespoke software solutions must identify their lead users.

If there are no strong lead users within the organisation, it would have to hire them from out-

side the organisation. However, a lack of lead users within the organisation does hint at the fact

that a bespoke solution might not be the appropriate solution. Customisation, i.e. an improve-

ment, of an existing productmight suffice for that particular organisation as there is no need for

groundbreaking lead user innovations. Then there are organisations that only need the software

others are already using but these organisation need neither innovative bespoke development

nor customisations.

In the end, to tailor to users, software houses need to define themselves based on the projects

they undertake andwho their customers are. If a software house, or for thatmatter an IT depart-

ment, is developing innovative software specially for the needs of one organisation that requires

extensive development efforts, they are developing bespoke software solutions for lead users.

Such a software house needs to manufacture for these lead users and leave the user in control.
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If not the user will just innovate around them. If the user's requirements largely fall within the

requirements of the general user public, the software house should be customising an existing

product rather than building a new one. Users with the same requirements as others, or a subset

of them, need general software which does not fall under the scope of this research (but general

software is simply put the software developed for lead users months or years earlier).

If one looks at theultimate case of user involvement, whereusers-are-developers anddevelopers-

are-users, free and open source software development, it becomes clear that direct user involve-

ment is the harnessing of the freedoms of free software. We must transfer direct user involve-

ment into the development process, i.e. for bespoke software development to be successful we

must hand the control to the user. We now have an answer to the clarified research question,

which we drew forth in the discussion section of the chapter on Hackers1: How can free and open

access to software information benefit bespoke software development?

Free and open access to software information enables the user to control col-

laboration between developers to fulfil the user's needs.

The answer is simple, but a practical implementation is not. The following chapters outline

one idea of a practical implementation of this hypothesis, a proof-of-concept. What remains then

is running code.

1See chapter 2
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User-Driven Development

5.0 Hypothesis

The ethnographic analysis of the three stake-holder groups, hackers, developers, and users, in

the previous part of this dissertation lead to an answer to the research question of this Ph.D.

dissertation in the form of the following hypothesis:

Free and open access to software information enables the user to control col-

laboration between developers to fulfil the user's needs.

This hypothesis is rather idealistic and devoid of any ideas on how to construct such a prac-

tical solution. As none of the other bespoke development approaches discussed in the previous

chapters go to the length of putting the user in control, this hypothesis calls for a newmethodol-

ogy. A methodology that is designed around the core idea to open up development information

and put the user in control of it. We must however ask ourselves whether, and how, it is feasible.

The analysis of the three stake-holder groups is valuable to the construction of this method-

ology. Users are quite obviously the main stake-holder group of the methodology, but their rela-

tion to the developers must still play a central role to the methodology. The analysis of hackers

is not needed at the moment. The hacker culture is the key to how it is best suitable to open up

access to software information, i.e. for the practical solution. Before we start looking at prac-

tical solutions we need to clarify the concept and define the foundations of the methodology.
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We therefore begin by focusing on users, developers, and the relationship between these two

groups.

Grudin's definition of developers from the last chapter is beneficial to our problem. Develop-

ers according to Grudin are the active members of the development project, not the users, and

oddly enough not the managers. This definition leads us to think about the role of managers

within the software project.

5.1 Project Management

A software project manager, the responsible person for successfully constructing the software

product, faces a different andmoredifficult project thanmanagers of other constructionprojects,

according to Sommerville (2007). Constructing software is different in three aspects:

• The end product is intangible. Software cannot be touchedwhile it is being constructed. The

project's progress cannot be seen, only reported and documented.

• There are no standard software processes. Development problems are in most cases not fore-

seeable. This stemsmostly from the relative youth of software development as a discipline

but also from the fact that software projects tend to vary tremendously across organisa-

tions and applications.

• Large software projects are often 'one-off' projects. Large software projects differ in scope and

technological backgrounds. It is hard to anticipate problems or apply knowledge gained

in previous projects to new projects (Sommerville, 2007).

These distinctions are perhaps distinct from other construction or engineering disciplines,

but many projects in other disciplines face these same issues. Project Follow Through, a large

study to find good education models, studied 79'000 children in 180 communities, ran for 20

years, and cost $600 million (Ayres, 2008). It is obvious that the end product is intangible. Edu-

cationmodels are intangible and the best one is determined byman-mademeasurements. There

are no standard processes formeasuring educationmodels, especially since students vary across

the educational system. It is also quite obvious that a project as large as Project Follow Through,

is mostly a 'one-off' project. It costs too much time, effort, and money to conduct studies as
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grandiose as that project. Knowledge of project management of projects facing the same char-

acteristics as software projects exists. Projectmanagement is not only restricted to construction

or engineering projects. Project management is a multi-disciplinary field.

The Project Management Institute's Project Management Body of Knowledge (abbreviated PM-

BOK) (1996) defines project management as:

"[T]he application of knowledge, skills, tools, and techniques to project activities

in order to meet stake-holder's needs and expectations from a project." (Duncan,

1996)

Rory Burke (2003) summarises this definition of projectmanagement into the simple phrase:

"[M]ake the project happen." It is the projectmanager's responsibility to see to it that the project

successfully follows through and satisfies all stake-holders' needs. According to Briner et al.

(1999) the project manager must look in six different directions while managing the project:

• Upwards. The project manager must serve the mentor, the person who takes the initiative

and launches the project.

• Downwards. The project managers must take responsibility for the project group's perfor-

mance, both individual and collective performances.

• Forwards. The project manager must move forwards by making realistic plans, installing

monitoring systems, and securing resources for the project.

• Backwards. The project manager must also learn from previous mistakes and apply the

knowledge to future projects.

• Outwards. The project manager must manage all stake-holders, i.e. clients and customers,

subcontractors, and suppliers.

• Inwards. The project manager must also not not forget himself/herself and his/her per-

formance (Briner et al., 1999).

Briner et al. (1999) additionally identifies the threedimensions of projectmanagement: Man-

agement of stake-holders, the project life-cycle, and the project performance. Cadle and Yeates

(2008) claim the project manager's role in software development projects is to:
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• Achieve theproject's objectiveswithin the time, cost, andquality/performance constraints

imposed.

• Make or force timely decisions to assure the project's success.

• Plan, monitor, and control the project through completion.

• Select, build and motivate the project team.

• Keep the sponsor and senior management informed of progress and alert them to prob-

lems.

• Recommend termination of the project to the sponsor, if necessary.

• Serve as the principal contact between the sponsor, management, and contributors.

• Select and manage subcontractors (Cadle and Yeates, 2008).

There are numerous things the project manager is responsible for, but the primary goal is to

achieve the project's objectives. To achieve this it is relatively straightforward that the project

manager must be visible in all areas of the project and motivate all developers to maximise the

project group's performance. Furthermore to serve the project's needs and all stake-holders the

project manager must make correct and justified decisions to avoid as much tension as possible,

and resolve conflicts should they arise. The project manager is therefore made responsible for

(1) achieving the project's goals, (2) motivating developers, (3) being available in all areas of the

development, (4)making correct and justified decisions, (5) resolving conflicts, and (6)managing

stake-holders.

5.2 Project Organisation

Cadle and Yeates (2008) describe a generic project organisation and the principal roles within

an information systems project, in a chart similar to figure 5.0. They emphasise that it is just a

typical example andmany structures vary from this generic one. Inmany cases the project roles

are combined, especially if the project is small.

As can be seen in figure 5.0 there is a clear organisational boundary between the user side

(containing the users and the sponsors) and the developer side (containing project manager
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Figure 5.0: Roles in a software development project (based on figure in Cadle andYeates

(2008).
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and specific developer roles). The two sides communicate through two kinds of interfaces: The

management interface, that exists between the project sponsor (on the user side) and the project

manager (on the developer side), and the user interface that exists between the users (on the user

side) and the specialised developers (on the developer side). The user side does not communicate

with the risk manager, the quality manager, the database administrator, nor the configuration

librarian. These roles serve the project manager directly. The users instead communicate with

the chief analyst, the chief designer, the team leader, and the project office, as well as the dif-

ferent team members who serve these senior developers. Cadle and Yeates (2008) describe the

project roles of the senior developers and their responsibility in more detail:

• Users are those who are directly affected by the project outcome. Their responsibility is

therefore to define the requirements, review the specifications, introduce the system into

the organisation, and conduct or witness acceptance tests.

• Chief analysts are individuals experienced with the type of business being analysed, and

control the analysis of both business and system aspects of the software system being de-

veloped. Chief analysts work closely with the quality manager to ensure that appropriate

standards are being followed.

• Chief designershave extensive knowledge of the technology being used and use that knowl-

edge to provide advice and guidance to the project team. The chief designers also lead

the development and design of project-specific standards, when such standards are nec-

essary.

• Team leaders are typically in charge of a small group of developers, e.g. programmers.

Their responsibility is to oversee and plan day-to-day work and review or organise re-

views of the team's work products. There can be many team leaders within projects, de-

pending on the size.

• Project offices provide administrative support to the project manager by collecting and

recording time-sheets, and organisingmeetings. Project offices usually support a number

of projects within the organisation.

• Risk managers step in on large projects when risk management becomes to large a part of

the project manager's work. Their responsibility is to control the process of identifying,



5.2. PROJECT ORGANISATION 71

classifying, and quantifying risk issues aswell as to oversee risk reduction actions by other

members of the project group.

• Quality managers write quality plans, develop the quality control procedures, ensure that

these procedures and all standards are being followed, and advice project members on

quality-related issues. Quality managers are therefore responsible for ensuring the over-

all quality of the project.

• Database administrators are responsible for maintaining the database and the data dictio-

nary. The database administrators develop and enforce database standards such as nam-

ing conventions and data organisation. They work closely with designers and program-

ming teams on the design and use of the database, respectively.

• Configuration librarians assume responsibility for operating configuration control processes.

This role can often be a full-time role, especially on larger projects (Cadle and Yeates,

2008).

Although Cadle and Yeates' (2008) list is sufficient it is worth mentioning changes, enabled

by modern technology, to two roles: the project office, and the configuration librarian. It is easy

to envision software replacing most of the responsibility of these two roles. Meetings can be

booked through software and time-sheets can be collected automatically. Other responsibilities

of the project office can be delegated to project members such as the project manager or team

managers. Sophisticated development software such as version control andmonitoring systems

allow easy creation ofmultiple project instances, reducing the role of the configuration librarian

to a system administrator, working as amember of the organisation rather than amember of the

project. Risk management also does not require a specific risk manager. As Burke (2003) points

out, the responsibility of risk management is usually delegated through the organisational hier-

archy, with the project manager responsible for the project's risks and the functional managers,

the team leaders, responsible for their departments, or teams, risks.

Kivisto (1999) explains, in a paper on the different roles of a software development project,

how a project organisation consisting of two small developer teams could look like, in a figure

similar to figure 5.1. There can be many teams within one project and Kivisto's model assumes

each team is run by a team leader, which is consistent with Cadle and Yeates' (2008) statements.
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Figure 5.1: Project manager controlling two teams (based on figure in Kivisto (1999))

These two distinct teams are however working on the same project and managed by the same

project manager, who acts as a common link between the two teams.

Kivisto's (1999)model can easily scale up tomore teams if necessary, but it is foreseeable that

themore independent teams a project consists of, the larger the load resting on the shoulders of

the project manager. Additionally Kivisto, just as Cadle and Yeates (2008), also notes that some

individuals take on several roles but also that some roles are served by more than one person.

As can be seen in figure 5.1, a project team consists of six developer roles: The team leader,

a user or an expert, the quality assurancer or tester, an application developer, a business object

developer, and a database developer. The roles stem from the three tier client/server system

architecture shown in figure 5.2.

Kivisto (1999) claims that this architecture should be present in the process model designed

for client/server application development. Given the increasing impact of the Internet on daily

computer usage the client/server architecture has the possibility to become the dominant ar-

chitecture, or at least a worthy consideration, in all software development projects. Kivisto



5.2. PROJECT ORGANISATION 73

Figure 5.2: Three tier architecture (based on figure in Kivisto (1999))

states that a client/server architecture can be seen as the construction of three sub-architectures

shown in figure 5.2: a technological architecture, where run-time environments, development

tools and security aspects are explained, an application architecture, i.e. the distribution of logic

and use of reusable components, and finally a data architecture, which constitutes data distribu-

tion, data replication, and access strategies. The software application itself is divided into three

parts:

• Data management is essentially the implementation of the data architecture. It revolves

around the structure and storage of the software's data, i.e. the distribution, replication

and access of the data.

• Business logic constitutes about half of the application architecture. It handles the execu-

tion of the software, i.e. the algorithmic process of solving the software's task.

• Presentation constitutes the other half of the application architecture. Presentation is the

user interface representing the input, controls and the results of software execution.

We now have a good picture of how a generic organisation surrounding a software develop-

ment project should be structured, albeit a generic organisational structure, based on a common

software structure. This is interesting to software engineering due to Conway's law:

"A system reflects the organisational structure that built it" (Endres and Rom-

bach, 2003).
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Conway's law shows that system development is more a communication problem than a

technical problem. One must think about barriers of communication and enablers of it rather

than specific tools to enhance the performance of individuals. Wehave defined an organisational

structure that will be reflected in the software it builds. We have also laid out the roles of all

project members and their responsibilities.

5.3 Concept

We now have what is needed to describe the concept, the rationale, behind the pragmatic im-

plementation of the hypothesis. The hypothesis is as stated previously in the chapter:

Free and open access to software information enables the user to control col-

laboration between developers to fulfil the user's needs.

The concept of the pragmatic implementation is quite simply put to:

make the user the manager of the software development process.

Before continuing it is necessary to make it clear that the hypothesis assumes many devel-

opers, and as we saw when we analysed hackers these need not come from the same company.

The hypothesis does not take into account nor have we examined whether this works for devel-

opers within a single software company. We assume it does not since it might be hindering to

have a project manager who is an outsider, a manager who does not know the internal workings

of the development company. For such scenarios it is probably better to appoint managers from

within the software development company.

The hypothesis assumes that more than one software companies participate and that the

user is able to control the collaboration between all developers. The participating companies

could for example be specialised experts in the different areas of software development, based

on Kivisto's (1999) three tier architecture illustrated in figure 5.2.

This scenario would mean that a software development project would consist of specialised

expert companies, which we will refer to as experts for brevity. The project would at least in-

clude a user interface expert, business logic expert, and data management expert. In some cases

the software project might demand other expertise, like for instance a security expert, and as
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a matter of good practice the software project should also have independent quality assurance

experts to ensure the quality of the software product is sufficient.

Althoughwe have seen that software projectmanagers do not face any vastly different prob-

lems than some other projectmanagers it would be dangerous to assume that no technical skill is

needed. The project should therefore also contain technical consultants, i.e. business analysts, to

aid the project manager. As stated previously quality would be upheld by an independent audi-

tor, the quality assurance expert, but it would also be suspect to some sort of an inter-developer

review, where business logic experts are responsible for reviewing the work of the data manage-

ment experts and vice versa. Bad design or implementation of one company should not affect the

work of another but it is the responsibility of the affected developer to flag the other developer

company's sub-quality work product.

Managing theprogress of the software projectwould beperformedby aprojectmanagerwho

comes from the user side. This projectmanager should optimally be someonewho is educated to

be a project manager or has experience as such. Experience with software project management

is beneficial but not necessary. Since the project manager comes from the user side, he/she

would then be very familiar with what is needed of the software and what the user culture is

like. This would give the project manager an ability to call in specific users as needed, and make

decisions beneficial to the end user of the product. The project manager would also be closer to

the project sponsor since they are both members of the same organisation. This organisational

hierarchy is illustrated in figure 5.3 using the same icons for the different roles as in figure 5.0,

to ease comparison between the two organisational hierarchies.

Risk manager, as a specific position, is not required in the new hierarchy. As was described

earlier, risk management is the responsibility of the project manager but can be delegated to

department managers or team leaders.

Project office also does not have to be regarded as a project member per se. The project

office's record collection can be automated with software. Specific tasks can be solved by the

project manager or other staff members of each organisation, such as secretaries.

Source code repositories, version control, project management software, and other config-

urations the configuration librarian is responsible for are relatively easy to install and maintain.

Such solutions are used bymany open source software projects where each project gets a specific
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Figure 5.3: Project roles in a pragmatic implementation of the hypothesis
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instance on a version control system server. This shifts the responsibility from a special config-

uration librarian to an organisational system administrator. Therefore configuration librarian

as a position is not necessary.

However, it is quite obvious that some technical expertise is needed. Users are not aware

of what is technically feasible. Users do not necessarily know that version control software is

needed to manage source code development. Users hardly know that software built using a

client/server architecture can be split into presentation, business logic, and database manage-

ment. If the user is not aware of technical barriers andpossibilities, the usermust hire a technical

consultant to make technological decisions. The technical consultant's responsibility would be

similar to the chief analysts and chief designers, some sort of a chief analyst with a designer

perspective. The technical consultant would have to be an independent consultant capable of,

in collaboration with the quality assurancer, analysing competing solutions based on features,

quality, and implementation, to recommend the optimal solution to the user. It is possible that

the technical consultant and the quality assurancer are one and the same company, given that

the quality assurancer is capable of performing technical analysis.

The concept, to make the user the project manager of the software development project, calls for

a definition of this new development methodology. There are project development methods

that follow this concept, most notable is open source software development, where users are

defined as developers and the project is run by a lead user. This dissertation thus proposes a new

methodology, called User-Driven Development, which describes a new way to approach software

development, i.e. make the user the project leader. The definition of User-Driven Development is

based on the responsibilities of project managers:

Definition. User-Driven Development is an organisational methodology, for software development and

software customisation, where the user ismade responsible for (1) achieving the project's goals, (2)motivat-

ing developers, (3) being available in all areas of the development, (4)making correct and justified decisions,

(5) resolving conflicts, and (6) managing stake-holders.



78 CHAPTER 5. USER-DRIVEN DEVELOPMENT

5.4 Discussion

In this chapter we have defined a new software development methodology, User-Driven Develop-

ment. The methodology is based on the hypothesis that free and open access to software information

enables the user to control collaboration between developers to fulfil the user's needs, which we have

worked out from the study of the different cultures: Hackers, developers, and users. The hy-

pothesis led us to examine more thoroughly the responsibilities of users and developers, as well

as project managers.

This analysis paved the way for the concept behind the pragmatic implementation of the

hypothesis, that the user should bemade a projectmanager of the software development project.

Developers should be specialists who solve specific aspects of the development. It is unwise

to make just any user a project manager. The project manager should be a user, specifically

educated or trained as a projectmanager. For domain specific technical problems the user should

hire a technical consultant agency.

After the analysis we defined this new software development methodology, User-Driven De-

velopment. This methodology can incorporate, like other methodologies, different software de-

velopment methods. Open source software development would for example fall under User-

Driven Development. We can now see that the open source software development method is

likely to work for bespoke software development. The user can act as the project manager but

does not have to be a programmer since the key role for the user is project management, not

development.

But of what use is a methodology if it contains only one method, the open source software

development method? Is it possible to create another development method which falls under

User-Driven Development, a method more focused on bespoke software development? To an-

swer this question wemust first consider an underlying factor in software development not pre-

viously discussed in this dissertation: Information flow. As it turns out the flow of information

seems to be different depending on which methodology is used. The information flow in the

two conventional methodologies, agile software development and classic software development

seems to differ, and the information in User-Driven Development seems to flow differently than

in the two conventional methodologies. Therefore we turn next to a comparison between in-



5.4. DISCUSSION 79

formation flow in classic software development, agile software development and User-Driven

Development.

Thereafter we are ready to create and describe a new User-Driven Development model for

bespoke software development, different from the open source software development model. A

developmentmodel that puts the user in the projectmanager seat and incorporates the different

information flow of User-Driven Development projects.
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Information Flow

6.0 Information Flow

Since people create software, and people must communicate if they collaborate in order for the

project to succeed as Brooks (1995) claimed, it is apparent that information flow is essential to

development of software. Information flow is especially important when a large number of indi-

vidual developers or teamsmust cooperate because coordination and communication give rise to

numerous problems in a large software project that involves many developers. This becomes an

even bigger problem when the large software project is distributed and the developers perhaps

never communicate face to face (Lindvall and Rus, 2000). The underlying flow of information

between the developers and users must therefore be thoroughly considered when taking on a

large software project.

It is very likely that an improvement in the flowof information causes an improvement in de-

velopment of the project since more information, especially more current information, is made

available to the developers which improves the efficiency. Inefficient information flow can be

costly to software development companies and is one of the reasons information radiators, de-

vices visible to all that radiate information about the progress of the project, are necessary (Cock-

burn, 2006). Wemust therefore understand how information flows in User-Driven Development

to be able to create a developmentmodel based on the flowof information. A developmentmodel

that goes against the information flow will lead to inefficient implementations.
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When researching the Python programming language, Sack et al. (2006) defined three infor-

mation spaces: Discussion space, implementation space, and documentation space. This clever

approach explains in a more informative way how collaboration and communication is handled

in large software projects where most of the contributing developers seldom meet in person.

These information spaces are beneficial to us in order to describe how information flows in soft-

ware projects. However, to avoid confusionwith the project's owndocumentation and documen-

tation processes the documentation space is referred to as archive space. The following subsec-

tions define and discuss the three different spaces: Discussion space, implementation space, and

archive space, respectively.

6.0.0 Discussion Space

Definition. Discussion space defines the tools and techniques used to nurture human to human interac-

tions.

Information in the discussion space can be split into two categories: Synchronous, and asyn-

chronous communications.

Synchronous communications is a fast paced interchange of thoughts and opinions, which

takes place simultaneously. For example, if a participant in a synchronous discussion asks a

question, an answer is usually delivered instantly or shortly thereafter. Examples of synchronous

communications are oral communications like telephone or face to face discussions. For non-

oral communications, instant messaging or Internet relay chats (IRC) are also considered to be

synchronous communication, even though a response is not guaranteed.

Asynchronous communications do not require participants of the discussion to be present

simultaneously. This evidently makes it harder to anticipate any responses, which can become

frustrating in the long run. Examples of asynchronous communications are electronic mail, web

forums or handwritten messages. Asynchronous communication is essential for globally dis-

tributed projects, where participants in different time zones must communicate effectively.
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6.0.1 Implementation Space

Definition. Implementation space defines the tools and techniques that present themost recent and com-

monly accepted foundation for continued development.

Implementation space, like discussion space, has two categories: Essential and additional

implementation.

Essential implementation is the technical foundation which each developer modifies so that

the software project can progress. The most important factor of a software project is, without a

doubt, the source code. The source code of the implementation space, is the most recent mod-

ifiable code. In Sack et al.'s definition (2006), source repositories were considered to be a part

of the implementation space. There exist two types of version control system: distributed and

centralised version control.

With distributed version control, different developers keep their own repositories that track

changes they do to their code. When ready the developers can submit the newest version of

their code to any other repository. In essence each developer has a special version of the code,

which can be combined with any other version of the code. Usually there is a repository on a

central server that serves as the official repository but it is easy for developers to drift into new

directions and not follow the direction of the official project. Distributed version control is also

easier for projects with a lot of different, larger modules or parts. Developers working on one

specific part of the software can submit to a repository for that specific part which can when

ready be submitted into the overall project. Hierarchical structure of the development is easier

to achieve.

Developers of software projects that use centralised version control only keep an instance

of the software code on their computers and make modifications to that version and submit the

modifications to a central server when ready. All changes are then only tracked on a central

server where all developers submit their modifications.

Therefore, the implementation space is slightly different, depending on the version control

system being used. With distributed version control, the implementation is distributed and scat-

tered between developers. With centralised version control, the implementation is at a single

location, on the central server, but developers all have a living instance of it. The archiving, part
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of the archive space discussed later, is also different since older versions of code in distributed

version control systems is kept in many repositories and many of the personal developer ver-

sions never see the public archives. Centralised version control archives all older versions in a

place accessible to all developers.

Documentation is another essential informationwhich is constantly beingmodified. Aswith

the source code, only the latest version of a document belongs to the implementation space but

the nature of documentation is different from the nature of code andmight call for another kind

of version control, i.e. source code might use distributed while documentation uses centralised

version control.

Additional implementation is the technical foundation which each developer can modify

but does not necessarily help the project progress, instead it adds more value to the software.

This implementation may be useful for certain groups, e.g. localisation, which can be a prior-

ity for small nations (Dagiene and Laucius, 2004). Other additional implementation are Wikis

which allow quick modifications to documentation, UML software models, formal methods for

verification, etc.

6.0.2 Archive Space

Definition. Archive space defines the tools and techniques for recording decisions, opinions, and public

knowledge.

Similar to the other two information spaces, archive space consists of two categories: Offi-

cial, and unofficial archives.

Official archives aremanaged and stored on the project's servers or prepared by the project's

core developers to serve the project. It is not necessary for the project's servers to be operated

by the project's developers. Servers operated by other entities can as well be regarded as the

project's servers. Officially managed material can be stored, as stated above, in a centralised

revision control system, but it can also be handled by issue trackers, posted on websites, docu-

mented in manuals, etc.
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Unofficial archives is any old information not directly associated with the software project's

development. Example of a software project's unofficial material is publicly available reviews,

security reports, user created manuals, and so forth.

Publication companies oftenpublicise books or similarmaterial on a certain softwareproject.

These can be created or sponsored by the project's developers or owners. In that case, the spe-

cific publication is regarded as official material. However, sometimes the material can prepared

by other than those connected with the software development, i.e. a part of a larger book, and

that particular publication should be considered as an unofficial publication.

6.1 Information Flow Model

The three information spaces: Discussion space, implementation space, and archive space, can

be used to visualise the flow of information in software projects. Information flows between

these three spaces and it becomes relatively straightforward to map what information flows be-

tween them, especially if one constrains oneself with special development activities. For exam-

ple, when specifying the requirements, the development teamneeds to archive the requirements

specification. Are the requirements specifications nothing but audio recordings of meetings, are

they written specifications, or are they prototypes?

Each information space comes with its own sets of techniques and tools. These tools foster

efficient flow of information between the spaces. The tools can be the same in many develop-

ment activities, e.g. documentmanagement systems can be used for requirements specifications

as well as system designs. These tools must be listed to provide a good overview of which tools

are needed for the development process. However, the sheer amount of different tools and tech-

niques available also cause some problems. When describing a generic implementation of a spe-

cific developmentmethodology one should avoid to list specific tools. It is therefore necessary to

list the most common types of tools which can benefit an implementation of the methodology,

and list them in generic terms, e.g. Mailing list instead of GNU Mailman. This is necessary since

different projects might call for different tools. One project might, for example, be about web

development which calls for different deployment tools than projects to createmany specialised

scripts.
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Figure 6.0: Information flow model

We can now try to create a model to visualise the information flow and the corresponding

tools that improve the flow efficiency. Figure 6.0 shows an information flow model which rep-

resents the three information spaces, the information flowing between them and the tools that

belong to each information space. The information spaces are visualised as circles in the figure.

Attached to each information space is a rectangle which lists common tools used in relation to

that specific space. The arrows which connect two spaces together represent the main infor-

mation flow between those spaces. To further distinguish information flowing from and to a

specific space, flow to a certain space is represented closer to the specific space's circle.

It is quite possible that the model will not be able to house all of the information flowing

between the spaces, and all of the tools which can be used. It is adequate to list only the most

common information flowing, in generic terms, and the most common tools used within each
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information space, also in generic terms. Developers and software houses could use the same

model to further list specific information and specific tools used for development projectswithin

the company. For our comparison, however, we use generic terms, as stated above.

6.2 Comparison

To further understand how information flow in User-Driven Development differs from other

development methodologies, we will use the information flow model presented in figure 6.0 to

distinguish between the flow of information in classic software development (i.e. amethod based

on Royce's (1970) model), agile software development, and User-Driven Development. For each

of these three development approaches we create four models. One for how requirements are

specified, one for the software design, one for the coding of the software, and one for how in-

formation flows when testing the software. Even though maintenance of the software does not

have to follow the same process it is reasonably safe to assume that it either is an iteration of

the four phases, i.e. requirements specification, design, coding, testing, or that the information

flows in a similar way.

Splitting up the information flow into four models, one for each development phase, al-

lows us to better compare the differences of User-Driven Development to common development

methodologies. The resulting figures can be compared side by side on a development activity

basis. Each figure is explained in detail in the text.

6.2.0 Iterative and Incremental Development

To represent classic software development we will use iterative and incremental development.

This could very well have been Boehm's spiral model or Royce's waterfall model since these are

all based on similar information component ideas. We will go through four of the development

activities and assume that the developers follow the recommendations, tasks, and responsibili-

ties of the methodology closely.

According to Pressman and Ince (1982) iterative and incremental development combines

the activities of the Waterfall model (the linear sequential model) with the philosophy of proto-

typing. In essence, the iterative and incremental model consists of numerous linear sequences,
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with the same activities, but combined the product gets developed with a few functionalities per

delivery, i.e. after each linear sequence of development activities.

Requirements

Figure 6.1: Information flow in the Requirements Phase of Iterative and Incremental

Development

In the section about the linear sequential model Pressman and Ince (1982) describe the soft-

ware requirement analysis and claim that the requirements for the system and the software are

documented and then reviewed with the customer. We can therefore assume that the require-

ments are written, i.e. implemented. Thereafter they are archived through a document man-

agement system. Finally the customers and developers meet and discuss the requirements and
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the review is passed to the implementation space for modification to the requirements (meeting

reports might also be archived for documentation purposes).

When redefining the requirements in later iterations and incrementswe can assume that the

the old requirements specifications are used as a basis for the newer ones, so they are both used

in the implementation phase and discussed at meetings, in the discussion space. The resulting

figure for the information flow when defining the requirements in iterative and incremental

development is illustrated in figure 6.1.

Design

Figure 6.2: Information flow in the Design Phase of Iterative and Incremental Develop-

ment
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In the description of the design process of the linear sequential model Pressman and Ince

(1982) state that the design translates the requirements specifications into the system's repre-

sentation. The design is, just as the requirements are, well documented. Although Pressman

and Ince do not mention that the design must be reviewed, Galin (2004) includes the design doc-

uments in his list on formal design reviews. We can therefore safely assume that the design

activity follows the requirements phase information flow closely.

The only difference between the two concerns the tools in the implementation space, and

that in addition to the design documents, the requirements documents flow from the archive

space to the other two spaces for comparison and implementation of the requirements. We can

also assume that for the design implementation the developers use older, reusable components

in the design, which can be found in the archive space. Figure 6.2 depicts the resulting informa-

tion flow of the design process.

Coding

The actual implementation of the software is described by Pressman and Ince (1982) as code gen-

eration. The claim that given a detailed enough design the code generation can be completed

mechanically. Although this is a dangerous estimate we can assume that some of the code is

automatically generated but most of it is manually implemented. Nonetheless, the design doc-

uments from the previous phase flow from the archive to the implementation space.

Similarly to the design process description, Pressman and Ince (1982) does notmention code

reviews. Galin (2004)mentions code inspection and codewalk-throughs as a part of peer reviews.

Humphrey (1995) mentions that code reviews are more efficient than testing, and these benefits

of code inspections, or as they are also referred to, Fagan inspections, are summarised in Fagan's

law: "Inspections significantly increase productivity, quality, and project stability" (Endres and

Rombach, 2003). We can therefore include code reviews in our information flow model of the

code generation, shown in figure 6.3.

Testing

Testing commences once the code has been written or generated. According to Pressman and

Ince (1982) the goal is to ensure that a given inputwill produce a desired output that corresponds
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Figure 6.3: Information flow in the Coding Phase of Iterative and Incremental Develop-

ment
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Figure 6.4: Information flow in the Testing Phase of Iterative and Incremental Devel-

opment
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to the required results. So given the code and the requirements specification the tests will pro-

duce a list of errors, also known as bugs. These bugs are reported, they might be discussed at

meetings, and they are in later iterations fixed in a coding phase.

Galin (2004) covers testing and test documents in great detail. Galin recommends a creation

of a software test plan, software test descriptions, and software test reports, e.g. bug reports.

These documents, most notably the software test plan and the software test descriptions should

be reviewed in test plan reviews and test procedure reviews. For simplicity we call these doc-

uments "Tests" in the information flow surrounding the testing of the implemented code, de-

picted in figure 6.4.

6.2.1 Agile Development

The agile family consists of many different development approaches and methods that follow

guidelines put forward in the Agile Manifesto (Beck et al., 2001). Generalising information flow

for agile software development is for this reason difficult. One can however assume that similar

information flows in each of these development methods. For our purposes we will try to map

out the information flow using the Agile Manifesto and where more details are needed, we rely

mostly on Schwaber's Scrum model (Schwaber and Beedle, 2001) with mentions of similarities

in other agile methods.

Rising et al. (2000) claim that the Scrumdevelopmentmodel does not includemany elements

that are new to the field of software development. They claim that the Scrummodel is basically

nothing more than incremental development, a sped up version of Barry Boehm's spiral model.

In addition the Scrum model is time-boxed, i.e. the overall development time schedule is split

into many shorter, semi-independent development time periods called sprints. Sprint also in-

troduces 15 minute daily meetings used mainly for progress reports, called daily scrums. At

these daily scrums each developer answers three questions:

0. What have you done since the last daily scrum?

1. What will you do between this daily scrum and the next one?

2. What obstacles got in your way of working? (Schwaber and Beedle, 2001)
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Requirements

Figure 6.5: Information flow in the Requirements Phase of Agile Development

With agile development the requirements specification is not a specific phase, butmore of an

ongoing activity. The first principle of agile software development states that "Welcome chang-

ing requirements, even late in development" (Beck et al., 2001). Schwaber and Beedle (2001)

claim that requirements never stop changing and that it makes little sense to pretend it is possi-

ble to identify them all before starting the development. This is nothing new, and this is one of

the reasons that the incremental and iterative developmentmodel, and even thewaterfall model

(as Royce (1970) originally envisioned and described it) recommend that the development pro-

cess should be repeated.

Agile software development differs mostly in how requirements changes are dealt with. In-

stead of slotting a specific time in the development process for requirements specifications, new
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feature requests can be added any time. Scrum solves this with a product backlog, a prioritised

list of features to be implemented, populated by the product owner. In the beginning the backlog

is populated from a vision or marketing document or from a brainstorming session.

Extreme programming, lean software development, and other agile development models

also manage a feature list similar to Scrum. Extreme programming and lean software develop-

ment specificallymention user stories, a newway to populate such as list (Beck andAndres, 2004;

Poppendieck and Poppendieck, 2003). User stories, written on story cards can be used to easily

identify the requirements, instead of following strict requirements specification templates. User

stories can of course also be used to populate the product backlog. Figure 6.5 shows the infor-

mation flow for the process or activity of specifying requirements in an agile way.

Design

Two of the twelve principles of agile software development concern design. The first one, the

eighth principle, claims that "[c]ontinuous attention to technical excellence and good design

enhances agility." The latter one, the tenth principle, states that "[t]he best architectures, re-

quirements, and designs emerge from self-organising teams." Cockburn (2006) explains the ideas

behind these principles as a good, well-encapsulated design allows for greater flexibility because

the architecture is constantly adjusting itself over time. That is, the design is emergent andmust

therefore be flexible and constantly reviewed.

Scrum does not specifically mention the design activity but it is included in the sprint. Ex-

treme programming works towards a simple design, if it is not needed it should not be included

(Abrahamsson et al., 2002). Cockburn (2006) quotes a paper by Ehn (1993) published in a book on

Participatory Design, where Ehn argues that for the design process design tools, such as mod-

els, prototypes, mockups, and descriptions, serve as reminders for developers. Cockburn agrees

with Ehn's view in his generalisation of agile software development.

From this we can conclude that the design emerges as developers implement more features,

i.e. in the implementation space. There are no specific design meetings or planned discussions.

The designs, which are either code or prototypes (which include mockups, descriptions, etc.),

will be mostly based on the requirements but also on previous code, especially when a redesign
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Figure 6.6: Information flow in the Design Phase of Agile Development
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of the whole software is needed. The information flow surrounding the design activity based on

these observations is illustrated in figure 6.6.

Additionally we now incorporate the daily meetings into the information flowmodel. These

meetings take place in the discussion space and progress reports, i.e. the answer to the three

questions, flow from the implementation space. Reviews or feedback of the previous and future

work flows back into the implementation space. Prototypes and user stories might flow to the

discussion space, but given the shortness of the daily meetings that flow might also not exists.

Refinement of designs are left to iterations of the requirements, coding, and testing phase as

well as parts of the review flowing from the discussion space.

Coding

Figure 6.7: Information flow in the Coding Phase of Agile Development
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The actual software implementation, the coding, is similar to the design activity with re-

spect to the discussion space and the information flowing from and to it. There is no specific

information flow between the discussion space and the archive space, and from the implemen-

tation space flow progress reports, to the daily meetings (the daily scrum) where they answer

the three questions, that is if the development team is following the Scrum development model.

From the daily scrum meetings flows reviews or feedback from the progress reports.

Test Driven Development started out as a method specific to Extreme Programming (Augus-

tine, 2005) but is also recommendedwith other agile developmentmethods such as lean software

project development and has been used with great success with Scrum (Poppendieck and Pop-

pendieck, 2006). Initially it was designed to make sure that developers wrote unit tests but has

proven itself as a highly successful approach (Cockburn, 2006). We can therefore assume that

a Test Driven Development approach is used in agile software development so the test phase

precedes the coding phase. Because of this, the information flow from the archive space to the

implementation space must include "Tests".

We can also anticipate that reusable components, stored in the developer archives, get used

and what flows back is the code itself. From this we can anticipate that the information flow of

the coding phase will look similar to the one shown in figure 6.7.

Testing

As discussed in the previous section concerning the coding phase of agile software development,

we can anticipate the use of Test Driven Development in agile software projects. This means that

tests are written before the actual coding of the software. It actually also happens before the

software is designed and although we have not included it in figure 6.6 tests could be flowing

from the archive space to the implementation of the design of the software. What flows from

the archive space to the implementation of the tests is therefore neither the design nor the code,

but requirements specifications or the user stories only. What flows back are the tests.

Like with design and coding, the test activity includes the daily meetings, in the case of

Scrum development. We therefore have the progress reports, like before, flowing from the im-

plementation space to the discussion space and the reviews of the progress flowing back. So,
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Figure 6.8: Information flow in the Testing Phase of Agile Development
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given a Test Driven Development we have an information flow model, representing the test ac-

tivity, that looks similar to the information flow model illustrated in figure 6.8.

6.2.2 User-Driven Development

The new methodology proposed in this dissertation, User-Driven Development, is based on the

hypothesis that "free and open access to software information enables the user to control collab-

oration between developers to fulfil the user's needs." The developers are distributed across or-

ganisational boundaries, and even geographical boundaries. Still, every project member should

have access to and get information about the past and the current state of the development. We

can anticipate that much of the collaboration between the dispersed project members will take

place in the discussion space, using Internet applications such as e-mail and forums.

Communications over telephone is discouraged since that would not allow free and open

access to information for all developers. There are of course means to make information in tele-

phone calls accessible, e.g. telephone recordings stored in an archive accessible to all developers

(although that would most likely violate personal privacy of developers), but e-mail suffices for

the purposes of User-Driven Development.

The hypothesis can be too vague for certain details of the information flow in User-Driven

Development projects. When needed we therefore turn to Open Source software development,

which can be regarded as a User-Driven Development method, with respect to information flow

details. Open Source software development is of course not a development method for bespoke

software so when needed the information flow is slightly modified to suit bespoke software de-

velopment better.

Other modifications and deviations from the Open Source development model have to do

with generalisations concerning specific tools. The sheernumber ofOpenSource softwareprojects

gives rise to numerous tools and techniques, specific to each project. Some projects use mailing

lists for development discussions, and some projects use web-based forums. Instead of examin-

ing Open Source software projects and identifying all possible tools, a preferred tool is chosen for

simplicity. This preference is based on the author's experience of Open Source software projects,

and personal preference. This is not to say that other tools are not adequate but just to give an

idea of a good tool for fostering the information flow would be. A more general term for these
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tools could also have been used, e.g. mailing lists and forums could be called "Internet based

communication tools". Such a term is however too vague, and would, for example, include voice

over IP telephony as well which does not suit themethodology as discussed previously. The term

"Mailing list" suffices quite well to convey the general idea of what kind of a tool is needed.

Requirements

Figure 6.9: Information flow in the Requirements Phase of User-Driven Development

The users specify the requirements and like with agile software development, it is not a

special phase but an activity that lasts the whole project. This is different from Open Source

software development where requirements are never fully specified, they continue to evolve

and are never finalised (Abrahamsson et al., 2002). When requirements are specified in some

Open Source software development users post a feature request on the project's issue tracker.
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The ticket, i.e. the post for the feature request, is then discussed in a comments section, which

is archived with the ticket. On the issue tracker the developers can assign the feature request,

approve it and discard it if they do not like it. Users might also start a discussion about a feature

on the project's mailing list or the project's forum and, given that other developers like it, it gets

added to the issue tracker (either by the user or the developers).

Eitherway a single requirements specification is discussedbefore being approved andworked

on. For simplicity we will represent this in our information flow with the "Requirements" flow-

ing from the implementation space to the discussion space to the archive space where mailing

list communications get archived and the requirements are posted to the issue tracker (and ap-

proved). New requirements might be discussed with referrals to older releases or other software

which happens in the discussion space. When writing down the requirements the user might

have to examine the mailing list archives to see whether this feature has been requested before

or not. This is specific to Open Source development where users and developers come and go

but the e-mail archives could still act as a reminder of previous discussions when new require-

ments are written for bespoke software development. The resulting information flow for the

requirements phase is shown in figure 6.9.

Design

Design is initiated when a developer has the time to work to implement a feature request, a

requirement. This requirement specification comes from the issue tracker and flows into the

implementation space. Like with requirements the design is discussed on the project's mailing

list and if approved it flows to the archive space and becomes the design.

Some Open Source software projects might behave differently whereas a user who is also a

developer might just go ahead and directly implement a feature without posting feature request

and without designing that much. However, in bespoke software development where user is un-

able to produce actual code this approach does not work. Also where developers are dependent

on the work of each other, for example user interface experts must wait and add to the work

of business logic developers design, especially of interfaces, must be discussed before being im-

plemented. In case the design does not suit the developers reasons are listed in a review on the

mailing list. The review is then sent back to the implementation space. The review by other
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Figure 6.10: Information flow in the Design Phase of User-Driven Development
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developers takes the form of comments or replies on themailing list and in the figure represent-

ing the information flow of the design process, figure 6.10, these reviews are therefore called

comments.

Coding

Figure 6.11: Information flow in the Coding Phase of User-Driven Development

Coding the software in User-Driven Development resembles the design phase with respect

to information, in this case code, flowing from the implementation space to the discussion space

and then onwards to the archive space. The difference between the design phase and the coding

phase is what flows back from the discussion space and back to the implementation space. In

the design information flowmodel it was comments of other developers based on the design and

its validity for their speciality. In the coding phase however the comments come mostly from
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one developer. As discussed in the previous chapter the quality assurancer is a specific developer

andwhen it comes to source code, the quality assurancer reviews the code and these reviews get

passed back to the original developer. Other developers are of course not forbidden to review

the code, but it is the responsibility of the quality assurancer to review the code.

Other information flowing around is similar to the design phase, except thatwhere in the de-

sign phase requirements flowed from the archive space, the design flows along with the require-

ments. If the quality assurancer decides to use Test Driven Development to assure the quality

better, "Tests" might flow from the archive space to the implementation space but since there is

a specific developer, the quality assurancer, that takes care of test execution and this developer

takes part from the start, we can assume that the tests are a part of the requirements. This dif-

fers slightly from Test Driven Development as a part of agile software development where user

stories or requirements are added to the backlog or the feature list before the tests are designed.

The resulting coding information flow is depicted in figure 6.11.

Testing

Test execution is the responsibility of the quality assurancer which might design the tests in

the requirements phase so that they are included in the requirements from the start, i.e. if the

project uses Test Driven Development. The user could, for example, discuss what needs to be

done and that gets either translated directly into a test or is formulated as a requirement. There

is no need to keep specific track of requirements as their description is already in the discussion

space which all developers are a part of.

It is therefore the quality assurancer's responsibility to get the requirements and the code

from the archive space and perform the tests. The code could however come from the discussion

space. It is not necessary that the tests are performed after the code gets checked into the code

repository. It could be that the quality assurancer takes the code from the discussion space,

performs the code review and runs the tests, two separate activities with two separate outputs.

One is the review and it is a part of the coding phase as shown in figure 6.11, the other is the tests

with bug reports as output and they are a part of the testing phase.

For the discussion about the bug reports it is necessary to get the requirements from the

archive space and after the discussion has taken place the bug reports flow to the archive space
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Figure 6.12: Information flow in the Testing Phase of User-Driven Development
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into the issue tracker, along with any e-mails holding the discussions about the bug reports.

The bug reports flow similarly to the requirements, that is, they could flow into the archive

space, i.e. the issue tracker, directly and from there to the discussion space, via a comments

section, and then back into the archive space. However, similarly to the requirements phase, we

represent it as flowing from the implementation space to the discussion space and then onwards

to the archive space for simplicity. The resulting information flow surrounding the testing of the

implemented code is shown in figure 6.12.

6.3 Discussion

The analysis in this chapter is based on very generalised observations. That is the analysis is

based on interpretations of highly generalised uses of classic software development, mostly it-

erative and incremental software development, of agile software development, with emphasis

on the Scrum development model, and of the new User-Driven Development methodology, which

used Open Source software development where applicable. As such the analysis should be taken

with a grain of salt. The results of an analysis of information flow is highly dependent on each

developer, and even each development project. Developers must map their own processes to

get an accurate depiction of the information flow in their development project. However, these

generalised observations still give an idea of how information is most likely to flow between the

three information spaces in each of the development methodologies.

Examining the information flowmodels of all phases of the iterative and incremental devel-

opment methodology it becomes apparent that the archive space is vital to classic software de-

velopment. This is coherentwith both softwaredevelopment coursematerial such asHumphrey's

A Discipline for Software Engineering (1995), and the fact that the Agile Manifesto mentions ex-

plicitly that working software is valued more than comprehensive documentation (Beck et al.,

2001). Classic software development is a document-heavy process and it is no surprise that the

archive space plays a central role to the development methodology.

Agile software development asmentioned before, places emphasis on creating working soft-

ware and therefore more emphasis on the implementation space. Oddly, the first item on the

agile manifesto states that agile software developers value individuals and interactions over pro-
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cesses and tools. Most of the interaction in agile methods, takes place during progress reports

or meetings, e.g. the 15 minute meeting in the Scrum development model. These meetings, or

daily scrums, are held every day which instantly makes interaction more significant to the de-

velopment methodology but the information flowing to these meetings are still only progress

reports, a way to keep the process under control. In fact, as Alistair Cockburn notices, this value

expresses the idea that agile software developers will "rather use undocumented processes with

good interactions than documented processes with hostile interactions" (Cockburn, 2006). We

can therefore conclude that the most important information space to agile software develop-

ment is the implementation space, while the other two information spaces support the project

implementation.

Due to the distribution and different specialities of developers in User-Driven Development

methods such as the Open Source software development model, it is rather straightforward that

the most significant information space is the discussion space. When developers are distributed

geographically theymust have effectivemeans of communications. Eric S. Raymond emphasised

this when he claimed, in contrast to Frederick P. Brooks Jr., that the last principle of Open Source

software development is that "[p]rovided the development coordinator has a communications

mediumat least as good as the Internet, and knowshow to leadwithout coercion,manyheads are

inevitably better than one" (Raymond, 2001). Raymond's principle shows what effective com-

munications allows developers to achieve and the Open Source software development model is

based around efficient communications. Discussions and good reasoning will most likely lead

to better software. Principles 10 and 11 in Raymond's guidelines have to do with the ability of

developers to listen, the tenth principle is about listening to the users and the eleventh principle

claims that often the best solutions surface when the developer realises after listening to others

that his or her concept of the problem was wrong (Raymond, 2001).

Figure 6.13 shows the difference in themain information flow for each of the three discussed

development methodologies. The thick lines show which information space plays a central role

and which information spaces support it. In all methodologies the information originates in the

implementation space since that space is where information gets manufactured. This makes the

figures for the classic software development, and User-Driven Development different from agile

software development. In classic and User-Driven Development the information originates in
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the implementation space and travels "through" the vital information space, but in agile soft-

ware development the information originates in themost significant space, the implementation

space, and travels to the other two spaces.

(a) Classic Development (b) Agile Development (c) User-Driven Development

Figure 6.13: The difference in the main information flow between the three different

development methodologies

For our design of a User-Driven Development method in the next chapter it is clear that

good discussion platforms will have to play a central role. Inefficient communications can be

detrimental to the overall efficiency of the development model. The information flow of User-

Driven Development, as analysed in this chapter, must be carefully designed into the develop-

ment model to imitate the results of this chapter as much as possible, to foster good and well

reasoned discussions. Otherwise the development model is likely to fail.
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User-Driven Development

Model

7.0 General Setup

User-DrivenDevelopmentmakes theuser theproject leader of the softwaredevelopmentproject.

As has been mentioned in the previous chapters the development methodology is aimed at de-

velopment of bespoke software. Von Hippel (2005) has shown that many users want, and are

willing, to pay for bespoke software development. The methodology is only focused on custom

or bespoke software developmentwhich gives a clearer contrast betweenwho users are, andwho

developers are. For our purpose we use Grudin's (1991) definition, where users are the people

directly engaged with the system, or end users, and developers are active members of a develop-

ment project. Grudin's definition for developers is narrow, and it excludes anymanagement and

support roles. It therefore suits User-Driven Development quite well as no conflicts with defi-

nitions arise with the methodology which shifts the software development management from

developers to users.

It is perhaps not effective that all users serve as project leaders. To refrain from confusion

in the development it might be better to assign to an individual or a small group the role of a

representative for the users. This representative would serve as the project leader and moti-
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vator. The previous chapter showed the necessity of an effective communications platform for

the development project. To perfectly relay all information from other users such a platform is

needed. This platform could also serve as the communications means between developers and

users, but for pure bookkeeping it might be better to separate the two. Separation allows the

user side to filter user requirements before officially sending requirements specifications to de-

velopers. This could also be solved using a ticketing system or a backlog, where all of the user

requirements are pooled into one system and developers only choose tickets which have been

approved by a financial manager, i.e. the sponsor. Both approaches can work, each has its own

benefits. Separated platforms reduce confusion for developers, a common platform gives devel-

opers a good look into what users really require. The choice between separated platforms or a

commonone should be up to the user. The separated platforms approach reliesmore on effective

communications within the user organisation while the other, the common platform approach,

relies on complete understanding of the process. This issue is well worth further future research

into User-Driven Development.

One aspect, essential to User-Driven Development, and important for developers to under-

stand is that they, the developers, are not selling the user a custom or bespoke software solution

in User-Driven Development. Developers are instead providing developmental services to the

user. These services include, for example, software coding, quality assurance and testing, secu-

rity implementation, database design, user interface design. It is then up to the user to identify

the services needed, choose a provider for each service (there can bemany competing providers

for each service), approve the work of the service providers, and tie everything together into a

complete product which fulfils the user's needs. For this purpose the user can, as was described

in a previous chapter, hire independent technical consultants to help with these decisions. With

this setup it is possible to have multiple calls for bids, one for each service. The calls for bids

will help the user keep the cost down and the quality high, with the possibility of emphasise

either one, whichever is more important. Since other developers participating in the project

will, to some extent, watch the other developers, the calls for bids allows the user to then look

at other bidders as replacements for poorly performing developers. This is where the four free-

doms of free software are especially important. When the user has the four freedoms to use,

adapt, distribute, and improve the software, it is quite easy to hire a replacement when a service
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provider does not perform sufficiently well or delaying the project's progress with less impact

on the overall development. These freedoms could for example be incorporated into a contract

between potential bidders and the user.

An overview of this setup is illustrated in figure 7.0, where one service provider out of many

potential providers, or bidders, gets a piece accepted by the user into the project. The other

bidders will still be around in case a replacement will be needed or other tasks need to be solved.

This is the approach that can be used for every project piece contributed to the big puzzle.

Figure 7.0: Overview of relationships in User-Driven Development

7.1 Exemplary Model

User-Driven Development is a development methodology. As such it is only a collection of theo-

ries and concepts for development of software. Within the methodology there can be a number

of different procedures or methods. To describe or represent the software development meth-
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ods, their interdependency and setup we use a model. Many different development methods

can be set up in many different ways to fulfil the set of theories and concepts that form the

methodology. In this section we will give an example of one development model that follows

User-Driven Development.

Thismodel is only an example, it is not the onlymodel that followsUser-DrivenDevelopment,

it is not even one of only fewmodels. Thismodel serves only to show that it is possible that User-

Driven Development can include more development models than the Open Source Software Devel-

opment, which has served as an example for User-Driven Development methodology. This model

differs from Open Source Software Development with respect to the intended use of the resulting

software product. Instead of describing a software development method which solves tasks and

requirements for the developer that can also be used by the general public, this exemplarymodel

describes a User-Driven Development method aimed at bespoke software development.

The design of the model, shown in figure 7.1, is not intended to show the development

method itself but a hierarchal structure for a development method. This structure disturbs ex-

isting development methods of the software developers as little as possible, and is unobtrusive

with regards to normal business procedures of the users.

Figure 7.1: A Generic Model of a User-Driven Development

From the previous chapterwe can draw the conclusion that the developmentmodel needs to
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focus on and foster healthy communications between users, between developers, and between

users and developers. Efficient communications are the essence of User-Driven Development.

Therefore, the hierarchical model we structure is built around communication mediums. In

the model users, i.e. those who need a custom or bespoke software solution, put up an inter-

nal discussion platform, the private user archive. This discussion platform can only be accessible

to users, or only be accessed on the user organisation's intra-net, depending on the communi-

cation structure of the user organisation or the group of users who will use the software. The

private user archive is the place where users affected by the new system can submit ideas for

requirements, give their opinions on or build upon existing ideas, and vote for or prioritise pol-

ished requirements. The private user archive is essentially what is known as product backlog in

Scrum, but it is not made accessible to developers. This way, every end-user can if interested

have their voices heard in the requirements specification process.

To prevent users from defining too many minor requirements a user manager is needed

to control the process and limits due to time constraints or budgets, i.e. the manager acts as a

filter. Thismanager can for example be the sponsor of the project. However, because of Conway's

law, which states that "a system reflects the organisational structure that built it", it is wise to get an

external service provider as a technical consultant to leave company politics and old, ingrained

ways of approaching work out of the final product. That would put more focus on fulfilling all

of the users' real requirements and needs but also make the final systemmore reusable by other

organisations, who can then participate in the cost later on in the development. However, for

some organisations it might be best to man the position with an internal staff member. In the

end it depends on the situation.

Another approach would be to use the Hundred-Dollar Test, also known as Cumulative Vot-

ing, described by Leffingwell andWidrig (2003). This requirements prioritising technique hands

the prioritisers, i.e. the users, a hundred fictional dollars to distribute between requirements.

These dollars need not be distributed evenly and it is not necessary to put money on all re-

quirements. After the dollars have been spent, requirements are prioritised according to which

requirements specification has the most money spent on it. The more the money spent on the

requirement, the higher the priority.

The Hundred-Dollar Test approach still needs a user manager to manage the requirements.
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With users spending money on requirements they feel are important a possibility to spend the

money on non-functional requirements, i.e. requirements more focused on properties and qual-

ities of the software, rather than functional requirements, i.e. those which the software system

must fulfil to be useful. The manager role should therefore be included in a Hundred-Dollar Test

approach and the manager's responsibility is to make sure functional requirements are met.

Other voting techniques could of course also be used instead of the Hundred-Dollar Test ap-

proach.

The manager then collects the accepted requirements, i.e. the functional requirements and

the non-functional requirements the users voted for, and forwards these to an external service

portal, the public developer archive. Disapproved requirements, i.e. those that donot get forwarded

for some reason, should always be removed but only if supported by strong reasoning for the

disapproval and by openly showing the voting results.

The public developer archive serves as a central point for the development of the project.

The public developer archive holds requirements, requirements priorities and other informa-

tion, i.e. it is the developer accessible backlog. It alsoholds the repositorywhere service providers

submit their work on each requirement, a communications medium where providers can criti-

cise the work of others (with strong reasoning) and ask questions or post comments on require-

ments.

Every service provider is free to submit work on as many requirements as they see fit but

should be aware that any other provider is able to criticise their work. For selecting which

provider takes care of which requirements the public developer archive can use a call for bids

approach per requirement or per project role, that is one bid on presentation, one bid on busi-

ness logic, etc. A call for bids per project role will most likely result in more consistency in the

final product.

Another way would be to pay bounties which has been used in many free and open source

softwareprojects (Krishnamurthy andTripathi, 2006). Bounties are a predefinedmonetary amount

paid at the completion of a specified task. People probably relate these bounties most often to

capturing wanted criminals but they are also used as rewards for complex mathematical prob-
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lems1, for genome sequencing development2, and for finding errors in books3.

According to Krishnamurthy and Tripathi (2006) bounties are most often used in free and

open source software projects to providemonetary incentives for developers to perform tedious

tasks such as documenting the software or to fix specific bugs, e.g. security related bugs. Boun-

ties could also be used to drive development in general, i.e. not only for documentation and bug

fixing. The user would then, perhaps with assistance from a technical consultant, estimate the

maximum cost the user is willing to pay for each requirement. The developers could then take

responsibility for implementing the requirement. Developers could also offer to implement it

for a lower cost in order to get work. This would create a competition around the development

but the price would never exceed the initial estimate of the user.

In the end it is the user manager who decides what gets approved into the final product.

The manager can base the decision on tests, quality metrics, and discussions between service

providers. This should encourage developers to work rapidly but still efficiently which results in

high quality custom or bespoke software, developed rapidly and free of any lock-ins to a specific

developer. The developers are free to choose which development method they use: Waterfall,

Iterative and Incremental, eXtreme Programming, Scrum, or whatever the developers are accus-

tomed to, as long as they keep up with the pace of the other providers, the quality expectations

of the users, and the information flow between all project participants.

7.2 Tools

A project following this model does not disrupt the previous development methods of the ser-

vice providers much. The developers are free to use their methods as long as they are efficient.

However the service providers may be forced to learn how to use new tools for the development.

It is therefore important to cause as little disruption as possible when choosing which tools

should aid the development. Tools that are well known, tools with easy to use interfaces, and

automated tools should have precedence. Care should be taken to never let developers' lack of

1The seven Clay Mathematics Institute Millennium Prizes: http://www.claymath.org/millennium/
2Archon Genomics X PRIZE: http://genomics.xprize.org/
3Reward for errors in Donald Knuth's The Art of Computer Programming: http://www-cs-staff.

stanford.edu/~uno/taocp.html
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experience stand in the way of using an efficient and worthy tool for the development. The

rule-of-thumb should always be efficiency before experience.

What follows is a discussion of examples of tools that can be useful in a User-Driven Devel-

opment project, e.g. one that follows the previously described model. Some of these are more

important than others and some are optional and should only serve is ideas for setting up the

correct, most efficient development environment.

7.2.0 Communication

The single most vital factor for success in User-Driven Development is an efficient and produc-

tive communications medium. Communications are the core of this development approach and

there are many different types of communication mediums available. Synchronous and asyn-

chronous. Push and pull. Hot and cold. Much thought must therefore be put into choosing the

right communications medium to suit both developers and users.

Synchronous communication is a fast paced interchange of thoughts and opinions, which

takes place simultaneously. Asynchronous communication does not require participants to be

present simultaneously. An example of synchronous communication is instant messaging and

an example of asynchronous communications is electronic mail.

The difference between push and pull protocols lies in what is demanded of the receiver in

the communications. Push protocols push the information to the receiver and the receiver must

filter the information to find what is relevant. Pull technologies require the receiver to fetch,

pull, the information and therefore filter the information a priori. Good examples are electronic

mail for a push protocol and web forums for a pull protocol.

Hot and cold media is attributed to Marshall McLuhan who described the two types in his

book Understanding Media: The Extension of Man (McLuhan and Gordon, 1964). Cold media re-

quires more participation of the participants to fill in the blanks and interpret the message while

hot media is rich of information which does not call for much commitment by the viewers. Al-

though McLuhan was not thinking of communications per se, but the mediums themselves, this

categorisation can be used for example for mailing lists or other mass communications medi-

ums. User-Driven Development project will need at least two mass communication mediums.

One for the user where room is left for interpretation, the one we can call a private user archive,
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and one for developers where the optimal situation leaves little or no room for interpretation of

the messages, the public developer archive.

Private User Archive

The private user archive is the platform where users discuss and request new features. The pri-

vate user archive should containmessageswith little technical jargon and remainunderstandable

for all users. As stated previously the user communications medium should be cold media and

leave much room for interpretation. This can be concluded from the user stories approaches in

agile software development, especially Extreme Programming. User stories are ways to define

requirements at a high level, a contract for conversation which can then lead to more detailed

stories for the developers (Augustine, 2005).

It depends on theuser organisation and the softwareprojectwhether theprivate user archive

should be synchronous or asynchronous, but most likely it is best to have an asynchronous

medium, since the user organisation has other tasks than discussing requirements or features.

Push or pull depends entirely on the organisational environment. It is possible that many

users do not wish to be forced into discussions about a software system so amailing list approach

might not be appropriate although meetings and brainstorming sessions might work wonder-

fully. To keep records it might be feasible to use an issue tracker such as Bugzilla4 or a ticketing

system such as Trac5. Digitalised snow cards, such as the Volere snow cards (Robertson and

Robertson, 2006), could also be a good solution. The user manager should carefully examine the

organisational structure and behaviour before implementing the private user archive. The goal

should be that the archive is accessible by all users.

Public Developer Archive

The communication that takes place on the public developer archive is different from the private

user archive. The content or messages floating around the public developer archive all refer to

development or implementation of the software system. Particularly design, code, documenta-

tion, and quality issues. This is the platformwhere the different service providers communicate.

4http://www.bugzilla.org/
5http://trac.edgewall.org/
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It is not an easy task to set up thepublic developer archive so that all possible service providers

can participate in the development. It should not be possible for the service providers to blame

the public developer archive for their lack of participation or for their mistakes. The public de-

veloper archive exists to ease the communication and collaborationbetween the service providers,

not to provide a scapegoat for development mistakes.

The selection of the public developer archive should be approached differently than the se-

lection of the private user archive. With the public developer archive it is not possible to foresee

who will participate in the project and adapt the solution to the specific service providers. The

public developer archive must be chosen with respect to generality and frictionless usage.

This public developer archive infrastructure already exists and has been used for a long time

for open source software projects. Such a software is typically called a Forge and numerous so-

lutions exist which provide simple to use Forges which include most of the collaborative tools

used for distributed development between multiple service providers.

Still there is an opportunity for further development of Forges to be used with User-Driven

Development. Forges usually do not include a call for bids feature which would be very useful for

a User-Driven Development Forge. Managing all service providers, their bids, and progress in

one place avoids confusion and lowers the threshold of usage.

There is a lot of free and open source Forge software available such as GNU Savane6, Fusion-

Forge7, and LibreSource8, and the differently focused Gitorious9 to name a few. However these

need to be modified in order to make room for call for bids, bounties or other approaches to

requirements task offerings.

7.2.1 Code Repository

The Forge software discussed in the previous section about communication usually includes a

code repository of some sort as they are most often built around code repositories. There are

many different code repository software solutions available but code repositories are usually

categorised into: centralised and distributed code repositories.

6http://savane-forge.org/
7http://fusionforge.org/
8http://www.libresource.org/
9http://gitorious.org
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Centralised code repositories make developers send their changes to a single repository

which is run on a server. Any changes to the code therefore pass through a single entry point

which makes the development much easier to manage.

Distributed code repositories differ in that the software being developed is distributed across

many repositories. In fact each developer keeps tabs on his own repository which can then be

merged with other repositories. There is one main repository which holds the code to the final

system and all changes to it but in practice each development entity can keep its own repository

and then choose to merge it with others when it deems the code ready.

This difference may seem insignificant at first but this difference can be vital for the suc-

cess of a User-Driven Development and it is very likely that a distributed code repository is bet-

ter suited than a centralised one. The reason for it is the division and distribution of service

providers. Presentation providers can keep their own presentation code repository and run soft-

ware tests and show examples from their repository without creating any conflicts with other

service providers. When needed two service providers can then merge their code repositories

together and work on integration. For example, when business logic providers are ready to use

real data they canmerge their repository with the database providers and run tests. This in part

forces the providers to work closely together and decide on a good application programming in-

terface throughwhich theirmodules or parts of the software can communicate. This will make it

easier to upgrade and maintain the system in the future since it will be modular and more likely

to follow David Parnas' information hiding principle.

There are many good free and open source software solutions which can be used as code

repositories. Centralised version control repositories such as CVS10 and its derivative Subver-

sion11 have been used for many years in the free and open source software community. More

recent systems such as Darcs12 and Git13 have been designed to follow the distributed version

control designs instead and are used for many projects.

10http://cvs.nongnu.org/
11http://subversion.tigris.org/
12http://darcs.net/
13http://git-scm.com/
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7.2.2 Documentation

Even though there is a lot of research being conducted on usability and universities teach usabil-

ity courses, companies hire usability experts, and developers think that their software is really

simple to use, we all know users will need help. A good and thorough documentation is one of

the most overlooked yet important part of software development. Without documentation the

software system can be useless, a burden to the user, and will not be as successful as hoped.

Users get lost when using complex software systems. Other developers will have a hard

time understanding the complete systems. Agile software development values working software

over comprehensive documentation which is of course the correct priority, a software manual is

useless if the software does not work. On the other hand working software will be useless if the

user does not know how to operate it.

It is known that developers are not enthusiastic about writing documentation. It is a reoc-

curring problem in software development. It is the reason for projects such as FLOSS Manuals14

with goals to create documentation for free software projects. However documentation creators

must also think about accessibility and the goal of documentation. Documentation should be ac-

cessible to the user, concise and answer possible questions. Documenters should not write com-

prehensive books onhow to use the software and printed documentation isworse than computer

based documentation which includes a comprehensive search function.

Documentation should therefore be split into two parts. One for developers and the other for

users. These are two different target groups. Developers should be able to access code comments

in oneplace. For this an automatic document generators andAPI creator suffices. The generators

depend on the programming language chosen but for many languages they are included in the

development kit. There are also stand-alone systems such as the free and open source project

Doxygen15 which can be used.

For the users the developers need to create concise articles and howtoswhich can be searched

by the user. The user can choose to hire technical writers as service providers or force the ser-

vice providers to document their work. The final documentation can be implemented into the

software system through a help system but it could also be a stand-alone service such as a wiki

14http://flossmanuals.net/
15http://doxygen.org
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system, a collaborative, editable, content website which usually comes with a search function.

Wikis are perfect for projects where many different contributors need to write documents in

a similarly structured way. It can be likened to a centralised version control system for docu-

ments, with a unified document appearance. There are many free and open source wiki systems

that exist. MediaWiki16, PmWiki17, MoinMoin18 are just a few popular ones.

7.2.3 Metrics Collection

A quality assurancer role in User-Driven Development is recommended to ensure high quality

of the software. The quality assurancer takes care of collecting software metrics concerning

software quality, designing and running tests etc. However the projectmanager, on the user side,

still needs to have a good overview of how the project is progressing and needs different quality

control metrics. The project manager needs to control the quality of the development process

itself: Is every service provider contributing as they should andwhat events have come upwhich

might influence the project outcome, budget or development time? Each service provider should

watch what the other service providers are doing and be ready to report any events or outcomes

which have repercussions on their work products but those are result oriented observations and

they leave out process incidents and events.

The project manager may not have time, knowledge, and other resources to delve into col-

lecting development metrics and needs a tool to collect these metrics on the project manager's

behalf and present them to the projectmanager in an accessiblewaywhich gives a good overview

of the project's progress. A research based, free and open source software project, called Hack-

ystat19, collects various development process and product metrics, analyses the data collected,

and can present them to the project manager in an accessible way which does not require in-

depth knowledge about software development. Hackystat can prove useful to developers, service

providers, and project managers in User-Driven Development projects.

When a User-Driven Development project is started, the users need to figure out what they

need, the requirements. Since the development methodology is about the four freedoms of free

16http://www.mediawiki.org/
17http://www.pmwiki.org/
18http://moinmo.in/
19http://hackystat.org
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software, then the requirements specification process can be based on existing free software.

The users do not need to specify all of their requirements, they can approach it via a delta spec-

ification. Find a free software project and specify how that project needs to be changed. What

modifications are needed. Basing the project on an existing free software project will lower de-

velopment cost, speed up development time and make requirements specifications easier. In

some sense the existing free software project becomes a functioning prototype for further de-

velopment. It is also possible to reuse the whole or parts of other free and open source software

projects to perform specific tasks or manages parts of the new software, a common practice

in free and open source software development. Reusing other free and open source software

projects either as a foundation or addition to ones software requires a different set of metrics.

Thesemetrics need to gather information about software licenses, development activity, commit

history etc.

There are many projects which aim to help users choose the correct software. Fossology20

is a good project to check the legal validity of a whole free software project when the users and

other developers need to be sure that they have the freedom to run, adapt, study, modify, and

distribute the software. What Fossology does is that it runs through all of the code behind a

free software project and looks at all the licenses which must, because of the legal environment

free software hackers and other software developers, be attached to each and every software file.

These licensesmay differ and if no license is attached to a file, a single piece of work, it should be

assumed to be under normal copyright and non-free software. Fossology therefore helps users

and other developers to be sure that the software is legally valid for further development.

The free software projects must also be technically sound. Is the code base good enough

for further development, is the documentation well written, or the community around it active

enough? All of these questions need to be answered. Hackystat can help butmaturitymodels can

also aid users and user project managers to choose the right free software project. In his book

Succeeding with Open Source, Bernard Golden (2004) describes what he call Navica's Open Source

Maturity Model. Golden's or (Navica's) model helps users ask the right questions when exam-

ining free and open source software projects and assess the answers. Navica's model requires

quite a lot of manual labour to get all the answers and none of it is automatic, but there is some

20http://fossology.org/
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interest in automatic maturity models. Zhang and Simmons (2007) try to automate the matu-

rity assessment using web-based data and statistics calculations. For User-Driven Development,

automatic metrics collection makes a lot of difference and should be used whenever possible to

lower the participation threshold of users.

7.2.4 Information Radiator

Collecting metrics is not enough. The metrics and computations based on them must be pre-

sented to the developer, to the user project manager, and to the users. This can be achieved

withwhat Alistair Cockburn (2006) described as information radiators, central displays of informa-

tion. These displays have two characteristics: The information changes over time and it is very

accessible to passersby. Post-it notes on a wall, text on white boards, graphs on wall-mounted

computer screens or websites can all serve as good information radiators. The idea is to save

developers, users, and the project manager the time and effort to ask questions about the devel-

opment, the information should just be all around them.

Cockburn notes that hallways are a good place for information radiators while web pages

are not. It takes to much effort to fetch information from a web site when one can get all the

information one needs by walking down the hallway. Cockburn accepts that there are excep-

tions and tells a story from Martin Fowler's workplace, Thoughtworks, which used a web page

successfully as an information radiator:

"Automated Build Report

A program auto-builds the team's system every 15 minutes. After each build it

sends e-mail messages to each person whose test cases failed and posts the build

statistics to a Web page.

The information about the system is updated every 15 minutes on the Web page.

Martin reports that a growing number of programmers keep that Web page up on

their screen at all times and periodically just press the Refresh button to check the

recent system build history." (Cockburn, 2006)

Cockburn's reasoning behind why web pages are not optimal as information radiators lacks

deeper understanding. Information radiators probably come down to push and pull communica-
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tion discussed earlier in this chapter. When the information is pushed to the developers, to the

users, and to the project manager, it is a good information radiator. When the development en-

vironment requires one to only pull the information from somewhere, the information radiator

serves no purpose. Information must be pushed to the interested.

So web pages can be good information radiators, but stake-holders must be informed about

changes to the web page. In Martin Fowler's case, developers were notified by e-mail. The infor-

mation that new statistics were accessible was pushed to the developers, and the developers in

turn went and pulled the information from the web page.

Hackystat, mentioned previously, makes it's metrics collection and analysis accessible via

a web page. Hackystat's Ticker Tape component can push information to other platforms and

therefore transform the metrics collection into a good information radiator. Hackystat's Ticker

Tape sends information to, among others, Twitter21, the microblogging site. Developers, users,

and project manager can therefore subscribe to the information on Twitter. It is even better

to use a microblogging service, such as Twitter, to inform stake-holders. StatusNet22, which

started its life as Laconi.ca, is a free, distributedmicroblogging software which can be connected

to various other push mediums, such as other StatusNet based services, Twitter, e-mail, instant

messaging, the Facebook social networking site23, SMS text messages, and more. By pushing

information to a private StatusNet service information can be pushed further via the communi-

cations medium the stake-holders choose.

This solves one problem which is inherent with User-Driven Development. The users and

the service providers are not housed in the same geographical vicinity. For that setup, hallways

become time consuming and confusing information radiators and web sites become better ra-

diators. Collecting metrics with Hackystat and presenting them on a web page where updates

are pushed to all of the stake-holders via a StatusNet service enables all parties to retrieve the

development information quickly and from any location.

21http://twitter.com/
22http://www.status.net/
23http://facebook.com/
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7.3 Discussion

As a developmentmethodology User-Driven Development can incorporate various development

methods. One of those is open source software development and another is the method we de-

scribed in this chapter. The method described is better suited for bespoke or custom-made soft-

ware development where users, through a user project manager, get different service providers

to perform development services. This can for example be done via a call for bids or putting

bounties on requirements.

The service providers then develop their part of the project but stay aware of the other

providers so that the work of others will not affect their work products. All of the work can be

done in geographically dispersed locations, and all developers can use their own development

methods. Their work is not affected except for increased peer-quality control.

The real development takes place in cyberspace, not in a software company. All stake-

holders must communicate via electronic mediums and use web based tools. The choice of these

tools affect the quality of the development. These toolsmust be carefully chosen to suit all stake-

holders. The tools should enhance the quality of the development process and not confuse the

involved parties.

To begin with, when experimentations with tools and techniques for the development ef-

forts take place, it will be easy to make some missteps. An obvious choice of a development tool

might not have the intended results and another tool or another techniquemust be found. When

more experience is gained regarding the different development tools and even other tools that

perhaps were not intended as software development tools we might start to see improvement

in software development. But this requires experience and knowledge and is under no circum-

stances a silver bullet that slays the werewolf software project.

Nevertheless the work in this chapter does show that it is possible to create a development

method based on the definition of User-Driven Development, i.e. another development method

than open source software development. The quality of this development method remains to be

tested and the tests will take time and be costly. User-Driven Development now has a candidate

for bespoke or custom-made software development. User-Driven Development can incorporate

other, perhaps more suitable, software development methods than open source software devel-

opment for bespoke software development and users can easily switch between them. A user
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might for example start using the model presented in this chapter to develop a software that

meets the user's requirements. Then, after the initial project development reaches an end and

the software goes into the maintenance phase, it might be wise to switch to the open source

software development model as that method is probably more suitable for maintaining the soft-

ware. This means that the model presented in this chapter might suit better for creating the

disruptive technology but the open source software development model might be more suitable

for sustaining the technology.
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Discussions and Conclusions

8.0 Summary of Research

Since its inception in 1968, software engineering has tried to deal with the problem of software

failures. A frightening amount of large software projects fail, meaning that software projects

being developed for customers are not delivered on schedule or within budget. If delivered at

all, it is unlikely that they fulfil all of the users' requirements.

This research set out to look at free and open source software development to see if anything

can be learnt from the open source development model. Can such knowledge be applied to soft-

ware development where the software is developed by contractors on behalf of a customer with

little or no knowledge about software development. That is, can anything be learnt from open

source software development and then be applied to bespoke software development?

Delving into open source software we find its roots in free software which gives the user of

the software the freedom to use, study, modify, and distribute the software. We base our research

question on those four freedoms, the roots of open source software and the core of free software.

Thus we defined the research question of this dissertation as:

How can the freedoms of free software aid bespoke software development

projects?

To answer this research question we employed ethnography as a research method. Ethno-

graphic studies are not usually conducted for software engineering research. They are most
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often used when studying different cultures and revolves around the idea that the researcher

lives among the research subjects and in some way becomes one of the research subjects. This

enables the researcher to gain more in-depth knowledge about the research subjects.

The subjects of this research are the three communities that might be related to an open

source software development approach by bespoke software developers for users:

• Free and open source hackers

• Software developers

• Software users

Unfortunately, these three subject communities raise problems for the ethnographic study

approach. How do you go and live among hackers who are distributed and work together in cy-

berspace? Can you participate in free and open source software projects? Yes, such an approach

would be possible. Open source software projects are open to anyone by definition. However it

would limit the study to specific projects and it would not be possible to make any generalisa-

tions. Free and open source software hackers differ from other ethnographic research subjects

because different projects attract different participants. You are not born into a free and open

source software project like you would be born into a tribe. You participate in free and open

source software projects based on your interests and beliefs found in your cultural background.

The same can be said for developers who join companies with a rich corporate culture and users

who use software based on their background

Wemight start to think ethnographic studywould not be suitable, but it is if we take a rather

unconventional approach to it. For this specific research, we started the ethnographic study

from the other end. The researcher is already a part of the communities being studied. The

author is a free and open source software hacker, a software developer, and a user of software.

The researcher thus needs only gain more knowledge about other hackers, other developers

and other users. Information that can be gained from other studies, and from works made or

written by other communitymembers. Thus, this ethnographic study becomes an ethnographic

literature review, based on the author's knowledge of his own communities.

From the free and open source software community we have learnt that hackers, the devel-

opers of free and open source software, are driven by an ethical code, formulated as the hacker
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ethic by Stephen Levy (2001) in the book Hackers: Heroes of the Computer Revolution. The tenets of

the hacker ethic revolve around free access to life changing devices, the freedom of information,

decentralisation, equality, and creativity. From the hacker ethic we were able to rephrase the

research question into:

How can free and open access to software information benefit bespoke soft-

ware development?

Consumed with the search for a silver bullet to slay the software werewolf, software engi-

neers have designed and defined software models, methods, and methodologies. Frederick P.

Brooks, Jr. (1995) claimed that "[t]here is no single development, in either technology or in man-

agement technique, that by itself promises even one order-of-magnitude improvement in pro-

ductivity, in reliability, in simplicity." In essence, it is not possible for any software development

technique normethod to accomplish the sameproductivity as computer hardware development,

according to Moore's law (Moore, 1965).

That is not to say that the software development techniques or methods are necessarily un-

productive or bad. Development productivity increases slowly as the developers become more

proficient and experienced in choosing and applying different methods that already exist. That

does not mean research on software engineering should grind to a halt, stop innovation and not

create new techniques ormethods. Researchers need only be aware of the fact that development

efficiency improves slowly over time.

Agile software development takes a new approach to software development by creating de-

velopment principles and prioritising values that are used by many different methods applica-

ble to different software projects. In the same way as with agile software development a new

software development model, method or methodology for bespoke software development that

benefits from the freedoms of free software should focus on reuse of existing methods and tech-

niques. The new approach should allow software developers to continue to use what they know

and have been using, and help them become more productive in developing software. For em-

phasis we can informally add to our research question the requirement of method reuse:

How can free and open access to software information benefit bespoke soft-

ware development by reusing existing techniques and methods?
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Method reuse is not a requirement but more of a guideline or emphasis. New approaches

should try to reuse existing techniques andmethods whenever possible and only innovate when

necessary. Therefore, this addendum to the research question is only to aid us if we define a new

approach.

In the end it is the end-users, "people directly engaged with the system" (Grudin, 1991), who

will accept and use the software. According to Grudin's (1991) definition users are not developers

and they are not managers.

However, as Eric von Hippel (1988) showed, users vary. Those users who are likely to call for

bespoke software development, the lead users, are those who are at the requirements frontier.

They face needs months or years before others and are in a position to benefit greatly from that

solution. We can push lead users more and make them more responsible for the development.

In short, we can make lead users the managers of software development projects.

In short, we have the answer to our research question, the question of how free and open

access to software information benefits lead user software development by reusing existing techniques and

methods. Formally phrased, we have a hypothesis for user managed software projects:

Free and open access to software information enables the user to control col-

laboration between developers to fulfil the user's needs.

8.1 Proof of Concept

Armed with this hypothesis and the knowledge that managers are distinct from users we then

created a new methodology, User-Driven Development, in which we redefined the role of the user.

Theuser is nownot only the end-user but also the software projectmanager. Formallywedefined

User-Driven Development as follows:

Definition. User-Driven Development is an organisational methodology, for software development and

software customisation, where the user is made responsible for (1) Achieving the project's goals, (2) mo-

tivating developers, (3) being available in all areas of the development, (4) making correct and justified

decisions, (5) resolving conflicts, and (6) managing stake-holders.
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Developers are hired specialists who follow Brooks' (1995) surgical team approach, albeit

with a different emphasis. The developers are specialists within different fields of computer

science. There are database specialists, business logic specialists, and presentation specialists.

These developers are free to use their methods and techniques when developing the software

but they are under pressure to find methods and techniques that make them competitive since

every developer and contractor is under the watchful eye of other service providers who also

collaborate on the project.

Open source software development is one development method that belongs to User-Driven

Development. This means that we can now claim that the open source software development

theoretically should be usable in bespoke software development projects, i.e. the freedoms of

free software can benefit bespoke software development and the software development benefits

from the freedoms by putting the user in the project manager seat.

Even though open source software development has always inherently put the user in con-

trol, we benefit from the new methodology since it can incorporate more development models.

We had to show that it is possible to create and use other models or else we would only have

a concept. We needed to show that the concept is viable, what Eben Moglen of the Software

Freedom Law Center calls proof of concept1. The remainder of the dissertation was therefore

devoted to proofing the concept by creating a new User-Driven Development model.

To prove the concept, we first looked at how information flows in User-Driven Development

since the hypothesis we put forward earlier was built around the free and open access to infor-

mation. When looking at the information flow of User-Driven Development projects we created

an information flow model, based on the works of Sack et al. (2006), who defined three informa-

tion spaces for software development projects: Discussion, Implementation and Documentation

space. We used these three information spaces but renamed the documentation space to archive

space for clarity. We also defined the three information spaces more formally before creating

our information flow model.

1Moglen claimed in a keynote called Die Gedanken Sind Frei, that a practical revolution is based on two

things: Proof of concept plus running code - http://emoglen.law.columbia.edu/publications/

berlin-keynote.html
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We then used this information flow model and our definitions of the three information

spaces to compare the information flow of User-Driven Development to Agile Software Devel-

opment and classic software development. The comparison, which was based on general ob-

servations, revealed a different emphasis in all three approaches, a contribution to our funda-

mental understanding of software development methodologies. Classic software development

reliedmore on the archive space than the other two. Agile software development reliedmore on

the implementation space than the other development methodologies. Not surprisingly, User-

Driven Development relied on the discussion space more than the other two approaches since

User-Driven Development is based on free and open access to information in a collaboration

between different development providers.

Using the analysis of information flow we designed a User-Driven Development model with

focus on bespoke software development and the discussion space. The development model was

based on creating two cells: The user cell and the developer cell who communicate through

an appointed project manager. This project manager helps users filter and prioritise their re-

quirements while finding the suitable developers to work on specific tasks within the software

project.

We also named a few free and open source software development tools which could be used

for communication and quality control. As with agile software development, the right tools can

aid the development project but they should never come before efficiency and productivity in

development, or as stated in the Agile manifesto: "Individuals and interactions over processes

and tools" (Beck et al., 2001). We concluded our discussions of the model with a thought and dis-

cussion whether the model presented was better at creating disruptive technologies, i.e. more

focused on the lead users, while open source software development was more beneficial to sus-

taining technology and the software development.

8.2 Results and Conclusions

While working on this Ph.D. research five papers were published at international conferences.

Although other papers have been submitted and published based on this Ph.D. study, these five
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papers are directly based on the outcome of research undertakings as part of this Ph.D research.

These papers, which can be found in the appendix, are:

• A Comparison of Icelandic Software Development and Free and Open Source Software Processes

(Björgvinsson and Thorbergsson, 2007a)

• Differences in Information Flowof Icelandic andFree andOpenSource SoftwareDevelopment (Björgvins-

son and Thorbergsson, 2007b)

• Software development for governmental use utilising free and open source software (Björgvinsson

and Thorbergsson, 2007c)

• Economic benefits of free and open source software in electronic governance (Björgvinsson et al.,

2007a)

• User-Driven Development in a Corporate Environment (Björgvinsson and Thorbergsson, 2008)

The conference papers encapsulate the results of the different parts of this research. Com-

bined, they describe the thought process which lead to the ultimate result, i.e. the new develop-

ment methodology, User-Driven Development.

The first two papers, A Comparison of Icelandic Software Development and Free and Open Source

Software Processes (Björgvinsson and Thorbergsson, 2007a) and Differences in Information Flow of

Icelandic and Free and Open Source Software Development (Björgvinsson and Thorbergsson, 2007b),

looked at how different software developers in Iceland were from free and open source software

developers. The papers were in part based on the researcher's experience and literature review

of the free and open source hacker communities. The analysis of the Icelandic software devel-

opers was on the other hand based on interviews with developers and managers of Icelandic

software companies, as well as with users.

These two papers introduced the information flow model which in the end revealed the dif-

ferent emphasis on the information spaces between classic, agile and open software develop-

ment methodologies. Through the information flow model the necessity of a more formally de-

fined methodology, around the discussion space, became evident. With these two papers the re-

searcherwas able to understand and define the three different stake-holder groupswhich served

as the foundation of the ethnographic research approach.
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The next two papers, Software development for governmental use utilising free and open source

software (Björgvinsson and Thorbergsson, 2007c) and Economic benefits of free and open source soft-

ware in electronic governance (Björgvinsson et al., 2007a), were presented at the same conference

and looked more closely at the most important group for bespoke software development, the

users. In both these papers the research revolved around a particular user group: Governments.

The first paper tried to fit the open source development method and free software to software

development aimed at the government. It helped the researcher to better understand the dif-

ferent groups of users and the difference between development methods and methodologies as

it became clear that the ultimate goal would be to design a methodology, which various similar

methods can abide to, rather than trying to fit a specific method to all possible scenarios which

would have been impossible.

The second paper delved into the reasons for why users, more specifically the government,

would want to employ different methodologies, related to open source software, and why free

software was important from an economic perspective. The paper revolved much around the

economic strategies employed by software development companies to see how free and open

source software development could help alleviate users from harmful economic strategies and

harness the beneficial ones. Both of these papers triggered informative and interesting discus-

sions, especially the latter paper, which helped the researcher understand the small intricacies

which were important to software development in the real, rather than the theoretical world.

The last paper, User-Driven Development in a Corporate Environment (Björgvinsson and Thor-

bergsson, 2008), tapped into the results of the ethnographic research and the previous papers.

The paper revealed the resulting hypothesis of this research in order to present an interpreta-

tion of it as a new development method, different from the open source software development

method, that could be employed in a corporate environment. This paper helped the researcher

answer a few remaining questions. It also showed the necessity of a discussion about a more

concrete software development method instead of just being satisfied by presenting the results

of exploratory results. The presentation of an idea is not enough, proof of concept is necessary to

help those interested better grasp the core idea.

However, as stated before, a practical revolution needs two things according to professor

Eben Moglen: A proof of concept and running code. We have a proof of concept. What remains is
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running code, the application of the concept in the real world.

We have intentionally left out the second stage of the revolution. This was partly because of

scope, this is an exploratory research which only revolves around a concept, and partly because

of lack of resources, mostly financial. This Ph.D. research has been underfunded from the start.

Experiments involving large bespoke software projects need time and financial resources. It is

not possible to ask users or developers whether they are willing to take a risk by employing a

new methodology for the development. Software project failures are too costly.

There are therefore many questions left unanswered by this dissertation and further re-

search into User-Driven Development is necessary. This is of course to be expected from an

exploratory research, since like stated before is outside the scope, but it leaves a big uncertainty

caused by lack of measurable results. The hypothesis, the methodology, the information flow,

and the model are all only based on the researcher's knowledge, observations, and literary anal-

ysis, backed up by expert review at conferences.

Real world experiments across disciplines are therefore the next step, left for future re-

search. Better understanding of other disciplines such as economics, psychology, and lawswould

give these experiments a better foundation, since real world software development involves dif-

ferent individuals who work differently together in different situations.

These experiments would give us a deeper understanding of how User-Driven Development

will fare in comparison to other methodologies and reveal possible faults inherent the User-

Driven Development methodology. There are some important questions that need to be an-

swered and possible problems surrounding the four freedoms and open source software devel-

opment which must be better understood.

One of the first questions that need to be answered iswhether the developmentmethodology

can really be beneficial to lead users and if so whether it is also beneficial to other users, i.e. get a

better grasp on the extent of the users the methodology is useful to. This is needed to help users

choose whether the methodology is indeed helpful or if they should stick to other development

methodologies.

There is also another important difference between users which must be understood better

and might not be related to how forward thinking the user is. The researcher has, during his

experience as a leading figure in the Icelandic free software society noticed that some users do
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not care about the four freedoms. These users are more interested in features than freedom.

Using a development methodology which is built around the benefits of freedom might not be

usable to these types of users. However there is a strong possibility that these users are in fact

not lead users since they seem to be adequate with what they have, rather than trying to think

forward as lead users do.

Another issue the researcher has noticed when looking at the use of free software by users

is that many seem to feel that free software packages are difficult to use. This can of course be

caused by lack of experience or the fact that some users are familiar with specific software and

find it problematic to use software where some tasks are performed differently2. Again these

types of users might not be lead users but if they are and the free software is indeed too hard to

use, most of the development time when basing the project on previous free software would be

spent on fine-tuning user experience instead of answering the actual need of the user. It might

be beneficial to develop a specific free software assessment method, as part of a maturity model,

to help users choose the correct free software to build upon in those cases.

There are also some other problems with free software which could stand in the way. It

might for example become hard to make the software interoperable with proprietary systems.

This also the raises a question about how fettered the software can really be. Is it wise to mix

free and proprietary software together in a project which is developed using amethodology built

around the four freedoms? This can become a real threat, especially if the development would

require the developers to develop other distinct systems when interoperability is difficult. This

is something which must be researched better from economic, legal and software development

aspects.

Another worry might be security. The researcher is aware of a constant discussion about

security issues with open source software. Some developers seem to think that the openness of

the development method gives malicious crackers a possibility to find security holes by looking

at the code. There are arguments to both sides of the debate but these might not be relevant to

2It could be argued that this is a special form of lack of experience since the researcher knows that in the

secondary schools in Iceland which have migrated to free software, the young students, i.e. digital natives,

had no problem using free software, while older teachers, i.e. digital immigrants, hadmore problems finding

their way.
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the User-Driven Development methodology since it revolves around the four freedoms and free

software, not open source software. It is vital to understand that free software does not have to

be developed as open source software. The freedoms are given to the user of the software, and

in bespoke software development the user is delivered the resulting software and the code to

give that user the four freedoms. The malicious cracker would then have to be someone within

the user organisation or one of the developers. In cases where the openness of the open source

software development method is employed this might become a threat and should of course be

researched for those cases.

A possible problem with the User-Driven Development methodology is the increased over-

head involved with such a distributed development. Each service provider in the model would

have to include their management and organisational costs, which could drive up the cost of

development. This could be negated by the competition the model calls for. The organisational

cost might also be lower because the methodology allows smaller service providers with less

organisational cost to participate. The methodology might also lead to lower cost since it be-

comes possible to hire more experienced service providers within a specific domain or part of

the project which might work more efficiently than a software development company trying to

work in all fields.

Some of this cost might also be lowered by choosing the right tools to allow information to

flowmore smoothly between all stake-holders. However, that leaves the question of who should

setup and manage these tools. It is not given that the user can handle this task, especially since

the user is getting software developers to develop bespoke software, which means that the user

is perhaps not knowledgeable enough to choose and manage the right tools. This might call for

a specific service provider to handle project management and the tools on behalf of the user,

the service provider that can help the user resolve technical conflicts and advise the user on

how the other service providers are performing. This service provider might again increase the

development cost, but might also in turn lead to a smoother process which in turn might lower

the cost. This is an important aspect to research further and can only be done using real world

experiments.

The service providers are another uncertainty which must be better understood. Software

development within software companies can be understood perfectly but there are other forces
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which might damage the development methodology, such as the focus of companies on profit.

Some companies might not be willing to give their work free since proprietary software allows

them to sell the same product over and over to similar customers. With free software, the cus-

tomers might collaborate to lower development costs. However, software developers which pro-

vide bespoke solutions are used to providing different solutions to different users instead of re-

lying on the same product over and over again.

If companies are unwilling to participate because it would mean giving away their work as

free software or if they do not want to work with other companies, e.g. since that would not

allow them to deploy lock-in strategies, or be managed more by the user, then the user might

face a real lack of participating developers. The user might therefore spend more time and ef-

fort finding service providers rather than having software developed using othermethodologies.

This is a cost which is hard to estimate in beforehand but it might be mitigated using the techni-

cal project management service provider which would know about possible participants, which

in turn leads to problems regarding affiliations between specific companies and the technical

project management service provider.

Then there is also the possibility that the companies are unable to develop efficiently if they

lack experience, for example in using specific programming languages or platforms, whichmight

become a hindrance. This could be a problem when bootstrapping a project, how is it best to

make technical design decisions when many service providers should participate? It might be

better to start like many open source software projects do, by having one service provider cre-

ate an incomplete but working software to build upon. This could also become a problem when

building upon existing free software. It takes time for software developers to gain enough un-

derstanding of an existing software, its design and technical specifications to be able to add new

features to it.

More research is necessary as always. The future research related to User-Driven Develop-

ment can seem varied and demanding but this is to be expected from an exploratory research,

especially when dealing with a research subject with such a large scope as a software develop-

ment methodology. This is exciting. We now have a new aspect of software development that

needs our research attention. We have the proof of concept. Now we just need to see if we can

get the code running.
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8.3 Reflections

Dr. Dobb's Portal, the cyberspace home of the discontinued Dr. Dobb's Journal, published an arti-

cle in June 2009 by the software consultant Chuck Connell. In the article, called Software Engineer-

ing ̸= Computer Science, Connell discusses the difference between computer science and software

engineering emphasising the human involvement in software engineering. In the article, Con-

nell puts forth what he calls Connell's thesis:

"Software engineering will never be a rigorous discipline with proven results,

because it involves human activity." (Connell, 2009)

Connell's thesis raises questions about howmuch can be gained from a few experiments and

how strongly the results can be interpreted. There are simply too many external factors that

must be taken into consideration, especially the variety of human beings. Results from an ineffi-

cient software development method can show improvements over good, established methods if

the developers who use the inefficient method are better developers or happen to stumble upon

a better idea to a solution than those in the control group. Connell advises us not to try and

prove software engineering results in Connell's corollary:

"We should stop trying to prove fundamental results in software engineering

and accept that the significant advances in this domainwill be general guidelines."

(Connell, 2009)

Results in software engineering should only serve as guidelines to how to achieve better effi-

ciency and productivity. Therefore exploratory research ismore likely to be the best approach to

furthering the field of software engineering. Time will tell whether the results of an exploratory

software engineering research are of value. New approaches to software engineering still need

a little hacking on after their conception. New approaches need an open mind ready to try new

twists and turns to the development approach or as Connell put it in his article when discussing

the mathematical foundations of computer science and software engineering:

"[C]lassical computer science is helpful to software engineering, but will never

be the whole story. Good software engineering also includes creativity, vision,

multi-disciplinary thinking, and humanity." (Connell, 2009)
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Time will tell whether User-Driven Development improves efficiency and productivity. The

author hopes User-Driven Development can help us mine for the silver to use in our bullet. The

bullet with bespoke software written on it.
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Appendix A
Conference Papers

Without enough resources to conduct full-scale experiments based on the findings of this re-

search it became necessary to find other means of affirmation. In order to get a good idea

whether the results were valid and the hypotheses were sound the results were collected into

papers and submitted and presented at double-blind peer reviewed conferences.

Some papers only touched the areas of the research while five papers were directly based

on research results, and can be regarded as a coherent representation of the results. These five

papers are presented here, in camera ready form, in the following order:

0. Differences in Information Flowof Icelandic andFree andOpenSource SoftwareDevelopment (Björgvins-

son and Thorbergsson, 2007b), originally presented at the International Conference on

Software Engineering Research and Practice in 2007.

1. A Comparison of Icelandic Software Development and Free and Open Source Software Processes

(Björgvinsson and Thorbergsson, 2007a), originally presented at the International Con-

ference on Software Engineering Theory and Practice in 2007.

2. Economic Benefits of Free andOpen Source Software in Electronic Governance (Björgvinsson et al.,

2007a), originally presented at the 1st International Conference on Theory and Practice

of Electronic Governance in 2007.

3. Software Development for Governmental Use Utilizing Free and Open Source Software (Björgvins-

son and Thorbergsson, 2007c), originally presented at the 1st International Conference

on Theory and Practice of Electronic Governance in 2007.
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4. Feasibility of User-Driven Development in a Corporate Environment (Björgvinsson and Thor-

bergsson, 2008), originally presented at the International Conference on Software Engi-

neering Research and Practice in 2008.





Differences in Information Flow of Icelandic and Free
and Open Source Software Development

Tryggvi Björgvinsson
Department of Computer Science

University of Iceland
107 Reykjavík, Iceland

Helgi Thorbergsson
Department of Computer Science

University of Iceland
107 Reykjavík, Iceland

Abstract - Information flow is essential for productive soft-
ware development. Free and open source software projects
seem to utilise information flow in order to produce pow-
erful software with contributions from globally distributed
developers.

Iceland is densely populated in some geographical areas
which may seem optimal for efficient flow of information.
Therefore, it seems rather odd that software only makes up
a small portion of the country’s exported goods. This raises
some questions about how Icelandic software developers
utilise the close proximity for efficient information flow.

This paper defines three different information spaces:
Discussion space, implementation space and archive space
and introduces a model to easily compare different infor-
mation flow between the three spaces and tools used. This
model is then applied to free and open source software, as
well as Icelandic software projects to compare the two de-
velopment approaches and identify major differences in in-
formation flow.

Keywords: information flow, free and open source soft-
ware development, Icelandic software development

1 Introduction

Software development is known to be a very complicated
task. The larger a software project is, the more complex it
gets. Information flow is essential to development of soft-
ware, especially when a large number of individual devel-
opers or teams must cooperate. Coordination and commu-
nication give rise to numerous problems in large software
projects which involves many people. Some of the develop-
ers may perhaps never communicate face to face [11].

Free and open source software projects are a perfect ex-
ample of sometimes very large projects where most of the
developers only communicate via Internet. These global

collaboration projects rely on efficient information flow in
order to successfully coordinate contributing programmers
from all over the world. Many free and open source projects
have developed their own techniques and processes to deal
efficiently with any communication problems which might
occur.

Iceland is a small, but highly developed and independent
country, with its own language and currency. About 60%
of the 300 000 inhabitans live in the capital region [2]. This
dense population might strike one as being optimal for com-
munication and information flow in software development.
Therefore it is quite odd, that software products and consul-
tancy was only about 2.2% of the total exported goods in
2005 [1][20].

These observations raise some interesting questions
about how information flows differently in these two project
types. This article compares information flow of free and
open source software projects to information flow in Ice-
landic software companies and tries to sift out significant
differences between the two approaches. The article focuses
mainly on which tools aid information flow, what the ad-
vantages and disadvantages are to the communication pro-
cesses, and how the information flow affects development
and usage of software for each of the two project types.

Three information spaces are defined and a simple in-
formation flow model is created to aid visualisation. The
two different development approaches, free and open source
software development and Icelandic software development,
are then fitted into the model and compared.

To gather data on how Icelandic software companies de-
velop their products two questionnaires were created. One
of these questionnaires was given to a selection of compa-
nies, to grasp how development takes place, and how infor-
mation flows in the development process. The other was
given to Icelandic software users, to get an idea of the envi-
ronment in which the software companies operate.



Figure 1. Information flow model

2 Information Spaces

Sack et. al. defined three information spaces when
researching design of the Python programming language:
Discussion space, implementation space and documenta-
tion space [15]. This clever approach explains in a more
informative way how collaboration and communication is
handled in large software projects where most of the con-
tributing developers seldom meet face to face.

This paper builds upon the three information spaces and
uses them to analyse differences between information flow
of Icelandic software projects and free and open source soft-
ware projects. A model which helps visualisation of the
predominant information flow between the three informa-
tion spaces is introduced and used to map the different flow
of information in Icelandic and free and open source soft-
ware development.

Furthermore, in order to avoid confusion with the
projects’ own documentation, this paper refers to the doc-
umentation space as archive space. This in turn requires a
redefinition of the spaces in accordance to the new naming
scheme.

2.1 Model

The three information spaces: Discussion space, imple-
mentation space, and archive space, are visualised as circles
in figure 1. Attached to each information space is a rectan-
gle which holds common tools used in relation to that spe-
cific space. The arrows which connect two spaces together
represent the main information flow between those spaces.
To further distinguish information flowing from and to a
specific space, flow to a certain space is represented closer
to the specific space’s circle.

2.2 Discussion Space

Discussion space defines the tools and techniques used
to nurture human to human interactions. Information in
the discussion space can be split into two categories: Syn-
chronous, and asynchronous communications.

Synchronous communications is a fast paced inter-
change of thoughts and opinions, which takes place simul-
taneously. For example, if a participant in a discussion
asks a question, an answer is usually delivered instantly or
shortly thereafter. Examples of synchronous communica-
tions are oral communications like telephone or face to face
discussions. For non-oral communications, instant messag-
ing or Internet relay chats (IRC) are also considered to be
synchronous communication, even though a response is not
guaranteed.

Asynchronous communications do not require partici-
pants of the discussion to be present simultaneously. This
evidently makes it harder to anticipate any responses, which
can become frustrating in the long run. Examples of asyn-
chronous communications are electronic mail, web forums
or handwritten messages. Asynchronous communication
is essential for globally distributed projects, where partici-
pants in different time zones must communicate effectively.

2.3 Implementation Space

Implementation space defines the tools and techniques
that present the most recent and commonly accepted foun-
dation for continued development. Implementation space,
like discussion space, has two categories: Essential and ad-
ditional implementation.

Essential implementation is the technical foundation
which each developer modifies so that the software project
can progress. The most important factor of a software
project is, without a doubt, the source code. The source
code of the implementation space, is the most recent mod-
ifiable code. In Sack et. al.’s definition, source repositories
were considered to be a part of the implementation space.
In this paper, a distinction is made between the two types
of version control system: distributed and centralised. Only
distributed version control can be considered a part of the
implementation space. Centralised version control archives
all older versions in a place accessible to all developers and
only the most recent revision can be considered to be in
the implementation space, while older versions are a part
of the archive space. Distributed revision control, enables
every developer to work on his own version, which is not
directly accessible to everyone. Older versions of a contrib-
utor’s source code is not centrally archived. Documentation
is another essential information which is constantly being
modified. As with the source code, only the latest version
of a document belongs to the implementation space.



Additional implementation is the technical foundation
which each developer can modify but does not necessar-
ily help the project progress, instead it adds more value
to the software. The implementation may be useful for
certain groups, e.g. localisation, which can be a priority
for small nations [6]. Other additional implementation are
Wikis which allow quick modifications to documentation,
UML software models, formal methods for verification, etc.

2.4 Archive Space

Archive space defines the tools and techniques for
recording decisions, opinions, and public knowledge. Sim-
ilar to the other two information spaces, archive space con-
sists of two categories: Official, and unofficial archives.

Official archives are managed and stored on the project’s
servers or prepared by the project’s core developers to serve
the project. It is not necessary for the project’s servers to
be operated by the project’s developers. Servers operated
by other entities can as well be regarded as the project’s
servers. Officially managed material can be stored, as stated
above, in a centralised revision control system, but it can
also be handled by issue trackers, posted on websites, doc-
umented in manuals, etc.

Unofficial archives is any old information not directly as-
sociated with the software project’s development. Example
of a software project’s unofficial material is publicly avail-
able reviews, security reports, user created manuals, and so
forth.

Publication companies often publicise books or similar
material on a certain software project. These can be cre-
ated or sponsored by the project’s developers or owners. In
that case, the specific publication is regarded as official ma-
terial. However, sometimes the material can prepared by
other than those connected with the software development,
i.e. a part of a larger book, and that particular publication
should be considered as an unofficial publication.

3 Free and Open Source Software
Projects

Free software, as a term, was coined by Richard Stall-
man in 1983. It focuses on users’ freedom to run, study,
copy, modify and distribute software. In particular it re-
volves around four freedoms, according to the free software
definition [18]:

• The freedom to run the program, for any purpose.

• The freedom to study how the program works, and
adapt it to your needs.

• The freedom to redistribute copies so you can help
your neighbour.

• The freedom to improve the program, and release your
improvements to the public, so that the whole commu-
nity benefits.

Thus, the termfree softwarerefers to freedom, not price.
In 1991 the development of free software took a sharp

turn when Linus Torvalds started working on a kernel. He
released the kernel as free software, using the GNU Gen-
eral Public License (GPL), but his development approach
differed from the usual one in that he made the source code
available and in an announcement made on USENET he
asked for suggestions on modifications and features from
anyone interested [19]. Torvalds’s USENET post can be
regarded as the beginning of open source software devel-
opment, even though the term would not be coined until in
1998 to prevent misunderstanding of the term free software
and focus more on pragmatic business issues.

The two terms, free software and open source software,
stand for very similar types of software. However, free soft-
ware focuses more on the ideal freedom for users, while
open source software refers to pragmatic values and the de-
velopment techniques. The abbreviation FOSS stands for
free and open source software, and is used when discussing
free software is developed using the open source software
development techniques.

3.1 Information Flow

Communication tools are the only commonly acknowl-
edged development tools in FOSS projects. This means that
even though the implementation space is the most impor-
tant information space from the users’ viewpoint, the dis-
cussion space is the most crucial one to the FOSS devel-
opers, especially asynchronous communication. In most
FOSS projects all decisions and approvals are made in the
discussion space.

The discussions are then publicly archived to make it
easier to find reasons behind a certain decision or refer to
previous approvals to backup some arguments being made.
Barcellini et. al. showed that sorting communications in
FOSS projects by citations was far more effective than the
threading model currently used [4].

Figure 2 shows the main flow of information in free
and open source software projects. The three information
spaces were originally devised to describe the design pro-
cess of Python, a FOSS programming language. Therefore,
it is not surprising that FOSS development fits easily into
the information flow model.

3.1.1 Discussion Space

Organising large, globally distributed software projectsis
hard. Developers live in different time zones and are there-
fore contributing ideas and opinions to the project at differ-



Figure 2. Main information flow between the
three information spaces of FOSS projects

ent times. This makes asynchronous communication, like
mailing lists, the most vital factor in FOSS projects [7] and
enable easy collaboration and project management.

Many FOSS projects have two mailing lists, one for de-
velopers and another for users. This makes it easy for devel-
opers to deal correctly with the two different target groups.
Discussions on developer mailing lists range from design
decisions to code review, while discussions on user mailing
lists be about everything from feature requests to strange
error messages.

Other asynchronous communication tools are web fo-
rums and newsgroups. Some projects choose web forums
instead of mailing lists. Web forums have their advantages,
like ridding the developers’ mailboxes of messages which
do not interest them. However, many FOSS developers find
forums to be a rather poor replacement for newsgroups [12],
which unfortunately are rapidly becoming a technology of
the past, soon to be forgotten.

To serve impatient users, which demand rapid answers to
problems which they might encounter, many FOSS projects
have a dedicated IRC channel on Freenode. IRC gives users
the possibility to have synchronous communication with
both developers and other users. Some FOSS projects, not
only use IRC to help users with their problems. Ubuntu, a
popular GNU/Linux distribution, use IRC channels as class-
rooms to teach interested people about the inner workings
of Ubuntu’s development processes.

FOSS developers do not only communicate via Inter-
net. Conferences and local user groups are another example
of synchronous communication, which takes place face to
face. These events are however mostly related to successful,
large FOSS projects or used to promote FOSS development
and usage in general.

3.1.2 Implementation Space

Most of the time FOSS projects come into existence when
programmer’s want software to solve a certain problem,
scratching a personal itch as Eric S. Raymond calls it [13].
A fundamental idea which FOSS development builds upon
is that when a software solves a particular problem for one
developer, it is very likely that others will find it useful and
modify it to adapt to their needs.

Making software free (as in freedom) ensures that the
source code gets modified to solve many users’ needs, even
though they differ from the original developer’s intentions.
Software is made free by licensing the code under a free
license, like the GNU General Public License (GPL), de-
vised by Richard M. Stallman. The GPL is estimated to be
the license of choice for roughly 70% of all FOSS projects
[10].

Only the most recent version of the source code is in
the implementation space, i.e. so-called source tarballs,the
latest version in centralised version control systems, or the
multiple instances of a distributed source repository. Ver-
sion control systems are important so that users can be sure
they are using the most recent version of the code, or for
developers which want to make modification to the latest
version. There are no restrictions on how the developers
modify the code, but most prefer text editors instead of in-
tegrated development environments [5].

Documentation is essential for all software projects.
User manuals explain how to operate and configure the soft-
ware, developer instructions show how to submit code mod-
ifications to the FOSS projects. It is important that docu-
mentation for free software is free as well, especially for
user manuals since the software is constantly being mod-
ified [17]. Wikis are still gaining momentum in FOSS
projects, but tend to be used for easily modifiable documen-
tation [14].

FOSS projects are perfect for localisation. Interna-
tionalisation, i.e. which makes localisation possible, isa
widespread practice in FOSS projects [16]. After interna-
tionalisation, contributors from all over the world are able
to send in definitions of currency and time, translations of
strings or manuals, and more, which makes FOSS project
highly adaptable to all languages and cultures.

3.1.3 Archive Space

Archive space holds all information related to FOSS
projects. Since new developers can join the project at any
time, it is essential to store all previous decisions, discus-
sions, software bugs, and older versions in a publicly avail-
able place.

The FOSS project’s website is the central point which
binds together all tools used to organise and develop the
project. On the website, which can be self-hosted or by oth-



ers, there should at least be a presentation of the project and
all tools used, i.e. source repository, issue tracker, mail-
ing lists, etc. Additionally it is important to have a mission
statement on the website [7]. Other information is helpful,
such as download instructions, TODO lists, documentation,
code conventions, etc.

It is necessary to archive all versions of the source code,
since it is impossible to say when developers submit mod-
ifications, or if it becomes necessary to revert to an older
version. This is handled by the centralised version control
systems, and theactivedistributed repository, i.e. the one
managed by the project manager. Developers are interested
in what happens in the source repository.

Issue trackers, also known as bug trackers, help con-
tributors communicate and coordinate their work. It also
serves as a communication tool between developers and
users which need some bug fixed or a new feature added.
The developers can inquire the users for technical details
on how to reproduce bugs or to explain a feature in detail,
while users can use issue trackers to check status on their
requests [9].

All discussions on mailing lists are archived using spe-
cial archivers often included in mailing list managers. There
are special front ends available which represent mails sent
to the mailing list as websites with permanent URLs and
provide a search function. Some projects even log commu-
nications on their IRC channels, but due to sometimes high
traffic and irrelevant messages on IRC, it is rare.

Users often need help on IRC after getting large error
messages, but due to the nature of IRC it is unwise to paste
large messages. Pastebin sites exist which enable users to
paste large messages and get an URL which others in the
IRC channel can access and try to help the user [7]. Paste-
bins are the least used archive, mostly accessed only during
a small time interval.

The most valuable archive for users of free and open
source software is the great number of user created manu-
als (known as HOWTOs), reviews, and publications. These
help the user decide whether the FOSS project fits the user’s
needs or if it the project is mature enough to be reliable [8].

4 Case Study

To examine how information flows in Icelandic software
development, a small number of Icelandic software com-
panies were chosen to answer a questionnaire. Both small
companies, with only two active developers were queried,
and large companies, where employees are counted in hun-
dreds. The companies were also chosen based on their spe-
ciality, to get as much variety in Icelandic software devel-
opment as possible.

Icelandic software users were given a separate question-
naire, to reveal how software users communicate with soft-

ware developers. The users chosen were not limited to the
developers questioned nor to their position in the organisa-
tional hierarchy.

The questions were designed to reveal how software is
generally developed, how information flows between de-
velopers and users, as well as within the organisation. The
questions were specifically formulated to not mention soft-
ware processes or information flow but only touch aspects
of software development where effective flow of informa-
tion is essential.

5 Results

5.1 Information Flow

Most software companies in Iceland have limited them-
selves to using only development tools from Microsoft and
only aim at developing solutions for Microsoft platforms.
Information flow is therefore restricted by what is possible
to do with the tools provided by Microsoft. Other informa-
tion travels by oral communication.

In contrast to FOSS development, the implementation
space seems to be the most important of the three informa-
tion spaces. The reason for this may be that Icelandic soft-
ware companies develop mostly proprietary software which
makes the source code their most valuable asset. Since
FOSS developers only want the software to solve particu-
lar problems, the source code only serves as a means to an
end.

Figure 3 shows how information flows between the three
information spaces in Icelandic software projects. The three
information spaces were conceived to describe a FOSS
project, but surprisingly it is more than adequate for propri-
etary projects as well. The model sufficiently emphasises
the differences in information flow between the two devel-
opment styles.

5.2 Discussion Space

Activities in the discussion space of Icelandic software
companies are mostly oral. As can be expected because
of a corporate environment, meetings is the only formally
recognised discussion which takes place. Software devel-
opment teams have weekly meetings to look at both recent
and planned work. Managers meet with users to discuss the
requirements of a new product, or get feedback on a newly
released version. Meetings are very useful, but can become
problematic when the development teams get larger.

Another oral activity which seems to be prominent, but
very concerning, is that Icelandic software companies rely
more on employees to ask fellow workers for help to under-
stand some aspects of work, like for example source code,



Figure 3. Main information flow between the
three information spaces of Icelandic soft-
ware projects

but not formal documentation. This can lead to problems
with legacy code or misinformation because of bad habits
of some programmers or become burdensome for some em-
ployees.

In the same manner, Icelandic companies also teach
users how to operate the software orally, by giving courses.
This is a clever approach and gives users the chance to ask
questions immediately. However, most companies do not
follow the courses up with user manuals or handbooks. This
means that when customers hire new employees, they must
learn from co-workers, by trial and error, or other means.

The only non-oral communication in the discussion
space seems to be when customers send in feature requests
or bug reports via e-mail. However, telephone is an alter-
native to e-mail, so the activity is not completely non-oral.
This seems to be a bug reporting system which scales rather
badly. As the user base grows and becomes more interna-
tional, this bug reporting technique can become difficult for
the support department to handle.

5.3 Implementation Space

Visual programming is somewhat thede factostandard
for Icelandic software developers. Companies focus on de-
velopment ease, i.e. making development easy for the pro-
grammers, instead of optimising the software. This is not
a problem per se, since hardware keeps getting faster, but
most users queried complained about software not being
fast enough. Therefore, this focus on easy programming
rather than optimisation is highly questionable.

There were however Icelandic software developers
which focused on development ease by choosing a simple

but efficient programming language for their product. These
developers were more likely to optimise their code, by us-
ing two languages, one for developer ease and the other for
optimisation where necessary.

Surprisingly many of the Icelandic companies do not use
specialists to work on different aspects of the development.
For example, the companies inquired rely on third party
software to handle security issues, fault tolerancy is ensured
by testing rather than computations, user interface is chosen
by acceptance testing, and so forth.

Even though the Icelandic software companies are
mainly selling the information from the implementation
space, not much effort is put into ensuring quality of dif-
ferent aspects of the software product. Instead the software
developers rely on general purpose programmers to deliver
a usable product which can be sold.

5.4 Archive Space

For Icelandic software developers, the archive space is
mostly used for organisation of the software development.
Meetings with customers happen in the discussion space,
but are recorded in the archive space via meeting reports.
The meeting reports serve as user requirements specifica-
tions and after scheduling the work on requested features
with project planners the programmers can start working on
implementing them.

Another common usage of the archive space is advertis-
ing. While websites of FOSS projects serve as the central
point which ties together the project’s tools and informa-
tion, Icelandic software companies are selling their software
and therefore use the website instead to advertise the prod-
ucts. The website is also used to announce big contracts
with large customers, and for other news.

User and developer manuals are very rare as most com-
panies seem to want to teach users how to operate the soft-
ware and developers to modify it in the discussion space.
Even though it may be more effective in the short run, the
companies should also complement their work in the dis-
cussion space, by creating manuals. There were of course
some companies which did write manuals, but none seemed
to use version control systems to handle the modifications.
One company used a Wiki to record major API decisions,
even though Wikis are designed to allow easy and quick
modifications by anyone.

Surprisingly, not all developers queried use source repos-
itories to manage modifications of the source code. A ma-
jority of the companies that did, used Visual SourceSafe,
which is integrated with Microsoft’s Visual Studio. This
may be the reason why documentation, such as manuals, are
not kept under version control. The companies do not use
the version control system to manage backups. Backups are
most often taken manually and put on a tape which is kept in



a bank vault. Some companies might need to improve this
procedure. One company, for example, stopped relying on
tape backups after an incident where the backup tape mal-
functioned, instead of adding a check for successful backup
to the procedure. Tape backups are however, more reliable
than storing the backup at the same physical location which
some companies do.

6 Conclusions

Free and open source software projects receive contribu-
tions from globally distributed developers, the information
must therefore flow efficiently. Free and open source soft-
ware projects are very scalable and highly adaptable to vari-
ous cultures and environments. Icelandic software develop-
ment does not seem to be as scalable and internationalised,
even though the population density should encourage fast
paced and easy information flow.

This paper examines how information flows differently
in these two types of software development. It is quite
clear that Icelandic software companies must reexamine
how software is developed within the company. Of course,
it cannot be expected of Icelandic software companies to
start develop software according to open source principles.
It is though recommended that Icelandic software develop-
ers should at least be familiar with open source techniques
and they might even find some aspects of open source soft-
ware development useful.

The most important lesson Icelandic software companies
can learn from FOSS development is that more formally
recognised processes are needed to handle information flow
efficiently. Icelandic software companies should, at least,
focus on formalising the discussion space by utilising the
archive space and how information flows between these two
information spaces.

A more radical recommendation is that Icelandic soft-
ware developers should make their software free and thus
take advantage of the close proximity between develop-
ers and users. This way the Icelandic software companies
would be able to get better feedback from the users and even
some help in the development, which is surely needed for a
small nation like Iceland.

7 Acknowledgements

Thanks to the interviewed Icelandic software developers
and users, who gave their valuable time to help shed light
on the status of Icelandic software development.

Special thanks to Ebba Thora Hvannberg, for her advice
on the questionnaires.

References

[1] External Trade.Statistical Series, 91(29), 2006.
[2] Population.Statistical Series, 91(19), 2006.
[3] History of the OSI.http://www.opensource.org/

docs/history.php, January 2007.
[4] F. Barcellini, F. Détienne, J. Burkhardt, and W. Sack. The-

matic coherence and quotation practices in OSS design-
oriented online discussions.Proceedings of the 2005 inter-
national ACM SIGGROUP conference on Supporting group
work, pages 177–186, 2005.

[5] M. Bittman, R. Roos, and G. Kapfhammer. Creating a Free,
Dependable Software Engineering Environment for Build-
ing Java Applications. InMaking Sense of the Bazaar: 1st
Workshop on Open Source Software Engineering, 2001.

[6] V. Dagiene and R. Laucius. Internationalization of open
source software: framework and some issues.Information
Technology: Research and Education, 2004. ITRE 2004.
2nd International Conference on, pages 204–207, 2004.

[7] K. Fogel. Producing Open Source Software: How to Run a
Successful Free Software Project. O’Reilly, 2005.

[8] B. Golden.Succeeding with Open Source. Addison-Wesley
Boston, 2004.

[9] J. Johnson and P. Dubois. Issue tracking.Computing in Sci-
ence & Engineering [see also IEEE Computational Science
and Engineering], 5(6):71–77, 2003.

[10] J. Lerner and J. Tirole. The Scope of Open Source Licens-
ing, 2002.

[11] M. Lindvall and I. Rus. Process diversity in software devel-
opment.Software, IEEE, 17(4):14–18, 2000.

[12] J. Nicholson-Owens. My two cents on web forums: don’t
like ’em. gnewsense-users mailing list, January 2007.

[13] E. Raymond. The Cathedral and the Bazaar.Knowledge,
Technology, and Policy, 12(3):23–49, 1999.

[14] J. Robbins. Adopting Open Source Software Engineering
(OSSE) Practices by Adopting OSSE Tools.Perspectives
on Free and Open Source Software, 2005.

[15] W. Sack, F. Détienne, N. Ducheneaut, J. Burkhardt, D. Ma-
hendran, and F. Barcellini. A Methodological Framework
for Socio-Cognitive Analyses of Collaborative Design of
Open Source Software.Computer Supported Cooperative
Work (CSCW), 15(2):229–250, 2006.

[16] W. Scacchi. Free and open source development practicesin
the game community.Software, IEEE, 21(1):59–66, 2004.

[17] R. Stallman. Free Software and Free Manuals.http:
//www.gnu.org/philosophy/free-doc.html,
2000.

[18] R. Stallman. The Free Software Definition.Free Soft-
ware, Free Society: Selected Essays of Richard M. Stallman,
Boston: GNU, 2002.

[19] L. Torvalds. What would you like to see most in minix?
comp.os.minix, USENET post, August 1991.

[20] B. Ásbjarnardottir. Útflutningur á hugbúnaðar- og
tölvuþjónustu árið 2005 (e. Export of software- and com-
puter service year 2005). Report from the Central Bank of
Iceland, 2005.





A Comparison of Icelandic Software Development and Free and Open Source
Software Processes

Tryggvi Björgvinsson, Helgi Thorbergsson
Department of Computer Science

University of Iceland
107 Reykjavík, Iceland

tryggvib@hi.is, thorberg@hi.is

Abstract

Iceland is a small, but very technologically knowledge-
able country. Many Icelandic software companies aim for
international market, even though software development is
mostly small scale. Previous failures give rise to questions
about how scalable Icelandic software companies are and
what software processes they follow.

Free and open source software (FOSS) projects are, in
contrast, driven by a global community and almost al-
ways aimed at international market. The FOSS community
has developed techniques and methods which have lead to
highly successful projects, which are currently maintained
by multiple interested developers spread around the world.

This article compares FOSS development methods to
techniques and processes used by Icelandic software com-
panies, in hope of identifying possible improvements to Ice-
landic software development.

1 Introduction

Iceland is quite special regarding software usage and de-
velopment. This independent country has roughly 300000
inhabitants, which speak their own language, Icelandic.
Even though the nation is small and geographically isolated
it is very technologically advanced. In September 2006 Ice-
land had the highest Internet penetration in the world with
86.8% of the population connected [2]. However, only 660
companies are currently categorised as software developers
and/or software consultants [1], and according to Statistics
Iceland the majority are consultants [4].

A famous contract made by Björn Bjarnason, then minis-
ter of education, science and culture, to translate Microsoft
Windows 98 into Icelandic, shows how limited deployment
and development of software is in Iceland. The reason for
the translation was a need for translated software in schools.

Therefore, the Icelandic government made a contract with
Microsoft, without knowing that both the K Desktop En-
vironment for GNU/Linux and Apple Macintosh operating
system had already been fully translated. The translation
was completed six months past the deadline and two months
after the release of Microsoft Windows 2000[6].

This brings up many interesting questions. With a na-
tion so technologically capable, why are so few companies
focusing on software development? How is software de-
veloped in Iceland? What processes do Icelandic software
developers use, if any? How are the requirements deter-
mined? How is the design and implementation handled?
How is software tested and deployed?

Icelandic contributors, working by sheer interest, had al-
ready completed translation of a free and open source desk-
top environment for the GNU/Linux operating system, one
and a half year ahead of an Icelandic company. This case
study compares free and open source software development
to how Icelandic companies develop software, and tries to
answer the question whether Icelandic software developers
can learn anything from free and open source software de-
velopment processes.

2 Free and Open Source Software Develop-
ment

Free software gives users freedom to run, study, copy,
modify and distribute software[19]. Open source software
is developed by gathering suggestions and modifications
from users.

The two terms, free software and open source software,
stand for very similar types of software. Both give access to
the source code, however, free software focuses more on the
ideal freedom for users, while open source software refers
to pragmatic values and the development techniques. The
abbreviation FOSS stands for free and open source soft-
ware, and is used when discussing free software developed



Figure 1. Main information flow between the
three information spaces of FOSS projects

using open source software development techniques.

2.1 Development

Due to absence of proximity, communications can be re-
garded as the common development tool of FOSS projects.
Sack et. al. identified three major information spaces: The
discussion space, the implementation space and the docu-
mentation space in his research on collaborative design in
the open source Python project [16]. This article builds
upon his three information spaces, however renames the
documentation space to archive space, in order to avoid con-
fusion with the FOSS project’s own documentation.

Figure 1 shows the three information spaces and the
main information that flows between them. The rectangles
attached to each space hold examples of tools and tech-
niques bound to the respective information space. The fol-
lowing sections broadly explain each information space and
most of the major communication tools for each of them.

2.1.1 Discussion space

Discussion space defines the tools and techniques used to
nurture human to human interactions. Most FOSS develop-
ment activities take place in the discussion space. Most no-
tably via mailing lists, which many successful FOSS project
communications rely heavily on [9].

Mailing lists provide means for asynchronous commu-
nications, which are very important for globally distributed
software development. Without asynchronous communica-
tions FOSS projects would be bound to certain time zones.
Discussions on mailing lists are represented by a threading
model where parts of previous emails are quoted. Barcelona

et. al. have shown that quotation-based representations are
more relevant to the discussion [5]. This may be caused by
inexperience of some of the participants.

Web forums and USENET groups are two other ways
to communicate asynchronously. FOSS developers tend to
be against Web forums, as they consider it a poor replace-
ment of USENET [10]. Even so, some FOSS projects, such
as the XChat IRC client, use web forums as their primary
asynchronous communication tool.

Internet Relay Chat (IRC) is the primary synchronous
communication tool in the discussion space. Many free
software projects use IRC channels as their primary syn-
chronous communication tool. The channels provide users
with an easy way of contacting developers directly.

FOSS projects are often a topic on international confer-
ences and some projects have their own annual conferences
and local user groups (LUGs) which organise smaller meet-
ings. Live events are a form of synchronous communica-
tion which brings the members of the community closer to-
gether.

2.1.2 Implementation space

Implementation space defines the tools and techniques that
foster distributed collaboration of a technical nature. Even
though most activities of free and open source software
projects take place in the discussion space, the implemen-
tation space is by far the most important of the information
spaces. FOSS projects exist only because of the information
flow to and in the implementation space.

Like the discussion space can be categorised into syn-
chronous and asynchronous communication, the implemen-
tation space does also have two major categories: essential
implementation, such as the code and documentation, and
additional, like localisation and Wikis.

The single most important aspect of the implementation
space, and the FOSS project in whole is the source code.
The source code usually starts with a developer who needs
to solve a particular problem, i.e. scratch a personal itch
[14], but it is not a requirement. The source is published
under a specific license, either a free, open source, or a pub-
lic domain software license. The most popular license is the
GNU General Public License, used by over 66% of projects
on Freshmeat, a web portal which maintains the largest in-
dex of UNIX and other cross platform software [3].

It is important for any free software project to be doc-
umented to some extent. The documentation in the imple-
mentation space refers to usage and development instruc-
tions. On POSIX compatible operating systems the most
popular form is known as “man pages”, but the documen-
tation can range from simple README files to Perl docu-
mentation (POD), which is integrated into the source code.

Wikis are a relatively new phenomena in software de-



velopment. FOSS projects have not yet found the optimal
use for Wikis [9]. However, usage tends to lean towards
documentation and specifications, at least for the small per-
centage of FOSS projects that use Wikis [15].

Smaller nations emphasise that it is important to uphold
the inheritance of their languages, and therefore a need for
localisation becomes very relevant to the software usage
[7]. When FOSS software has been internationalised, i.e.
adapted so it can be used potentially everywhere, contribu-
tors start localising the software by sending in translations
of strings, definitions of time and currency format, trans-
lated manuals, etc.

2.1.3 Archive space

Archive space defines the tools and techniques for record-
ing decisions, opinions, and public knowledge. Since open
source development is a globally distributed, asynchronous
process, documenting everything is essential.

As with the other two information spaces the archive in-
formation can be split into two categories, official and un-
official. Official material is everything published on behalf
of the FOSS project or stored on its servers, most notably
the website, source repository and bug tracker. Unofficial
archived material is essentially individually published ma-
terial, such as opinions and reviews on blogs and similar
websites.

Every FOSS project should have its own website, either
by self-hosting or by using canned hosting sites, such as
Sourceforge. The site not only serves as the project’s pre-
senter, but also as an archiver of past decisions, i.e. coding
rules used, mission statements, TODO lists, etc. The web-
site also serve as a central point which binds together all
other tools used for the project, such as mailing lists, repos-
itory and bug tracker. These tools are most often provided
by canned hosting sites.

Since the source is the most important part of the imple-
mentation space, it can be reasoned that the source repos-
itory is the most important archiving utility. Open source
may involuntarily give the impression that the repository
is open for commits from anyone, that is however not the
case. Most open source projects have a central authority
(often descriptively named benevolent dictator) which must
acknowledge patches sent in by contributors. When indi-
vidual developers become trusted by the central authority,
they gain commit access without the approval process.

Bug trackers, or issue trackers, on the other hand, have
to inspire users of the software to report software bugs. The
most common problem is duplication of bugs in the track-
ing software. Some open source software projects have a
process where users must get their reports accepted by de-
velopers, for example via mailing lists, others have com-
mitted developers which examine every report and mark it

appropriately in the case of duplication.

A mailing list archiver is another official archiving utility
for FOSS projects. For discussions on mailing lists to flow
efficiently, the participants must be able to cite older discus-
sions and backup their statements with previous decisions.
In order to do so, archivers store all discussions and enable
content searching.

Due to the nature of IRC and large size of error messages
or source code, pastebin sites exist to aid communication on
IRC. Pastebins allow users to paste text on a website and get
an URL which leads to the specific text. Then the user can
paste the URL on IRC, and others in the conversation are
able to visit the URL and take a look at the text.

As more users begin using the software, they will review
the software and form opinions. These users will both com-
ment on the quality of the code and create HOW-TOs (sim-
ple instructions on how to use the software) and publish it
on-line. This is a valuable resource for users which can
search for HOW-TOs or other user’s opinions about FOSS
products.

Publications can be categorised as both officially and
unofficially archived material. Almost anyone can pub-
lish books or manuals about FOSS projects. Official are
those written by core developers or sponsored by the FOSS
project in question. Unofficial publications are the opposite,
either sponsored by other entity than the FOSS project, e.g.
as a part of a larger book, or written by authors not explicitly
linked to any FOSS project.

2.2 Requirements

Free and open source software projects differ from other
development methods mainly since any user can easily con-
tribute to the development. No records of formal require-
ments specification have been found in open source soft-
ware projects [17]. This does not mean that open source
software projects do not specify any requirements. Users
and developers debate on new features, whether to include
them or not in the discussion space [20].

After an agreement has been reached about which fea-
tures to include, they are added to a TODO list, which exists
on the website, in the source repository, or both. The TODO
list is a short list of preferred functionality of the software,
used to guide the development into the right direction.

Some developers implement new features directly and
contribute them to the project, instead of having to linger
on a TODO list. These contributions may inspire discus-
sions which can end with the feature being accepted into
the project. Not every feature gets accepted, since some
developers may be opposed to it, but the nature of FOSS
enables any user to incorporate unsupported modifications.



2.3 Design

System level design of FOSS projects is usually done
in advance by the original author, before the project starts
gaining momentum in contributions from users and other
interested programmers [8]. The projects often lack a thor-
ough system level design and low level design is often just
a side effect of the coding phase, and examined in code re-
views. This often gives open source software the reputation
of being unreliable [20].

For those projects which do design before implement-
ing, that process is usually done in the discussion space,
parallel to specification of requirements. The Python pro-
gramming language has a well defined process, which com-
bines requirements and design, called Python Enhancement
Proposals (PEPs). This process is very similar to technical
review meetings and Request For Comments (RFCs), used
for Internet related standards design [16].

Most design decisions which are discussed are only
archived with mailing list archivers. The fact that they got
implemented and accepted into the mainstream of the FOSS
project is considered as a proof that they are good enough.
PEPs on the other hand get published on the official Python
website, thoroughly defined and accompanied by comments
from the project’s leader (benevolent dictator).

2.4 Implementation

In open source projects there is no limitation of who can
contribute code and time to each project. Both extrinsic
and intrinsic factors contribute to the joy of coding for most
programmers in FOSS projects [12]. Eric S. Raymond sug-
gested that these coders are in fact playing some sort of a
reputation game, in which their ego is satisfied when their
code patches get accepted into the mainstream [13]. The
acceptance means that core developers could not have im-
plemented the feature better themselves. This also forces
code contributors in a way to put much effort in submitting
well thought out code.

Inexperienced or new contributors send their code
patches directly to mailing lists and get feedback on changes
or advice on certain aspects of the patch from members of
the mailing lists. Therefore much of the patches begin their
life in the discussion space, some never get accepted, others
do. Karl Fogel recommends that new contributors should
begin by contributing bug fixes before implementing new
features [9]. That way, they can quickly gain respect of
core developers as effective coders, which means that later
on when contributing new features they get accepted more
quickly.

More experienced core developers, i.e. trusted by the
project manager, get to contribute directly to the source
repository. However, these contributions are viewed by fel-

low developers as well, since they get posted to mailing
lists, if the repository is correctly configured.

2.5 Testing

Open source software projects do not test changes on a
system level and most projects do not demand much testing,
only require that submissions do not break the build. Some
projects are very test oriented, like Perl for example, which
tests every module contributed with numerous test cases.

The special open source code review is extremely effec-
tive and probably the biggest reason why open source soft-
ware is relatively better implemented than closed source
counterparts. Since every code patch is sent to all active
developers, software bugs and possible weaknesses are no-
ticed quickly. Raymond has dubbed this “Linus’s Law”, in
contrast to Brooke’s Law [14]. Core developers have more
experience contributing to certain parts of the project and
are less likely to introduce bugs than newcomers.

One dangerous aspect of the code review testing is the
“bike shed effect”, which states that complex topics get less
attention than simple ones, since they need deeper commit-
ment of the participants.[11]

Bugs introduced by experienced developers and those
which have slipped through code review get caught by users
and reported directly to bug trackers. Users of open source
software are more understanding regarding the dangers of
using the newest features and thus more willing to help
eradicate software bugs. The users are not required to pay
for the software, and many become more helpful when they
can study and fix the source code themselves [20].

2.6 Documentation

The biggest deficiency in FOSS projects is the lack of
documentation [18]. Even though many developers dis-
like documenting their work, it is essential since users need
manuals to operate the software and developers need in-
structions on how to contribute code. It is important to
have documentation in an easy-to-edit format so that users
as well as developers will not have any problem modifying
the documentation.

Due to the nature of software, constant modifications to
manuals are necessary. Manuals can be free in a similar way
that free software is, i.e matter of freedom, and is achieved
by releasing them under the GNU Free Documentation Li-
cense (GFDL) or a similar license. Manuals can also be pro-
prietary, that is published by publishing companies. Pub-
lished manuals create revenue for many FOSS developers
but require much more effort in maintenance.

Documentation is not only limited to manuals. All writ-
ten material can be regarded as documentation, e.g. answers
to frequently asked questions, code conventions, source



code comments. Most contributions to documentation take
place in implementation space but get stored in the archive
space. Not all documentation is written manually. Some
can be managed automatically, e.g. frequently asked ques-
tions can be gathered from IRC channels.

2.7 Deployment

FOSS project managers should release versions even
though they are not considered to be stable. This is mostly
because many users are willing to try out new features and
help fix problems.

Stable versions of open source software are primarily
used by companies or individuals which are looking for re-
liable and mature solutions. Measurements of open source
software commercial readiness exists, such as open source
maturity models developed separately by Bernard Golden
and Capgemini or the Business Readiness Rating for Open
Source developed jointly by SpikeSource and Intel Corpo-
ration. These methods define measurements for the applica-
tion itself, support, documentation, etc. These metrics can
be extremely valuable for corporations trying to assess how
well certain open source software solutions compare to one
another.

Free software can be developed by traditional means but
when deployed, all users should have freedom to study,
modify, and distribute the software as they see fit. Contrary
to most proprietary software, free software enables users to
hire other software companies than the original developer
to continue development. Free software users do therefore
not only have to hope that their required feature gets in-
corporated into the next release of the software, but have
the freedom to add it themselves or get others to add it for
them.

3 Case Study

In order to fully grasp a software development in Ice-
land, a fairly large number of companies were chosen to get
an overview of the various specialisations of software devel-
opers. Variety in software development mattered the most.
For example, while one is a large software developer which
develops custom-made software for medium to large sized
companies only, another is a leading construction company
with a team of developers that works on very specialised
in-house software. The list also includes a search engine,
business solution developers, a bank, a research orientated
company, a web site developer, an Internet service provider,
payment processors, and more.

Randomly picked developers at these companies ver-
bally answered a qualitative questionnaire, which was de-
signed to reveal development techniques and processes used
by the developers. To avoid deceptive answers about well

known processes, the questions were designed to specifi-
cally not mention any software development processes at
all. Instead, most of the questions touched different as-
pects of software development where well defined pro-
cesses would help. The rest of the questions focused on
direct comparison with FOSS development.

To attempt to map the landscape in which the soft-
ware developers operate, random users of Icelandic soft-
ware were given a different questionnaire. The list of users
inquired, ranged from common employees to system ad-
ministrators, both in the private and the public sector. For
specialised companies, such as the construction company,
the user came from the target group of the software devel-
opment. In larger companies or institutions users held vari-
ous positions in the organisation hierarchy. Users were not
only restricted to the above mentioned software developers,
some used a competitor’s solution and some were resellers
of foreign software solutions.

The structure of the user’s questionnaire was similar to
the developer’s, i.e. it was verbal and qualitative, but it fo-
cused on revealing the expectations, demands and opinions
of Icelandic software users.

4 Results

4.1 Development

Analysis of the answers to the questionnaire indicates
that most Icelandic software developers, with an exception
of the largest companies, do not seem to fully implement
any process methodologies. Most of them have self-defined
processes to perform tests, and a majority uses some meth-
ods, usually meetings, to specify requirements. All in all,
the general Icelandic software development approach seems
to lean towardsCowboy coding, i.e. software development
without using actual, defined methods. Smaller companies
blame this on lack of resources, such as time and money.

Vast majority of development companies strive to be Mi-
crosoft Certified Partners and use visual development en-
vironments from Microsoft. The reason for this choice is
that they claim software development becomes comfortable,
simple, secure, fast and what the user wants. One developer
sees Microsoftstandards as a better way to ensure compat-
ibility with other software than using international or open
standards. The more companies focus on using Microsoft,
the more they use defined development methods, since Mi-
crosoft have integrated these methods into the development
environment. Oddly enough, these companies also focused
more on making the development easier for the program-
mers, for example they choose a programming language by
the programmers’ personal preference. In contrast, the mi-
nority which does not rely on Microsoft development tools



Figure 2. Main information flow between the
three information spaces of Icelandic soft-
ware projects

chose the programming language mostly for optimisation
purposes.

Peculiarly, the results showed that the companies were
mostly interested in programmers only. The software com-
panies did not hire any specialists such as mathematicians,
usability or security experts, etc. The companies relied on
general programmers and third party software to provide
users with a functional, usable, reliable, and secure system.
The project teams usually ranged from one to eight devel-
opers, in average only three programmers, with one respon-
sible for the development and outcome.

Icelandic software development resides mostly in the im-
plementation space. Specification of requirements is the
main activity of the discussion space as well as bug report-
ing, which is performed informally via electronic mail or
telephone. The requirements are written down or reviewed
in meetings and after some project planning, programmers
usually start coding and testing. Figure 2 shows the main
information flow of Icelandic software projects and can be
compared to figure 1 for a visualisation of the main differ-
ences between FOSS and Icelandic software development.

4.2 Requirements

Most of the companies interviewed had processes to de-
fine the requirements and analyse them. Those who did not
were usually those developing Commercial Off The Shelf
(COTS) software, but even they had some informal meet-
ings to brainstorm possible requirements. All companies
had some way of planning and prioritising features to be in-
cluded in the next release, equivalent to a FOSS project’s
TODO list.

Larger software companies, usually participate in call
for bids processes. In this approach the requirements have
been specified in detail and software developers only need
to analyse the specifications. Post-release requirements are
handled via a request system. Every change gets its own
request which is assigned to a programmer which becomes
responsible for adding the requested feature. Smaller devel-
opers seem to prefer informal meetings with customers to
get an idea of what the requirements are.

It is a rarity for the company to do an on-location inspec-
tion to get to know operations of common employees or
potential users of the software. Only small software devel-
opers seem to take that approach and it is usually performed
to substitute a customer’s lack of time and devotion.

For software of small importance or cost, users specify
requirements with management meetings. In these meet-
ings managers and system administrators jot down some
requirements and then examine around five COTS solu-
tions and determine which one is the most suitable. For
larger, more specialised software solutions, specification of
requirements is still only in the hands of managers and sys-
tem administrators, but done more thoroughly with more
meetings.

4.3 Design

A proper design phase seems to be lacking at most com-
panies. It seems that most developers think it is enough to
only specify requirements, and then hand the task over to
programmers which can do design if necessary or needed.
Most companies instead rely on tests to see whether a par-
ticular design works.

A company which puts effort into designing larger
software thoroughly, employs so called system architects,
which specialise in system level design, but do not do any
low level design. Modelling languages are rarely used, and
if so, only a small portion of the language is used to create
diagrams with only paper and pencil.

Even though few programmers do some preliminary de-
sign, no development team seems to review or document it
thoroughly on a low level. This is quite similar to minor
FOSS projects, which design through implementation, but
differ in that successful FOSS projects have some system
level design. Larger FOSS projects put quite a lot of effort
into efficient low level design and it always gets reviewed
on mailing lists. Larger Icelandic software companies seem
to rather put the effort into system level design.

4.4 Implementation

Developer ease seems to be what most Icelandic soft-
ware companies strive for, rather than optimisation. Pro-
gramming languages are chosen by familiarity and em-



ployee knowledge. This is concerning since most users
claim speed to be the most important aspect of day to day
computer usage. Surprisingly, no company interviewed has
any code convention rules or similar techniques to make
maintenance easier for developers.

Not much research is conducted to find a programming
language or platform which fits the problem, the approach is
rather in the opposite direction. For example, a company in-
terviewed, which relies on security and password authenti-
cation, uses a platform not capable of handling special char-
acters nor able to make a difference between capitalisation
of letters.

Many of the companies interviewed work hard on getting
a working prototype with a usable user interface as quickly
as possible. The reason for this approach is to get feedback
on user interface from the very beginning, which may be
due to lack of user interface designers or bad requirements
specifications. This may lead to either double work or badly
thought out and implemented code in the final product.

Almost every company uses visual integrated develop-
ment environment (IDE) for their software development,
and platform independence is usually not an issue. Almost
all companies use source control software, mostly a solution
integrated into the IDE being used, but sadly not all compa-
nies do so. Backups are usually taken manually, in aver-
age once per week, on tapes which are sent to bank vaults.
Few developers do not send backups elsewhere, but perform
some in-house backups and store them at the same physical
location.

Only few companies use code review and those who do,
usually have one programmer implementing a certain fea-
ture and then send the whole implementation to a fellow
coder which informally reviews it. Most of the companies
rely more on testing to find bugs introduced in the imple-
mentation phase.

4.5 Testing

The in-house testing environment of Icelandic software
developers is very good. Every company tests the software
somehow before shipping, most with specially designed
tests, while others only sit down and try to produce errors.
Some have a special department devoted entirely to testing
software. Many companies use build servers to test every
incremental build. The companies use all kinds of testing
procedures, unit, system, and regression tests, as well as
building the software on various hardware.

Many of the companies interviewed seem to choose tests
instead of proper design. This can easily become trouble-
some if the initial design was bad and the system must be
designed from scratch again.

Field testing seems to be the weakest area of testing.
Only some developers have implemented special watchdogs

to check for possible errors or built in bug reporting sys-
tems. Most companies however only have informal proce-
dures for bug reports, i.e. collect bug reports via electronic
mail or telephone and then assign the bugs to different pro-
grammers.

One company which delivers data to customers, admits
that it modifies buggy data to fit well with historic data. The
company claims this to be a standard in their field and try
to be faster to fix anomalies than customers to spot them,
rather than finding the cause.

4.6 Documentation

Poor documentation is in a way the de facto standard for
Icelandic software companies. Only a small number of the
developers create manuals and most of them rely on giving
presentations and teaching courses. This is a rather poor
substitute because if the customer hires any new employ-
ees they must pay for a new course given by the developers.
Web developers excuse themselves by claiming that if any-
thing needs documentation, it is not correctly implemented.

Development documentation seems to be poor as well.
New programmers are supposed to ask fellow employees
for help if they do not understand the code. This can and
will cause trouble with legacy code, since only few pro-
grammers will be able to modify older code, as well become
burdensome for the employees.

The questionnaire reveals that most developer documen-
tation is handled by management software, used to plan
implementation of requirements. Only few of the com-
panies actually create application programming interface
(API), some only document the most important interfaces.
Other developers rely on programmers testing or studying
the source code.

4.7 Deployment

Icelandic software developers tend to release new ver-
sions with short intervals, in average every three months.
Most of the companies work closely with their customers
and release new versions on demand.

Interviewing various users helped shed some light on
how Icelandic software is deployed. The lack of documen-
tation irritates users which instead learn to use software by
trial and error, asking a co-worker or use well known COTS
software they were taught to use in school. Some users
avoid using specially designed Icelandic software solutions
and blame lack of documentation.

Every user interviewed uses spreadsheet software for fi-
nancial calculations, even though many Icelandic software
companies are developing business solutions or modifying
existing ones.



5 Conclusion

This article examined how FOSS development dif-
fers from methods used by Icelandic software developers.
Firstly, by looking at how the two entities deal with the
fundamental activities of software development and sec-
ondly, how information flows differently in the two cases.
It is quite clear that Icelandic software is developed using
a vastly different methodology than free and open source
software.

Icelandic software companies have a better defined pro-
cess to deal with requirements than FOSS projects. How-
ever, due to the informality it is quite possible that they do
not identify all of the requirements.

FOSS development is far superior when it comes to de-
signing the software. Thorough low level design is essential
for a code patch to get accepted. Icelandic software compa-
nies do not seem to put much effort in design and instead
rely on testing which can be costly.

Oddly, a majority of the Icelandic software companies
hire general purpose programmers instead of specialists,
and use acceptance tests to see how users react to the prod-
ucts. Open source software development is open to all and
usually attracts specialists in their fields.

In-house tests are, in general, properly executed at Ice-
landic software companies, which many FOSS projects do
not do. Bug reports are however, poorly collected and
rely on users taking the initiative to contact them manually
via electronic mail or telephone. A big majority of FOSS
projects can collect bug reports via mailing lists and addi-
tionally through bug trackers, which are easily accessibleto
users.

Both FOSS and Icelandic software projects lack user
documentation, but it does not seem to be as big of a prob-
lem for free and open source software. Users of free and
open source software have easy access to the developers and
can inquire them directly.

Deployment techniques are satisfying for both develop-
ment methodologies, but users seem to be more understand-
ing towards FOSS projects, due to their nature and open-
ness.

Larger Icelandic software companies have pretty well
defined development processes. Smaller companies, how-
ever, are in general not as formal and desperately need im-
provement in some areas. They can easily incorporate some
methodologies used in free and open source software devel-
opment.
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ABSTRACT 

This paper examines differences of using proprietary software and 
free software in electronic governance from an economic point of 
view. The paper identifies and highlights key areas in network 
economy, where free and open source software can drastically cut 
costs both short-term and long-term, if used instead of proprietary 
software. 

The research examines both governmental use and development 
of software and proposes a way for governments to manage free 
and open source software projects in order to lower costs for all 
agencies. The aforementioned policy is used as a basis for the 
research and its proposals. 
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Management, Economics, Legal Aspects  
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1. INTRODUCTION 
There are some questions which are raised when discussing use of 
free and open source software in governments. How can the four 
freedoms of free software benefit governments?  Is it be cheaper 
to adopt free and open source software than proprietary software, 
and is it viable? When is the right time to switch to free and open 
source software and how should it be done? Can the switch to free 
and open source software eliminate to some extent a longstanding 
economical problem where different public agencies buy the same 
software packages? What is the government’s part in making the 
switch to free and open source software successful? The paper 
focuses mostly on the switching costs of free and open source 

software adoption and how the size of governments affects the 
network effect. The paper also touches upon how free and open 
source software enforces new versioning and pricing tactics, as 
well as avoids unnecessary copy protection and can help 
establishment of open standards. 

2. FREE AND OPEN SOURCE SOFTWARE 
Free software and open source software are two terms which are 
used to describe very similar software but with some 
fundamentally different approaches and ideas. The term free 
software refers to the software itself and was coined by Richard 
M. Stallman in 1983. Free software gives the users of the software 
four freedoms [7]:  

1) freedom to use the software for any purpose, 

2) freedom to study it and adapt to ones needs,  

3) freedom to distribute the software to help ones neighbors and  

4) freedom to improve the software and share the improvements 
with the community.   

Freedoms (1) and (3) require that source code must be available. 
In order to give users these freedoms, the authors of the software 
must renounce their copyright, hence free software is said to be 
copylefted. Ironically, even though copyright was intended to 
encourage authors to create more work there were a lot of 
software authors which found copyright limiting (as they 
themselves are also software users) and therefore the free software 
movement quickly gained momentum within software developer 
circuits. The developers who liked working on free software came 
to call themselves hackers. The term computer hacker, in their 
mind, was based on the historical meaning which is a person who 
enjoys designing software and building programs with a sense for 
aesthetics and playful cleverness. Unfortunately, the mass media 
has redefined the term to mean a person who engages in computer 
cracking. This paper refers to the former definition, as that is how 
free and open source programmers refer to themselves.  

At the same time as Richard Stallman founded the free software 
movement he also started writing a free operating system which 
he named GNU[8]. In 1991 Linus Torvalds, a Finnish university 
student wanted to learn more about his computer and started 
writing a free operating system kernel [8]. This kernel was dubbed 
Linux and served as the final piece in the GNU operating system, 
which at the time was only lacking the kernel. What distinguished 
Linus Torvalds’ approach from that of the GNU project was the 
development model. Linus Torvalds allowed anyone to see the 
code and send contributions back to him. This approach utilizes 
freedom 3 to the extreme and had not been done in this manner 
before when developing a critical component such as an operating 
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system kernel. This new development method appealed to a lot of 
hackers and their enthusiasm resulted in frequent releases of well 
written software, where numerous hackers gave their work away 
and exchange for the shear enjoyment of programming. As large 
enterprises started noticing this software development method, 
some members of the free software movement found the need for 
a new term, which appealed to businesses, to describe software 
developed using this method.  

In 1998, the term open source software was coined for software 
developed using Linus’ method [3].Free software refers to 
software which gives the user freedom from ownership of 
software without mentioning the development method. One can 
even sell free software but the user must have the four freedoms. 
Open source software refers to software developed by publicly 
giving away the source code and being open for contributions 
from everyone. This development method has proved itself useful 
regarding the quality of the software but still many software 
companies are afraid of turning to this methodology as it means a 
new business model for them since they won’t be able to sell the 
software like before and must turn to selling support or other 
services. Free software is an idealistic approach while open source 
software is a pragmatic one. Free software developed using open 
source software development methods is simply called free and 
open source software and has become known under its 
abbreviation, FOSS.  

This distinction between free software and open source software is 
important when considering their use in governmental agencies. 
When governments buy custom-made software, they should not 
be able to force software companies to use a special development 
method, but they should be able to require that the software be 
free. However, when considering commercial software, 
governments should be able to consider open source software 
solutions as well as proprietary ones. This task is a difficult one as 
it must assessed whether the commercial open source software 
solutions are mature enough to be usable by a governmental body. 

3. FREE SOFTWARE POLICY OF THE 

ICELANDIC GOVERNMENT 
The Icelandic government’s policy on free software has not yet 
been released publicly. However, a draft of the policy was 
released and consists of the following five items [4].  

1) Free software shall be given the same opportunities as 
proprietary software and the most economically beneficial 
purchase should always be made.  

2) Software which supports open standards shall be used, 
whether it be commercial or custom-made software. Open 
standards are very often used in free software.  

3) Public agencies shall avoid being locked into specific 
software developers and service suppliers. Using free 
software prevents lock-ins to some extent.  

4) Software which is built and financed by public agencies 
shall be reusable and must therefore be free. Plans about 
reuse of the software in projects of this kind shall be made 
early on.  

5)  Students of educational institutions shall be able to 
familiarize with, and use, both free software and proprietary 
software. 

4. ECONOMIC ASPECTS OF FREE AND 

OPEN SOURCE SOFTWARE 
Network economy is the term used to describe the economic order 
of information systems. In their book, Information Rules, Shapiro 
and Varian examine different economical aspects of information 
systems, claiming that even though information technology 
changes, economy laws do not [6]. Shapiro and Varian mainly 
focus their discussion on switching costs (mostly in the form of 
lock-ins), network effects, versioning, pricing, rights management 
and standards. These terms are clarified in the following sections. 

4.1 Switching Cost 
Every time a user switches from one technology to another they 
face so called switching costs, the cost of switching to another 
supplier. According to Shapiro and Varian the total cost of 
switching is the added cost which the customer and the new 
supplier bear[6]. Switching costs go hand in hand with lock-ins, 
i.e. higher switching costs infer greater lock-in. 
 

4.2 Network Effects 

Schmidt and Schnitzer claim that network effects arise if there is a 
complementary relationship between the adoption of a good by 
different customers, i.e. if additional adoption makes existing 
users better off and increases the incentive of others to adopt. 
Schmidt and Schnitzer also define both direct and indirect 
network effects as follows [5]: 

o Direct network effects arise if ones utility from using a good is 
directly increased when other people use the same good as 
well.  

o Indirect network effects arise if wider adoption benefits users 
by changing the behaviour of third actors, e.g. sellers of the 
same or a similar good. 

In short, the more users a certain software has, the more likely it is 
for others to choose the same software since it benefits all, either 
directly or indirectly. 

4.3 Versioning 

Software versioning in economics refers to software developers 
realeasing different versions of their software aimed at different 
groups of customers, not labeling sequential releases of software. 
There are essentially two versioning approaches: restrictive and 
adaptative versioning. 

The restrictive approach involves releasing different versions for 
different prices. Lower priced versions are intentionally more 
restricted than higher priced versions. An example of a restrictive 
approach is how Wolfram Research marketed their Matehematica 
software for students. In the special student version of 
Mathematica the floating-point coprocessor was disabled and 
Wolfram Research added a specially designed floating-point 
library. The result was that all computations were slowed down in 
the student version [6]. 

Adaptative versioning involves writing special customized 
versions focused on user groups. Certain software packages can 
be used by different users and adapting the solutions to each 
group can be beneficial. Kurzweil Technologies which develops 
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voice recognition software adapted the vocabulary to different 
market segments, one for office talk, another for law talk, etc. 

4.4 Pricing 
Figuring out the most beneficial pricing scheme is a difficult task 
for software developers. This stems from the fact that software is 
costly to produce but the reproduction is very inexpensive [6]. 
Therefore it is most beneficial for software developers to sell as 
many copies of the as possible. There are a few strategies which 
software developers can employ. Different strategies are needed 
when selling commercial software and customized software. It is 
important to realize that the term free software has nothing to do 
with the software price but refers to the freedom which it gives to 
its users. Free software can indeed be sold like any other 
proprietary software. Open source software however aims at 
publicly revealing the source code and allowing everyone to send 
in changes to the software. This approach means that open source 
software cannot be sold by conventional means as the source code 
is free of charge. Companies which base their business on open 
source software instead mostly rely on selling services to users of 
their software. Shapiro and Varian point out the importance of 
differentiating ones product from the others which are offered [6]. 
Robert Young agrees with Shapiro and Varian’s statement and 
claims that to that end open source software becomes a 
competitive advantage [9]. 

4.5 Copy Protection 
Software developers often integrate copy protection into their 
products. Digital technology has reduced the cost of making  
copies to almost nothing and allowed them to be distributed 
quickly. Because of that, software developers try to impose 
restrictions on users to prevent them from copying the software. 
Even though copying proprietary software would never be an 
issue for government agencies, since they must abide the law, 
these restrictions are worrisome. Access management and copy 
protection cannot be implemented by free software projects as that 
would violate freedoms 0 and 2 respectively. It is also impossible 
to incorporate it into open source software since the source code 
is available to the public and the implementation can easily be 
removed by users.   

4.5 Standards 
Users of software and innovators benefit from standards since 
standards reduce the risk of getting lock-in and expand the market 
size. However, standards can also be seen as threatening, 
especially to well established software developers as they can help 
launch a new technology which cannibalizes sales of an older 
technology [6]. Standards can be split into closed and open 
standards. The latter term is a relatively new term and a formal 
definition is still lacking. However, the different definitions 
available are very similar.  Governments should require open 
standards to level the playground for all developers. The Icelandic 
government does encourage the use of open standards in their 
policy on free software [4]. Open standards which describe file 
formats are sometimes referred to as open formats. 

 

 

5.  MANAGING FREE AND OPEN     

SOURCE SOFTWARE FOR   

ECONOMIC BENEFITS 
Governments can lock-in a whole nation by choosing certain 
software products. Switching costs and network effects must 
therefore always be the first thing considered when contemplating 
buying new software. Choosing software based on open standards 
reduces lock-ins significantly and is therefore an obvious choice 
as well as software which do not have any copy protection 
schemes, such as Digital Rights Management. A good way of 
avoiding lock-ins through open standards and no copy protection 
schemes is by choosing free and open source software. Free 
software often uses open standards and is, by definition, not 
allowed to incorporate copy protection as it violates all four 
freedoms. There are, of course, some switching costs involved in 
changing to free and open source software like Schmidt and 
Schnitzer point out [5]. The right timing can reduce these costs 
significantly since many free and open source software products 
are available free of charge and the only switching costs involved 
will therefore be the cost of training, changing formats, and 
perhaps some search cost. However, choosing free and open 
source software can reduce switching costs later and be more 
beneficial in the long run. 

Versioning problems will probably be the biggest issue in all 
governments since there will very likely be a need for some 
tailoring of free and open source software to make it usable. 
Tailoring free and open source projects is better than proprietary 
since it eliminates restrictive versioning of the software itself and 
emphasizes adaptive versioning, ensuring that the software always 
operates in the best possible way. Proprietary software is not 
completely free of tailoring. Nations may want to localize the 
software to maintain there culture and language, especially 
smaller nations [2]. Free and open source software is often easier 
to translate than proprietary software since everybody can help 
out and many do it without receiving monetary rewards. 
Translating proprietary software can cause difficulties, like for 
example when the Icelandic government chose to translate 
Microsoft Windows 98. The translation project was delayed by six 
months and when it was finally released Microsoft Windows 2000 
had already been available for two months. The free KDE desktop 
environment had already been translated into Icelandic when the 
government signed the deal about the translation of Microsoft 
Windows 98[1]. Government agencies should probably not switch 
to free and open source software all of a sudden simply because it 
is a more feasible option. The switch should take place when the 
need for a new solution arises or when governments need to 
update a proprietary software product. However, the governments 
should be ready with a policy on free and open source software as 
the needs might arise unexpectedly. 

Governments of all countries should foster collaboration between 
both local and global governmental agencies on the use of free 
and open source software, for example using the method proposed 
in this paper. Future collaboration of tailored and recommended 
free software can spark off a good network effect which breaks the 
chains of proprietary software which is economically beneficial to 
all involved, inhabitants, developers and governments. 
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6. CONCLUSIONS 

Many might focus on the fact that free and open source software 
is inexpensive. However, there are more economic benefits of 
using free and open source software. Using free and open source 
software eliminates restrictive versioning of the software and 
removes copy protection, techniques used by many proprietary 
developers. Open standards or openness of procedures and 
formats, as many free and open source software products 
incorporate enables a fair competition. No copy protection and 
open standards also allow safe archiving of material so it can be 
easily accessed in the future. The most important argument for 
governments to use free and open source is how it reduces lock-
ins which lower switching costs. The influence and importance of 
governments can lead to national lock-ins of software with high 
switching costs. This scenario should be avoided at all costs so 
governments should be careful about which software products are 
chosen. Free and open source software is a step in the right 
direction as it reduces lock-ins and lowers future switching costs. 
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ABSTRACT 
The Icelandic government is about to release its policy on free and 
open source software. Many governments around the world have 
either already released a similar policy or have one planned. The 
policy of the Icelandic government deals with both the use and the 
development of free and open source software.  

This paper takes a close look at the free and open source software 
policies, particularly the Icelandic one, from a software 
development perspective. The goal is to show how governments 
can utilize free and open source software when customized 
software is required. The paper also touches upon licensing issues 
for free and open source software by discussing the European 
Union Public License. 

Governmental project management and services of small software 
companies and the free and open source community are the focal 
points of the research. The basis of the research is the i2010 
policy framework of the European Commission. The paper 
concludes by proposing a suitable methodology to use for 
governmental software development and recommending tools that 
foster both development and management, with emphasis on the 
latter. 

Categories and Subject Descriptors 
D.2.9 [Software Engineering]: Management – life cycle, 

software process models. 

General Terms 
Management, Theory, Legal Aspects. 

Keywords 
e-Government, Free and Open Source Software, Software 
Development 

1. INTRODUCTION 
Europeans are facing better times in information and 
communication technology. The i2010 policy framework of the 
European Commission has set some ground-rules which will 
foster growth and employment in information technology. A 
ministerial declaration following the policy framework has set 
some action goals which must be reached by the year 2010. At the 
heart of it, collaboration between public agencies of the European 
Union member states is how these goals will be achieved [25]. 

In addition, and as requested by the ministerial declaration, the 
European Union has created a pan-European interoperability 
framework [8]. Open standards as well as free and open source 
software correspond to that framework and are therefore of 
interest to the European Union member states. Some states, such 
as the United Kingdom and Croatia, have already released a 
government policy on free and open source software [24][13]. 
Others, like Iceland, are about to release a similar policy [18]. 

This paper tries to tie together the i2010 policy framework and the 
free and open source software policies of the member states, by 
looking at the Icelandic government policy which shares some 
similarities with the one of the United Kingdom government. The 
focal question of this research is whether free and open source 
software can be developed by governments in order to reach the 
goals set out in the ministerial declaration. 

The paper proposes a development methodology based on the 
open source software development methodology, where 
governments can utilize smaller software companies, the free and 
open source software community, and collaboration with both 
local and European public agencies. 

2. I2010 POLICY FRAMEWORK OF THE 

EUROPEAN COMMISSION 
The overall goal of the i2010 policy framework of the European 
Commission is A European Information Society for growth and 

employment and the three main objectives are: 

1) A Single European Information Space offering affordable 
and secure high bandwidth communications, rich and diverse 
content and digital services. 

2) World class performance in research and innovation in 
information and communication technology by closing the 
gap with Europe's leading competitors. 

3) An Information Society that is inclusive, provides high 
quality public services and promotes quality of life. 

The Single European Information Space is meant to promote open 
and competitive internal market for information society and 
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media. To achieve this, the challenges of high speed, rich content, 
interoperability and security must be addressed and solved. 

Lately, Europe has been seriously under investing in information 
and communication technology, while the US and Japan are 
investing about 35% of total research in information and 
communication technology research, Europe invests only 
18%.With the i2010 policy framework there are hopes of 
rectifying this situation by actively seeking to reduce barriers 
between research results and economic awards. 

The impact of information and communication technology on 
society is identified and the i2010 policy framework strives to 
make sure that the technology will benefit all citizens by making 
public services better, more cost effective, and more accessible, 
thus improving the quality of life [7]. 

Shortly after the release of the above objectives ministers of the 
European Unions member states met in Manchester to discuss the 
follow-up steps needed to be taken. The result was a ministerial 
declaration which identifies four points to be included in the 
Action Plan for e-Government under the framework of i2010. 

o No citizens left behind. 
o Effective and efficient government. 
o High impact electronic services. 
o Trusted access to public services. 

In order to fulfill the actions described above the ministers agreed 
to work together and with the European Commission to share 
existing tools, common specifications, standards and solutions 
more effectively and to encourage collaborative development of 
solutions where necessary [25]. 

The method proposed in this paper is aimed at helping member 
states to do exactly that. Share existing tools, specifications, 
standards, and especially solutions. The method also tries to 
encourage innovative use of the technology which is a sub goal of 
the first two actions in the ministerial declaration, by utilizing free 
software. 

3. FREE AND OPEN SOURCE SOFTWARE 
The terms free software and open source software are not 
synonyms, they are however closely related. This relationship 
causes confusion and people mixing the terms together which, in 
turn, leads to further confusion. The following sections clarify the 
difference between these two terms in order to avoid more 
confusion in this article. 

3.1 Free Software 
Richard Stallman defined free software in 1983. Unfortunately, 
the word free is ambiguous in the English language. The term free 
software does not mean that it is free of charge but free as in 
freedom. Free software gives its users certain freedoms which are 
otherwise not allowed because of copyright law. Users of free 
software are guaranteed the following four freedoms [22]: 

0) The freedom to run the program for any purpose. 
1) The freedom to study the program and adapt it to ones needs. 
2) The freedom to redistribute the program. 
3) The freedom to modify the program and distribute the 

modifications back to the community. 

Freedom 0 might seem like fundamental freedom for all software. 
However, content used by the software can be controlled, for 
example by Digital Rights Management (DRM), so that it can 
only be used on particular devices. Another big threat to freedom 
0 is patents which allow patent-holders to demand royalty fee for 
their software or formats. Patents are, for example, the reason why 
free operating systems do not support MP3 playback by default, 
as the MP3 format is a patented technology. Some proprietary 
software only allows users to install it on a certain amount of 
computers, which restricts freedom 0. 

Freedom 1 helps scientific progress. Users are allowed to study 
the software and learn from it. Users can also adapt the software 
so that it fits their needs, either by doing it themselves or getting 
others to do it for them. Access to source code is vital for users to 
have this freedom. 

Freedom 2 allows users to spread the software to others. The 
biggest benefit for developers of this freedom is the expanding 
customer base, while users are allowed to either sell the software 
or give it away for free. If the software is good, users can simply 
let other people have the software to try it out for themselves. 

Freedom 3 helps the software progress. Users who need a certain 
feature implemented can implement it (themselves or with help) 
and share this new feature with the community. Lack of this 
freedom was in fact what made Stallman define free software and 
start the free software movement. MIT's Artificial Intelligence Lab 
had received a new printer from Xerox which had the tendency to 
get jammed. Stallman wanted to modify the source code and that 
the printer would send every user with a waiting print job a 
message that the printer was jammed. He was unable to do this 
and Xerox refused to let him have the source code which sparked 
off the birth of free software [28]. As can be seen from the printer 
story users cannot improve software, even though they want to 
and freedom 3 guarantees users of free software that they can. 
Like with freedom 1, access to source code is necessary. 

In order to give users these freedoms, the authors of the software 
must release it under a specific license. This extra effort is caused 
by copyright, which by default does not give the users these 
freedoms but only the author. The first license which gave users 
these freedoms was the GNU General Public License or simply 
the GPL, written by Stallman. The word GNU refers to the first 
free operating system, envisioned by Stallman called GNU (for 
GNU's Not Unix). 

3.2 Open Source Software 
In 1991 Linus Torvalds, a Finnish university student began 
working on an operating system kernel which was dubbed Linux. 
He released the kernel under the GPL and allowed everybody to 
modify the source code and send the modifications back to him. 
This approach, utilizing freedom 3, had never been tried before on 
software as complex as an operating system kernel. The Linux 
kernel was a very successful software project, noticed by many 
software developers world-wide. At the moment, a kernel was the 
only software needed for a completely functional GNU operating 
system and the Linux kernel quickly became the default kernel of 
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the GNU/Linux operating system1. 

Linus' method caught the attention of Eric S. Raymond who 
summarized the development method in his phenomenal essay, 
The Cathedral and the Bazaar. He points out nineteen guidelines 
which he followed in order to successfully develop software as 
Linus' had done [20] Eric's essay caught the attention of Netscape 
and inspired them to switch development of their web browser to 
this development methodology which is based on giving 
everybody the source code and accepting comments and 
modifications. In correlation with Netscape's decision, trying to 
promote this new development methodology to other software 
developers, the term open source software was coined and used 
for software developed this way [17]. The nineteen guidelines 
made by Eric in The Cathedral and the Bazaar are a foundation for 
this particular development method. 

The open source software movement does not focus on user 
freedom, the proponents of open source software only recommend 
a better way of developing software. Very simplified, the method 
is to give everybody access to the source code and accept their 
contributions. In this lies the difference of free software and open 
source software. The former refers to the software itself and the 
rights it grants to its users, while the latter refers to software 
developed using a specific methodology. 

An abbreviation which is often used is FOSS which stands for free 
and open source software. By this abbreviation one refers to free 
software, i.e. software which gives the users the four freedoms, 
which is developed using the open source software development 
method, i.e. give everybody access to the source code and accept 
contributions. 

4. FREE AND OPEN SOURCE 

SOFTWARE POLICIES 
Governments of member states of the European Union as well as 
governments of other countries have published policies regarding 
free and open source software. The reasons for this are quite few. 
Cost of proprietary software is a driving force as well as a request 
from international organisations and collaboration projects to 
establish a fair, free competition. It is recommended that public 
agencies, due to their influence, encourage the use of free and 
open source software. The policies of the countries are very 
similar to one another, however their expression differs. Below 
are examples of different policies both of member states of the 
European Union (United Kingdom and the Republic of Croatia) 
and non-member states (South Africa and Iceland). 

The policy of the United Kingdom government has five key 
decisions [24]:  

1) Open source solutions will be considered alongside 
proprietary ones. 

2) Products must support open standards, lock-in to proprietary 
solutions will be avoided. 

3) The government will consider obtaining full rights to 
bespoke software code or customizations of software it 
purchases.  

                                                                 
1 The operating system is often erroneously known as Linux 
which fails to incorporate the tremendous voluntary work made by 
contributors to the GNU project. 

4) Publicly funded research and development software projects 
shall be exploited commercially, within an academic 
community or as open source software. 

The government of the Republic of Croatia has also established an 
open source software policy. The policy is divided into ten 
recommendations which include the decisions of the United 
Kingdom government but cover a recommend more participation. 
The recommendations of the government of the Republic of 
Croatia are akin to the decisions taken in the policy of the 
government of the Republic of Slovenia [14]. The areas where the 
government of the Republic of Croatia recommends more active 
participation than the United Kingdom government's policy are 
[13]: 

o Avoid the use of software which makes data exchange 
between software impossible. 

o Advocate a more widespread use of open software in state 
administration bodies 

o Promote development, integration, and use of open source 
software. 

o Support the training of civil servants to use open software. 
o Integrate knowledge related to open source software into 

educational programmes.  

Countries which are not member states of the European Union are 
also releasing policies. For example, the government of South 
Africa noted and adopted a policy on free and open source 
software in 2002 and 2003 and published a revised version in 
2006. The revised policy of the South African Government 
includes the following five items [4]: 

1) Free and open source software will be implemented unless 
proprietary software is demonstrated and justified to be 
significantly superior. 

2) Whenever comparable free and open source software to 
proprietary software exists the government will migrate to 
the free and open source solution. 

3) All new software will be based on open standards, adherent 
to free and open source software principles and licensed 
under a free and open source license where possible. 

4) All government content will be released as open content 
(creative works other than software released in a similar way 
as open source software). 

5) The government will encourage the use of open content and 
open standards within South Africa. 

As can be seen above, the European policies usually only refer to 
open source software, while the South African policy includes the 
term free software. It might lead to problems talking about open 
source solutions, as that forces companies developing software for 
governments to use the open source software development 
method. If the companies are unfamiliar with open source 
software development this might become catastrophic. 

The Icelandic government is about to release a policy on open 
source software. Although the official policy has not yet been 
released, a final a draft of the policy has. Iceland is an 
independent country with roughly 300,000 inhabitants, which 
speak their own language, Icelandic. Iceland has an estimated 
gross domestic product value of $11.38 billion, according to the 
C.I.A World Factbook, which is significantly less than the above 
mentioned countries [3]. Only 660 companies are currently 
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categorized as software developers and/or software consultants in 
Iceland [21] and according to Statistics, in Iceland the majority 
are consultants [23]. It will therefore be interesting to see how the 
policy will impact such a small country, with such limited 
software development industry. 

The draft of Icelandic government's policy on open source 
software refers to open source software. According to Halla Björg 
Baldursdóttir the final version of the policy will refer to free 
software as well to avoid forcing developers to comply with 
special development methods [1]. The draft consists of the five 
following items [18]: 

1) Open source software shall be given the same opportunities 
as proprietary software and the most economically beneficial 
purchase should always be made. 

2) Software which supports open standards shall be used, 
whether it be commercial or custom-made software. Open 
standards are very often used in open source software. 

3) Public agencies shall avoid being locked into specific 
software developers and service suppliers. Using open source 
software prevents lock-ins to some extent. 

4) Software which is built and financed by public agencies, e.g. 
in research and development projects, shall be reusable and 
must therefore be open source. Plans about reuse of the 
software in projects of this kind shall be made early on. 

5) Students of educational institutions shall be able to 
familiarize with, and use, both open source software and 
proprietary software. 

This paper focuses mostly on item 4 as it directly concerns 
development of software. The development method proposed in 
this paper is applicable to projects built and financed by public 
agencies and tries to incorporate the action goals set by the 
ministerial declaration. 

5. EUROPEAN UNION PUBLIC LICENSE 
On January 9 2007, the European Commission approved of a free 
software licenses called the European Union Public License, in 
short the EUPL. The license had been in the works since 2005 and 
the aim of the license is to promote interoperable delivery of 
European e-Government services to public administrations, 
businesses and citizens. The license is meant to reinforce legal 
interoperability by adopting a common framework for pooling 
public sector software [5]. 

The license is a world-wide, royalty free, non-exclusive, legal 
document compatible with European laws. Users of software 
which is licensed under the EUPL are granted the following rights 
[6]: 

o Use the software in any circumstance and for all usage. 
o Reproduce the software. 
o Modify the original software, and make Derivative Works 

based on the software. 
o Communicate to the public, including the right to make 

available or display the software or copies thereof to the 
public and perform publicly, as the case may be, the software. 

o Distribute the software or copies thereof. 
o Lend and rent the software or copies thereof. 
o Sub-license rights in the software or copies thereof. 

When a user receives a copy of a EUPL licensed software, he 

must agree to the terms of license by clicking on an icon ``I agree'' 
which is placed under the bottom of a window displaying the text 
of the license. This is reminiscent of how an End User License 
Agreement (EULA) is accepted in proprietary software. This 
method is commonly not used in free software. Distributions of 
the GNU/Linux operating systems usually include all software 
which users normally use, games, office applications, Internet 
applications, etc. without requiring users to ever accept the 
license. This approach is possible since free and open source 
software licenses usually do not require clicking an ``I agree'' 
icon. As a result it is extremely easy to install the operating 
system which includes software released under various different 
licenses. Including software released under the EUPL would make 
the installation more burdensome and therefore it is unlikely that 
EUPL licensed software will be included in GNU/Linux 
distributions. 

The EUPL has a special compatibility clause where it names five 
free and open source licenses which are compatible with the 
EUPL: General Public License (GPL) version 2, Open Software 
License (OSL) versions 2.1 and 3.0, Common Public License 
version 1.0, Eclipse Public License version 1.0 and CeCill version 
2.0. If users mix software licensed under any of the five licenses 
with software licensed under the EUPL and the obligations of the 
licenses conflict, the obligations of the compatible license, i.e. not 
the EUPL, shall prevail [6]. 

It strikes one as quite odd that the European Union creates their 
own license when constantly creating new licenses is an 
acknowledged problem within the free and open source 
community, known as license proliferation. This problem puts a 
burden on software vendors, integrators, and customers alike [15] 
and a significant barrier to open source deployment [12]. Eric S. 
Raymond, a leader of the open source movement recommends 
people to avoid creating a new license if possible [19]. Ironically, 
while the European Union was creating the EUPL, the free and 
open source community was actively writing a new and improved 
version of the GPL (version 3). Instead of creating a new license it 
might have been better to participate in the creation of the GPL 
version 3 and try to get the differences of the EUPL into the new 
version of the GPL. 

6. FREE AND OPEN SOURCE SOFTWARE 

DEVELOPMENT 
There are numerous ways of developing free and open source 
software. The nineteen guidelines emphasized by Eric S. 
Raymond explain free and open source development nicely. Some 
of the guidelines are directly linked to development while others 
are aimed towards the developers or explain the reason why free 
and open source software may be more superior than 
commercially developed software. The following are Raymond's 
guidelines which are directly correlated with development [20]: 

o Good programmers know what to write. Great ones know 
what to rewrite (and reuse). 

o ``Plan to throw one away; you will, anyhow'' 
o When you lose interest in a program, your last duty is to hand 

it off to a competent successor. 
o Treating your users as co-developers is your least-hassle route 

to rapid code improvement and effective debugging. 
o Release early, release often. And listen to your customers. 
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o Given a large enough beta-tester and co-developer base, 
almost every problem will be characterised quickly and the fix 
obvious to someone. 

o If you treat your beta-testers as if they're your most valuable 
resource, they will respond by becoming your most valuable 
resource. 

o The next best thing to having good ideas is recognising good 
ideas from your users. Sometimes the latter is better. 

o Provided the development coordinator has a communications 
medium at least as good as the Internet, and knows how to 
lead without coercion, many heads are inevitably better than 
one. 

Feller and Fitzgerald point out that different free and open source 
software developers and organizations employ different methods 
and tools in the development. However, Feller and Fitzgerald are 
still able to identify several characteristics that are common to 
most free and open source software development processes [9]: 

o It is parallel, rather than linear. 
o It involves large communities of globally distributed 

developers. 
o  It utilises truly independent peer review. 
o It provides prompt feedback to user and developer 

contributions. 
o It includes the participation of highly talented, highly 

motivated developers. 
o It includes increased levels of user involvement. 
o It makes use of extremely rapid release schedules. 

It is obvious that some of Feller and Fitzgerald's points are only 
applicable to well known, successful free and open source 
software projects. The rest can be seen as recommendation to 
developers of free and open source software projects in order to 
be successful. Feller and Fitzgerald's points fall nicely into a 
frame, set by Raymond's guidelines. 

Karl Fogel had been involved with free software for twelve years 
when he wrote a book on how to run a successful free software 
project. The material of the book is mostly based on the five years 
he spent developing Subversion, a free version control system. 
Fogel's book shows how to apply the guidelines extracted by 
Raymond, Feller and Fitzgerald, all the way from starting a 
project to managing volunteers and applying a license. Fogel 
recommends which tools to use, how voting should take place, 
which pitfalls to avoid, how to manage release numbering and 
how to pay contributors without offending others. 

Two of Fogel's topics are quite important to this paper, tools 
recommendation and money management. The common tools 
which Fogel recommends in order to run a successful free 
software project are mailing lists and Internet Relay Chat (IRC) 
for asynchronous and synchronous communications, respectively; 
version control system for managing source code and 
contributions, bug tracker for controlling code quality and a 
website for recording decisions and objectives.  

Funding free software is a subject which must be approached with 
care. Since everything that goes on in free software projects must 
be accepted by all participants, training of long term employees 
on the project must be visual on mailing lists and managers must 
be open about their decisions, e.g. explain why they are going to 
hire someone to do the job. It goes without saying that all 

decisions must be well thought out and justified with reasoning. 
Contracting can be very problematic in free software projects. The 
contractor's work must be accepted by the community which 
makes difficult to manage payments. If the contractor is paid by 
the hour, managers may end up paying more than expected and if 
the contractor is paid a flat sum that may result in the contractor 
doing more work than he can afford. Fogel recommends two ways 
around this dilemma. One is to base the contract on an educated 
guess about the length of the process where the contractor's work 
is discussed, based on quantitative metrics and add some padding 
for error. The other way is to contract solely for delivery of the 
work and treat the acceptance of it as a separate matter. This 
makes it easier to write contracts but managers might get stuck 
with the burden of maintaining the work until it gets accepted. 
Fogel recommends using the former approach and to write code 
change standards which are referred in the contract so that the 
contractor's work must meet them [10]. 

Björgvinsson and Thorbergsson look at how free and open source 
software projects utilize information flow in order to produce 
powerful software with contributions from globally distributed 
developers. They compared their findings with how information 
flows in Icelandic software development and identified some 
differences. To map information flow, they devised a model and 
used it to categorize information flow between three information 
spaces: Discussion space, implementation space and archive 
space. The discussion space defines the tools and techniques used 
to nurture human to human interactions. Implementation space 
defines the tools and techniques that present the most recent and 
commonly accepted foundation for continued development. 
Archive space defines the tools and techniques for recording 
decisions, opinions, and public knowledge [2].  

Information flow in free and open source software development is 
mapped in figure 1. The tools used within each information space 
are shown in the rectangles attached to the spaces. The arrows 
connecting the spaces show the main flow of information between 
the spaces so it is important to understand that not all types of 
information which flows between these spaces is represented but 
only the most important and noticeable flow of information. 

 

 
Figure 1. Information flow in free and open source software 

projects [2] 
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7. FREE SOFTWARE DEVELOPMENT 

FOR GOVERNMENTS 
The method proposed in this section is tailored for customized 
software development for governments by utilizing free software 
such as indicated in item 4 of the Icelandic free software policy. 
Management of the development is in the hands of the 
government while software developers are responsible for the 
implementation. This setup permits collaboration between public 
agencies which is mentioned in the ministerial declaration in 
relation to the i2010 policy framework [25].  

This approach is based on how information flow of free and open 
source software is managed, i.e. using the same tools within the 
information spaces and the same information flow between them. 
However management of the information spaces is split up 
between the two parties: The government manages the archive 
space, the software developers control the implementation space 
and communication between the two is confined within the 
discussion space. This in turn, makes the choice of tools for the 
discussion space extremely important for everything to operate 
smoothly. 

Another benefit of splitting up management and implementation 
between the two entities is that the government will be able to 
contract various different software developers, either companies 
or individuals, to work on different parts of the project. These 
contractors can easily be spread across borders when two or more 
governments are collaborating. 

To further build upon free and open source software, as well as 
incorporating Raymond's number 2 guideline, it is advised to use 
pre-existing free software solution as a basis for this work. That 
way it will be possible to use the powers of developers of the 
original free software. This must however be approached with 
extreme care and in full collaboration with the original 
community. Forks, i.e. creating a new competing or a replacement 
product from the basis of free software, is ill advised and can 
insult the community [26]. If the objectives of the government's 
version are not the same as the community then the different 
functionality of the government's version should be developed as 
a fly-off, i.e. test development which may later on be merged with 
the original version, or dealt with as a useful fork, a spork.  

Governments should try to avoid any kind of forking at all costs. 
Maintaining a different version of the software can and will 
become burdensome and may later on not be able to benefit from 
changes in the original project. If the government's objectives are 
different from those of the original version and it comes to some 
kind of forking, it is very important to show loyalty to the original 
project by submitting all code changes back to the original 
community. Then it will be in the hands of the original 
community to decide whether the new functionality is useful and 
the project could merge. 

To assess whether specific free software is suitable the 
governments should use maturity models. There are a few 
different maturity models which have been developed to assess 
free software maturity. A qualitative approach is given by Bernard 
Golden in his book Succeeding with Open Source. Golden's 
model is used by his company Navica and the assessment is based 
on the software itself, support, documentation, training, 
integrations and professional services [11]. A newer quantitative 

approach has been developed by Zhang and Simmons. Their 
method is based on linear regression and uses Bayesian analysis 
for updating. Their evaluation criteria is based on popularity, 
activities, quality, support, documentation and integration [29]. 
There is a need for a maturity model which is more focused on 
preparedness for further development instead of usability. 

If there is no suitable free software available and a new software 
product must be built from scratch, then the result of the 
development should at least be free software. Other governments, 
that perhaps did not need the software at the time of development, 
can then benefit from the software and even develop it further, 
adapting it to their own needs. For the sake of collaboration 
between governments, this possibility should not be turned into a 
revenue stream. 

Governments should probably choose the General Public License 
(GPL) for the new free software built by and for the government. 
The GPL is the most widely used license for free and open source 
software [10]. The new European Union Public License (EUPL) 
has far too little experience with free software and acceptance of 
the free and open source software community is unknown. 
Therefore it is better to stick to the GPL, at least until the EUPL 
has been examined by the Free Software Foundation (the not-for-
profit organization behind free software), the Open Source 
Initiative (the not-for-profit corporation promoting open source 
software), and free and open source software researchers. 
Licensing a product under an unfamiliar license will probably not 
attract the free and open source software community, so sticking 
to a well known license such as the GPL is recommended. 

The role of government agencies in this specific development 
model is control and delegation. Every module and independent 
component can be contracted through call for bids. Localization 
of the software, i.e. translation and cultural configurations, can be 
contracted directly to professional translators, chosen by the 
government, without going through software developers. Tasks 
such as assessing maturity of free software can also be contracted, 
so the development model is not confined to conventional 
software development activities. This approach gives the 
government the opportunity to use the services of smaller software 
companies, which are unable to manage the development of the 
complete software, by assigning them development of smaller 
parts.  

Using smaller software developers should actually be favored in 
this development model. Not only does that give the smaller 
companies a chance to expand, boosting information and 
communication technology in the countries which is the goal of 
the i2010 policy framework, but smaller companies are also more 
flexible than larger developers, which is beneficial. Because of the 
flexibility the small companies can work in a close relationship 
with the free and open source software community and benefit 
from their expertise of free software. Of course, larger software 
developers can employ the powers of the free software 
communities as well, but it is not as beneficial to them as for the 
smaller companies and the structure of the free and open source 
software development can only deal with individuals [10], which 
is simpler and more suitable for smaller companies. Hiring smaller 
companies can be risky and should be done with care. It is 
important to delegate parts of the project which fit the size and 
competence of each company. 
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In order for the software developers to cope with this 
development method, it is most likely best to use agile software 
development methodology. Agile development is more adaptive 
to different tasks, delegated by the governments and supports 
shorter release schedules which Raymond, Feller and Fitzgerald 
identified as a key component in open source development[20][9]. 

The tools needed for this development method are essentially the 
same as those used in free and open source development. It is 
probably not necessary to use the exact same tools, so a subset is 
enough. The most important tool is a mailing list or any other 
form of asynchronous communications. This tool is well known in 
free software developer circuits and is suitable for all kinds of 
discussions. Synchronous communication is probably unnecessary 
to begin with. Conferences and local user group meetings are 
specific to free and open source software, but their functionality is 
met in this development method through meetings of all entities 
involved, and meetings within each entity, respectively. 
Governments should set up a mailing list archiver to archive 
discussions on the lists, a version control system to manage the 
code, a bug tracker to manage defects and a website to post 
important decisions on. Software developers are free to use 
whatever tools they like, but it would be a smart move to use the 
same development tools as the free software developers 
themselves use. This way the free and open source software 
developers will feel right at home. 

8. CONCLUSIONS 
Free software is at the heart of the software development method 
proposed in this paper. The four freedoms of free software enable 
the method to function efficiently. The method fosters 
collaboration between public agencies, both locally and across 
borders which is sought after in the i2010 policy framework. 

Governments which employ this method are able to manage 
software development and delegate different parts of the software 
development to professionals. By assigning tasks to smaller 
companies, the developers are able to participate in the 
development process, even though they would not be able to 
develop the complete product. This boosts the information and 
communication technology sector, locally and continentally when 
collaborating with other governments, which is one of the 
objectives of the i2010 policy framework. 

9. FUTURE WORK 
Communication between governmental bodies and the free and 
open source software project might be problematic. Future work 
includes looking at optimal communication means between 
governments and free and open source project members, 
especially how the two can collaborate efficiently.  

It is also important to look at how the development method can 
work in developing countries or for governments with little or no 
budget for software development. Projects such as One Laptop 

Per Child [16] and the Wikimedia fundraising between October 
22 and December 22 2007 to spread human knowledge to 
developing countries [27], indicate that the free and open source 
community is willing to help. 

Further research into the method is required before it can be 
deployed. For example, the parts which can possibly be delegated 
should be abstracted and identified so that minimal knowledge on 

software development is required by the government. 
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Abstract - A new software development methodology,
called User-Driven Development, for custom or bespoke
software development is proposed in this paper. The goal of
this new development methodology is to incorporate users
of software as the decision maker and main driving force
in the software development process, without changing in-
house methods of software developers. An important sub-
goal of the methodology is not to introduce any new meth-
ods for software development but to re-use existing methods
and techniques.

Efforts are mostly focused on identifying possible issues
which might arise and discuss how existing solutions can
be used to ease integration of the methodology into exist-
ing software development environments. The paper also
proposes an abstract model of a possible hierarchy which
can be used in user and developer firms when incorporat-
ing User-Driven Development.

The research examines, from a theoretical point of view,
the feasibility of the methodology in a corporate environ-
ment. The main research question this paper tries to an-
swer is whether this is a viable methodology, and what is
needed of users and developers, respectively. After intro-
ducing User-Driven Developmentthe paper looks how it
affects some important aspects of software development.

Keywords: User involvement, Software development
methodologies, User-Driven Development

1 Introduction

Various development methods exist which try to in-
crease user involvement in the process. Participatory de-
sign (or cooperative design) is a software development
method for software design[15] which falls under user-
centred design[20] and puts focus on user participation, the
agile manifesto which underlines the importance of a close
relationship between users (business) and developers[1],
and the non-software oriented community-driven develop-
ment of The World Bank[19] are just a few examples of
the recognitions of user participation in development pro-

cesses. User involvement is also further emphasised in
Keil and Carmen’s paper on customer-developer links[14],
where they show that the more direct links customers and
developers share, the more likely it is that the project will
be successful.

Eric von Hippel gives unwavering arguments, in his book
Democratizing Innovation, for how a high number of users,
what he calls lead users, are more capable of innovating
than manufacturers[25]. In fact he shows, by quoting a
study by himself and Riggs[22], that users are better at de-
veloping new products but manufacturers are better at im-
proving existing products. Von Hippel explains that the ca-
pability of users, rather than manufacturers, to innovate is
correlated with howstickyinformation is, i.e. the amount of
effort required to transfer the information.

Cockburn and Highsmith claim that having user experts
on board in development gives developers rapid feedback
on any implications and prevents that a misunderstanding
accumulates as the work progresses[5]. Ives and Olson
call it “common wisdom” that user involvement leads to a
higher chance of success[13] and Kujala adds to the bene-
fits by showing that user involvement also leads to increased
user satisfaction[17]. Furthermore, the ISO 13407 standard
on human-centred design processes for interactive systems,
recommends user involvement for better understanding of
the user and the task[12]. All in all, it is inevitable that the
user must be involved, to a high degree, in the software de-
velopment process.

User-Driven Developmentis a fresh methodology which
is aims to make the user the most important developer, i.e.
the driving force and leader of the project. The methodol-
ogy can be seen as an organisational supplement to common
developing methods and is meant to incorporate as many ex-
isting methods and techniques for user involvement as pos-
sible, but still keep everything under control. The funda-
mental ideas of User-Driven Development is explained in
this paper and possible problematic issues concerning soft-
ware development discussed. The main goal of the research
is to identify existing methods and techniques which can
possibly be used to circumvent any issues and would aid
User-Driven Development.



2 User-Driven Development

2.1 Definition

Before continuing it is necessary to define User-Driven
Development which serves as a foundation for the theoreti-
cal feasibility research of this paper. Since User-Driven De-
velopment lets the user control the software development it
is best to define the methodology from the perspective of
the user’s role and how the users actions affect software de-
velopers.

Definition. User-Driven Development is an organisational
methodology, for custom or bespoke software development,
where the user is made responsible for: (1) Achieving the
project’s goals, (2) motivating developers, (3) being avail-
able in all areas of the development, (4) making correct and
justified decisions, (5) resolving conflicts, and (6) managing
stakeholders.

To put it in a simpler way, User-Driven Development
makes the user the overall project leader. As has been men-
tioned above the development method is aimed at devel-
opment of custom or bespoke software, which von Hippel
shows that many users want and are willing to pay for[25].
Because the methodology is only focused on custom or be-
spoke software development it is relatively easy to define
who users are, and who developers are. Grudin’s defini-
tion can be used, where users are the people directly en-
gaged with the system or end users and developers are ac-
tive members of a development project [9]. Grudin’s def-
inition for developers is a narrow one, and excludes those
in management and support roles, thus serving User-Driven
Development perfectly since it tries to move the software
development management from developers to the users.

It is important to understand that it is perhaps not effec-
tive thatall users serve as project leaders but a representa-
tive of the users (or a small group of representatives) should
take on the role of project leader and motivator. Another
aspect which is essential to User-Driven Development and
important to understand is that developers do not sell the
user a custom or bespoke software solution, instead the pro-
vide developmental services. These services include, for
example, software coding, software testing, security im-
plementation, database design, user interface design. It is
then up to the user to identify the services needed, choose
a provider for each service (there can be many competing
providers for each service), approve the work of the ser-
vice providers, and tie everything together into a complete
product which fulfils the user’s needs. This arrangement is
shown in figure 1, where one service provider out of many
potential providers gets a piece accepted by the user into the
project.

Figure 1. Arrangement of service providers
and the user in User-Driven Development

2.2 Successful Realisation

A well known and established software development
model which one can categorise under User-Driven Devel-
opment isopen source software development. It is com-
monly accepted that developers of open source software are
always users of the software[8]. The project leader is gen-
erally the founder of the project[7], that is the initial user
who wanted a custom or bespoke software solution to fulfil
some specific need[21].

In open source software development,userscollabora-
tively develop the software by sharing ideas, patches, and
opinions publicly. This method often results in a solution
which suits the needs of many different users, something
that proprietary software developers would need extensive
research to be able to achieve. Many open source software
projects are widely recognised to be developed rapidly, but
still maintain high quality.

Many open source software projects can also be cate-
gorised as free software projects, although exceptions do
exist. The two approaches are very similar in legal terms,
but differ in the underlying philosophy: Free software is an
ideological approach to give users essential freedoms when
using the software (that is free software refers to freedom
not price), while open source software is a pragmatic ap-
proach, i.e. it recommends a method to develop software
(usually free software) which results in rapidly developed,
high quality software. The freedoms users of free software
have are four: The freedom to use the software, study and
adapt the software, modify the software, and distribute the
software and the modifications[24]. Free software devel-
oped using the open source software development method
is usually called free and open source software and abbrevi-
ated FOSS.

It is straightforward that the four freedoms of free soft-



ware make User-Driven Development possible by giving
the legal right over the work to the user. Additionally free
software helps to avoid a situation where a single service
provider will be able to monopolise the service market and
the user as well. Therefore it is highly recommended that
the software being developed is free software.

3 Corporate Environment

The corporate environment consists of four sub-
environments: The social, political-legal, economic, and
technological environment. Managers must constantly try
to cope with an ever changing environment where ma-
jor sources of change include globalisation and product
quality[16].

It is necessary to understand how User-Driven Devel-
opment works in these various environments and how the
methodology might help coping with new changes. The fol-
lowing two sections consider the impact on the corporate
environment from the perspective of a user organisation,
and a service provider or development organisation. The
major sources of change are not discussed in detail since
they focus mostly on the change in solutions rather than
methodology. However if User-Driven Development will
have a similar effect on the software as the open source soft-
ware development method, the two sources of change men-
tioned above, i.e. globalisation and product quality, might
lead to corporations picking up User-Driven Development.
This effect must first be backed up with more research and
experiments, before acting on the theory.

3.1 User Side

The biggest impact of User-Driven Development, con-
sidering the social environment of user corporations, is that
it should help them manage diversity and avoid discrimi-
nation effectively. Instead of forcing upon users a solution
which suits the majority, the methodology encourages ac-
tive user-involvement in all steps of the development pro-
cess. This approach is similar to participatory design which
has it as an objective to get users to participate in the de-
velopment of a product which helps them performing their
job[15].

It might become problematic in some countries that
those who “work for hire” can retain their copyright and
thus threaten with lawsuits and so forth. If the product is
free software any legal problems of getting different service
providers to work together will be reduced. Licensing un-
der well known free and open source software licenses will
avoid a few legal issues which might come up. External
politics will usually not be affected much by a User-Driven
Development project, however internal politics of user firms

might need a change to cope with a new minuscule democ-
racy which probably emerges in software project decisions,
replacing a segment of the hierarchical structure by building
a network of equals.

The economical environment will very likely be highly
affected by User-Driven Development. More effort will be
required by the user, but instead hopefully it will lead to a
more suitable solution for the users, delivered on schedule
and cheaper. What might become exceptionally tricky will
be the management of the different services and paying dif-
ferent contributing providers. The economic environment
must be carefully planned when taking up a User-Driven
Development method.

Technologically the user gains a better product which
many users will find more suitable to their needs. Further-
more, given the correct employment of service providers, it
is quite likely that the product will also be technically more
capable, e.g. hiring a security implementation provider will
probably boost up the security of the system manifold.

The user also benefits from using service providers,
rather than solution providers. An important side effect
to the democratic service provision, i.e. many service
providers pool different services to the same project, is that
it forces service providers to explain their work so that oth-
ers can build upon it. This means that the knowledge of an
authoring developer remains available to everybody if that
developer leaves the company. In addition, the particular
developer might be able to continue working on the same
software after switching his or her employers.

3.2 Developer Side

The biggest change on the developer side will most likely
be the change from being a solutions developer to being a
service provider. Consulting companies will not not be as
affected as regular developers which develop complete solu-
tions for customers. Of the sub-environments of the corpo-
rate environment it is therefore probably the economic en-
vironment which will change the most. Selling a particular
service will be the focal point which will lead to better cost
analysis, i.e. estimating cost of a specific service is easier
than estimating it for a complete project. Service providers
will very likely be more willing to take some risks which
will be beneficial to the project in whole.

The technological environment and the social environ-
ment will change hand in hand in User-Driven Develop-
ment. The technological focus of developers will probably
move from complete solutions to a specific field and spe-
ciality. As a result, software development might split up
into more specialised areas. Individual developers will have
a better ability to choose a field which they are very inter-
ested in and have a better chance to work with something
they find passionate, benefiting the project as a whole. This



is, of course something which will probably happen grad-
ually and only if users decide to use User-Driven Develop-
ment when needing custom or bespoke software, which in
turn relies on that User-Driven Development is beneficial
for them.

Effects on the political-legal environment will probably
be more legal awareness, especially if free software is used
as a foundation. Service providers will be on the lookout
for copyright violations in the form of license violations,
which will benefit the users as well as themselves, i.e. there
will not be a need to prevent copyright violations through
technical implementations. Internal politics of development
departments will not change much, but service providers
must watch out that other providers do not try to externally
use politics for their benefit by, for example, trying to ensure
that users should only do business with them and go against
the democratic ideas of User-Driven Development.

4 Abstract Model

The model in figure 2 is an example of a hierarchy struc-
ture for a User-Driven Development method which tries to
affect existing development processes of service providers
as little as possible and be as unobtrusive with regard to nor-
mal business procedures of the users. Another example is
the open source software development method which can
be categorised under User-Driven Development and would
not be modelled this way.

Users who need a custom or bespoke software solution
will put up an internal discussion forum, theprivate user

archive, where affected users within the user firm can sub-
mit ideas for requirements, give their opinions on or build
upon existing ideas, and vote for or prioritise polished re-
quirements. This way, every interested and affected end-
user can have a saying in the establishment of the require-
ments. However, to prevent users from going ballistic with
the requirements specification a user manager is needed to
control the process and limits due to time constraints or bud-
gets, i.e. the manager acts as a filter. This manager can be
an external consultant working as a service provider. The
manager forwards accepted requirements to a external ser-
vice portal, thepublic developer archive, and disapproved
requirements should always be supported by strong reason-
ing for the disapproval, possibly set by a company policy,
to maintain the user democracy.

The public developer archive will probably be tricky to
set up so that possible service providers will be able to par-
ticipate in the development. However, the infrastructure to
achieve this already exists in open source projects. For ex-
ample, Freshmeat1 maintains a large index for software and
reports updates on projects and web portals such as Source-
forge2 provide tools for management of collaborative devel-
opment. Therefore, this can be solved by setting up an elec-
tronic market square similar to the Icelandic government[3]
or a less formal approach using mailing lists or social net-
works. The most appropriate solutions must be chosen to
suit both users and developers, but a general solution is pre-
ferred to avoid confusion for service providers. Further-

1http://www.freshmeat.net
2http://www.sourceforge.net

Figure 2. Model of a possible User-Driven Development hiera rchy



more, each project or user firm should have its own pub-
lic developer archive to prevent any misunderstanding, con-
flicts or confusion.

The public developer archive serves as a central point for
the development of the project. Service providers submit
their work on each requirement, criticise other providers’
work (diplomatically and with strong reasoning), and ask
questions or post comments on requirements. Every service
provider is free to submit work on as many requirements
they see fit but should be aware that any other provider is
able to criticise their work. In the end it is the user manager
which decides what gets approved into the project, based
on arguments and through acceptance tests. This should
encourage developers to work rapidly but still efficiently
which should result in high quality custom or bespoke soft-
ware, developed rapidly and free of any lock-ins to a spe-
cific developer.

5 Development Issues

This section goes through the most well known activi-
ties of software development and from the perspective of
User-Driven Development tries to find well known, existing
methods which can be applied to each activity. These meth-
ods are not the only ones which can be used, but can be
seen as a possible solution which would comply with User-
Driven Development, thus, in the end indicating whether
User-Driven Development is feasible and can be achieved
easily.

Since flow of information is very important to User-
Driven Development, information flow is mentioned,
specifically. A small model which can be used when defin-
ing how information flows in a specific project is explained
to show how users and developers can possibly decide upon
the correct information flow or methods

5.1 Software Development Activities

5.1.1 Requirements

Moving to free and open source software is probably rec-
ommended in the long run for user firms that expect high
benefits from customising software. These users are what
Eric von Hippel calls lead users, i.e. users who are ahead
of the market and inclined to innovate[25]. User-Driven
Development should make it possible for lead users to in-
novate without implementing, that is to specify their inno-
vation ideas as requirements and get service providers to
implement it for them. Using free and open source soft-
ware means that specifying requirements should be rela-
tively easy since it would only mean explaining modifica-
tions to existing, easily accessible, software developed by
others, that gives users the freedom to adapt and modify it.

It is of course possible that free software, which can be
built upon, does not exist or that existing software is not ma-
ture enough for stable use. However it should still be worth
it to demand that the product be free software because User-
Driven Development flows more naturally around free soft-
ware projects. Perhaps a few user firms could pool together
in order to make the free software mature enough for actual
use. The mere existence of a non-stable version of a free
software product indicates that there is a need from other
users for a that particular software product.

Defining requirements without affecting users to much
and making it available for an unlimited amount of ser-
vice providers calls for an unusual requirements process.
The public developer archive, introduced in a previous sec-
tion, is a perfect candidate for hosting electronic versions
of requirements specifications. This would make it easy for
users to post their requirements (through the user manager)
and for any interested service providers to access the re-
quirements quickly and easily.

Voleresnow cards[23] are a very effective way to define
requirements by simply filling in fields such asdescription,
rationale, fit criterion and so forth. An electronic version of
Volere snow cards might be good for requirements specifi-
cations for a User-Driven Development method such as the
one defined in the previous section. The fields would need
some adaptions, some should be removed and new fields
introduced, but the general method of snow cards suit the
purpose quite well.

5.1.2 Design and Implementation

Prototyping is probably the most suitable way to design and
implement custom or bespoke software via User-Driven De-
velopment. Releasing prototypes is a quick way to under-
stand whether developers have understood the requirements
correctly and get feedback on each service provider’s work.
Prototypes do diffuse the processes for design and imple-
mentation of software somewhat, so it is best to view proto-
types as a good solution for both.

Evolutionary and incremental prototyping[10, 11] are
two slightly different approaches to prototyping which work
for User-Driven Development. While evolutionary proto-
typing is better suited when an initial design has not been
decided upon and requirements are not quite clear, incre-
mental prototyping is good for adding new features or mod-
ifications to software where an initial design exists.

When designing new software where a basis for further
development is not available, i.e. no free software to build
upon exists, rapid evolutionary prototyping for a single core
component in the system can quickly build a working free
software prototype which can be used as a basis. If a basis
exists or has been developed through evolutionary prototyp-
ing, further development could be performed through incre-



mental prototyping, i.e. implementing new requirements to
the basis.

For service providers it will probably be best to use ag-
ile software development methods to cope with the rapid
development of the system, which results from using pro-
totyping for design and implementation. However, any par-
ticular method is not preferred, only that it suits the ser-
vice provider and does not become burdensome so that the
provider can be a competitive force in service provisions.

User-Driven Development fosters competition in design
and implementation since any service provider can submit
their work on any requirement defined by the users. That
does however not guarantee that the first submitting ser-
vice provider automatically gets accepted. Other service
providers have an opportunity to criticise each work with
well founded arguments or add functionality to the work.
So a first to marketwith substantial qualityis probably the
best strategy to choose for service providers.

5.1.3 Testing

The free and open source software community has an ef-
fective static analysis testing procedure, peer reviews[18],
which can and should be used extensively as the main qual-
ity assurance technique. The service providers are responsi-
ble themselves to constantly be on the lookout for low qual-
ity submits from one another.Competing service providers,
i.e. developers of the same piece of the project, are re-
sponsible for finding bugs and bad quality in submissions
of a service provider. It cannot be stressed enough that any
criticism should always be backed up by strong reasoning
to avoid an unfair and confusing competition.Cooperat-
ing service providers, i.e. developers working on different
parts of the system, are responsible for checking whether
bad quality of a submission by another provider affects their
work and point it out through constructive criticism.

Normal and accepted testing procedures such as unit, in-
tegration, and system testing[4] should be optional for the
user. That is, the user should be able to decide whether test-
ing services are purchased. Of course testing is always rec-
ommended, but perhaps users would like to take a chance or
the software might not be critical so testing may not have a
high priority. Of the three, integration testing is perhapsthe
most important testing method for further development of
the product. Both the current integration and future integra-
tion possibilities should be tested. One can assume that unit
testing is done by the service providers if peer reviewing
is performed on any submission, otherwise the submitting
service providers would risk damaging their reputation as a
respectable developer. System testing is something which
can be expected that the user does by using the system. It is
very likely that the user will be more understanding of prob-
lems when the development is run and managed by him or

her and system testing is an optional service.
Acceptance testing of prototypes or preprototypes[6] is

important in User-Driven Development. The users must be
very clear on whether a submitted work is to their liking.
Accepting work into the project is a statement declaring
which direction the project is going. Before accepting sub-
mitted work the user must try it out in the user environment
(perhaps on dedicated test machines set up by a testing ser-
vice provider) and all comments from reviews be read and
understood. The user always has the last saying and should
not be controlled by any service provider. However, the user
must be fair and be willing to look at issues from other per-
spectives. Eric S. Raymond expresses this in the Cathedral
and the Bazaar by claiming that it is important to be able
to recognise good ideas from others and that the most strik-
ing solutions come from realising that ones concept of the
problem was wrong[21]. Strong reasoning, explained in a
language the user understands, is therefore vital when trying
to get users to choose ones work above others.

Deployment of the product is not a distinct and neces-
sary step. The user decides when an acceptable solution
has been developed. As said before, the user has the last
saying through the results of acceptance testing. When the
complete product with all requirements has been accepted
by the user, it can be seen as a successful deployment of the
system.

5.2 Information Flow

It is very important to look at how information flows be-
tween users and developers in User-Driven Development.
Lack of a good information flow might cause numerous
problems and even stall the software development. It is
therefore necessary for users and developers to reach an
agreement for how and what information is shared between
the two entities.

Users must be aware that they need to form their require-
ments and other information they give to service providers
in a structured and understandable way. Service providers
must also be aware of whether users can understand what is
being said and refrain from using technological jargon when
communicating with the user. This cannot be achieved in
every flow of information, e.g. it is unnecessary to explain
interfaces to software libraries in a non-technical way, but
clear commenting should be something which every stake-
holder strives for.

A possible model, shown in figure 3, can be used to vi-
sualise the information flow for each of the development
activities above and how it flows between different infor-
mation spaces has been introduced by Björgvinsson and
Thorbergsson[2]. The model shows in an relatively under-
standable way what information flows and where.



Figure 3. Information flow model

6 Conclusions

From the findings and discussions of this paper it is
safe to conclude that User-Driven Development is a feasi-
ble option for software development. Existing techniques
and methods can be used in the various areas of software
development so the only hindrances might come from the
changes to the corporate environment.

However, as can be seen from the research and discus-
sions in this paper User-Driven Development still needs a
lot more research. This paper has tried to identify the ar-
eas where more research is needed in order to make User-
Driven Development a viable option for users and devel-
opers. It is important to define a good business model for
both users and service providers. It is also necessary to dig
deeper into the methods used for the different development
aspects. It might be beneficial to look at psychological im-
plications, especially communications, identify and explain
fundamental services, and identify beneficial users. The le-
gal environment must be examined and finally the effective-
ness of the methodology verified with an experiment.
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