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Abstract

The Moodle bug tracker is a boundary object that faces software developers who write and
maintain Moodle’s code whilst simultaneously exposing an interface to a much wider public
world of ordinary Moodle users. Bugs can be fixed and new features requested by recording
them in this boundary object which then tracks their progress. Such tracking has proven a
powerful lure for researchers and despite much study of the phenomenon of open source bug
fixing and software building, much remains to be answered. Specifically this research sought
to analyse the implications of this massively distributed collaborative development process
for education and educational technology (which to give it due importance, is referred to here
as educational infrastructure). It examined the ways educators - who are defined inclusively
as all those involved in supporting the educational enterprise - interface and contribute to the
development of the Virtual Learning Environment (VLE) Moodle at this granular level of

bug fixing.

Two things happen in a successful bug resolution: it is reported and then it is fixed. Only one
population is skilled and empowered to engage in the latter but, in theory, anyone can be a
reporter. Here data was collected and analysed about these two types of participant. Firstly
archival and statistical analysis of thousands of issues contained in the tracker database itself
was undertaken. These canonical accounts of bug-fixing contributed to the design and
conduct of interviews of both core participants of this community and more casual or
peripheral members. A broad spectrum of community participants were interviewed from
fringe and casual members to some of the key actors including Tim Hunt of the Open
University, Moodle HQ members Helen Foster and Michael du Raadt and Moodle founder
Martin Dougiamas. Ethnographically inspired methods were utilised in the interview analysis
to uncover rich stories of actual practice that were absent from the accounts of the database
itself. This lead to several contributions to research being made by this thesis: a depiction of
the dynamics and characteristics of an open source software community of practice dedicated
to the enterprise of education; an enumeration of three complexes of factors leading to bug
tracker issue resolution elicited from participants themselves; an account of particular
unknown or under-reported non-canonical issue resolution factors; a model of the role of bug
tracker issue mediators including the novel brokerage act of proxy issue submission and
improvement; and a theory of how bug trackers are resistant to predictive models of issue
resolution. These findings have implications for educational institutions reliant on VLEs and

for developers of open source educational software.
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1 Introduction

1.1 Background

In January 2009 a lecturing colleague in Dublin City University (DCU) contacted me and
explained a problem she was experiencing with Moodle. For some reason the tests she had set
her accounting students, which they were to take using Moodle’s Quiz feature, were not
working. Incorrect student answers to the multiple choice questions were not being
negatively marked as she wanted but instead were being rounded up to zero. This, |
discovered, was due to no fault on her part in setting up the test but rather a problem with the
Moodle Quiz itself. This part of Moodle was broken. We had discovered a bug in the
software.

Others had also encountered this problem and were discussing the bug online. They did so in
the Moode.org community discussion forums, the first or outermost online layer of the vast
online Moodle community. In these forums educators who were experiencing this bug voiced
their frustration but also shared tips on how to overcome the problem. One workaround
involved applying a small piece of code, or patch to Moodle. As its name implies, a patch
does not solve the problem in the fullest sense. Moodle remained broken but using this code
one could mend or patch up one’s own local copy of the software. Negative marking in the
Quiz could be made to function as it should. Applying this patch to DCU’s own copy of
Moodle was not an option for us however, as the University operated a strict policy of not
allowing modifications, or local customisations, to its Moodle installation. Tinkering with a

critical piece of the institutional infrastructure, even to fix a problem, was not an option.

What was required was for the original copy of Moodle, upon which all local copies are
based, to be fixed. Beneath the Moodle discussion forums there existed a place where such a
request could be made. This inner layer is known as the Moodle bug tracker, a database
where users can report bugs or issues they have encountered with Moodle. Here, more so
than in the discussion forums, a Moodle user affected by a bug, can interface directly with the
builders of Moodle, with those who are tasked or assigned with the software’s development
and maintenance. In this way | could cast my vote in favour of the fixing of the issue of the

negative marking in the Moodle Quiz.

Others concerned with this bug had also found their way to the tracker. There they too had

voted for it to be fixed, given details of the problem, and proffered the patch that claimed to
1



fix it. An important person who contributed to this discussion in the tracker was Tim Hunt of
the UK’s Open University (OU). He was the maintainer of the Quiz component in Moodle,
the developer, guardian and gatekeeper of the particular part of Moodle that allows teachers
to create, among other things, online tests consisting of multiple choice questions. Casting a
critical eye over the patch Tim was quick to point out that the proposed solution would not
work in all cases and that a better way would need to be found. So, for the time being,
Moodle remained broken.

I was intrigued to see how Moodle laid aspects of its development open through the tracker
and also by the complexity that it seemed was hindering the fixing of what appeared a fairly
serious flaw in this part of the software. The possibility of modifying the code of Moodle, of
being party to its development was clearly there, at least in theory. Indeed, it was a prospect
that had been a factor in DCU becoming one of the earliest adopters of Moodle in 2003 when
an evaluation committee cited its open source nature as something they hoped would allow
the University “unrestricted technical access to [develop the software], whether within our
own local resources, via collaboration with other users, or by contracting out to commercial
support companies” (McMullin & Munro, 2004, p. 1). There may have been good reasons
why, by 2009, DCU was operating a policy of not modifying its local version of Moodle but,
notwithstanding these, it was clearly against the spirit of what the University had initially
hoped for. Moreover, even if an institution could not adapt and customise software to its own
ends, the issue of the broken Quiz appeared to diminish the prospect that a wider global
community of distributed users could affect change. Despite the community reporting the
issue to the Moodle developers, giving multiple votes for its resolution and the proposal of a

fix, the issue had nonetheless languished for years unfixed.

Of course this was just one issue and from my narrow personal perspective, as it has been
outlined so far. Broader questions pressed to be answered such as: whether this issue was
characteristic of issues as a whole or what factors might determine whether issues in general
might be fixed. Clearly there was a social process at work as much as an engineering one in
how issues were resolved. The Moodle bug tracker appeared a frontier between two worlds of
teacher and software developer. Discovering the workings of this realm, through the prism of
fixing or resolving issues, became the research imperative that motivated the study at hand.

Although, it was inspired by personal circumstances as described, the research problem is
also an important one with wider significance. The work of the developers of Moodle has a

global impact. A development in Moodle, even a small one, such as the bug in the Moodle

2



Quiz, can potentially affect over 70 million users worldwide (Moodle.org, 2013c). The
imperative became to uncover some of the workings of a social entity, the Moodle bug
tracker, lying in open view yet relatively unknown to educational research, at a frontier
between educational and technological worlds. What these communities are, how they
interact at this boundary, and how they work over time to attempt to build shared knowledge

is the focus of this study.

Moodle is an important artefact that has emerged as both a product and a driver of the move
to online education and the development and deployment of ICTs to this end. Divergent
perspectives have been taken on the rise of educational technology in third level education.
For some, such as Noble (1989), this move has represented a commodification of education,
the implementation of an industrial model at the expense of the individual teacher. In the
context of the VLE this debate was aptly captured by Dron (2006) in the title of his paper on
the topic —Any color you like as long as its blackboard — which posited cottage industry
versus industrial models of education arguing that the VLE can, if left unchecked, allow the
technological form to dictate pedagogical patterns in subtle ways in a type of “educational
Fordism”. Noble’s (1989) alarm stems in part from a perception that the quality of education
was being diminished as it moved online. Christensen et al (2008) however, precisely warned
that incumbents in a market, treating higher education as such, would disparage new entrants
and more efficient forms (such as online learning) but that these forms would evolve and
adapt before becoming eventual dominant new forces in the overall market. In this way they

framed online education as a radically disruptive innovation.

That these new educational ICTs could disrupt education for the better (ultimately by
lowering or removing cost barriers) was taken up in several quarters, one prominent example
being the Open Educational Resources (OER) movement. Drawing philosophically on the
open education movement, and the traditions of distance and open education, the OER
movement advocated for the reuse and repurposing of digital educational resources with the
ultimate aim of broadening access to educational opportunities (D’Antoni, S., 2009).
Repurposing and reusing content also had analogues with the open source software

movement which we will later examine.

Moodle began in Curtain University in Australia as an offshoot of an (as yet unfinished) PhD
thesis by Martin Dougiamas (Dougiamas & Taylor, 2002, 2003; Dougiamas, 2007).
Dougiamas experienced frustration with the inability to adapt WebCT (because of the

restrictive nature of the software license) to his own ends of exploring interactive and socially

3



constructivist forms of online learning. Instead, he started writing his own alternative learning
environment that would come to be known as Moodle and instead of retaining strict
ownership of the code he decided to make it freely available. Moodle represented for many a
welcome confluence of the ideals of open education and open source. For example Moodle
claimed to be based on a “social constructivist” pedagogy which it is argued elsewhere
positively affected Moodle’s adoption (Costello, 2014) and was directly cited by some
adopters (McMullin & Munro, 2004). There are several other factors that proved important as
Moodle rose from relatively obscurity in 2001 (Dougiamas & Taylor, 2003) to holding a
dominant share of the open source VLE market by 2013 (Costello, E., 2014). Moodle
adopters also cited cost (due to its open source licensing model), fear of vendor lock-in to
proprietary licensed competitors such as Blackboard and the promise of adapting the software
to their own needs. A detailed analysis of 28 higher educational institutions self-professed
rationale for their adoption of Moodle is made by the author in an article dedicated to the
topic (Costello, 2014). Interesting network effects proved to be at play as the effective market
and choice of VLEs began to shrink between 2003 and 2011 (Bennett, 2011; Browne et al.,
2006; Hawkins & Rudy, 2008). The Open University of the UK’s adoption of Moodle and its
commitment to its development proved a massive boon to its credibility and paved the way

for more institutions to follow suit (Sclater, 2008).

Moodle is currently the dominant open source VLE in higher education. Moreover the VLE
itself has become increasingly important to the actual identity of a university - such that, it
has been argued, having a VLE may be as important as having a library (Costello, 2014,
Williams van Rooij, 2011). This study it is hoped will provide some more understanding of

something that has become critically important to the enterprise of higher education.

1.2 An Overview of the Research

1.2.1 Research Approach

This study is qualitative in nature. Although it draws on numerical data and proceeds in an
analytical fashion, it nonetheless does not claim to build objective truths about independent
phenomena. Rather, a social constructionist position is taken where knowledge comes from
the collective because “humans create and change the world around them through action and
interaction” (Corbin & Strauss, 2008, p. 6). Both the construction of Moodle and the conduct
of this research are conceived of as intrinsically social activities, their outputs the product of

confluences of social influence. As such a researcher is interpreting events; they become a
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co-constructionist as they deconstruct and then reassemble the phenomena of study to come
to some final thesis. Such interpretations “cannot be separated from their own background,
history context and understanding” (Creswell, 2012, p. 39). Hence the background section
above which outlined (in the first person) the path of the researcher up to the outset of the

study and in so doing introduced some of the influences that colour its perspective.

Communities of practice provided an important theoretical touchstone to the design of this
study. The theory, as espoused by various proponents, perhaps most notably Wenger (1999),
holds powerful conceptions for analysing social groups, in particular for groups not
traditionally defined as organisations in legal or monetary senses as is the case with the
Moodle community. Rather, actors within these communities are defined by the practices
they engage in (such as bug tracker issue resolution) and have identities and roles within the

group that come to define and shape those practices.

1.2.2 Research Questions

Following from the constructivist/interpretative research perspective, and from the nature of
the phenomenon of study which was deemed unique and underexplored, a study of an
exploratory and elucidative nature was designed (Yin, 2009). The study is defined by the

following question:

What are the key practices of participation in open source educational software development,

taking as a case study the Moodle bug tracker community?
Four sub-questions were designed to address the main research problem:

1. What are the characteristics of participants in the Moodle bug tracker and the issues
they engage in?
2. What factors and related processes are important in the resolution of issues in
Moodle?
3. What are the key identities and roles of the participants?
4. How do educators come to participate in the inner community of Moodle
development?
Question one sought to examine the overall or aggregate appearance of tracker issues and
their participants. The second question sought to analyse, from the perspective of
participants, the community practice of issue resolution; to analyse what participants believed
to be important success factors as they engaged in this activity of attempting to resolve issues.

Question three addressed the issue of identity and its interplay with defined roles within the
5



community. Question four sought to build on the previous three questions and tie them back
together to address the overarching research aim: that of how educators (in a broad sense of
the term that extends beyond simply those in the classroom) come to participate and how this
affects Moodle development. That is, this question was concerned with momentums — of how
people enter the community or change role within in it in the pursuit of changing Moodle
itself.

1.2.3 Research Design and Methods

A case study may distinguish itself from a more purely ethnographic study by its
situatedness, by its bounding of the object to be studied as a specific event or activity rather
than a whole culture (Stake, 1978). Here the activity of mutual engagement in Moodle bug
tracker issues, in the joint enterprise of developing Moodle and the resultant shared repertoire
of communal resources that emerged, is the specific social practice under study (Wenger,
1998). A temporal bound to the case is defined by confining it to Moodle bug tracker issues
that were started between January 2007 (Moodle version 1.7.1) and February 2011 (Moodle
2.0.2). Community members were included in the study if they participated at least once in
the tracker during that time. The single-case study method of bounding an object of study
helped demarcate the research phenomenon. The case study was also suitable as this study
sought: to focus on contemporary events over which the researcher had limited control; and
was an area under explored and reported to date, leading to the requirement of an elucidative

and exploratory approach to the phenomenon (Yin, 2009).

A case study is also characterised by its use of multiple data types or sources (Yin, 2009).
The Moodle bug tracker is itself a vast data store and hence was the inevitable starting point
for collecting evidence for this study. Descriptive statistics were generated using software by
analysing reports from the Moodle bug tracker. The researcher also spent time reading
individual issues and three issues were selected and presented to demonstrate the unique
stories that exist within the multitude. A picture was also built of the participants of the
tracker community: of those who had the ability, as a result of long-standing membership, to
be assigned to fix issues; and those members by contrast who reported issues and lobbied for

their resolution.

A lack of participant voice was identified in the review of bug tracker literature and hence
interviews — which for Yin (2009) are often the most important data source in a case study —
were planned where “key respondents would be asked about the facts of a matter as well as

about their opinion of events” (Yin, 2009, p. 90). The bug tracker participant analysis
6



informed the selection of interviewees. Interviews were subsequently conducted according to

a semi-structured interview schedule.

1.2.4 The Research Process

A case study research approach was undertaken with data comprising the bug tracker itself
and interviews with participants. The research process proceeded iteratively as activities of
literature review, data sampling and research design were conducted to various degrees in
parallel, subscribing to the maxim that “analysis begins with the collection of the very first
pieces of data” (Corbin & Strauss, 2008, p. 47) or, in Merriam’s (1985, p. 207) conception of
the tight connection between data collection and analysis in case study research, that
“checking, verifying, testing, probing, and confirming collected data as you go” is key. In
April 2010 four prospective (and eventual) interviewees were identified following informal
conversations with them at a Moodle conference in London and a tentative outline of the
interview schedule was formed. In February 2011 systematic collection of data from the bug
tracker started, and was compiled and analysed using spreadsheets and the statistical package
R. The interview design was informed by this data analysis from the tracker in addition to the
pilot stage of discussions with participants at the 2010 Moodle UK conference. Between
January and April 2012 nineteen of the interviews were conducted with the final twentieth
interview concluded in early February 2013. Transcription and analysis of the interviews and
tracker data was deemed largely completed by this stage (though some level of analysis

continued during all stages of the thesis write-up).

1.3 Outline of the Thesis

1.3.1 Chapter Two: Review of the Literature

This chapter is divided into two sections. The first section explores the communities of
practice theory as a social model of human interaction and organisation. Key themes are
drawn out such as how communities interact with each other; how participants enter or are
apprenticed to a group; how a group negotiates meaning and potentially produces new
knowledge. Two important aspects — identities of community members, as defined by their
on-going practice, and boundary objects which interface between communities — become
relevant to the second section of the chapter which deals with situated studies of communities
of open source software such as Moodle. This second section of the literature review looks at
the boundary object of the software bug tracker. It examines how researchers have
conceptualised it and attempted to answer research questions such as why bugs or issues in
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trackers may or may not be resolved, the joining trajectories of people into such communities

and how participants seek to affect change within the community.

1.3.2 Chapter Three: Methodology

The adoption of a single-case study was a consequence of the formulation of the research
problem: one that looks at a particular group (the bug tracker community) engaged in a
particular avowed practice (bug fixing). The case study is an appropriate form when the
researcher is examining contemporary events over which he/she has little control. The types
of questions used to tackle the research problem were informed by the perspective of the
researcher and have philosophical underpinnings in constructivism. They sought to elicit the
view of the participants. The questions focused on bug tracker communities, bug tracker issue
resolution, participant identities and processes of joining these communities. These question
topics were formulated based on relevant, related studies from the literature review. This
development of the research questions and the adoption of the case study approach is outlined

in Chapter Three.

The data from this study comprised the bug tracker database itself and participant interviews.
Most of the interviews were conducted via Skype, directly recorded and then transcribed.
They were then coded using established tools and methods from qualitative research. The
issues that contributed to the adoption and design of the particular chosen methods of
interviewing and coding are also discussed here as research design decisions are made clear
to the reader. Similarly, an examination is given of ethical issues that pertained to the study,
and how these were addressed. Finally, as a fitting conclusion to the chapter, the research’s
overall reliability is probed and then argued for.

1.3.3 Chapter Four: Findings

The research problem is decomposed into four sub-questions and the findings of this study
are presented under the headings of these questions. The first of these questions examines the
characteristics of the Moodle community in general terms i.e. in the aggregate using
descriptive statistics. The first sub-section of the Findings chapter, which addresses this first
research question, also maps to the first data source — the bug tracker database — and hence
largely matches the chronology of the research process (notwithstanding inherent degrees of
iterative parallelism). The subsequent three sections are based on the next three research
questions that were primarily addressed through the interview analysis. Research question

two examined the factors and processes of issue resolution. Its findings are presented
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according to three themes that emerged in the analysis; these focus on the perspectives of the
bug tracker issue submitter, the bug tracker assignee (potential fixer) and the submitter who
has written a fix to an issue. The next section addresses the roles and identities of the
participants; how teachers, software developers and brokers who mediate between the two,
are motivated to act within the community. Lastly the concepts uncovered during the
previous sections are gathered and tied back to the main thesis statement, examining how
participants come to be involved in the community and whether such involvement can affect

change to Moodle’s code.

1.3.4 Chapter Five: Discussion

Chapter Five follows the same outline as the Findings chapter and is divided into sections
that broadly map to each of the four questions. These are not necessarily of equal weighting
as some findings were found to be more significant than others. Their significance was
determined by casting them in the light of the wider research literature and by drawing upon
the concepts from the literature review. Firstly the aspects of the Moodle tracker that give it
and its inhabitants a unique character and culture are argued for. It is also found to have many
characteristics of comparable communities such as the relative influence of assignees and the
importance of certain tasks such as commenting on an issue to get it fixed. The interesting
factors that contribute to bug tracker issue resolution are discussed including ones that are not
widely reported or represented in the literature. The approach taken uses theoretical
constructs from the first section of the literature review, such as the interplay of canonical and
non-canonical accounts of how work is carried out, to uncover aspects of the community
practice. Unique identities (such as those of teaching) and roles (such as mediators) that are
characteristic of this community are posited and examination is made of their relationship to
roles and identities (such as those of software developers) that are by contrast well

established in the literature.

1.3.5 Chapter Six: Conclusion

The final chapter provides a summary of the main findings and discusses possible further
implications. There are two main types of implication that flow from what is presented here.
The first relates to future research. This study, it is argued, has helped answer questions about
the nature of the boundary object that is the Moodle bug tracker, sitting as it does between the
worlds of educators and software developers. However, it has also raised interesting
possibilities for future research. Part of the aim of this research was to help tell the story of
this particular community, explore and describe its character through a case study in the hope
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of informing a research agenda for open educational software development. There is
necessarily more work now to be done, to test whether, for example, the role of brokers found
here is characteristic of similar communities and whether it is related to a community’s
maturity or is instead unique to particular ones. Brokerage as a concept is commended to
open source tracker communities. They may recognise it instinctively as has been shown here
but the potential role of mediators may be undervalued in other comparable communities.
Lastly suggestions are made here for educational institutions. It is argued that they should
engage in helping develop entities such as Moodle for the sake of education generally as it

heads into an uncertain technological future.
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2 Review of the Literature

2.1 Introduction

This literature review is structured in two main parts. The first deals with communities of
practice from a theoretical perceptive. This leads to a second part that deals with specific
studies that are closely related to the domain of the study at hand i.e. open source software
communities. In this way the scope of discussion is progressively narrowed so that the
context for the research question of this study, as discussed in the succeeding methodology

chapter, becomes clear.

The first section, on communities of practice, starts by looking at theoretical underpinnings.
This mirrors the research process itself (at least as construed in a post-facto form) where an
existing theory becomes the basis or foundation for a new enquiry. In this study a core group
of people involved with developing Moodle will be considered theoretically as a community
of practice. In doing this we will ask who these people are, what is it that they do and how
they engage in their work. To do this we must first explore the communities of practice field
and then drill down into particular researchers and particular concepts in this area that will be
of use to us. Although aspects of their methodological toolsets will be explored, our review of
communities of practice in the first section of this literature review will be from a broadly

theoretical perspective, as it contributes strongly to the theoretical basis of this study.

To bring the research back down to situated studies, a review of open source communities
will follow. This second part introduces the concept of open source and its place in research.
It then analyses specific research efforts that have been undertaken on open source
communities, considering their concerns, their methodological outlook, relevant findings but
also any lacunae, any angles which have not been fully explored or areas that are lying in

wait of the researcher (such as the intersection of education and open source).
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2.2 Communities of Practice

2.2.1 Introduction to Communities of Practice

The aim of this study is to examine the community that builds Moodle and particular work
practices that its members engage in during their efforts. Specifically, we will look at how
they engage in solving problems that arise in Moodle’s software. This is a collective activity
and to explore more theoretically how this is underpinned we must take a look fundamentally
at communities themselves. The question we will now ask is how researchers have
conceptualised community activity in education and knowledge work literatures and what
ultimately this might tell us about what to expect of the Moodle community. In doing so we
will draw out key themes of the Wengerian community of practice model such as how
communities interact with each other; how participants enter or are apprenticed to a group;
and, once a group is formed, how members negotiate meaning and potentially spur

innovation.

2.2.2 Apprenticeship

Communities of practice are based on notions of disequilibrium within groups. Essentially
power relations are at play and some members must weigh less than others. Resnick (1987) in
her American Educational Research Association Presidential address, invoked the concept of
apprenticeship. She called for “bridging apprenticeships” that would greater connect
theoretical learning and actual practice. At around this time, anthropologists returning from
the field were finding that failures in education could be attributed to the misapplication of
didactic modes of teaching in situations where learning in the apprenticeship mode was more
appropriate or more culturally customary (Jordan, 1989). Thus the notion of apprenticeship,
as something applicable to almost all forms of learning, began to take hold in educational
research, particularly after Lave and Wenger (1991). For many this was a chance to reframe
learning situations and argue against a more didactic model. As such, it has a heritage in the
educational tradition of such thinkers as Dewey, Vygotsky and Freire. Similar to Rogers’
rechristening of teachers as facilitators (Rogers et al., 1965), a language of apprenticeship
and practice was instituted to revive and renew constructivist principles. Before long
commentators could claim that Lave and Wenger had become “a very influential corrective to

previous educational practice” (Cox, 2005, p. 3).

Lave and Wenger’s (1991) original communities of practice model was based on their
critique of five individual studies of the apprenticeships of midwives, tailors, quartermasters,
12



butchers and recovering alcoholics. In their meta-analysis of these apprenticeship studies, the
importance of social interaction, social identity and negotiated admission to a cultural
heritage emerged as strong themes. Failure to integrate could occur if interactions were not
rich enough or systemic structures caused sharing to be obstructed. For instance in the case of
the butchers, apprentices were physically segregated from masters for crucial tasks, which led
to a greater likelihood of their failure to fully apprentice. On the other hand, in optimal
scenarios, relatively complex mental abilities, such as mathematics, could be acquired under
apprenticeship that were found to be on a par with those obtained through formal learning, as
in the case of the tailors. It was this later study where Lave (1977, p. 177) found evidence that
“apprenticeship training does teach general problem solving skills”. The tailor and midwife
studies occurred in the developing world. The butcher and quartermaster studies by contrast
were of groups that were embedded within larger organisations in modern developed
economies. The recovering alcoholics were not partaking in an apprenticeship in the truest
sense, however the study was admitted for demonstrating many of the same characteristics as
the other studies and Lave (1988) went on to study a diversity of groupings (such as dieters).
Another influential ethnographic study that was to contribute to the community of practice
literature, but not cited by Wenger and Lave (1991) at this point, was that of Orr’s PhD work
which examined a community of photocopier repair technicians, and was later published as a
book (Orr, 1996). Finally, Wenger himself did most of his most important early fieldwork on
a group of claims processers in an insurance company. Considering these latter studies, it is
clear that the notion of apprenticeship is a loose one as it relates to communities of practice.
As Cox (2005) has it, only a naive reading of the early communities of practice literature
would see it as a call to the return of apprenticeship styles of learning in the modern world.
However, it still serves as an important pointer in this literature to a valuable theme; that of

more incarnate representations of social activity.

One of the key concepts of Lave and Wenger, appropriated from apprenticeship, is that of
Legitimate Peripheral Participation. This was their demonstration that people could be
successfully inducted to a group by simply hanging around at its fringes. Just sitting and
observing the norms and language of the group was a necessary first step to participation, as
something of the culture of the group must be recognised and learned before a newcomer can
input and begin to become a member. In acquiring the norms, viewpoints and behaviours of
the group, they become enculturated (Brown et al., 1989). Practices could not be disentangled
or abstracted from the cultures in which they were enacted. Assimilation and adherence to

cultural norms was a necessary prerequisite to learning (or being allowed to learn) the more
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explicit and formal practices of the group. There is also an element of making prospective
members “wait their turn”. As one member of an open source software group puts it, “If you
aren’t willing to do a little research, observe how the project functions, and figure out how to

make your mark on it, do you really belong on the team?” (Krishnamurthy, 2005, p. 30).

Wenger has given perhaps the most complete subsequent theoretical model of the community
of practice. His focus diverged somewhat from Lave and he concentrated more on
applications relevant to industrial workplaces than to formal educational settings and in the
main this is the strand of research most relevant to us here. But before looking at his theory it
is worth also considering the contribution of Brown, Collins and Duguid (1991) because of
its relevance and impact on educational research in general and also of its strong focus on the
Orr study of photocopier technicians which is, because it focused on technicians involved in

fixing things, pertinent to the research at hand.

2.2.3 Story and Practice Canons
Brown and Collins (1991) refined the community of practice model by building on the idea
of situated cognition, that called attention back to the site of learning and of activity (Brown
et al., 1989). This was arrived at by observing the common disconnect between classroom
activities and their applied corollaries in the real world. They argued that school often
acculturates students more to itself than to its teaching disciplines such that “what students do
tends to be ersatz activity” (Brown et al., 1989, p. 38). They found an over-reliance on the
explication of instruction and of activity in the classroom to the detriment of actual learning.
Later, they widened their focus from formal education to organisational theory in general to
also look at (ostensibly) non-educational workplaces. The disconnect between the de jure and
the de facto activities is key, and led them to the claim that:

...reliance on espoused practice (which we refer to as canonical practice) can blind an

organization's core to the actual, and usually valuable practices of its members (including

noncanonical practices, such as “work arounds”). It is the actual practices, however, that
determine the success or failure of organizations (Brown & Duguid, 1991, p. 41).

Because of the problem caused by official work specifications, used for training and formal
learning, being out of kilter with actual effective practices, a learning-in-working conception
was proposed by Brown and Collins (1991) in an attempt to tangle doing and knowing and
keep the idea up front that learning should always be situated and embodied rather than
abstracted. From this standpoint learning could be seen as “the bridge between working and
innovating” (Brown & Duguid, 1991).
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“Actual practice inevitably involves tricky interpolations between abstract accounts and
situated demands” (Brown & Duguid, 1991, p. 42) and the limited abstract accounts can be
seen, to use terminology from Geertz (1973), as thinly described. So for example thinly
described actions are given in Orr’s (1990) corporate training manuals, training courses and
job descriptions of the photocopy repair technicians. However, they also had unsanctioned
modus operandi based on their communal experience and in-the-moment action. We can
conceive thin and thick in a qualitative rather than quantitative sense: the thin formal
descriptions may come in a very thick manual indeed, and likewise an effective real-world

stratagem may be a simple one.

The exchange of work related anecdotes is also highlighted as an important component of
problem solving in a community of practice. Orr had described in detail how the technicians
exchanged “war stories” when solving a particularly intractable problem (Orr, 1990).
Storytelling can never be captured in canonical accounts, though it is a vital sensemaking
activity (Weick, 1995). Its role in problem identification and resolution to the photocopier
repair technicians is attested by Orr: “The use of story-telling both to preserve knowledge and
to consider it in subsequent diagnoses coincides with the narrative character of diagnosis”
(Orr, 1990, p. 188).

There is some reflexivity going on here, as many if not most of these primary studies were
carried out by researchers who privileged narrativity in their own methodology (especially
Orr and Wenger for example). There is a primacy of narrative both in the subject of study and
its explication: “The intent of Talking about Machines is descriptive: to present the work of
the technicians and to use it to suggest what may be learned from studies of work practice in

contrast to more abstracted ways of writing about work” (Orr, 2006, p. 1816).

For Brown et al. (Brown et al., 1989), the coalface, where the customers, technicians and
technical experts of Orr’s study interacted to solve problems, could be an exciting place
characterised by innovation. They concluded that “through their constant adapting to
changing membership and changing circumstances, evolving communities-of-practice are
significant sites of innovating” (Brown et al., 1989, p. 41). Here they added not only learning,
but also knowledge creation, termed innovation, to the functions of communities of practice.
Innovation is a key strand in the community of practice research literature, as we will

examine later.

2.2.4 Wenger’s Communities of Practice Model
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For Wenger communities of practice abound and we are inevitably members of several
whether through work, school, home or hobbies. However, he is clear in distinguishing that
communities of practice are not simply based upon geographical location, nor even on shared
interest. Rather the group must be actively engaged in a work practice and must further
exhibit a social manifestation that is defined by three particular characteristics:

What it is about—its joint enterprise as understood and continually renegotiated by its
members

« How it functions—the relationships of mutual engagement that bind members together
into a social entity

e« What capability it has produced—the shared repertoire of communal resources
(routines, sensibilities, artefacts, vocabulary, styles, etc.) that members have developed over
time (Wenger, 1998, p. 2).

Communities of practice are groupings within wider organisations and a constellation of such
communities may exist according to the exclusive and overlapping activities in which people
may be engaged. Wenger attempts to distinguish a community of practice from formal teams,
project groups or networks, because of its emphasis on doing, its definition by knowledge and
its identity through practice respectively. It also has a life that does not map conveniently to
officially sanctioned organisational structures. Its life cycle moves from genesis and
coalescence through a phase of activity and then dispersion before finally staying alive in
individual and collective memories. The “informal fabric” of communities within an
organisation add value, do real work and even allow an organisation to function (Wenger,
1999). Nonetheless, they may not have formal organisational approval and as such may exist
upon a continuum of such communities from the completely unrecognised, which

consequently have limited impact, to official and heralded entities with transformative power.

The status of a community of practice, and the degree of its legitimacy within its parent
organisation, led Wenger to look at how they might be fostered and developed. To this end,
organisations should be open to recognising more aspects of organisational life and in so
doing legitimise participation in effective communities of practice. They should also work to
calibrate their strategy with practices and above all be “attuned to real practices” (Wenger,
1998, p. 2). This became the dominant theme of subsequent work by Wenger. Speaking to an
audience of managers based in mostly large corporate organisations, he further elaborated
how communities of practice might be recognised and grown in the service of the wider
organisation (Wenger et al., 2002). Although this was raising interesting research ideas for
others (Kimble et al., 2001; Hildreth & Kimble, 2002; Von Krogh et al., 2003; West &
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Lakhani, 2008) there were also concerns that, in the worst possible scenario, it might hide
other forms of normative and networked control by organisations (Cox, 2005). Detractors
might be consoled that although the promise of implementing communities of practice within
organisations is great, their realisation could well be trickier and we are warned by Wenger
(1998) that this may represent something of an art form as opposed to a science:
Communities of practice do not usually require heavy institutional infrastructures, but their
members do need time and space to collaborate. They do not require much management, but
they can use leadership. They self-organize, but they flourish when their learning fits with
their organizational environment. The art is to help such communities find resources and
connections without overwhelming them with organizational meddling. This need for balance

reflects the following paradox: No community can fully design the learning of another; but
conversely no community can fully design its own learning (Wenger, 1998, p. 2).

As also illustrated in the above example Wenger makes extensive use of dualities, paradoxes
and contradictions in his writing. Sometimes, to the frustration even of his proponents:
...this book can be frustrating to read and understand. It is at times an excruciatingly difficult

read, because of the different way that Wenger looks at and defines his underlying concepts.
However, the book is worth every penny (Gillespie, 2000, p. 96).

Although this style may give rise to the criticism of making his theory less applicable,
rigorous, or consistent, it is also one of its key strengths as it is arguable that it has allowed
the communities of practice paradigm to be amenable to reframing. A frame is a term used to
represent a social phenomenon and, for Benford and Snow (2000), the elasticity of a frame
may be a factor in its success or usefulness; communities of practice has proved to have this
property i.e. it has been reused and remixed in a diversity of contexts by subsequent

researchers.

A second important point should be made about ostensible contradictions in Wenger’s
communities of practice model. This is that the Eastern idea of duality, which allows
conflicting ideas to coexist without resolution, can allow new conceptions to be admitted
(Hildreth & Kimble, 2002). Or, where there is resolution it “does not mean consensus [but]
rather, representations, or inscriptions, contain at every stage the traces of multiple
viewpoints, translations and incomplete battles” (Star & Griesemer, 1989, p. 413). It is often
in the areas of tension that creativity comes about and novelty may arise. Wenger is given to
looking in these areas and identifies four important dualities at the core of the communities of
practice concept (Wenger, 1999) and two of these dualities are particularly important to this
thesis.
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2.2.5 Four Dualities

2.2.5.1 Designed/Emergent

One duality, as we have seen, involves community construction: are they designed or
emergent? These are two important sources of organisational structure. Design may be a
stricture upon emergence, but much that is useful only emerges during interaction that has
been pre-planned i.e. designed. This idea has been pursued by researchers interested in the

design of online learning environments (Barab et al., 2004).

2.2.5.2 Identification/Negotiability

Design is a proposal of identity and this creation of identity or identification, for Wenger
(1999), is an expression of power because it attempts to nail down meaning which is counter
to negotiation. Identification is totemic. Members may feel they most strongly belong to
communities where their sense of identity is highest, where they have negotiated the most
meaning. Over-identification can be destructive, leaving participants unable to negotiate
either amongst themselves (civil war) or with external communities (cult-like behaviour). For
learning to happen some identity must be given up as a novelty is negotiated. The dual
processes of negotiability and identification thus form a basis for looking at learning, identity,

and power in social terms.

2.2.5.3 Local/Global

A third dialectic is that a community member’s identity always involves interplay between
local and global events. People “come together, not only to engage in pursuing some
enterprise, but also to figure out how [their] engagement fits in the broader scheme of things”
(Wenger, 1999, p. 162). In the knowledge management literature this has some analogues in
the relation of buzz (face to face and co-located activities) to pipelines, which are more
formal external connections that are spatially distributed, such as alliances with outside

groups including possibly rivals (Bathelt et al., 2004).

Interaction amongst different communities is a very important issue, as these occurrences are
rarely straightforward and they have been the subject of much theorising. One of the ways in
which two communities interact is via boundary objects. Boundary objects act as abstractions
that exist in two worlds, can be adaptable to viewpoints of each, but are robust enough to

maintain identity across both:
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In conducting collective work, people coming together from different social worlds frequently
have the experience of addressing an object that has a different meaning for each of them.
Each social world has partial jurisdiction over the resources represented by that object, and
mismatches caused by the overlap become problems for negotiation (Star & Griesemer, 1989,
p. 412).

For Wenger a person who operates in the intersecting boundaries of communities is a special
class of actor known as a broker. Brokers hold a special role as they must straddle two worlds
and mitigate between them:

The job of brokering is complex. It involves processes of translation, co-ordination and

alignment between perspectives. It requires enough legitimacy to influence the development

of a practice, mobilise attention and address conflicting interests. It also requires the ability to

link practices by facilitating transactions between them, and to cause learning by introducing
into a practice elements of another (Wenger, 1998, p. 109).

Boundary objects can be artefacts, discourses or processes. What they have in common is that
they are both formed by, and the subject of, interactions where two communities abut. For
some organisations the activities that happen at their boundaries are so important that they
have defined boundary practices and take steps to actively manage their peripheries. Perhaps
most intriguingly of all, Wenger postulates the organisation itself as a boundary object:
An organisational structure, for instance, is often considered as an overarching umbrella that
incorporates multiple parts by specifying their relationships. But, in fact, it is more usefully

designed as a boundary object intended to enable multiple practices to negotiate their
relationships and connect their perspectives (Wenger, 2000, p. 235).

As we will see in Chapter Three, this idea helped to conceptualise the phenomenon of this
study as set of interfaces, and hypothesise in general terms that one of the core Moodle
community’s defining aspects would be its local/global duality and its interaction with
external enabling worlds (such as that of Higher Education).

2.2.5.4 Participation/Reification

Another important duality Wenger identifies, that is part of a long research tradition and
relevant to this study, is that of participation/reification. Fundamentally, this duality relates
to knowledge. With Legitimate Peripheral Participation (Lave & Wenger, 1991), knowledge
for individuals involves competence and experience, while learning occurs during their
interplay. Competence arises and exists in a specific social space; experience can happen
either in or outside of that space; and it is the intrusion and extrusion of experience into and

from the group that is at the core of this theory. Or, as Jordan puts it, knowledge is “the
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ability to participate meaningfully” whilst learning is the “process of becoming a member of

the working community of practice” (Jordan, 1996, p. 18).

As Wenger began to move away from legitimate peripheral participation his research focused
more on knowledge as a commodity, as something that organisations could seek to maximise.
However, to illustrate that this commoditisation is not trivial he posed knowledge as a
duality. It contained a tension between its abstract (reified) and is living (participatory) forms
(Wenger, 1999). This idea has a large place in the literature. Polanyi introduced the term tacit
knowledge as “a knowledge which we cannot tell” (Polanyi, 1967, p. 5). Hunches, guess
work, unconscious habit and social idioms may all be forms of tacit knowledge that it is not
possible to observe and measure but which may nonetheless be a vital contributory factor to
overall knowledge. Brown and Duguid call this know-how and know-what:

The organizational knowledge that constitutes 'core-competency' is more than 'know-what'

explicit knowledge which may be shared by several. A core competency requires the more

elusive 'know-how' — the particular ability to put know-what into practice (Brown & Duguid,
1998, p .91).

Wenger describes reification as how we a use a term as a projection of what we mean:

It is an abstraction. It does not do the work by itself. But after a while, as | use it to think with,
it starts talking to me as though it were alive. Whereas in participation we recognise ourselves
in each other, in reification we project ourselves onto the world, and not having to recognise
ourselves in those projections, we attribute to our meanings an independent existence. This
contrast between mutuality and projection is an important difference between participation
and reification (Wenger, 1999, p. 58).

Wenger sees participation and reification as complementary processes. If reification has
hardened something into an inappropriate form, participation can make it malleable again e.g.
a judge may interpret laws. Likewise, reification may compensate for the limitations of
participation, due to its informal, subjective and irreproducible nature e.g. notes are made of a
meeting. This leads to the idea of a trade-off inherent in a knowledge artefact between its
reified and participatory aspects. For Hildreth and Kimble (2002) this is the degree of
hardness or softness that knowledge has. If knowledge is mostly soft it has a high proportion
of participation in its make-up. If it is predominantly hard it is made up of mostly reified

knowledge.
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2.2.5.5 Knowledge and Innovation

The participation/reification duality is examined in the Knowledge Management (KM)
literature by Wenger and others and tacit knowledge becomes something of a unicorn, always
elusive but vigorously hunted. However, the capture and codification of this knowledge —
which is futile (Hildreth & Kimble, 2002) — is not the real goal. What is most sought after
from students in classrooms or workers in multinational companies, in the literature, is
innovation. Innovation is used as shorthand for the creation of new knowledge. In educational
research, this may represent the pinnacle for students. In knowledge management literature,
this may represent a product or process that gives competitive advantage to an organisation.
Innovation has an extra significance in communities of practice where open source is used
because the openness creates a huge increase in the amount of potential available information
to participants: “At its root, open innovation is based on a landscape of abundant knowledge,
which must be used readily if it is to provide value for the company that created it”
(Chesbrough, 2003, p. 37).

For Von Krogh (1998) innovation will involve some process whereby an individual's tacit
knowledge is made explicit to the group that he/she is part of. Personal knowledge, for
example, because it has yet to be expressed may require new language and hence
“recognition of new business opportunities might require an innovative vocabulary such as
‘neutraceuticals’ ‘infotainment” ‘edutainment’ or ‘cybershopping’” (Von Krogh, 1998, p.
135). This may be relevant to a development community such as Moodle because they are
well educated and skilled but more importantly because they are in a wider peer community
where new technologies, methodologies and beliefs can appear as rapidly as old ones may
fall into obsolescence. These could be new pedagogies as much as new programming

languages.

Although innovation is a useful concept it can be something of an unquestioned ideal in the
literature, and we need to be careful of its exposition as an almost completely benign
phenomenon. Perhaps it is that no more than one villain can be cast in a particular story.
Thus, in situated cognition, it is abstract and institutionalised forms of teaching that are to
blame. In knowledge management it is the ignorance of available or potential information
that is the problem. However there remains the basic issue of unwanted or invalid innovation:
creative plagiarist strategies in the classroom, bugs and viruses in computer software,

outsourcing strategies in companies that lead to job losses in the economy. That is not to say
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that malign or deviant forms of innovation are not dealt with in the literature but just that they
tend to appear in different contexts. For instance there is much research literature looking at
how to increase participation in open source communities, whilst elsewhere there is a lot of
research into software bugs in open source software projects, yet increasing participation

could also increase bugs.

2.2.6 Problems with the Communities of Practice Model

Communities of practice, as originally formulated and later developed, were based upon
anthropological studies of people at work or learning as we have seen. They are essentially
unique vignettes, as much the product of the observer as of the group of study. Yet they have
given rise to a great deal of theorising on the part of the researchers involved and their
subsequent followers in this area. The communities of practice theory claims to model
organisational behaviour in an abstract way, and be widely applicable. We may ask if this
generalisability is sound. Lave and Wenger’s original model was based on four
apprenticeship studies all broadly ethnographic in nature, but not necessarily reproducible nor
rigorously comparable to each other. Wenger refined his thinking based on his own
ethnographic study of insurance claims processors, which alone became the basis of an
influential book. The counterargument may be that the communities of practice model has
been applied so many times by subsequent researchers that surely it is applicable. Although
there is an obvious circularity to this, the effect of Wengerian communities of practice on
research cannot be denied and it would be a grand delusion indeed if the theory was badly
flawed but that everyone who applies it thought that it was useful. Indeed, in the qualitative
tradition where outcomes are fuzzy and theories are generally not highly predictive in nature,
the use of a theory may be the mark of its validity. Of course there may remain a problem that
situated modes of being and knowing should by definition remain resistant to abstraction, to
codification, to their explication by theory. An epistemology that “begins with activity and
perception, which are first and foremost embedded in the world” (Brown et al., 1989, p. 41)
ironically itself becomes the basis of a canonical theoretical narrative of the research

literature.

There are alternative ways to model communities (Ibert, 2004). Chiu, Hsu and Wang (2006)
build on work from social psychology and cognitive theory to attempt to model the factors
that lead to knowledge production in an online community that can be measured statistically.
Their study provides a useful synthesis of significant work relating to organisational

behaviour outside of the research mentioned already here. They follow a broadly positivist
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paradigm and draw upon the results of research where questionnaires were combined with the
results of qualitative tests, which were tightly defined or also combined with behavioural data
which was again narrowly specified. For instance, they looked at the quality and quantity of
contributions of online community members and compared these with the contributors’
responses to a survey asking them to evaluate their level of expectation of reward for the
community, expectation of reward for themselves, trust in the community, and expectation of
reciprocity. Interestingly, one of their most significant claims is that expectation of reward for
the community matters more than expectation of personal reward in deciding the quality and
quantity of their contribution. A limiting aspect of their work is that its inputs and outputs are
often narrow. So, for example, they assume that personal and community reward are
orthogonal. However, this does not take into account that participants could potentially obtain
personal reward by actively not participating in the community. They might be, for instance,
arbiters of local knowledge in their primary community which would be surrendered if that
knowledge was contributed back to the wider community. Wenger’s “identities of non-
participation” are relevant here.

A wider problem of this more positivistic side of the research is that many of its underlying
concepts become unstable under scrutiny. Identity, motivation and innovation are complex
issues whose valuation is very often in the eye of the beholder. Although self-reported data is
compared with behavioural data, this is not designed so as to validate the former (which may
be suspect) but rather to measure innovation. And, although they attempt to quantify
innovation with some success, they do not treat it as a duality. Their findings may have most
applicability in heavily institutionalised settings where successful outcomes can be rigorously

defined and evaluated.

Communities of practice may be seen as ways of envisaging knowledge and learning with a
strong, if not dominant, social dimension. This is in contrast to a cognitive perspective which
may be concerned with how individuals attempt to acquire knowledge that is pre-existing,
objective and predetermined. However, the communal and social aspect of communities of
practice may become problematic if they are further magnified. For instance, organisations
may become anthropomorphised, and attempts made to analyse the extent of their knowledge
and learning. This is a problem because whether groups can learn and know, and what that
means is contentious. Popper and Lipshitz (2000) argue that the focus should be on learning
in organisations where the organisation is the arena for learning scenarios that happen
between individuals and groups of individuals. Orr (2006) also cautions against the problem

of considering learning in the aggregate, pointing out that organisations are not homogenous
23



entities, and while a shop floor community of practice may develop effective processes,

upper levels of management may not have knowledge of (nor interest in) these developments.

There have been fears that communities of practice could be used as a pretext for increased
managerialism (Cox, 2005). This of course would be a dark irony as most adherents of the
model urge greater flexibility for employees and for a loosening of hierarchical structures to
allow communities of practice to move around with less friction. A common theme in the
knowledge management communities of practice literature is the warning that communities
of practice should not be actively managed, and should be nurtured rather than controlled
(Brown & Duguid, 1991; Hayes & Walsham, 2000; Stamps, 2000). This is however a subtle
point. It appears that the communities of practice model could work against itself, or become

a predictor of its own unwanted results.

Contribution and/or communication through formal channels may often be subverted, if the
group members feel that the mechanism is overly controlling (Ardichvili et al., 2003), or may
otherwise impinge upon them in some way they feel to be unsatisfactory. Hayes (2000) gives
a good example of this in an online community context, where users found ways around
using the company-prescribed Lotus Notes electronic communication system as they felt it to
be a managerial control device. So the danger exists that jaded employees, teachers or
students may begin hatching their identities of non-participation as soon as they hear the

dreaded managerial cliché “communities of practice.”

Despite these potential problems of its misapplication, the communities of practice theory
remains an enduring account of human behaviour. In addition, as it builds on theories such as
sensemaking and boundary objects, it has strong roots and linkages to the wider literature
(Star & Griesemer, 1989; Weick, 1995). Several concepts we have examined here will now

be important as we turn our attention to specific studies of open source communities:

e The treatment of knowledge/innovation generation has influenced the thinking of
many researchers studying open source development communities and how

participation may lead to new knowledge production.

e The examination of how communities bump into each other, and of the practices that
occur at these collision sites, is also a powerful theoretical lens. Specifically the
concept of boundary objects can be used to examine open source bug trackers.
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e The dualities of local/global, which pertains to trajectories into communities and gives
rise to community brokers, and that of identity/negotiation which can map to ideology

and motivation of project members are also concepts to which we will now turn.

25



2.3 Communities of Open Source Software

2.3.1 Introduction

We have looked at a particular treatment of groups of individuals engaged in mutual
endeavours as communities of their practice. This is a useful way to conceive of groups of
people who develop software. It is also useful to posit such groups against other outside and
interlocking groups. For instance: how does a teacher affect the development of Moodle? To
do this a teacher may interact with a particular key community of Moodle — that of its
software developers. They may even join it. Moreover this is a two way street — a Moodle
development community must receive feedback from teachers. They need to know where
Moodle is failing, where it is working well or how it could be enhanced and improved.
Because much of open source software development is carried out in the open air of the web,
it is possible to answer these kinds of questions, about inter-community relationships and
interactions, via research. In this section the kinds of questions that researchers of open
source software have asked will be reviewed and also their reasons for asking them. Some
key themes will be explored such as the form and governance of open source projects i.e.
who controls or leads them. These structural elements may be related to a community’s size
so project evolution is also touched upon. Next the motivations of individual participants will
be examined. Individuals may be motivated to join a community by legitimately participating
at the periphery of this community. They do this through the interface of its boundary object.
Hence to conclude the literature review, we will take a concept from communities of practice

— that of boundary objects — and use it to examine open source bug tracker research.

2.3.2 What is Open Source?

Open source generally refers to the source code of a piece of software being made publicly
available. The source code is the blueprint and the building blocks of a software programme.
Open source also generally means that in addition to the ability to access and read this source
code, anyone can modify the programme by editing, rewriting (or fixing) the source code.
The mechanism that makes this possible is the license, or legal terms, under which software
is released. An important aspect of open source software development that follows from its
legal basis is that it is distributed. It is not owned, in the traditional sense, by a central firm or
a person. Rather, it is “community based, evolutionary knowledge creation” by people who
are “dispersed across organisational and geographical boundaries, and collaborate via the
Internet to produce a knowledge-intensive innovative product of high quality” (Cole & Lee,
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2003, p. 663). For its most enthusiastic adherents it may thus represent a manifestation of
Popper’s (1968) open society, with its facilitation of an “open critical discussion that moves
us closer to the truth” (Cole & Lee, 2003, p. 663).

The term *“open source” itself was coined during a meeting of its adherents in 1998 in Palo
Alto California. Its concepts were already well known and in extensive and growing use at
this stage, but this new term, according to its proponents, “distinguished it from the
philosophically and politically focused label ‘free software.”” (OSI, 2012). The free software
movement was a pre-existing and more radical group who believed in copyleft licensing,
which ensured that open source software could not be turned into proprietary software (i.e.
closed source). Thus anyone who modified free software would be themselves “compelled to
leave copies behind for others to benefit” (Lakhani & Von Hippel, 2003, p. 293).

However, the strict copyleft viral nature of free software licences were not required by the
open source movement which allowed for more mixing of proprietary and open source
codebases in what was believed to be a more pragmatic approach. To promote a more
inclusive agenda, the Open Software Initiative (OSI) was founded by Eric Raymond and
Bruce Perens and it went on to create a definition of open source, which they used to certify
whether given software was open source or not (Raymond, 1999). Whereas the free software
movement proposed that access to source code was a human right, the open source movement
took the less extreme position that source code of software, while highly desirable, will
probably co-exist in a world alongside proprietary software. The open source movement
believe that organisations that release source code, under any type of licensing, are inherently
preferential to closed and proprietary codebases (Lakhani & Von Hippel, 2003).

Moodle, the software that forms the basis of this study, was released in 2001 under the
General Public License (GPL) agreement. The GPL is a copy-left license, of the type
advocated by the Free Software Movement (GNU.org, 2007). Anyone who modifies Moodle
and then redistributes that modification must release the source code of their creation also and

it must be released under the GPL license.

From this brief overview of the origins and basic forms of open source licences it should be
apparent that there are strong political and ideological aspects at play. Ideology has been seen
as a key marker of an individual’s identity within what is known in identity research as the
social-structural domain in which the individual operates (Schwartz, 2001). Researchers
investigating the implication of ideological identification with open source culture and ideals

have found it to be strongly linked with participating in particular open source projects i.e.
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believing in open source tenets (“it's almost a moral duty to share information” (Raymond,
2003)) may correlate with joining and also staying in a project community (Stewart &
Gosain, 2006). Stewart and Gosain (2006) found specifically that trust, born of shared
ideological values, improves collaboration. However although identification with open source
was seen to bind the community and attract members, it was also found that this could detract
from project output, suggesting that consensus building could also be a hindrance to certain
tasks. As Wenger noted, identification is a powerful binder, but it can also constrain
negotiation of new meanings through either internal struggles (civil wars) or more aptly in
this context, through cultish or “totalising membership” (Wenger, 1999, p. 207) which leads

to a narrowing of what is negotiable.

2.3.3 Open Source Software Research
Open source research is a vast and burgeoning field. Google Scholar listed 6,250 results in

December 2012 for the search: ““open source software ““social science”. The open source
terrain has been well prospected by researchers such as anthropologists, organisational
behaviourists, economists and computer scientists. The literature may even emerge from open
source participants themselves (Raymond, 1998; Raymond, 1999; Torvalds & Diamond,
2001; Raymond, 2004). It may also concentrate on its most famous actors and projects
(Lakhani et al., 2002; Cole & Lee, 2003; Hertel et al., 2003; Herraiz et al., 2006; Krafft, ,
2010); characteristics of such projects, such as how they are governed and organised (Shah,
2006; Dougiamas, 2007; Markus, 2007; O'Mahoney & Ferraro, 2007; O’Mahony, 2007); or
the reasons that people are motivated to participate in them (McLure Wasko & Faraj, 2000;
Lakhani & Wolf, 2003; Krishnamurthy, 2006; Oreg & Nov, 2008). Outside of these more
situated studies are related research streams that examine wider effects or applications of
open source, for instance its economic effects (Lerner & Tirole, 2003) or its impact on
educational policy formation (Brown & Adler, 2008; Costello, 2012). Aksulu and Wade
(2010) give a synthesis of the state of the art of open source research from an analysis of 618
peer reviewed articles and generate a taxonomy from their conclusions. Interestingly, they
plot an evolution of the open source literature over time showing how licensing, developer
motivation, open innovation and open source governance were knowledge islands that only
began to emerge as the field matured. Some aspects of the research undertaken for this thesis
were possible precisely because we have reached a particular maturation point i.e. that open
source has been loosed from the confines of projects built by a computing community for a

computing community, such as web server or an operating system, and may now pertain to
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artefacts that are produced by a community of programmers but intended for much more non-

technical (though nonetheless specialised) field such as education.

2.3.4 Research Attractiveness of Open Source

Scholars have given various reasons as to why open source has been so thoroughly studied.
Two prominent reasons cited for the research appeal of open source phenomena are: data
availability; and novel characteristics of open source communities compared to other forms
of human organisation (Von Krogh & Spaeth, 2007). These two motivations map onto the
work at hand as they provide the artefacts of study and the theoretical grounds respectively

for this research.

2.3.4.1 Access to Data

The second of these factors is straight forward: data. In this study, an initial problem was the
superabundance of data. As we will see in Chapter Three ascribing the parameters of the
study was an important and complex part of the research design, simply because there was so
much prospective data. As open source communities conduct so much of their business in
public they generate vast digital data trails. For Moodle for example there are many hundreds
of thousands of discussion forum postings in Moodle dot org. Below them lies a smaller,
more core, but still vast bug tracker. The bug tracker is a more focused data source because it
contains less participants and a greater concentration of core Moodle community members.
Taken as a boundary object, it becomes a classical artefact of community of practice study.
The purpose of this study was not to focus on bug trackers in general. Rather it was to
elucidate one specific interface in one specific educational technology setting, although an
analysis of selected research in this area will provide important insights.

2.3.4.2 Novel features of open source projects

The other important motivational force, in addition to the lure of un-researched data that this
study shares with much of the literature, is that of the novelty of the open source approach.
Sometimes this novelty is directly related to its visibility. Although researchers have noted
similarities between open source development and scientific peer review process (Bezroukov,
1999; Bergquist & Ljungberg, 2008), even conceiving it as an “extension of the scientific
method” (DiBona & Ockman, 1999), it is more often attractive because of its apparent
strangeness. Why would people engage in activity for which they may not be paid? How
would such endeavours compare with their remunerated counterparts? How does governance

and ownership emerge when the product is free and cannot be owned in strict legal terms?
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Before looking at some of the main questions that have been asked and are relevant to this
study it is worth pausing to consider the relationship between the novelty of open source and
access to data. It is plausible to suppose that access to data might be relatively more
important to the growth of the open source research field than other self-professed
motivations of researchers. We cannot easily come up with good controlled research designs
which would compare closed source with open source projects because we do not have access
to the workings of the closed projects. In our case, for instance, we did not have such access
to the work processes, nor indeed the members of the developer community of
WebCT/Blackboard which is a commercial competitor to Moodle. Therefore it should be
borne in mind that supposed novelties of the open source approach are not often provable.
Open source is often contrasted with the characteristics of alternative software development
licensing models, but the data available on those alternative approaches is more limited than
for open source, so there are problems with this research approach. Thus, where novelty is
used here we are following the convention of the literature and aware that this is often an
assumed novelty. We should also note the reflexive nature of this type of research (Bergquist
& Ljungberg, 2008) and of course we can entertain an hypothesis with intuitive appeal that
open source may be a superior model precisely because it allows itself to be so easily

researched and hence presumably improved.

2.3.5 Form and Governance

A primary novelty relating to open source projects is their inception. This in turn influences
their form and so their governance. A project may start out as a hobby or passion of one
developer, lacking a team, a roadmap, or any market research to justify its existence and so it
is not surprising that there is a vast graveyard of open source efforts that never got off the
ground. Krishnamurthy (2002), sampling 100 mature open source projects, found that most
were developed by individuals rather than communities with the mean participants being four

and the mode one. He noted that project growth and participant growth go hand in hand.

Once a project has more than one member it must be governed. There must be the “means of
achieving the direction, control, and coordination of wholly or partially autonomous
individuals and organizations on behalf of an [open source software] development project to
which they jointly contribute” (Lynn et al., 2002, p. 6).

Markus (2007) identifies two basic ideas of governance in the literature as monolithic or
multidimensional. The former are relatively simple conceptions of open source governance

that focus on ‘‘bazaar governance’’ in contrast to traditional hierarchical governance. In our
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approach to the literature this might be an example of over emphasising novelty i.e. the
monolithic conception may be relatively naive because it assumes that the open source is
more different to traditional forms of organisation than it actually is, that “its form is
operationally viable, economically efficient, or technically superior in comparison to other
forms” (Markus, 2007, p. 152). Markus contrasts this monolithic view of governance that is
relatively flat and communal, with conceptions from the open source research literature that
are more concerned with the different types and variations of governance mechanisms.
Markus links the monolithic governance conception with a reductionist approach that gives
the role of the licensing of the software primacy i.e. because of the open source license it
naturally flows that a particular type of governance of the project will emerge. Governance
evolution however can be influenced strongly by factors other than simply the licensing of
the software. A project with no guaranteed long term future, or from which there is little to be
financially gained, may make users more co-operative and hence more likely to volunteer for
leadership roles or accept others in them. This has been shown in various online community
contexts for example in communities of informal learning in education (Greenhow &
Robelia, 2009; Scott et al., 2009) or in cooperative behaviours in online gaming communities
(Williams et al., 2007; Mysirlaki & Paraskeva, 2012).

Something of the split noticed by Markus (2007) in the literature of open source community
governance may even be a chronological one. The early open source landscape was a
relatively more uniform and basic one. It was not until the release of the Netscape Browser in
1994 that truly commercial open source projects began to appear. These were open source
projects that were not started by unpaid enthusiasts but fully paid commercial employees.
Thus hybrid forms of open source software emerged where paid employees and volunteers
worked together and this would have an impact on how those projects were governed
(O’Mahony, 2007). Simultaneously, open source projects that started out as volunteer efforts
began to be commercialised and/or attract commercial participation which necessitated
evolvable governance. Governance in small emerging projects could be informal and
unstructured (Von Krogh et al., 2003) but fundamental questions of control and leadership
emerged when projects began to scale.

2.3.5.1 Control and Leadership

Raymond (1998) used the term “benevolent dictator” to describe the classical model of the
authority wielded by an open source project founder. The founder is a dictator not because

they rule by force, but because they wield great power, and largely dictate proceedings at a
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high level. However, they must remain benevolent or project participants could simply leave
the project, take a copy of their code with them and start an alternative effort. This is known
as a fork of the software. Leaving aside that this is a relatively crude depiction of a complex
phenomenon we can say that Moodle in many respects operates along the benevolent
dictatorship model. Martin Dougiamas has the ultimate say in what Moodle will or will not
do (most famously in his reputed refusal of offers of large amounts of money to sell the
project). This constitutes a relatively simple model of governance and is found in many
famous projects such as the programming language Perl, and the Linux Kernel computer

operating system (Gardler & Hanganu, 2012).

As projects evolve more people are attracted to them and sometimes other governance
models emerge. These forms may have democratic elements such as those with an elected
board, as in the case of the Apache web server and the Debian Linux distribution. Or, projects
may be set up in this way from the outset, such as for the Sakai VLE (Farmer & Dolphin,
2005). For Gardler and Hanganu (2012) this governance is meritocratic and examples of
successful forms of such governance operate “with an almost completely “flat’ structure,
which means that anyone willing to contribute can engage with their projects at any level
[whilst at] the other end of the ‘control’ spectrum is the benevolent dictator governance
model, which is led by one individual” (Gardler & Hanganu, 2012, p. 1).

Regardless of how much control an individual — or a central core of developers — may have,
they do not work alone but are part of a much bigger collective. The “onion model” describes
how the layers of a project radiate from this core (Crowston & Howison, 2005; Crowston &
Howison, 2006). The layers of the onion correspond to increasing degrees of involvement

and influence in a project when viewed from the outside in:
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Active users
Codevelopers
Release Core developers
coordinator

Figure 1 Onion Model of Open Source Projects (Crowston & Howison, 2006)

Crowston’s model may suffer from some over-simplification in certain cases and has been
developed further, such as by using Social Network Analysis (SNA) which is a growing area
of research into online communities (Oezbek et al., 2010; Barham, 2012). However it still

provides the theoretical touchstone for much research in this field.

2.3.6 Evolution and Project Size

Widening the concept of governance to include not just the most ostensible power relations
and political and organisational structure, we can look at the processes and work practices
involved i.e. the culture of the community. However, reading this literature poses problems.
Much research is concentrated on the largest and most mature open source projects. These
may be “marquee” communities or simply those with the largest and most available datasets.
Smaller and less mature efforts may exhibit very different characteristics such as very loose
formal organisational processes (Von Krogh et al., 2003; Allen, 2009) and may also lack
staple practices of large projects such as software testing (Crowston & Scozzi, 2004; Barham,
2012). This was also the case with Moodle (Alier et al., 2010; Krishnamurthy & O’Connor,

2013), although there is a dearth of scholarly research on Moodle in this area.

Just as individual projects may grow and change, the field itself including its tools and
methodologies is also rapidly evolving. Such may be the gulf in practices that studies carried
out in even the recent past may be difficult to compare with contemporary projects. Herraiz et
al (2006) note that the GNOME project was transitioning between the CVS and Subversion

code tracking systems at the time of their study. A similar change occurred in Moodle a few
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years later when CVS was abandoned for the Git system. These tools can have a huge
influence on practice so even comparing a project with itself over time throws up problems.
This is an issue tackled in Chapter Three in the formulation of the temporal boundaries of the

case study and we also examine a case of tool use and transition in Chapter Four.

2.3.7 Motivation and ldentity

Just as projects evolve so too does their membership and the process of joining. Significant
changes also occur in the ways participants move through the layers of the community.
Closely related to these trajectories of community membership are motivations or why people

choose to get involved with open source projects.

This area has been much researched for the relative novelty of projects that people may work
on for free as opposed to their paid work. Indeed there are almost shades of pathology in
certain behaviours associated with the open source project volunteer. In the Boston Hacker
survey, respondents reported how much sleep they lost whilst staying up at night working as
open source project volunteers before turning up for work the next morning (Lakhani et al.,
2002). The concept of motivation itself has been researched extensively and Ryan gives a
good conceptual encapsulation:
[...] even brief reflection suggests that motivation is hardly a unitary phenomenon. People
have not only different amounts, but also different kinds of motivation. That is, they vary not
only in level of motivation (i.e., how much motivation), but also in the orientation of that
motivation (i.e., what type of motivation). Orientation of motivation concerns the underlying

attitudes and goals that give rise to action—that is, it concerns the why of actions (Ryan &
Deci, 2000, p. 54).

This orientation of motivation is divided in the open source literature into intrinsic and
extrinsic forms (Lakhani et al., 2002; Oreg & Nov, 2008). Extrinsic forms may be pay or, in
purely voluntary projects where no pay is involved, the prospect of putting ones open source
participation on a CV. Intrinsic motivations may be a love of coding and a passion for
creating software. Motivations are complex and changeable, but a consensus of the literature
in this area is that intrinsic motivation leads to better eventual outcomes and that successful
open source projects contain members who exhibit strong intrinsic motivations associated
with concepts such as fun, flow, learning and community (Krishnamurthy, 2006). Orr
remarked on the intrinsic motivation of the members of the photocopy machine repair
community of practice, attempting to single it out as a primal instinct and a primary cause:

“[The] Technicians seem to like fixing machines. Most of the ones | knew were inveterate
tinkerers, and many had been since childhood. They did not take the job to follow
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documentation but to fix machines. Nor, | think, is it primarily about creating their identity.
Their interest is in the machines, not the identity; the identity follows from, and is subordinate
to, their ability to fix the machines” (Orr, 2006, p. 1815).

This example also highlights the case that disentangling and classifying motivations can be
more difficult than it sometimes appears in some of the open source literature because the
technicians are operating broadly under a dual motivation: They are paid to fix machines
(extrinsic) and they love fixing machines (intrinsic). (See Waterman et. al. (2008) for a study
that attempts to quantify the distinction between intrinsic and extrinsic motivations in

general.)

Although Orr foregrounds, if not elevates, the workers personal calling (intrinsic motivation)
as representative of their identity, the concept of identity is never monolithic. Rather, in many
models, identity is at least threefold consisting of ego, intra-psychological and social
(Schwartz, 2001). In open source communities an individual’s status may be affirmed by
their peers whereby they build a reputation for contributing code. A project called Advogato,
with perhaps the most formalised and complex mechanism for this creation of social status,
was well studied by Stewart (2005), but the most expressive explanation of the phenomenon
is given by Raymond:

You become a hacker when other hackers call you a hacker. A “hacker” in this light is

somebody who has shown (by contributing gifts) that he or she has technical ability and

understands how the reputation game works. This judgment is mostly one of awareness and

acculturation, and can only be delivered by those already well inside the culture (Raymond,
1999, p. 31).

Hence we must acknowledge that social and individual identities are mutually constitutive
such that it may be difficult (and it has been argued sometimes not useful) to tell “where the
sphere of the individual ends and the sphere of the collective begins” (Wenger, 1999, p. 146)

and hence motivation itself, arising from identity, also has this aspect.

2.3.8 Social and Individual Identity
As identity is such an important concept both in the community of practice model but also in
the open source literature, albeit mostly concentrated around the aspect of motivation, it is
worth exploring this concept further. Indeed pertinent to widen our focus and consider both
individual and group identity at this point precisely because of its sometimes narrow
treatment in the open source software literature, and instead to frame it more broadly and
draw on some of the wider literature in this area.
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The concept of identity is deeply indebted to the work of Erikson (1950, 1974) whose model
of identity drew upon, and attempted to integrate, ideas from both sociology and psychology
(Schwartz, 2001) in essentially examining the question asked by the young adult of: Who am
1?7 Moving away from Freud’s conception of identity as essentially composed of parental
introjects, Erikson (1950) conceived the consolidation of identity as marking the end of
childhood, as ego coherence versus confusion (over who one is and what one believes in). He
conceptualises identity as ego synthesis versus confusion and as something that gives an

individual predicable behaviour:

An identity-synthesized person’s choices and actions are consistent with one another, such
that one can predict, with some degree of certainty, what that person is going to decide or do

in the context of any particular situation or life choice. (Schwartz, 2001, p. 10)

Identity was hence conceived of as the set of goals, values and beliefs that one shows to the
world (Erikson, 1950). The relationship of the individual to the world was expressed in one’s

identity relative to a group:

[...] social identity was identified as a sense of inner solidarity with a group’s ideals, the
consolidation of elements that have been integrated into one’s sense of self from groups to
which one belongs (Schwartz, 2001, p. 11)

Identities have been linked to the domains in which they operate such as personal, personal—
social, and social-structural. Models orientated towards social identity often draw on the
structural aspects of society and culture and can hence be termed socio-structural (Schwartz,
2001). In this area Identity Capital by Cété (1996) posits identity sociologically. Building on
the economic concepts of Human Capital by Becker (2009) and Cultural Capital, a theory of

social-class reproduction by Bourdieu and Passeron (1977), C6té formulates Identity Capital:

Most generally, the term “identity capital” denotes what individuals “invest” in “who they
are”. These investments potentially reap future dividends in the “identity markets” of late
modern communities. To be a player in these markets, one must first establish a stable sense
of self which is bolstered by the following: social and technical skills in a variety of areas;
effective behavioural repertoires; psychosocial development to more advanced levels; and
associations in key social and occupational networks. At the very least [...] key resources for
bargaining and exchanging with others in the late-modern communities are apt to involve
skills in negotiating life-passages with others, such as securing validation in communities of
strangers, and attaining membership in the circles and groups to which one aspires. The most
successful investors in the identity markets presumably have portfolios comprising two types
of assets, one more sociological and the other more psychological. (Coté, 1966, p.425).
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Individuals investing in social and technical skills and establishing behavioural repertoires
has obvious ostensible potential for application to areas such as open source software
communities of practice. Social capital theory has been proposed as a useful model for
studying distributed online communities (Daniel et. al., 2003) and it maps well to the notion
of open source gift giving communities of Raymond (1999) and indeed to community of
practice legitimate peripheral participation (see Table 1 Key Theoretical Concepts) however
it is not without its problems. For example empirical studies of identity in groups and
organisations have found that participants identify with a group simply be being in it,
regardless of their activity or role within in (on which social capital theory is focused). Hog
and Turner (1985, p. 51) conducted experiments which lead them to conclude that
“interpersonal attraction (positive or negative) is related to group formation only in so far as
it enhances intergroup distinctiveness”. That is you do not necessarily need to like someone
to feel like you belong to a group but more simply believe that they are similar to you. This
has important implications. For instance, in the study at hand, the distinctiveness (or
otherwise) of the communities under examination could be important. There is tension in the
identity literature between types of innate group, almost tribal behaviours, that are
disconnected from any interpersonal bindings within the group on the one-hand and on the
other between individuals who may seek out (or simply stumble-upon) like-minded
individuals and form communities with them. It is this second form that Wengerian
communities of practice are largely predicated upon (for a detailed discussion of this issue
see Ashford and Mael (1989)).

Erickon’s theory of identity was elaborated upon by Marcia (1966) who framed ego identity
formation as a trade-off between exploration and commitment. An individual must explore
and seek out social positionings before committing to one. Commitment is “the attainment of
a clear sense of self-definition or ego identity within one or more domains” (Yoder, 2000, p.
96). Too much exploration can be negative as can too little which would result in a premature
commitment. The notion of commitment can be usefully thought of here as having strong
analogues with the notion of identification in Wenger’s work: although identification is
important, even vital, it can also prove limiting as it may limit negotiation. Indeed negotiation
is the group equivalent of individual identity exploration. Although researchers of identity
development acknowledge that identity is a socially embedded process (Marcia, 1966;
Waterman, 1988), Yoder (2000) points out that identity research often focuses, more
narrowly, on the psychological perspectives of internal exploration and development of the
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individual. Wenger’s (1998, 1999) greater focus on the group dynamic is hence useful in this

regard.

One final important aspect of identity theory that is relevant is that of the core existential
Eriksonian question of finding ultimate individual expression. Following from Erickson’s
(1974, p. 107) contention that the ego was safest “when grounded in activities” Waterman
(1995) drew upon Avristotle’s notion of an inner daimon that finds expression in some key
activity which is of personal significance:

From a eudaimonist perspective, the daimon represents the core of one’s self. It remains

unconscious and untapped until it is discovered during the course of engaging in activities that
resonate with it (Schwartz, 2001, p. 10).

Waterman (1995) uses the term eudemonia to denote living in accordance with the most
truthful expression of one’s inner being and as representing also a state of happiness that can
be contrasted with hedonic living. The search for such activities, and living in accordance
with them while resisting hedonistic activities, has influenced empirical work that attempts to
disentangle intrinsic and extrinsic motivations (Waterman et. al. 2008) and influenced ideas
of individual identity because it follows that people may seek out groups to which they feel
they may belong based on the activities that personally resonante with them. These two
strands, of individual and group identity formation theory, of the wider identity research
should help us contextualise the issues of identity at hand in open source communities of

practice.

2.3.9 Joining and Legitimate Peripheral Participation

To now consider some examples of how motivation can operate we can start by simply
saying that that once a person is motivated they are urged to some action. In our case the
action will be to join a community. According to the onion model of joining, users start as
silent observers or lurkers on the mailing list or the discussion forums. They progress by
interacting, tentatively at first, such as in the mailing lists and then perhaps the bug tracker.
Next they progress to contributing code and finally to being granted some permissions or
ownership of part of the project (Crowston & Howison, 2005). This maps well to the

community of practice concept of legitimate peripheral participation (Lave & Wenger, 1991).

Raymond’s (1999) casting of open source as primitive “gift giving” communities can also be
formulated as a community of practice phenomenon in this context. These gifts, which are
lines of code, are the product of intrinsically motivated participants engaged in a form of
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play. The onion can thus be seen as a place where “the *apprentice’ is exposed to a certain
environment, participates in sets of activities, handles (plays with) certain kinds of artefacts
and is entrained into the sphere of specialist work the same way a child is into the home

environment” as the community of practice model puts it (Jordan, 1989, p. 927).

As under the apprenticeship concept in communities of practice participants may join a
project according to a “script”, such as identified by Von Krogh et al. (2003) in the Freenet
project. This is an almost ritualistic process whereby newcomers go through a number of
steps before being granted access to commit code to the project. As the Freenet project was
an embryonic one, there were fewer layers of the onion, so after a number of emails to the
mailing list a newcomer could gain access. The onion model is essentially an elaboration of
this script where more practices must be learned, tools engaged with and boundary objects
navigated e.g. unlike Freenet, more mature projects will have a bug tracking layer that exists
over the code repository layer and beneath the email list/discussion forum layer. Indeed it has
recently been pointed out that some of the most mature open source projects are gaining
additional layers due to their increasing professionalism, with associated specialisation of
roles within them (Barham, 2012).

Research into the GNOME project (Herraiz et al., 2006) used the onion model (Crowston &
Howison, 2005; Crowston & Howison, 2006) as the baseline for an examination of joining
trajectories. They excluded lurking activities which are not detectable and started tracking a
participant’s entry into a project from when they first joined the mailing list and introduced
themselves to the project. Following this they hypothesised that users would use the bug
tracker before finally being granted authority to contribute code directly via the code
repository. They found that while one group of users did fit this model, progressing through
each layer of the onion to the core, others engaged in all layers simultaneously and made
much more rapid progress and one joiner was a complete outlier whose trajectory did not fit
either of the two groups (and which they discarded from their findings). The faster integrators
were correlated with hired developers, whereas those with a slower entry to the core were
volunteers. Hired developers could be working for commercial companies or be university
staff.

The joining script for a project may not always be apparent and sometimes this is deliberate

on the part of the existing members:
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Help Wanted. We always need Heavy Lifters in code. If you’re excited about web browser
technology, why not get involved in the premier Open Source browser project? We’re
especially looking for people with skills in Mac OS X programming and Windows
developers. Get started today by finding and fixing something. Instructions are not provided
here since figuring out how to do all of this can be considered part of the “entry
requirements’ ;-) (Krishnamurthy, 2005 emphasis added)

The above quotation, from an advertisement for new members of the Firefox web browser
project, indicates that entry may be purposefully difficult, that rituals of peripheral
participation may be carefully draped over boundary objects.

Another important concept in joining trajectories is the role of mediators. This concept is
informed by the brokers of Wenger’s (1999) community of practice theory. These are
important people that operate between boundaries helping people into deeper layers. The
most important of these people may be the community founder whose charisma or
“benevolence” is a key success factor to a project (Raymond, 1998). Or at the outer layer they
may be “active members — those with multiple interactions — [who] form a buffer between

developers and peripheral users” (Crowston & Howison, 2006).

2.3.10 Open Source Boundary Objects

All successful trajectories into an open source community must negotiate boundary objects
(see Table 1 Key Theoretical Concepts below) regardless of the route they take. Allen (2009)
outlines a research agenda based on boundary objects in open source projects. His boundary
objects are the source code of the Snort project and a seminal paper by the founder that
described the project. We can find an analogy between this and Moodle, with Dougiamas’s
social constructivism which is often cited by insiders (Cole & Foster, 2007). However, as a
large, mature and sophisticated project, there are a range of boundary objects we could look
at in Moodle, such as the community discussion forums, Moodle conferences, and of course
the Moodle bug tracker. In many ways the Moodle bug tracker provides a particularly useful
boundary object to study: it sits in a more enumerable social layer below the forums (though
it is still vast); it contains all of the key members of the core community; and it is constantly
being bombarded with bug reports. Hence an appraisal of the relevant literature on bug

trackers was undertaken.

2.3.10.1 Bug Trackers: Canonical Accounts of Bug Fixing

Debugging is one of the least understood activities in software development and is practiced
with the least amount of discipline; it is often approached with much hope and little planning
(Ghezzi et al., 2002, p. 331).
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The efficient fixing of bugs is one of the key claims of open source. As Raymond (1999) puts
it, “given enough eyeballs all bugs are shallow” i.e. letting more people see something means
that problems will be solved more quickly. Bug trackers are particularly well studied by
researchers. Often the aims of these studies are to find success factors for bug fixing or
resolution. A study of bug resolution in the open source Eclipse project found that the most
influential factor affecting length of bug lifetime was commenting activity i.e. the more
people that commented on an issue in the tracker the more likely it was to be fixed (Panjer,
2007). Giger et al. (2010) using statistical analysis, also found comments to be the top
predictor of bug fixes in a study of three open source software projects — Eclipse, Mozilla,
and Gnome. Similarly a study of the Firefox bug tracker found the amount of user comments
to be significant (Hooimeijer & Weimer, 2007) and also that the amount of attachments to
bug reports was important (i.e. screenshots). Interestingly, they found that the submission of

patches (proposed written code fixes) had no effect.

A study of the JBoss project (Weiss et al., 2007) found that the actual amount of
programming time it would take to fix a bug could be predicted by analysing the title and text
of incoming bug reports and comparing these to how long developers reported that it took
them to fix similar previous bugs. This study did not consider how long bugs stayed open, but
more narrowly how long developers reported working on them, once it had been decided that
they would be fixed. The authors also conceded that the (self-reported) work estimation data

of the developers is not available in most bug tracking databases.

Bug resolution studies vary widely in the factors that they choose to analyse as being relevant
to successful bug completion. So, for instance, a study might choose to consider the relevance
of the starting date of an issue (which proved to be significant) (Giger et al., 2010) or more
discerningly the amount of issues that were submitted at the same time, i.e. the issue
submission load (Hooimeijer & Weimer, 2007). Or, studies might look at the textual
descriptions of the bugs (Hooimeijer & Weimer, 2007; Weiss et al., 2007). It will come as
little surprise to the student approaching his essay deadline (or the researcher as the call for
abstracts submission date looms) that bug fixes have been found to be closely correlated with
release dates of software i.e. that some people only get around to doing things when they

really have to (Francalanci & Merlo, 2008).

Most of these studies are characterised by approaches that are primarily computational and

quantitative and generally lack narrative accounts of bug fixing. A notable exception to this is
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Hooimeijer and Weimer (2007). Their work has a range of interesting factors, which they
consider in their bug resolution model e.g. submitter reputation, issue submission load,
textual description of bug, bug severity changes etc. It is certainly arguable that we should
not be surprised at this and that good data about what bugs are can best be gleaned from their
narratives i.e. approaches considering narrative data may yield richer explicative models of
how bugs come to be resolved. This is an important area where the community of practice

model can inform our treatment of this literature.

Another aspect that many of the previous studies of bug trackers may suffer from is their
reliance on canonical data sources i.e. on representations of the way things are officially
supposed to work in a project. These sources are concrete and measurable but not always
trustworthy and, moreover, they often do not account for useful practices that might spring up
as improvisations around the canonical work practice. That a bug is fixed represents the
officially sanctioned best outcome. However in trying to fix the issue other factors may come
into play or it may be discovered that there are “workarounds” or alternative narratives that
lead to a different but equally happy ending as shown by Orr (1990) in his community of
practice study of the photo copy repair technicians. In most cases the fixing of bugs will
represent the best outcome but there may be others, not addressed well in the literature, that
for many users pass a “threshold of acceptability” (Schwartz et al., 2002). Hence studies of
bug trackers that rely solely on enumeration of canonically approved outcomes (see Table 1

Key Theoretical Concepts below) will only tell part of the story.

2.3.11 Open Source Communities Summary

Open source projects emerge and die regularly. Some may grow and evolve as participants
are spurred to join. To join these communities new entrants must negotiate particular
boundary objects. These objects are filters that allow the wider world percolate into a core
community in a systematic way. One such boundary object is a bug tracker and although it
has been well studied and provides some insights into how these communities resolve issues
and negotiate meanings with outer communities, there is still a lack of narrative accounts of
these resolutions. Where narrative accounts have been developed they have provided richer

and more robust models of boundary objects and their associated communities.

2.4 Chapter Conclusion
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To provide a reference for the reader, and to help summarize and reinforce the link between

certain aspects of the community of practice and the open source software literatures, a table

is given below recapping some of the key concepts which we will draw on later in the thesis:

Table 1 Key Theoretical Concepts

Boundary Object

An item over which two communities have

partial jurisdiction.
Can be artefacts, discourses or processes

Serves to include as well as exclude as it

separates but also joins two groups

A bug tracker is a boundary object allowing
the wider community to contribute bug

reports to a core community who fix them

Canonical Practice

The way things are supposed to work
Characterised by explicit instruction.
Well understood.

Written down.

The fields of a bug tracker database are
designed to capture canonical accounts.

Non-canonical Practice

The way things actually work.
Implicit or not written down.
May be characterised by insider knowledge.

May be characterised by narrative such as
Orr’s (1998) photocopy repair “war stories”.

Not captured in the bug tracking literature
that deals only with statistical reports of bug

fixed derived from bug tracker databases.
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May be derived from participant accounts

Identity

Identity is at least threefold: personal,
personal-social, and  social-structural (or

socio-

Negotiation

If meaning is socially constructed then new

knowledge must be negotiated.

The joint enterprise of a community is
continually renegotiated by its members
(Wenger, 1998).

Two communities have partial jurisdiction
over the resources represented by a boundary
object, and mismatches caused by the overlap
become problems for negotiation (Star &
Griesemer, 1989).

Negotiation is influenced by identity and
over-identification can crowd out space for

negotiation of new meaning.

Joining

Refers to how new members join an open

source community of practice.

May happen via a boundary object e.g. bug

tracker or mailing list.
May follow a “script”.

Characterised by  apprenticeship  and
participating peripherally at first (legitimate
peripheral participation).

Can follow a short or long trajectory.

May occur as a new member navigates the

layers of the onion Model (Crowston &
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Howison, 2006).

Broker

A person who operates in the intersecting

boundaries of communities.

Brokerage involves processes of translation,
co-ordination and alignment  between

perspectives.
Brokerage requires legitimacy.

Play important in open source projects to

induct new members.

Legitimate Peripheral Participation

Based on the idea of apprenticeship.

Newcomers negotiate access to the share

cultural heritage of the group.
They are enculturated to the group.

In open source software literature this is
related the concept of project joining (see

Joining).

Observe before acting: such as “lurking” on
mailing lists before posting

Newcomers must prove themselves by
uncovering the non-canonical accounts of
practice via sustained participation e.g. in an
open source project “figuring out how to do
things” may be considered “part of the entry
requirements” (Krishnamurthy, 2005).

Communities we have seen can be best seen in the practices they engage in. This engagement

is where true learning happens, learning to be part of a community. The shared enterprise of
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the community that is engaged in is defined both by canonical accounts of practice, what is
written down and official, and non-canonical or unwritten accounts. These are not opposites
but a duality, they correspond to hard and soft types of knowledge that act on each other in
practice. The community is not ascribed by a boundary but rather starts and ends at boundary

objects that help it to mediate with outside words.

The rules that govern communities of knowledge workers are complex, although they engage
in a mutual practice they do so in a landscape of processes and artefacts that requires diligent
and lengthy negotiation. Negotiating this terrain often involves vectors of joining, learning
leaving and each happens via at least one definable boundary object. In some cases, such as
bug trackers, the boundary object may appear well defined. However each has a unique
identity situated within a community which will have its own culture and governance. The
resolution of issues with bug trackers (as a way of defining the negotiation of meaning) has
been studied but questions remain and new ones emerge as the field of open source rapidly
grows and evolves. In particular: the question arises as to what newer open source projects
that interface with a wider non-technical world, look like. The world of education is now
heavily involved with and committed to open source software such as in our case Moodle.
Further study of how its community operates, negotiates meaning and how ultimately the

classrooms of the future are being shaped is needed and will be the focus of this study.
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3 Methodology

3.1 Introduction

This study sets out to explore the development of the open source educational software
Moodle during 2007 and 2011 by people who became directly involved in this activity by
changing, or seeking to affect change, in the code of that software. The data for this study
comprises biographical data of a sample of participants involved in the Moodle bug tracker,
the bug tracker issues themselves and twenty interviews with participants. In this chapter the
research problem is broken down into four sub-questions that look at: the characteristics of
the community participants as a whole and the issues (i.e. the work) they engage in; the
factors and processes important to the shared purpose of their work (issue resolution); the
identity and roles of community members; and finally how identity relates to participation
and community joining. These questions are related to the perspective of the researcher and
the research approach adopted, which builds from a social constructivist perspective. The
study is undertaken using the case study approach for: its use of mixed methods; its
mechanisms for defining the research problem, or case boundary; and its establishment in the

qualitative tradition of educational research.

Once the case study approach was adopted, the case itself was defined i.e. the research
problem was formulated and three data sources were identified to address it: bug tracker
member profiles, bug tracker issues and member interviews. The tools designed and selected
to collect data from these sources are outlined in this chapter with particular focus on the
interview analysis via the chosen coding methods and use of Nvivo software. How these tools
could be ethically used with respect to the study participants was an important part of the
research design outlined below. In addition to ethical integrity, the integrity of the study itself
is examined and its reliability discussed.

3.2 The Research Problem

This study is defined by the following question:

What are the key practices of participation in open source educational software development,

taking as a case study the Moodle bug tracker community?
This is examined by asking four research sub-questions:
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1. What are the characteristics of participants in the Moodle bug tracker and the issues
they engage in?

2. What factors and related processes are important in the resolution of issues in
Moodle?

3. What are the key identities and roles of the participants?

4. How do educators come to participate in the inner community of Moodle

development?

Two data sources are used to address the questions: question one is addressed through
examination of data from the Moodle bug tracker itself and questions two, three and four
from the interviews. The first question is an exploratory one: What are the characteristics of
participants in the Moodle bug tracker and the issues they engage in? It draws on data from
the bug tracker database to examine the characteristics of the participants, such as where they
are from and their background. It also looks at how this may affect their involvement. This
question also attempts to outline, in narrative form, what issues are. Sample issues are
analysed and their salient characteristics outlined for the reader. This first question prepares
the ground for the subsequent interviews and was used to formulate and then answer the

subsequent questions.

Changing code to develop a software artefact is a social practice of a community as we have
seen in Chapter Two. Research has shown how participants may enter such communities via
established (but not necessarily explicit) joining trajectories (Von Krogh et al., 2003). A bug
tracker may be a boundary object (Allen, 2009) that allows meditation between communities
and may play a role in facilitating joining trajectories (Crowston & Howison, 2006). A notion
crucial to communities of practice and perhaps under-explored in the literature of open source
software as it relates to trajectories, is that of identities (Wenger, 1999). Individual identities
become defined according to Wenger (1999) by the practices of a community and how they
negotiate meaning as a group through these practices. The practice chosen to focus on in this
study is that of “bug fixing” or “issue resolution”. This is the stated or canonical purpose of
the Moodle bug tracker. Through this activity of fixing bugs/resolving issues the Moodle
community is defined. Hence an examination of this practice is undertaken here to try to
answer the second of our four questions: What factors and related processes are important in

the resolution of issues in Moodle?
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This type of question has an established research lineage as we have seen in Chapter Two,
though it is mostly formulated in a narrower way, such as to find some specific determining
factor or factors. Finding factors important to bug resolution in specific domains (such as
with this example in software that attempts to model the domain of education) and trying to
enumerate them without ranking them is important in itself (Hooimeijer & Weimer, 2007)
and it should also provide the basis for other research. This question is examined here from
the perspective of the beliefs of the participants, for such beliefs are the building blocks of
their community. This question’s second part looks at how such factors relate to each other
i.e. by conceiving the enumerated factors as dynamic processes (or stories).

Similar to the type of the second question, of what factors are involved in issue resolution, the
question of the identity of the participants is exploratory. What distinguishes the Moodle bug
tracker community from others is that it requires a meeting of two communities: software
development and education. Communities are defined by the practices of participants, by
their roles, and the thus followed the third research question: What are the key identities and
roles of the participants?

As the answers to these three questions build, the question can also be answered as to how
individuals join and participate in these communities e.g. how a teacher might affect changes
to Moodle via the tracker, or how a university might do the same. This leads us to the final
research sub-question which encompasses the issues of identities, practices and joining
trajectories: How do educators come to participate in the inner community of Moodle
development? If the Crowston (2006) model of open source communities examined in
Chapter Two were to hold in the case of Moodle we may also expect inner cores within the

community.

This last question also tells us about the relevance and significance of this study. VLEs are
changing the face of the higher educational landscape (Daniel, 2012). They exert (for better
or worse) great influence, making the imperative to know about them and the details of their
on-going genesis clear. Moreover, although many are opaque or unknowable, Moodle, as an

open source project, provides a window into its development.

3.3 Perspective of the Researcher

The initial motivation for this research started when the researcher came across a particular
bug in Moodle, following a conversation with a colleague who was using Moodle in their

teaching practice as described in Chapter One. The research question thus emerged out of the
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researcher’s direct experience, in their role of educational technologist and lecturer. The
researcher is programme chair of a BSc. in Information Technology through distance learning
in DCU’s Distance Education Centre, Oscail and has served in various academic and
eLearning roles on the programme since 2004. For the students and teachers of this
programme, who have limited physically co-located contact, Moodle is effectively the
campus. Given that the researcher has been using Moodle for many years in the service of
distance education, the research subject is one that holds personal significance. This, together
with a former life as a software developer in the eLearning industry, marks the researcher as a

research “insider’ if pre-study domain knowledge is used as a barometer.

All is relative however and communities such as Moodle may have successive inner cores
where the notion of ‘insider’ becomes ever concentrated. So, for instance, six of the interview
participants had met the researcher face to face at least once before their interviews (though
four of these meetings happened at one conference), whereas the majority of the interviewees
were “cold-called” i.e. had no previous relationship or meeting with the researcher. The
researcher also sat in on semi-open meetings of the Moodle developers, talked to various
participants informally and interacted with them on social media. From that perspective, little
attempt was made to distance the researcher from the participants of the study, and instead |
regarded, and hopefully presented, myself as an interested peer.

3.4 Philosophical Underpinnings: Pragmatism and Social Constructivism

This research is informed by a social constructivist philosophical perceptive. In the field of
education, philosophy is often incarnate, that is, lived and acted rather than merely
theoretical. The research ‘insider’ often has the corollary role of affecting