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Appendix A

Coding Scheme for Actions, Inductively Developed

Code Explanation and Example

Management Codes

Management Work done to organize other work.  This includes planning, setting deadlines or announcing
“phases” like code/string freezes, assigning or rejecting tasks.  This includes re-structuring the
infrastructure and declaring bugs fixed, or patches applied (closing trackers).

Assigning credit Thanking people, adjusting the credits file, etc.

Review Codes

Validation Validating a coding technique, fix, or approach (before or while it is being done).

Review Work done to review other work, including checking in code written by others.  This includes work
that rejects patches, etc.

Production Codes

Core production Work that directly contributes to the project’s outcomes, either through working application code
or through production of user interface elements (logos, etc.); e.g., implementing a feature (not
necessarily a check in, since could be checked in on behalf of someone else).

Polishing Smaller changes that polish core production contributions; e.g., typos, integrations, etc.

Documentation Codes

Documentation Work that documents the code, application or activities.  Includes pointers across venues (e.g., in
a bug tracker saying that a patch has been submitted).

Self-Planning Work that documents one’s own future activities (planning others’ work is management work).

Supporting Codes

Use information
provision

Providing or seeking information about using the software; e.g., use cases, often RFEs and bug
reports.

Code information
provision

Providing or seeking suggestions about the code, including how to complete work (code examples
or pseudo-code, if it compiles or is a patch against SVN then code production work).  This
includes a developer seeking more information from a peripheral member.

Testing Testing application functionality.  This includes requesting more information from users in bug
reports.
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Appendix B

Summary of Important Terms

Term Definition

Layer An outcome of work in the form of a patch that can be applied to an existing, functioning,
artifact.  

Motivationally independent
layer

A layer which, when applied to an existing artifact, provides sufficient motivating payoff
without relying on the future completion of other layers.

Solo work The production of a layer through the programming work of a single person.

Co-work The production of a layer through the programming work of two or more people, where the
motivational payoff for each participant is dependent on the successful completion of all
participants’ work.

Superposition The process of laying down motivationally independent layers (thus extending an existing,
functioning artifact).  Analogous to the geological process of the sedimentary deposition of
rock strata on top of another.

Open superposition A search process led by freely available artifact use resulting in the conceptualization,
production and superposition of motivationally and sequentially appropriate layers.

Collaboration through open
superposition

A theory of “the open source way.”  The result of open superposition is that many people
have contributed to a functionally interdependent artifact, through the autonomous
production of motivationally independent layers.  Thus open superposition is a kind of
collaboration, even if it did not involve any co-work.

Appendix C

Methodological Appendix

This appendix draws together our methodological approaches for a comprehensive understanding of our method, since our presentation divides
our work into three sections.  We begin with our general philosophical approach, then discuss our participant observation, our archival
replication, and our theory development.

Philosophical Approach

The overall philosophical perspective of this study is one of pragmatism (Diesing 1992; Goldkuhl 2008; Goles and Hirschheim 2000).  Rather
than beginning with a theoretical problem to be explained, our study began by participating in practice (methodological pragmatism), aiming
to first provide a theoretical explanation for why that practice works (referential pragmatism), and finally to demonstrate our theory’s usefulness
by using it to consider adaptations of this practice (functional pragmatism).  These goals informed the overall arc of the research, from deep
engagement in the practice leading to theorizing about how and why the practices of FLOSS development work and broadening to asking
whether these practices would work in other circumstances.  Pragmatism also informed the investigation because constant comparison between
participation and the evolving FLOSS literature showed which parts of the lived experience could not be usefully explained by that literature
and, therefore, demanded new theorizing.  Our theorizing was completed through engagement with practitioners, attempting to use existing
theories and our developing theories in productive discussions.

Overall Methodology

The task of this project was always theory development.  We were guided by the work of Weick (1989), who describes theory development
as disciplined imagination directed to sensemaking and subject to iterative selection criteria, especially the characteristics of plausibility and
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interestingness that develop through this selection process (see below).  The selection process itself is realized through representations, which
themselves require the discipline of writing, familiar from methodologies of ethnography (e.g., van Maanen 1988).  In our case, these
representations took the form of internal memos, academic publications, and presentations to and conversations with FLOSS developers,
through an ongoing active research program, toward an understanding of effective work practices in free and open source software.1  Below
we describe the methodology in more detail for each of the three components of our study, highlighting the ways in which our imagination was
disciplined and shaped through iterative selection pressures toward the theory presented in this paper.

Participant Observation

Our case study of BibDesk was an intensive field case study conducted through participant observation, an ethnographic method.  The first
author was prepared for this through studying case and ethnographic methods in Information Systems (Harvey and Myers 1995; Myers 1999;
Yin 1994) and by reading relevant ethnographies (Barley 1986; Knorr-Cetina 1999; Yates and Orlikowski 1992; Zuboff 1988).

Participant observation derives insight from reflection on embedded, longitudinal, lived experience (Lewis 1985; Myers 1999).  The first author,
therefore, very specifically chose a product that could be integrated into his lived experience as a graduate student (a bibliographic manager). 
This project spanned four years in the field (exceeding standard recommendations for ethnographic length; Yin 1994,  pp. 10-11), cycling up
and down for active work episodes, but continually maintaining daily contact with the project through use of the application, as well as
subscriptions to mailing lists and bug trackers, in the manner of open source “natives.”  Contact was limited to online, despite recommendations
from some descriptions of participant observation methodology that encourage both interviews and informal social interaction with participants
(e.g., Orlikowski 1991).  The first author attempted this once, seeking a meeting with the project founder during a trip to San Diego (having
noted that he shared an interest in surfing); the negative reply e-mail made it clear that such a social approach was not part of the culture for
the project.

Throughout this period, the first author maintained field notes and produced periodic thematic memos for discussion, as recommended by Myers
(1999).  These notes were frequently discussed with the second author (Walsham and Sahay 1999), as well as a writing group of doctoral
colleagues, and through presentations at doctoral consortia.  During the analysis phase, the online archives of the project both online and in
the e-mail client of the first author assisted in mapping back from field notes to original experiences.  For example, not reported in this paper
but described in Howison (2009), the observation and experience of primarily individual work was confirmed by a systematic analysis of
BibDesk’s archival records into episodes, counting aspects such as the number of participants in each different role.  This systematic
reconstruction functioned as a check on the participant observer’s memory (as well as functioning as a pilot study for the archival replication).

The understandings presented in this paper evolved in interaction with two different discourses, disciplining our imagination with selection
pressures (Weick 1989).  The first was the academic literature grappling with FLOSS.  Prior to entering the field, we identified three sensitizing
concepts from this literature, discussed in detail in the main body of the paper, and as recommended for qualitative research (Bowen 2006;
Glaser 1978; Patton 2002).  Then, through our ongoing active research program, we repeatedly explored aspects of the FLOSS phenomena,
trying out explanations and incorporating ongoing FLOSS research through a program leading to a FLOSS review paper (Crowston et al. 2012). 
We sought explanatory cohesiveness, but particularly focused on challenging the literature with lived experience, seeking areas in which they
did not correspond.  A key guiding principle was to identify and record in memos for discussion the understandings that were surprising in that
they were in conflict with the assumptions in the academic literature before that different understanding became commonplace (Myers 1999). 
An example is the surprising disconnect between the (bursty) temporal rhythm of the lived experience and the flattened time of reading archives
for other FLOSS research projects.  Another example was the contrast between the focus on interdependency (and its management) in the
literature and the experience of aloneness in the conduct and observation of work.  A specific example of this occurred when the first author
read Yamauchi et al. (2000) and felt it reported an important and little discussed aspect of what he was experiencing (independence), but felt
that the explanation (lean media) did not accord with his experience.  A second example was developed in conversation with a former Debian
project leader who was undertaking FLOSS research as part of his Ph.D. in software engineering, (Michlmayr 2004; Michlmayr and Hill 2003).
We discussed the manner in which the volunteer context and the lack of ability to coerce participants was central to discussion about the
organization of work among FLOSS participants but strangely de-emphasized in the academic virtual teams literature on FLOSS development.

Simultaneously, we actively engaged with FLOSS practitioners in venues relevant to them, including Apachecon (three times), O’Reilly Open
Source (twice), FOOcamp, the Australian Open Source Developers Conference, and LinuxWorld Asia (including a three-day high-level open
source leaders speaker’s tour to the Taj Mahal that provided occasion for detailed discussion).  In these presentations and conversations, we
brought academic perspectives (others’ and our own evolving ones) and observed the extent to which participants found these useful for
understanding their own experiences and judged them interesting (Davis 1971; Weick 1989).  Practitioners, we found, drew blanks when we

1http://floss.syr.edu.
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discussed purely social or management-driven explanations (such as decision making or leadership), often immediately recognizing these more
as features of their “day jobs” that contrasted with their experience in FLOSS work.  Instead, they responded with enthusiasm and engagement
to explanations that discussed the organization of task work and its motivational context.  This repeated pragmatic selection pressure helped
draw out the findings presented in our participant observation.

Archival Replication

The archival replication is part of the process of theory building, rather than an attempt to verify or test that theory.  We argue for its usefulness
within that process, highlighting ways in which our sensemaking and imagination were disciplined.  The work was undertaken to build
confidence that the processes observed in our case study did not derive only from the specifics of our single case study and thus proved
sufficiently disciplined for useful theorizing.

The reconstruction of the work episodes from archival records relies on a method which Geiger and Ribes (2011) would later call “trace
ethnography,” which involves a process of inversion (Bowker and Star 2000) that connects back from digital trace records to lived experience.
This process draws on an ethnographic understanding of the “sociotechnical infrastructure of documentary practices” (Geiger and Ribes 2011)
that is then drawn on in interpreting the archival records.  Thus, within the overall process of theory development, the ethnographic
understandings from participant observation were important in the archival reconstruction work conducted by the first author, disciplined as
described below.  The categories employed in this analysis are somewhat idealized, but are grounded in how developers think about the world,
shown by the manner in which they contribute task outcomes to the release notes.

The overall purpose of the archival analysis was narrative reconstruction, focusing particularly on sequence and focal actors (Pentland 1999). 
There are two analytic moves in the reconstruction:  the identification of tasks and the classification of actions within those tasks.  This process
was disciplined in three ways.  First, tasks were identified through FLOSS team members’ own records of the outcomes of their work, through
individual bullets added to the release notes over time, and CVS log messages; these source are emic and form the anchors for the task.  Second,
the codebase itself, as a well-structured artifact, provided discipline:  the analyst was able to trace a source code change in context, comparing
between versions and tracing paths of execution (see Figure C2).  Third, the analysis sought narrative cohesion, relying on the necessary logic
of sequence:  that some actions must precede others (e.g., writing code must proceed its review) (see Pentland 1999).  These three principles
discipline the analysis, resulting in experimental splits and merges of tasks, seeking narrative coherence.  

The identification of the actions as of different types was conducted by the first author, disciplined by both narrative cohesion and, although
a formal coding reliability test was not performed, an outside colleague’s review of a sample of the tasks with their coded actions, confirmed
narrative cohesion.  The key finding (of few tasks in which more than one programmer writes code) relates to the identity of those checking
code into CVS as recorded by the system, providing the fourth source of discipline.  The analyst merely linked CVS user names and e-mail
addresses across identities, drawing on database fields and hints in the textual data (such as initials, see Figure C1; see also Geiger and Ribes
2011).

The figures convey the interpretative apparatus.  Figure C1 shows the release notes, providing the key anchors for the recognition of tasks.
Figure C2 shows the Sourceforge CVS diff browser that enables understanding the code changes in context, browsing linked files and following
lines of code execution.  Figure C3 shows the interpretative coding apparatus (using RDF expressed in turtle triples); note the memos
(relevance_memo, task_memo and ca_memo, a code application memo).  The structured database constructed in this manner was then queried
in two ways, the first to output each task in its sequence for further interpretation (as in Table 2 in the main body of the paper), the second to
output counts of event attributes (such as number of programmers or length of task) used to report quantitative results and create the graphs
shown in this paper.
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Figure C1.  Release Notes Providing Task Outcomes as Anchors for Task Reconstruction
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Figure C2.  The Sourceforge CVS Browser, Facilitating Knowledge of Code in Context
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Figure C3.  The Interpretative Apparatus, Producing Structured RDF Linking Archives, Memos, Codes,
Actors, and Event Times

Theory Building

Weick’s method for theory building relies on selection pressures toward “plausibility and interestingness,” echoing the criterion of plausibility
for ethnographic work discussed by Myers (1999) and Prasad (1997).  Earlier, we described the iterative ongoing practice of working with both
the academic literature and practitioners that provided the selection pressures.  However, the selection characteristic of interestingness is
potentially diffuse.  Here we were guided primarily by Davis (1971), who argued that “interesting theories deny...weakly-held assumptions
of their audience” (as quoted by Van de Ven 2007, p. 111).  In our case, we deny two weakly held assumptions of the literature (rather, we hope
we deny them and we hope they are only weakly held).

The first is an assumption of the virtual teams literature that FLOSS projects had found a way to coordinate and organize to accomplish complex
work, despite the challenges of high interdependency of software work, working with volunteers, and working at distance.  In contrast, we found
that FLOSS projects simply chose not to undertake complex work but to defer it.  Moreover, we found that deferring such complex work is
key to the open source way of working.

The second assumption was that the core of the open source way of working was not closely bound to software work, and would thus relatively
easily yield adaptable explanations (such as creation of trust, leadership, or decision-making techniques).  In contrast, we found that software
work (or rather, particular characteristics of software work that might conceivably be found elsewhere) were central to explaining the
conundrum of how not doing complex work can ever lead to a collective complex artifact.
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These aspects of interestingness, however, did not develop separately nor did they develop alone.  Rather, we tried many explanations, both
in conversation and in writing to both practitioners and academics, en route to these explanations.  In particular, we returned to field notes and
memos to choose and write the vignettes that illustrate our participant observation.  In a second phase, through conversation with colleagues,
reviewers, and multiple iterations, we confronted the need to face the question logically posed by the implications of the participant observation
and archival reconstruction (How does mostly individual work result in a complex artifact?), clarifying the theory of collaboration through open
superposition.

Finally, our pragmatic philosophical approach called for a demonstration of the usefulness of this theory.  This we undertook through the
analysis of the contingencies for the success of the theorized way of working and thereby casting light on the limits of the adaptability of the
open source way.  In these ways, our imagination was disciplined toward the theory presented in this paper.
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