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Abstract

This dissertation presents evidence to expand theory on conflict in ongoing dis-
tributed virtual work groups, such as Free and Open Source Software (FOSS)
communities, through the inclusion of normative conflict. Specifically, the work
outlines how FOSS teams experience disagreements not only arising out of the
direct action of working on a software project, but also concerning the norms of
the group, such as ideology, mission and values. Conflict as a team process is
thus more than a task byproduct; in long-term oriented self-organizing teams, it
is a self-reflexive process that can stimulate community evolution, and in some
cases, dissolution.

Normative conflict is not only a novel addition to conflict theory, but also
a factor with significant impact on the health of open collaborative communi-
ties. Empirical findings suggest normative conflict to be the strongest overall
predictor of developer retention, having both a direct negative effect, as well as
through exacerbating other types of work-driven conflict.

The dissertation traces the discovery (through interviews and community
engagement), operationalization (through development and refinement of a nor-
mative conflict scale) and generalization (following a wide survey) of normative
conflict as part of an updated conflict framework for ongoing distributed virtual
work groups.

The dissertation thus presents a theoretical, methodological and practical
contribution to understanding conflict in virtual communities and organizations.
Theoretically, the work elucidates and provides support for the expansion of
our existing understanding of conflict in distributed teams. Methodologically,
the work provides a validated set of measurement tools for the updated conflict
framework. Finally, the dissertation examines various team structural factors
that may stimulate or reduce conflict occurrence, offering practical advice for
community building and maintenance.
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Chapter 1

Introduction

1.1 Introduction

1.1.1 Problem

The virtual workforce is continuing to grow. The number of employees telecom-

muting has virtually doubled between 2012 and 2014, amounting to 6.5 million

people in the US, or 4.5% of the total workforce (American Community Survey,

2014). At the same time, virtual work is evolving, and so must our under-

standing of the foundational processes that underpin on-line collaboration. Dis-

tributed teams are increasingly shifting away from fixed membership towards

dynamic composition (Tannenbaum, Mathieu, Salas, & Cohen, 2012; Wage-

man, Gardner, & Mortensen, 2012). Team boundaries are becoming more fluid,

while members are more likely to be assigned to multiple teams (Tannenbaum

et al., 2012). Crucially, virtual teams are becoming increasingly less likely to

experience life cycles with distinct start and end points and more likely to expect

working together across multiple tasks and projects (Saunders & Ahuja, 2006).

Because virtual team interactions are a product of both the technical foundations

underpinning their communication, as well as the social structures that emerge

(DeSanctis & Poole, 1994), the above structural changes are likely to introduce

substantial shifts in the social processes of virtual teams.

Conflict, or a manifested perceived incompatibility in ideas, behavior or
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belief between two or more parties, is one such critical social process (Fink,

1968; Putnam & Poole, 1987). Conflict is an important social process to ex-

amine because it influences subsequent group behavior and outcomes in both

negative and positive ways (Amason, 1996; Pondy, 1967), as well as being in-

strumental in the development of the group as a whole (Arrow, Poole, Henry,

Wheelan, & Moreland, 2004; Gersick, 1988). Specifically conflict can both

stimulate the production of new ideas as well as lead to feelings of frustration,

reduced productivity and higher turnover. However, while conflict has received

significant attention from literature on temporary, or short-term, virtual teams

in traditional organizational settings (Furumo, 2008; Kankanhalli, Tan, & Wei,

2007; Montoya-Weiss, Massey, & Song, 2001), relatively less attention has been

given to conflict in virtual groups with voluntary and dynamic membership com-

position and long term goals that can progress for several years (Gilson, May-

nard, Jones Young, Vartiainen, & Hakonen, 2014; Martins & Schilpzand, 2011).

Given the potential impact of conflict on turnover, it is particularly important to

understand this process in groups that depend on voluntary contributions.

1.1.2 Context

Free and Open Source Software (FOSS) development represents a unique op-

portunity to examine conflict in dynamic, ongoing and distributed groups in a

natural setting. FOSS teams are groups of individuals who work together to

produce software, enabled by computer-mediated communication and permis-

sive licenses that explicitly allow modification and redistribution. FOSS teams

are highly virtual and prefer to make key coordination decisions online as far as

possible (Crowston, Howison, Masango, & Eseryel, 2007). Due to the largely

voluntary nature of participation, FOSS teams are often highly distributed and

have fluid team boundaries (R. A. Ghosh, Glott, Krieger, & Robles, 2002).

Furthermore, FOSS teams rarely have fixed end points, with notable projects

continuing for several years, and even decades (Crowston, Wei, Howison, &

4



Wiggins, 2012). FOSS teams therefore present a useful context for studying

processes in real world dynamic and ongoing virtual groups.

FOSS projects have an every day impact on the average Internet user, there-

fore it is critical to study conflict and its impact on participation in this setting.

Technologies such as Linux, Apache, Sendmail and MySQL underpin a major-

ity of websites (Hendrickson, Magoulas, & O’Reilly, 2012). For example, as of

August 2015, the open source Apache web server maintains its decade-old lead

as the most popular web server, powering 37.5% of all websites, and over half of

the top million busiest sites (Netcraft, 2015). Economically, the use of Free and

Open Source Software can amount to a 2:1 cost advantage relative to proprietary

solutions, according to a report based on web-hosting data (Hendrickson et al.,

2012). The two most popular web browsers, Google Chrome and Mozilla Fire-

fox are both open source projects, and together amount to 85.2% of the market

share as of August 2015 (W3Schools, n.d.). On the desktop front, many govern-

ment organizations around the world, such as Singapore’s Ministry of Defense,

have transitioned to FOSS alternatives to Microsoft’s Office suite to take advan-

tage of open document standards and document longevity (Marson, 2004). Five

out of the top 10 most popular programming languages are open source projects

because they have open source interpreters/compilers and specifications (Cass,

2015). There are also countless libraries and applications that millions of users

depend on. Given that conflict is an important process that can influence the sus-

tained development of a team, we need to develop a better understanding of how

this fundamental process affects the production of the many FOSS technologies

we have grown to depend on.

Despite the potential for informing research on distributed work, there is

as yet a gap in our understanding of conflict in FOSS teams (Crowston et al.,

2012). The limited studies performed to date have shown conflict to be com-

mon (Weber, 2005), an important process in project success (Jensen & Scacchi,

2005) and capable of impacting overall team structure (Elliott & Scacchi, 2003).
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However, past studies are largely descriptive, focusing on a few case studies of

conflict resolution in relatively similar well-established projects with strong Free

Software ideals. More work is needed to unpack a more general theory for con-

flict across different kinds of FOSS projects. At the same time, some important

work has been done in similar collaborative settings, such as Wikipedia. How-

ever, conflict is often treated unidimensionally, that is, only one aspect is ex-

amined at a time and definitions are not always consistent. For instance Collier

and Bear (2012) defined conflict as criticism of others when investigating its

impact on female contributor retention, while Kittur, Suh, Pendleton, and Chi

(2007) examined conflict in the form of reverts across articles, and Matei and

Dobrescu (2010) viewed conflict as a more general unproductive form of dis-

cussion. Work by Arazy and colleagues (2011; 2013) is a crucial exception, as

it draws on theoretical work from conflict in traditional organizational virtual

teams to frame its multidimensional understanding of conflict in Wikipedia.

It is important to synthesize these diverse perspectives into a more formal

theory of conflict that is relevant to the peer production context more gener-

ally, and FOSS specifically. It is also important to use consistent measurement

tools and frameworks to allow comparison of group processes across different

organizational types, thus developing a more rich understanding of distributed

work.

The present work asks the following research question:

How is conflict manifested and interpreted by FOSS project members? What

impact does this have on the relationship between conflict, team structures,

emergent states and team outcomes?

Highly distributed and ongoing virtual groups are different in several im-

portant ways from temporary virtual teams in traditional organizations, and

thus the manifestation of processes like conflict can also be expected to vary.

For instance, ongoing and distributed virtual groups are more likely to experi-

ence membership fluctuations compared to temporary virtual teams (Saunders
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& Ahuja, 2006), thus it is important to take into account potentially different

conflict experiences of newcomers and more established group members. Fur-

thermore, ongoing virtual groups like FOSS teams are more likely to be involved

in recurring task activities(Saunders & Ahuja, 2006), such as incremental and

continuous improvement on the same code base, and therefore conflict in past

iterations may impact present and future work.

At the same time, though individual member tenures may be finite, as a

whole, the group may spend an indefinite time frame working on a piece of

software, so long as the software’s function continues to satisfy a need. There-

fore distributed and ongoing virtual groups like FOSS projects have a stronger

sense of context - that is, both a more extensive history together, as well as an

expectation of future interaction for a more or less unspecified length of time as

compared to short-term virtual teams in traditional organizations. This shift in

time frame from a specific end point to an indefinite relationship dramatically

changes the incentive structure of a group. An expectation of future interaction

shifts some of the group’s focus away from just performance, and toward pro-

cess efficiency, member satisfaction and group identification (Axelrod & Hamil-

ton, 1981; Saunders & Ahuja, 2006). As a result, we may expect conflict in dy-

namic ongoing distributed work groups such as FOSS projects to be relatively

less task-centric, and more focused on improving relationships, procedures, and

higher-level group structures and norms.

These are important issues to examine in the FOSS context to further our un-

derstanding of how conflict as a process may vary due to different forms of or-

ganization in distributed work settings (Mannix & Jehn, 2003). Thus the present

work addresses the following research question:

How does conflict as a process differ in dynamic ongoing virtual groups like

FOSS projects compared to conflict in short-term virtual teams in traditional

organizations?

The importance of studying teams with sufficient shared group history and
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expectation of future interaction is particularly relevant in the peer production

context, where most interactions are automatically recorded by communica-

tion software, archived and inherently more visible (Dabbish, Farzan, Kraut, &

Postmes, 2012; Bolici et al., 2009). This serves to broadcast both pro-social and

conflictual team member behavior, while adjusting expectations of the whole

group about future interactions and allowing other team members to partici-

pate in the discussion. Therefore, due to the relatively permeable boundaries of

FOSS teams, conflict may attract relatively more attention, particularly among

parties not originally involved in the discussion, compared with closed virtual

teams in traditional organizations. Emerging issues may intensify due to the for-

mation of coalitions of supporters and become a central feature of the group’s

discussion (Coser, 1957; Jehn, Rispens, Jonsen, & Greer, 2013).

At the same time, dynamic and ongoing virtual groups with a long term

orientation need to adapt to changes in their environment over time. However,

they may find their adaptation problematized by their high geographical dis-

tribution and reliance on computer-mediated communication (Cramton, 2001).

More work is needed to understand how distibuted work groups adapt to chang-

ing circumstances, as well as the potentially reciprocal relationships between

team processes like conflict and team input structures (Gilson et al., 2014; Mar-

tins & Schilpzand, 2011).

While many theories exist on the specific role of conflict in team develop-

ment (to be reviewed in Chapter 2), they all agree that conflict is a fundamen-

tal part of the team lifecycle (Coser, 1957; Gersick, 1988; Tuckman, 1965).

Specifically, conflict helps to both revitalize existing norms when they become

out of sync with actual team practices, or contribute to the emergence of new

norms (Coser, 1957; Packer, 2007). Because group norms set expectations of

team members about future interactions, in influencing group norms, conflict

becomes a mechanism of adjustment to new conditions (Coser, 1957). Con-

flict can also be a critical signaling factor for changed conditions that surfaces
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issues and allows a team to restructure both socially and technically (Fuchs,

2008; Kelty, 2008). This is particularly true of distributed work that is more

dynamic, loosely structured and autonomous (Wageman et al., 2012). Such

self-organizing systems are able to reproduce themselves, their own logic and

structures (Fuchs, 2008). At the same time, their social dimensions, such as in-

terpersonal processes like conflict, and technical dimensions such as communi-

cation technologies, mutually interact, reproduce and shape one another (Jones

& Karsten, 2003; Giddens, 1986).

Through an exploration of conflict in the FOSS environment, the present

work provides a context for examining the forces involved in the adaptation of

distributed work groups to their virtual environment and communication tools

(DeSanctis & Poole, 1994). Specifically, the present work will ask the following

final research question:

How does conflict impact structural change in dynamic and ongoing virtual

groups like FOSS projects?

This dissertation will argue that even though FOSS projects often defer ac-

tivities that require more interactivity, and rely on implicit rather than explicit

coordination practices (Howison, 2009), conflict plays a key role in making im-

portant problems more explicit, thus enabling their discussion and resolution, as

well as crystallizing and clarifying project norms and influencing the adaptation

of group structures over time.

1.1.3 Contribution

Taken together, the present research agenda contributes to the understanding of

conflict across three broad areas of inquiry. Firstly, in exploring how conflict

as a process is manifested in FOSS teams, the dissertation unifies earlier work

on conflict in online collaborative systems and provides a framework for future

studies investigating this phenomenon. Using a consistent and relevant frame-

work will help researchers to contrast findings and develop more sophisticated
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models to understand group processes. Furthermore, in examining conflict and

its relationship with team inputs, emergent states and outcomes, the dissertation

provides practical recommendations for identifying and managing unproductive

conflict within FOSS teams across different structures and contexts.

Second, in exploring conflict in the context of real-world ongoing virtual

groups, the dissertation closes a theoretical gap in existing knowledge on dis-

tributed work. Specifically, the present work identifies key paradigms within

research on ongoing collocated teams and short-term virtual teams, discusses

their relevance to the ongoing virtual group context and draws on them to ex-

pand theory on conflict in distributed settings. In doing so, the present disser-

tation bridges the different areas of inquiry, both enriching work on ongoing

virtual groups and delineating their boundaries.

Finally, the work sheds light on the different manifestation of conflict in

ongoing virtual team settings as compared to short-term virtual teams. Doing

so helps to clarify inconsistencies in findings across earlier studies, in particu-

lar with respect to the impact of different types of conflict on emergent states

and outcomes in more long-term oriented virtual groups. More importantly,

by exploring how conflict as a process differs under conditions of expectations

of future interaction and longer time frame, the dissertation contributes insight

into the team mechanisms that modify group norms and serve as input for fu-

ture social and technical structural changes. The present work thereby updates

and reformulates the existing conflict framework to take into account ongoing

groups’ greater focus on group well-being and member support, and conflicts

arising from these issues.

1.1.4 Methodology

To address this research agenda, the present dissertation will present two related

studies.

The first study (presented in Chapter 3) is an explorative examination of
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conflict in FOSS teams through a series of interviews with 22 diverse represen-

tatives of the community. A purposeful sample of developers is gathered from

different types of projects (from libraries, to end user applications, and complex

operating systems) and representing different levels of experience with the team

(from leaders and founders, to maintainers, and new contributors). This study

uses a grounded approach to understand the manifestation of conflict from the

perspective of FOSS participants, and its role in team function. The approach

allows a conflict framework to emerge that is meaningful and relevant to FOSS

teams specifically, and ongoing virtual teams more broadly.

This work takes a critical step in understanding the types of behavior or is-

sues that are interpreted as conflict by participants, and contrasts this with our

existing knowledge of conflict dimensions used in virtual team research thus far.

The study further combines this with participant observation and secondary data

sources, such as archived communication logs, to trace conflict episodes high-

lighted by participants over time, and observe their impact on the evolution of

group norms, as well as other social or technical structures. In doing so, Study

1 uncovers a new conflict dimension, as well as structures that promote or ame-

liorate conflict emergence. Specifically, Study 1 uncovers four distinct conflict

dimensions (task, affective, process and normative conflict) and four conflict an-

tecedents that impact its emergence in FOSS projects (level of interdepenence

in the project, leadership style, extent of geographical distribution and the dis-

tribution of decision-making among developers). (Material from Study 1 has

appeared in Filippova & Cho, 2015)

In this way the first study sets a framework and foundation for the second

study (reported in Chapter 5). Study 2 focuses on generalizing the findings from

the first study through a wide survey of randomly sampled FOSS developers.

Specifically, through a series of pilots, the study first develops new measure-

ment tools, then reformulates and validates the existing conflict framework to

include the new dimension uncovered in Study 1. Following this, using 228
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complete responses and a combination of structural equation modeling and hi-

erarchical multiple regressions, the second study quantitatively examines the

updated conflict taxonomy. The study measures the differential impact of each

conflict type on emergent states such as identification with the team and per-

formance, as well as the intention to remain as a contributor to the project. At

the same time, Study 2 traces the impact of structural inputs identified in the

first study toward the occurrence of different types of conflict, and investigates

possible complex mediating and moderating effects in the relationship between

the structural inputs (such as team interdependence, geographical spread, lead-

ership style and empowerment), updated conflict dimensions, emergent states

(identification and performance perception), and team vitality. Thus the study

contributes a generalized understanding of the interaction of conflict across mul-

tiple levels within ongoing virtual teams. (Material from Study 2 is forthcoming

in Filippova & Cho, 2016)

1.1.5 Thesis Structure

The remainder of this dissertation will be structured as follows. The rest of this

chapter will provide more background on the FOSS phenomenon, its importance

and relevance to the study of virtual teams. Literature on the FOSS phenomenon

will also be reviewed, in particular lessons learnt from past work on conflict in

open collaborative systems, to identify research gaps.

Chapter 2 will follow, tracing the body of thought on conflict in organiza-

tions. The chapter will review work on conflict in both traditional (collocated)

and virtual teams, while contrasting short-term and long-term team findings.

Chapter 2 will further review theories of organizational change, and place con-

flict as an important process in this space. The chapter will also highlight work

on computer-mediated communication, in particular, discussing how the abil-

ity of virtual groups to develop relational communication and modify their own

structures when given enough time impacts our understanding of conflict in this
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setting. In this way the chapter brings together the various threads of research

on conflict across different contexts, and identifies a need for greater attention

towards the simultaneously positive and negative role of conflict in long-term

team development. Chapter 2 will outline broad research questions that under-

pin two related studies.

Chapter 3 will unpack these broad research questions into concrete research

aims. Following this, the chapter will present the methodology of the first ex-

plorative study, the study findings as well as a discussion of the findings as they

relate to the specific aims of the study.

Chapter 4 will begin with a review of literature based on the four conflict

types and input variables identified in the first study. The review will formulate

concrete research hypotheses concerning the different relationships between the

four conflict variables and emergent states, such as team identification and per-

formance perception, as well as outcomes, namely the intention to remain in

the project. Chapter 4 will also draw on a review of prior work to formulate

research hypotheses concerning the relationship between structural inputs and

the four conflict variables identified in the first study.

Chapter 5 will then present the methodology for the second study, including

an overview of the development and reformulation of an updated conflict scale.

Chapter 5 will present the study results, and conclude with a discussion of the

findings with reference to the concrete research aims of the second study.

Chapter 6 will combine findings from both studies, and discuss them with

reference to prior work in the field as well as the broader research questions

of this study. In particular, the chapter will discuss in detail how the findings

contrast with prior work on conflict in short-term virtual teams, the relevance of

findings to broader work on intragroup dynamics, and the implications for our

understanding of virtual work.

Chapter 7 will conclude the thesis with an overview of the work, its major

findings, and importance to the study of peer production and virtual teams. The
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chapter will also outline the specific limitations of both studies, including high-

light areas in the design of the studies that are designed to address each other’s

limitations, and the limitations of the work as whole. The chapter will conclude

with recommendations and a path for future research into conflict in ongoing

virtual teams.
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1.2 Literature Review 1 - Free and Open Source
Software

Before progressing with the rest of this work, it is first necessary to briefly intro-

duce the Free and Open Source Software (FOSS) phenomenon, its fundamental

organizational principles and distinctions from traditional forms of organiza-

tion, thereby setting the stage for future discussion. The rest of this chapter will

give a brief history of the movement and review literature concerning the phe-

nomenon. Though past research has made significant advances in understanding

the successes of FOSS development, including motivations, performance, and

intra-group social dynamics, it is also important to recognize that FOSS devel-

opment does not occur without hindrance. In fact, disagreements and conflict

are common. The section will therefore also review literature that has con-

sidered conflict in FOSS to-date, and argue there is an unanswered need for a

relevant and consistent framework to understand the impact of conflict on FOSS

production.

1.2.1 Background and History of Free and Open Source Soft-

ware

The central premise behind work labeled Free and Open Source Software is that

source code should be freely accessible, distributable and modifiable (Weber,

2005). The source code for a program is like a food recipe: it contains human

readable instructions on all aspects of what the final product will look and feel

like. However, just like a recipe has to be followed to make a final product,

source code does not allow a user to run the software without this code first

being compiled into binary, or machine readable form. Software is typically

distributed as binaries to allow the user to easily consume the product. Bina-

ries are like prepared food, consumable but one cannot (without a great deal of

effort) determine how they were put together. Software in which all aspects of
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the source code are not visible or accessible to the end user is called proprietary

software (Stallman, 2002). The FOSS approach to software development argues

that source code should be made available to the end user. However, there are

two distinct threads of arguments as to why this should be so.

The Free Software movement believes that software should be free, not

necessarily in terms of monetary value, but free the way speech ought to be

(Stallman, 2002). The movement believes users should have access to the source

code of the software to understand how a program is built. This has implications

for personal security as the Free Software movement believes that users have the

right to know what information their software consumes (Stallman, 2002). The

Free Software movement also believes in the freedom for users to modify the

source code as they choose and redistribute modifications, as this allows an in-

dividual to make incremental changes for their own use and share them with

the world (Stallman, 2002). The Free Software Movement has created a copy-

left license that guarantees these freedoms for users. The license, the GNU

GPL (Gnu is Not Unix, or GNU, General Public License), grants (rather than

restricts) user access to modify and redistribute source code. One of the most

famous projects to be released under the GNU GPL License is Linux, created in

1991 by Linus Torvalds (Moon & Sproull, 2002). For this reason Linux is often

connected with the Free Software Movement; however Linus is very clear that

he does not subscribe to all of the Free Software Foundation ideology (Staff,

2006).

Others shared Linus’ reservations, which led to the articulation of the Open

Source Software Initiative (OSI) by Eric Raymond, developer of the Send-

mail program and well known for his commentary on the FOSS phenomenon

(Raymond, 1999). The Open Source Software Initiative is less prescriptive

than the Free Software Movement, focusing on the utility of open access to

source code, such as the availability of diverse contributions, and the fact that

many eyeballs help in finding and solving bugs. Raymond (1999) argues that
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this leads to more stable and robust software, as compared to the proprietary

model. Though ideologically different, both approaches share the goal of keep-

ing source code open and accessible, and therefore the umbrella term Free and

Open Source Software development (FOSS) is used here. This ideology is an

important aspect of FOSS projects as its strong normative component creates

distinct practices regarding how software should or should not be created, and

can be a source of fundamental disagreement within the community.

1.2.2 Past Research on FOSS

Previous work on FOSS can be broadly classified into three categories: inputs,

outputs and mediators such as intragroup processes and emergent states. This

is a useful classification commonly employed previous work on FOSS (for ex-

ample Crowston et al. (2012)) and adapted from literature on organizational

teamwork (Hackman, 1987; McGrath, 1984). Together, the three categories

cover the life cycle of a working group, with processes and outputs sometimes

feeding back into inputs in subsequent cycles (Ilgen, Hollenbeck, Johnson, &

Jundt, 2005). The following sections will review key work on input, outputs

and moderators, in order to highlight a gap in our understanding of conflict as a

process.

Inputs

Inputs represent the compositional characteristics of a team, or those factors

that are present prior to team membership and may influence group outcomes

(Martins, Gilson, Maynard, & Martins, 2004). Though inputs were a key fo-

cus of early FOSS research, they continue to be of interest today. Specifically,

scholarship aims to uncover structural differences between projects, the type of

people who voluntarily participate in open collaborative projects, why they do

so and how this may be encouraged.

Early work featured comprehensive surveys on demographics and found a
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surprising level of homogeneity among FOSS contributors, with similar age,

gender and cultural backgrounds (R. A. Ghosh et al., 2002; Robles, Scheider,

Tretkowski, & Weber, 2001). For instance, early studies found FOSS devel-

opment was highly skewed towards male participation: less than 2% of devel-

opers surveyed were female (R. A. Ghosh et al., 2002; Robles et al., 2001).

A more recent survey showed incremental improvement a decade later, with

approximately 11% of developers identifying as female (Arjona-Reina, Rob-

les, & Dueñas, 2014). Furthermore, most developers surveyed were employed

adults in their 20s to 30s for whom FOSS engagement was a part-time activity

rather than full time job (Arjona-Reina et al., 2014; R. A. Ghosh et al., 2002;

Robles et al., 2001). Studies also showed that a majority of developers across

projects surveyed originated from ‘Western’ countries: over 80% of developers

reported being from North America or the European Union, and English was

the most commonly spoken language (R. A. Ghosh et al., 2002; Robles et al.,

2001). Furthermore, a number of developers reported being involved in several

projects simultaneously (R. A. Ghosh et al., 2002), while overall project tenure

(involvement in the same project) was relatively low, with 60% involved for

under a year (Feller & Fitzgerald, 2002).

Given the high turnover and the fact that most contributors divide their time

between full-time jobs and FOSS development, a growing amount of research

became concerned with understanding developer motivations for participation.

They found that not all participant motivations were purely altruistic: a recent

survey shows 38% of developers receive some form of direct financial com-

pensation for their work (Arjona-Reina et al., 2014). Though it is important

to dispel the myth of a purely altruistic community, there are also other less

tangible motivations for the remaining 60% of contributors. They involve a

combination of individual and collective motives. Individual motives include

perceived personal benefits derived from participation, such as reputation (Hars

& Ou, 2001), visibility to potential employers (Arjona-Reina et al., 2014), in-
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trinsic enjoyment (Nov, 2007) and the desire to learn and enhance one’s skills

(Baytiyeh & Pfaffman, 2010). Collective motives on the other hand involve fac-

tors such as altruism as well as the desire to help others (Baytiyeh & Pfaffman,

2010). Wagner and Prasarnphanich (2007) examined individual and collective

motives together and found that participants do indeed have mixed motives for

participation, but that collective motives outweigh individualistic ones.

Overall, these results show that while FOSS developers derive personal re-

wards from participation, they are also very much driven by collective goals and

values because the success of FOSS projects they are involved in also reflects

their personal success.

Outputs

Outputs refer to the consequences of a team’s effort, such as the effectiveness

of a team, or team performance. Research into FOSS outputs has been largely

concerned with how to measure success as well as identifying the various factors

that contribute to project performance.

As FOSS development is largely voluntary and exists outside of traditional

organizational frameworks, typical performance measures of software produc-

tion are not appropriate (Wu, Tang, & Pacis, 2007). For example, profit cannot

be used as a performance measure, due the nature of licenses used in FOSS cre-

ation that explicitly allow free reproduction. Though some projects obtain rev-

enue from supporting services such as enterprise level support, many projects

are not financially motivated at all (Weber, 2005). Furthermore, while some

projects have fixed release schedules and targets, this is more common in more

established projects, and the management of these release schedules varies dra-

matically based on project aims (Erenkrantz, 2003). In fact, Raymond (1999)

argues that rather than sticking to a fixed schedule, it is important to ‘release

early, release often’, as this allows others to benefit from incremental changes

more quickly. Such a floating measure cannot be used for the analysis of per-
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formance. Finally market share cannot readily be used as a success measure

because not all software is built for a market of end-users. Rather it is the result

of ‘scratching a developer’s itch’, that is, solving a problem personally rele-

vant for the developer (Raymond, 1999). As such, research into FOSS success

needed to devise measures of output appropriate for the context.

Outputs in the context of FOSS development therefore focus on evaluating

objective software quality (Chou & He, 2010; Colazo & Fang, 2010; K. J. Stew-

art & Gosain, 2006), developer output (Colazo & Fang, 2010; Xu, Jones, &

Shao, 2009) as well as community/external impact in the project and popu-

larity with end users (Crowston, Annabi, & Howison, 2003; Midha & Palvia,

2012; Sen, Singh, & Borle, 2012). Studies also evaluate subjective measures

like developers’ perceptions of quality and performance (Ke & Zhang, 2011;

S. T. Lee, Kim, & Gupta, 2009) and their satisfaction with contributing to the

project (Casaló, Cisneros, Flavián, & Guinalíu, 2009). Though the material

means of FOSS production are significantly different from closed source soft-

ware development and other organizational teams, the above output measures

suggest it is still possible and relevant to understand FOSS outputs through gen-

eral measures adapted from traditional organizational contexts.

In exploring FOSS outputs, research has been concerned with understand-

ing the kinds of structural inputs that result in successful FOSS projects. For

example, Sen et al. (2012) used project characteristic measures to uncover what

attracts developers to projects. They found that participation is positively con-

nected with factors such as the use of the C programming language for devel-

opment and less restrictive licenses that allow commercial use. This is logical

as C is a commonly used language often studied in educational institutions, and

software licenses that do not enforce releasing derivatives as fully open sourced

(less restrictive) cater to many more applications (Subramaniam, Sen, & Nelson,

2009).

However, structural input factors, such as the choice of license and program-
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ming language, are often hard to modify after the initial stages of a project. For

research aiming to understand how to learn from and improve FOSS team per-

formance, it is particularly instructive to examine more dynamic moderating

factors to understand how they may be employed to encourage participation and

positive outputs, and when they detract from project success.

Processes and Emergent States

While research has examined both technical and social mediators between FOSS

structures and their success, the social mediators are of primary interest to the

present work. Social mediators, in turn, can be separated into processes and

emergent states (Marks, Mathieu, & Zaccaro, 2001). While processes involve

the interdependent activities of team members that convert inputs into outputs,

emergent states are properties of the entire team that are dynamic and vary as a

function of context, input, processes and outcomes (Marks et al., 2001).

The process of FOSS coordination, and its impact on outcomes, is of partic-

ular interest to research on the phenomenon. Research on both FOSS develop-

ment and other forms of open collaboration consistently finds a power-law par-

ticipation pattern, in other words, that a majority of contributions are performed

by a small percentage of team members. For example, Moon and Sproull (2002)

find that in the Linux Kernel mailing list, 2% of participants contribute more

than 50% of messages. Of these, almost half are recognized as formal members

of the project. Wasko and Faraj (2005) similarly find that a core critical mass

of active and closely-knit participants is necessary to sustain such collaborative

groups. Crowston and Howison (2006) elaborate that this developer core ex-

ists at the heart of an onion model of role differentiation, with each successive

outward layer lower in responsibility, but more populous than the inner layers.

Given that a small number of developers are responsible for a big portion

of the outcomes, studies are also interested in how this critical mass forms and

how it can be sustained. In a longitudinal analysis of the evolution of 147 FOSS
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projects, Long and Siau (2007) discovered the tendency of projects to start out as

a single hub and expand into a core/periphery model over time. Amrit and Van

Hillegersberg (2010) found that a steady flow of members from the periphery to

the core was indicative of a healthy project, whereas a steady outflow from the

core indicated a project that was having coordination problems. It is important

to understand therefore what encourages individuals to work towards joining the

core and prevents them from leaving.

Research has tried to understand how members progress towards more for-

mal roles by examining how members become socialized. Duchenaut (2005)

finds that successful integration involves rites of passage, the construction of an

identity consistent with group norms, and the ability to navigate internal poli-

tics by building a network of relationships. Tullio and Devan (2008) similarly

show that socialization occurs as individual sense making comes into contact

with and aligns toward shared community meanings. Furthermore, Qureshi and

Fang (2011) studied the successful movement of peripheral members into core

teams and found this process to vary with levels of initial and sustained social-

ization. Peripheral members who socialized highly and continually with other

project members were integrated into the core significantly faster (7.5 weeks)

than members who socialized less (up to 83.2 weeks). Taken together, all the

above studies suggest that getting more familiar with and aligning toward shared

team social norms is a critical component of new member socialization.

The relative level of alignment toward group norms and community val-

ues, or team identification, is a critical emergent state in FOSS teams that is

consistently connected with positive team outcomes such as performance, sat-

isfaction with the team and participation intention (Bagozzi & Dholakia, 2005;

K. J. Stewart & Gosain, 2006; Xu et al., 2009; Zhu, Kraut, & Kittur, 2012). In

fact, Fang and Neufeld (2009) have found that situated learning and identifica-

tion with the group were stronger predictors of intention to remain in the project

than initial motivations to join.
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Given that projects adopt more complex social structures over time, and

there appears to be a key core of individuals that new members strive to become

a part of, research is also interested to understand governance in this context.

Specifically, studies find that projects vary widely in their degree of central-

ization and authority structures, and that this is an emergent quality of teams

over time. On one hand, Mockus, Fielding, and Herbsleb (2002) find that in

the Apache project, a decentralized decision making structure is in place that

involves a simple voting process. On the other, Jensen and Scacchi (2005) doc-

ument a much more formalized structure in the Netbeans community. Most

projects exist on a continuum between these extremes (Crowston, Kangning

Wei, Qing Li, & Howison, 2006), and O’Mahony and Ferraro (2007) suggest

this is because leadership structures emerge over time in FOSS projects depend-

ing on various contextual factors and team aims. Giuri, Rullani, and Torrisi

(2008) further find that more modular projects tend toward more pronounced

leadership structures, while leaders emerge from participants with more diverse

skill because this helps to maintain better overview of different aspects of devel-

opment. Thus different governance models appear to be effective for projects

with different contexts.

Knowledge sharing is another critical emergent state for FOSS teams

(Hemetsberger & Reinhardt, 2004). The use of virtual communication tools

to archive and record interactions supports FOSS team longevity by enabling

transactive group memory and the re-experience of events and decisions by new

group members, affording persistent guidance in the face of high turnover.

Overall, studies of the social processes behind the different levels of mem-

bership in FOSS development highlight the importance of cohesion, good stand-

ing within the group and strong interpersonal relationships with other members

of the group, to the effectiveness of FOSS teams. However, past research on

FOSS processes was largely interested in understanding what makes projects

successful, and situations in which developers work together well. Relatively
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fewer research to-date has considered instances of disagreement between devel-

opers, and their implications for FOSS projects.

Past work on Conflict in FOSS

Research on FOSS development suggests that conflict is very much prevalent in

community interactions (Bezroukov, 1999), and integral to development func-

tions (Weber, 2005). However, as the next section will show, significant gaps

remain in our understanding of this process. Because conflict can be both detri-

mental to a group’s function, as well as capable of encouraging novel thinking

and innovation (Coser, 1957), studying conflict is critical to the understanding

of both the successes and failures of open collaborative systems (Crowston et

al., 2012).

A number of early studies that dealt directly with conflict were based on case

studies of individual projects, and thus have taken a more descriptive approach.

For instance, Elliott and Scacchi (2003) described an example of conflict that

emerged in a Free Software project developing a business office system (BOS).

The study highlighted disagreements arising from a perceived inconsistency be-

tween the project’s stated goals of creating Free Software, and the implementa-

tion of these goals by the use of non-free (proprietary, non-open source) tools.

The conflict between freedom ideals and non-Free software use resulted in a

clarification of community norms that allowed developers the freedom to use

any (including non-free) tools to create Free Software. An interesting insight

emerging from this work suggests that conflict episodes may influence group

structure and principles when group norms are called into question. Recent

work by Wang, Shih, and Carroll (2015) supports these findings by studying

value diversity more generally in a case study of the Mozilla project. They find

that when opinions differ concerning the goal of the project/community, this

may outwardly manifest in conflict.

The above studies show an interesting pattern of conflict emerging from clar-

24



ifications of broad community goals and norms. However, the above studies are

largely descriptive, do not explicitly provide a consistent definition of conflict,

or contrast their findings with extant literature. Thus it is difficult to draw com-

parisons and understand if there are significant differences in experiences of

FOSS projects compared with other forms of organization.

Van Wendel de Joode’s (2004) work is one exception that engages with a

conflict framework that is derived from work on traditional organizations and

commonly used in virtual team research. The study distinguishes between con-

flicts that arise from tasks disagreements concerning software development and

affective disagreements that arise from interpersonal incompatibilities. How-

ever, the norms-related disagreements examined above do not fit into the distinc-

tion made by van Wendel de Joode, suggesting the need to expand this task/af-

fective conflict binary.

Other work on FOSS conflict deals directly with conflict management. For

example, Jensen and Scacchi (2005) look at conflict resolution in the Netbeans

community and find that conflicts are resolved primarily via discussion mail-

ing lists, thus allowing the entire community the opportunity to weigh in on

the issue. van Wendel de Joode (2004) also finds that modularity and ability

to develop branches of code in parallel, or in extreme cases, fork a project, are

a potential means of managing conflict in FOSS teams. While conflict man-

agement is an important area of study, not all types of conflicts are necessarily

detrimental for team development (Amason, 1996; Coser, 1957). Thus it is also

pertinent to distinguish types of conflicts and conditions under which they may

or may not need resolution in FOSS settings. This requires a consistent theoret-

ical formulation of conflict occurrence in FOSS.

Though FOSS studies on conflict are limited, work on conflict in other open

collaborative systems, like Wikipedia, is somewhat more prevalent and may be

instructive. Thus key research in this area is also reviewed below.
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Past work on Conflict in Wikipedia

Kittur and colleagues (2010; 2009; 2007) were some of the first to consider what

conflict means in a Wikipedia setting. In their work, conflict is conceptualized

as the level of reverts in an article, or the amount of times changes of some

participants have been undone by other contributors. In an earlier study, they

develop a method for predicting reverts from article content (Kittur et al., 2007).

Following this, they find an increase in the number of contributors increases

conflict levels due to the presence of more varied perspectives (Kittur et al.,

2009). They further find that modifications to policy and greater procedural

work are the primary means for resolving these disagreements.

Arazy et al. (2011) build on these findings and connect them with conflict

theory on traditional organizational teamwork. Specifically, they examine the

emergence of conflict due to differing opinions on the task at hand, as an exam-

ple of task conflict. Alongside this, they examine the level of cognitive diversity

among authors of the same Wikipedia article (representing a team), and their

connection with the quality of articles produced. They find that on its own,

task conflict has a negative relationship with article quality. However, when it

is present in groups with greater cognitive diversity, task conflict enables these

varied opinions to surface and contributes to greater article quality. In a sub-

sequent study, Arazy et al. (2013) also find that task conflict among Wikipedia

editors can evolve into procedural or interpersonal issues if left unresolved, and

that this transformation has a negative impact on the quality of articles written.

Similar to van Wendel de Joode’s work reviewed earlier, the above studies

on Wikipedia suggests a trend toward drawing on conflict theory from tradi-

tional organizational settings to improve our understanding of open collabora-

tive system processes. However, also similar to work on FOSS, other studies

on Wikipedia conflict suggest there may be more to conflict in open collabora-

tive settings than the traditional conflict framework covers. For instance, Matei

and Dobrescu (2010) find that conflict emerges from disagreements concern-
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ing group norms, and overall group values, such as Wikipedia’s neutral point

of view (NPOV) policy. This type of conflict is fundamental in enabling the

surfacing of different interpretations of intentionally vague group norms, and

results in the development of a common understanding between contributors. In

this way, similar to work on FOSS conflict reviewed above, Matei and Dobrescu

show that conflict can arise from unclear group norms and in its resolution be

instrumental in the development of the community as a whole.

It is important to recognize that despite the many similarities, work to edit

Wikipedia and create FOSS projects has some important differences that may

impact theory building on conflict. Aside from differences in the subject matter

of the work (namely software and encyclopaedic knowledge), editing work in

Wiki settings affords less task interdependence than FOSS development because

only one editor can edit an article at a time. This results in the need for more

discussion about the right way to go about editing an article on the article talk

page, and may lead to more explicit manifested disagreements. Most crucially,

Wikipedia affords less opportunity for attaining visible reputation in the com-

munity compared to FOSS teams who reserve special titles for core contributors

and highlight the importance of many central project members on project pages.

Thus motivations of Wikipedia editors and FOSS developers differ: FOSS

developers are motivated both by individual (more selfish) reasons such as rep-

utation in the community as this aids in career advancement offline, as well as

by collective goals such as belonging to a project and a belief in the ideals of

Free and Open Source Software (Oreg & Nov, 2008). By contrast, Wikipedia

editors are more likely to contribute for altruistic reasons alone, and their mo-

tivations mainly depend on their belief in the need for continuing to develop

an open and transparent source of knowledge (Nov, 2007). The implication of

these differences is that conflicts may have an event stronger effect on Wiki-like

communities than might be observed in the present study on FOSS teams. This

is because in the absence of personal motivations to contribute to the project,
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Wiki editors may find less value in continuing to contribute in the presence of

conflict and therefore more likely to depart the community.

Keeping in mind the potential for conflict to be even more destructive in

Wikipedia settings, we can derive some common patterns and insights from

studies on conflict on FOSS and Wikipedia. For instance, in attempting to build

more formal theory on conflict, work in both spheres draws from literature on

traditional organizational teamwork. However, studies also suggest there may

be more to conflict than disagreements about task, procedure, or interpersonal

incompatibilities. Specifically, work suggests conflicts about group norms play

an important role in team development and shape, crystallize and modify sub-

sequent community values and beliefs, suggesting the need to build theory to

include this dimension in our understanding of conflict. Thus the present work

takes first steps toward building a consistent and relevant theory of conflict for

FOSS teams with the following research question:

How is conflict manifested and interpreted by FOSS project members? What

impact does this have on the relationship between conflict, team structures,

emergent states and team outcomes?

In addressing this question, following prior work on open collaborative sys-

tems, the present research will draw on literature from organizational teams to

help understand how this evidence of conflict about norms fits into our under-

standing of intragroup conflict more broadly. Before moving on to a review

of conflict conceptualization in traditional organizational settings, the next sec-

tion will consider to what extent it is appropriate to draw from literature on

traditional organizations to build theory on conflict in an emerging online col-

laboration phenomenon.

1.2.3 Relevance of organizational theory to FOSS research

As the above section has shown, work on open collaborative systems often bor-

rows from literature on virtual teams to frame their enquiry (e.g. Arazy et al.,
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2011; Crowston et al., 2007; Moon & Sproull, 2002). This is because FOSS

teams have several properties in common with virtual teams. These are de-

scribed below, and an argument is made for drawing parallels between virtual

team research and FOSS when building an understanding of conflict.

Virtual teams are “groups of people with a common purpose who carry out

interdependent tasks across locations and time, using technology much more

than they use face-to-face interactions” (Cramton, 2001, p. 346). The definition

of virtual teams, therefore, contains within it three distinct variables: 1) com-

mon purpose, 2) interdependence of task and 3) technology as primary means

of communication. FOSS developers do indeed work together on a common

purpose, and as face-to-face contact between developers is rare and often un-

planned, they use technology as a primary means of communication (Crowston

et al., 2007).

FOSS teams are also interdependent, though in somewhat different ways

from virtual teams in traditional organizations. As Howison (2009) notes, tasks

in FOSS development tend to be modularized, which means that development of

any module can occur relatively independently from the rest. Howison (2009)

points out that in FOSS development, tasks that require substantial effort to per-

form, such as those needing to involve more than one individual, are frequently

deferred until such a time when the code base changes sufficiently to allow the

task to be performed individually. Furthermore, coordination happens through

implicit mechanisms such as extensive logging, the use of common tools and

a preference for small, incremental changes (Bolici et al., 2009). These fea-

tures, together with open contribution policies and licenses allow for technical

independence during development.

However, there are other levels of social interdependence experienced by

collaborators in FOSS teams. For instance, many projects employ a system of

access management that limits who can make changes to the main branch of

source code (Weber, 2005). This is necessary to avoid a situation in which a
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commit breaks functionality of the system. Getting commit access that allows

developers to bypass this and make changes directly to the code base often re-

quires some efforts in socializing into the community (Duchenaut, 2005), and

even after attaining this status, committers remain bound by social norms like

code review and subject to comments from other community members. Fur-

thermore, code contributors without commit privileges need to coordinate their

modifications with the maintainers (von Krogh, Spaeth, & Lakhani, 2003). Thus

while development of individual pieces of code can occur independently, in

larger projects this code is still subject to approval by other community mem-

bers, maintainers or the leader, before it can be merged. Therefore most FOSS

team members depend on other contributors to achieve their goals, just like vir-

tual teams, but the manifestations of interdependence vary in practice.

Finally, FOSS teams address the problem of division of labor by afford-

ing voluntary participants the chance to select tasks they work on. In other

words, most contributions are the result of “scratching a developer’s itch” rather

than a planned set of tasks (Raymond, 1999). However, though various factors

unique to FOSS enable this mechanism, on the whole it is not an entirely new

idea. Work on traditional organizations prior to the emergence of virtual team-

work has already proposed the idea of team empowerment, that is, the sharing

of power between the leader and their subordinates such that team members

enjoy greater ability to set their own goals (Conger & Kanungo, 1988). This

idea has also been extended to the virtual team research space in the form of

shared leadership, or collaborative decision-making (Bell & Kozlowski, 2002;

Hoch & Kozlowski, 2014). Supporting the parallel between shared leadership

and FOSS, Fielding (1999) examined the distributed and collaborative decision-

making style of the Apache project as an example of shared leadership.

Taken together, it appears that while FOSS teams and virtual teams may

employ different solutions, these solutions are directed at addressing the same

problems. In fact, Puranam, Alexy, and Reitzig (2014) argue that all organiza-
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tions address the same key organizing principles concerning division of labor

and integration of effort. New forms of organization simply offer novel solu-

tions to one or more of these principles. Crucially, while they may appear to be

new for some forms of organizations, they may in fact be novel bundles of older

properties or solutions. In this case, rather than developing entirely new theo-

ries, it is fruitful to draw on areas of insight where these features have been well

studied, to afford greater consistency as well as comparisons across different

organizational types.

Thus the present work draw parallels between FOSS projects and virtual

teams in traditional organizational settings by examining the extent to which

theories of conflict in traditional organizational settings are applicable or may

differ in the FOSS context.

Terminology: Groups versus Teams

It is important to note at this juncture the terminology used throughout the rest of

the dissertation when talking about FOSS projects. Specifically, throughout this

work, the terms "group", "team" and "FOSS project" are often used interchange-

ably. However, both the terms "group" and "team" are loaded constructs, and it

is important to recognize the different perspectives surrounding these terms.

Some prior work emphasizes the distinction between groups and teams. For

example, Katzenbach and Smith (1993) suggest that "A team is a small number

of people with complementary skills who are committed to a common purpose,

set of performance goals, and approach for which they hold themselves mutually

accountable." (Katzenbach & Smith, 1993, p. 112) By contrast, groups are more

a collection of individual actions, and are not responsible for results other than

their own. This is a fruitful distinction in an organizational context, however it

does not translate easily to the peer production context, and to FOSS projects

more specifically. While FOSS projects are often made up of a collection of

individual contributions (Howison, 2009), they also feel connected by a com-
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mon purpose, that is, the creation of Free and Open Source Software, and are

accountable to one another for the approach they take to solving the problem.

In other words, despite often involving very modularized work, FOSS teams

share a sense of group identity and have common processes to which others are

accountable.

Other research does not distinguish between work teams and work groups

explicitly. For instance, Kozlowski and Bell (2001) performed an extensive

review of work on the subject and proposed that both work teams and groups

are:

- entities composed of two or more individuals;

- who exist to perform organizationally relevant tasks;

- share one or more common goals;

- interact socially;

- exhibit some form of task interdependence, be it in goals, outcomes or

workflow; and

- maintain and manage boundaries of membership and are embedded in a

broader organizational context that influences the group.

In their definition, FOSS projects represent work groups/teams as well, be-

cause they can be comprised of anywhere from two to hundreds of individuals

that perform tasks relevant to the project development as a whole, and despite

individual motivations share a common goal of contributing to the development

of Free and Open Source Software (Kozlowski & Bell, 2001). Furthermore,

FOSS project members often interact socially on IRC, mailing lists and during

community events, and they have most frequently sequential interdependence in

their tasks as described above. In addition, FOSS projects do maintain bound-

aries and access to project membership because not everyone can become a

contributor - one must have sufficient knowledge in the technologies used by

a particular project, demonstrate an understanding of the project code base by

proposing a valuable improvement to the project and be recognized as such by
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other members. Finally, different groups of developers working on smaller sec-

tions of the project code base are embedded in the broader project context, as

well as the more general FOSS community. Thus a group of developers work-

ing together on a Ruby library are also embedded in the broader structure of

the Ruby community, any other projects they may depend on, and the FOSS

ecosystem as a whole.

To facilitate comparison between different types of work organizations,

Kozlowski and Bell (2001) propose 6 dimensions that distinguish different

forms of work:

1. "the external environment or organizational context in terms

of its (a) dynamics and (b) degree of required coupling;

2. team boundary permeability and spanning,

3. member (a) diversity and (b) collocation/spatial distribution;

4. internal coupling requirements;

5. workflow interdependence with its implications for (a) goal,

(b) role, (c) process, and (d) performance demands; and

6. temporal characteristics that determine the nature of (a) per-

formance episodes and cycles and (b) the team life cycle"

(Kozlowski & Bell, 2001, p. 10).

According to this framework, short-term virtual teams in traditional organi-

zations are embedded in a relatively closed organizational context and may be

mostly uncoupled from other teams in the organization while having lower team

boundary permeability. They do however have relatively high geographical dis-

tribution, diversity, internal coupling, and interdependence in work, goals, and

performance but more short-term performance and team life cycles. By con-

trast, FOSS teams have an open and transparent organizational environment

that communicates a lot of its own inner-workings to the public and a higher

degree of coupling between different groups of developers in the same project
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because they work on the same code base and may therefore break each other’s

code. FOSS projects also have high boundary permeability, diversity and ge-

ographical distribution, relatively lower internal coupling requirements within

teams and less workflow interdependence, with long-term team life cycles inter-

spersed with repeated performance milestones in the form of software releases.

Specifically, FOSS projects can span many decades: Linux, for instance, was

first released in 1991 (Moon & Sproull, 2002), the GNU project was announced

in 1983 (Overview of the GNU System, n.d.) and Debian began in 1993 (About

Debian, n.d.).

The above framework helps in translating theories from traditional organiza-

tional settings into peer production contexts by clearly delineating areas of sim-

ilarity and stark contrast. Thus when the present work describes FOSS projects

as groups or teams, it is with the understanding that they have a unique pattern of

work organization that is in some ways similar and in other ways different to that

of work groups in traditional organizations. The findings of the studies reported

in this work may therefore be generalized more along some of these similar di-

mensions, but vary across dimensions that are in stark contrast to organizational

teams. This is one of the key aims of this work, because in drawing these clear

boundaries it is then possible to expand both theory on work in FOSS settings

as well as conflict in distributed work by exploring and contrasting new and dif-

ferent organizational contexts. The following chapter will outline this research

agenda in more detail, elaborating how conflict manifestations in FOSS projects

may differ from those of short-term virtual teams in traditional organizations

and the implications of this difference for conflict theory as a whole.
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Chapter 2

Literature Review 2 - Conflict in
Organizational Teams

This chapter expands theory on conflict in both traditional (collocated) and vir-

tual work settings, and illustrates why it is necessary to examine conflict in

ongoing virtual team settings in greater detail. Specifically, this second chap-

ter synthesizes work across various fields to build an argument for expanding

the existing taxonomy of conflict in virtual work. First, an overview of conflict

conceptualizations within different domains is presented, highlighting the role

of conflict in stimulating change within social organizations. Then, by explor-

ing relevant CMC theories, the chapter suggests virtual groups have a similar

capacity for internal transformation and growth. A review of existing litera-

ture on conflict in virtual work is presented, highlighting recent advancements

as well as a gap in understanding of ongoing virtual teams and the processes

through which they evolve. Finally, an argument is made for the need to exam-

ine conflict in ongoing virtual team settings, and in particular, its relationship

with group development and future team structures.

2.1 Classic theory on conflict in social groups

Historically, scholarly work viewed conflict in opposition to order. Early

thinkers emphasized the need for maintaining order in social organizations by
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controlling dissent and maintaining a strong central authority (e.g. Hobbes,

1651). Conflict was therefore viewed as a destabilization of an inherently sta-

ble and functional society (Parsons, 1951), and early organizational literature

inherited this dialectic assumption. Conflict was seen as detrimental to cooper-

ation and organizational effectiveness (Mayo, 1933), and research emphasized

the need to control conflict as far as possible, by applying the right management

principles (Taylor, 1911) and structures (Fayol, 1949).

Taken together, this foundational work presupposed that a healthy social

organization is one that is free of conflict. However, other work rooted in the

Hegelian tradition argued that conflict is a primary driver for change in a group.

Specifically, social change emerges from two opposing forces: the thesis (or the

status quo) and the anti-thesis (or the resistance) derived inevitably from and in

opposition to the status quo (Beiser, 2005). Growth, or synthesis, only occurs

after these two opposing forces come to a head and are resolved in favor of a

new status quo. In this recursive process, the status quo is eventually challenged

with a new resistance in future iterations.

A certain amount of conflict is essential for holding any social group to-

gether – from marriage, to organizations, communities and nations (Simmel,

1955). This is because conflict is a primary driver of growth by highlighting

various options for action, while stirring us to reflect and act upon those options

(Dewey, 1922). Thus while conflict as a social process does have potential to

distract a group from its immediate goal, it also affords an opportunity for new

opinions and directions, reflection about existing structures and action towards

change.

The next sections will examine how literature on traditional organizational

teams has treated conflict thus far with respect to its nature, dimensions and

impact on the long-term development of collocated teams, highlighting areas

where this dissertation can make a contribution.
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2.2 Conflict in organizations

The following section will first outline a definition of conflict as a process in the

context of organizational literature. A historical overview of key research trends

in this area will be presented, followed by a review of more recent work. Given

the large amount of prior work on the subject of conflict, a full review would be

impractical. However, the following sections aim to highlight overall tends in

the development of knowledge about conflict in organizational teams over time.

2.2.1 Definition

Although early definitions of conflict varied widely and no one definition was

predominant, over time research coalesced toward characterizations that in-

cluded a collection of similar factors: a dynamic group process arising from

a level of interdependence within the team due to the perception that one’s con-

cerns have been interfered with (whether or not this is actually the case) and

manifesting in dissonance, disagreement or incompatibility (Fink, 1968).

Pondy (1967) suggested that conflict is a dynamic process between two or

more individuals that emerges as a sequence of episodes and gradually esca-

lates into disorder. Conflict begins with certain potentials that may or may not

be recognized by individuals. If these potentials are perceived as incompatible,

they are likely to manifest in a variety of conflictual behavior, with each conflict

episode leaving an aftermath that affects future interactions between team mem-

bers. Similarly, Putnam and Poole (1987) argued that conflict emerges from the

interaction of interdependent people who perceive opposition to goals/aims/val-

ues and who see the other party as potentially interfering with those aims.

Others prefer a more simple definition. Thomas (1992) asserts that conflict

is “the process which begins when one party perceives that another has frus-

trated, or is about to frustrate, some concern of his” (p. 891). Rahim (2002)

suggests that conflict is an interactive process manifested in incompatibility,
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disagreement, or dissonance within or between social entities. Rahim’s defi-

nition includes conflict across different levels: intrapersonal (internal conflict),

interpersonal, intragroup, intergroup and interorganizational.

One aspect the various definitions do not exactly agree on concerns the

nature of the opposition perceived in the conflict episode: Putnam and Poole

(1987) discuss goals, aims and values; Thomas (1992) talks about concerns;

Rahim specifies only a general incompatibility, while J. A. Wall and Callis-

ter (1995) also describe interests. These diverse perspectives on the nature of

opposition have become reflected in a section of conflict literature that distin-

guishes between different types of conflict and their varying effects on the team.

Furthermore, some approaches to conflict consider the way an episode unfolds,

while others instead focus on events and prior causes. The next two sections

will introduce these differing perspectives on conflict, beginning with process

versus structural approaches.

2.2.2 Process versus structural approaches

Early conflict literature was focused on either exploring the process through

which a conflict episode unfolded, or in identifying the structural conditions

that led to conflict manifestation. In doing so, the two approaches made different

assumptions about the emergence of conflict.

Process approaches

In a prominent example of the process approach, Pondy (1967) treats conflict as

an episode that unfolds in a series of stages: latent conflict, perceived conflict,

felt conflict, manifest conflict, and conflict aftermath. Latent conflict emerges

from a combination of structural conflict potentials, or, in other words, latent

conflict is the potential for conflict based on certain structural team characteris-

tics. In the perceived conflict stage, one or more parties have an awareness of

conflicting interests. In the felt conflict stage the parties experience tension as a
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result of this awareness, and/or personal attribution. Manifest conflict for Pondy

involves open aggression, while the conflict aftermath is a legacy of conflict that

is not fully resolved and may reappear or be aggravated in future interactions.

These stages do not need to occur strictly in sequence. Latent conflict may not

always result in perceived conflict or aggression; similarly, parties may perceive

conflict even if no latent conditions exist for its basis.

Walton (1969) proposed a similar approach involving conflict cycles that be-

gin with substantive emotional issues that have the potential to trigger conflict

events and lead to manifest conflict. Individuals may exhibit different behav-

iors during the conflict episode, with varying consequences. Thus in Walton’s

model, the extent to which conflict is a negative force in the team largely de-

pends on team member behavior. The conflict episode also eventually feeds

back into new or redefined issues for the team.

Similarly, Thomas (1992) argued that conflict begins with an initial frustra-

tion, which leads to differing behaviors depending on the perception of parties

concerning the conflict episode. Furthermore, individual behaviors are subject

to interpretation by other team members, resulting in a feedback loop that may

escalate and become a self-fulfilling prophecy. Thus if one individual perceives

a frustration of their goals from another team member (even if this was not de-

liberate), and reacts with hostility, the second team member may interpret this

hostility and react negatively in turn, thereby escalating the event. Finally, sim-

ilar to the models outlined above, Thomas’ conceptualization also suggests that

outcomes of the conflict, especially when unresolved, have the capacity to im-

pact and stimulate future frustrations.

Taken together, the above process models share many similarities. All the

models assume conflict follows a predictable and recursive course. They all

feature an interpretive dimension, in which conflict must be perceived as such

before it can manifest in the team, and an emphasis that these perceptions may

be different and not necessarily in line with objective reality. However, this

39



emphasis on interpretation means that conflict need not always have a negative

effect on the team – it is only when behavior is recognized as conflictual and

elicits negative responses that it begins to negatively impact the team. Further-

more, all the above models agree that conflict has an effect on future interactions

by setting up context between parties and social conditions that can exacerbate

future issues, especially when conflict is not resolved early.

Structural approaches

Structural approaches to conflict, by contrast, often assume a rational response

of team members to certain preconditions. For example, Deutsch (1949), in one

of the earliest works on the subject, highlights the significance of goal inter-

dependence for the emergence of conflict. Specifically, when individuals have

positively interdependent goals, this results in cooperation, while negative inter-

dependence results in competition and conflict. This perspective draws a clear

and direct line between structural inputs and conflict emergence. Research fo-

cused on identifying structures that lead to conflict has examined intrapersonal,

intragroup as well as contextual and external factors.

Research examining intrapersonal factors in the rational response model

highlighted internal attributes that when present, are likely to be connected

with greater conflict. These are also sometimes referred to as internal actor

attributes, and reflect issues such as individual bias when forming perceptions

of the communication intent (Thomas & Pondy, 1977), incomplete informa-

tion (Hackathorn & Keen, 1981), predispositions towards bargaining styles and

varying personal motives (Brett, 1984), as well as position in the organization

(Pondy, 1967).

Interpersonal and intragroup factors are some of the most commonly stud-

ied, and thus exhibit wide variety across past work. Interpersonal, or dyadic,

factors focus on relationship nuances between two opposing parties, such as

communication styles and hostile behavior (Pondy, 1967). A number of stud-
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ies distinguish between different types of conflict sources such conflicts about

task related issues, interpersonal disagreements and procedural issues (Amason,

1996; Behfar, Peterson, Mannix, & Trochim, 2008; Jehn, 1995, 1997). These

will be examined in greater detail in the next section. Research also consid-

ers the norms of reciprocity between parties in influencing a conflict episode

(Gouldner, 1960; Park & Antonioni, 2007). For instance, studies show that

while in some situations the most rational response would be for individuals to

compete, when they are presented with information about others cooperative in-

tent, they are more likely to reciprocate (Falk & Fischbacher, 2006). Thus when

team members expect future interactions with one another, reciprocity reduces

competitive drives that lead to conflict. A more generalized group norm of reci-

procity has also been shown to encourage knowledge sharing and cooperation

in virtual communities at an intragroup level (Wasko & Faraj, 2005).

Power is another important interpersonal factor examined in prior work.

Emerson (1962) outlines the power-dependence relationship in which power

is a function of the control, or influence, an individual is able to exert and

dependence involves the value of the outcome and availability of alternatives.

Together these factors determine an individual’s rational choice toward cooper-

ation or competition in the face of conflict. For example, if an individual per-

ceives they have relatively low power over their conflict opponent, and a high

dependence on them for a personal outcome, they may be more likely to com-

promise or accommodate the other party. In virtual groups like FOSS teams,

the voluntary nature of developer participation may mean that other develop-

ers or project leaders have relatively less influence they can exert on their team

members in times of disagreement.

Some of the most notable and commonly studied intergroup factors include

the level of goal/task compatibility, task clarity and complexity, organization or

group norms, as well as team interdependence (Blake & Mouton, 1984; Brett,

1984; Deutsch, 1949; Kilmann & Thomas, 1977). Greater goal or task compat-
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ibility among group members and prominent group norms are generally seen to

be favorable for the team and reduce unproductive conflict levels. Greater task

complexity stimulates more conflict about task issues, but leads to better quality

outcomes if task goals are clear, while interdependence often leads to greater

levels of both productive and unproductive conflicts (Yetton & Sharma, 2007).

Finally, intergroup and contextual factors deal with issues outside of the

group that may stimulate or ameliorate conflict occurrence. For instance, Sherif

(1936) has found that intergroup competition and conflict may occur from the

simple act of dividing individuals into opposing groups, and setting up com-

petitive goals. However, superordinate goals are helpful in bridging otherwise

competitive behavior between two groups, because this increases strength of ties

and identification with the team (Nelson, 1989). Context can mean many things

in the context of organizational conflict, such as the broader organizational set-

ting, norms, and market position (Pondy, 1967). Context can also include the

history of previous interactions group members may have had with each other

as members of this or other past teams (J. A. Wall & Callister, 1995).

Pondy (1967) found that among the various structural factors examined by

literature, relational variables had the most overall predictive power (such as

interdependence, organization position, and norms of reciprocity), followed by

conflict issues or sources, with actor attributes and organizational context vari-

ables accounting for relatively less variance in predictive models of conflict

emergence.

Taken together, though the process and structural approaches to the early

study of conflict have somewhat different assumptions, there are a number of

similarities in the approaches when viewed as a whole. Both approaches recog-

nize the role of individual perceptions on conflict manifestation, as well as the

relevance of past interactions on subsequent conflict emergence. Thus both ap-

proaches suggest a need to consider subjective conflict interpretations, and the

evolution of conflict over time. Furthermore, both views identify that conflict
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may be concerned with different issues, and have varying effects on the team,

both positive and negative. In this way, early research has shaped more recent

work on conflict in the 1990s and 2000s that focused on distinguishing between

different types of conflict, and their differential effect on team outcomes.

2.2.3 Towards an intragroup conflict taxonomy

As the previous section has shown, the recognition that conflict can have both

good and bad implications for the team has sparked more attention, particularly

in the past two decades, towards identifying the specific types of conflicts and

conditions that may lead to these effects. The following section reviews this

avenue of research in greater detail, and introduces the intragroup conflict tax-

onomy used predominantly in conflict research today.

Work as early as the 1960s had already distinguished between destructive

conflict and instrumental, goal oriented and rational conflict models (Rapoport,

1960). Similarly, Pondy (1967) argued that conflict could be both functional

and dysfunctional. Furthermore, as previous sections have shown, conflict does

not necessarily have to be costly, and may be a stable feature of the group. Thus

conflict may not always need resolution – this largely depends on the stability

and severity of relationships involved (Pondy, 1967).

Early researchers also distinguished between different types of conflicts.

Guetzkow and Gyr (1954), for instance, distinguished between conflict grounded

in interpersonal incompatibilities and issues arising from the task at hand. Sim-

ilarly, Rapoport (1960) suggested a difference between fight conflict, an ag-

gressive and destabilizing force, and debate conflict that involved discussions

of what is and what ought to be, such as different ideas, values, ideologies or

policies. V. D. Wall and Nolan (1986) identified person conflict that focused on

relationship differences, and substantive conflict about the task at hand. Pondy

(1967), on the other hand, suggested that conflict might arise out of scarce re-

sources, thus problematizing the achievement of the task at hand, or due to dis-
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agreements regarding aspects of control such as rules, procedure or leadership,

and coordination.

In 1990, Pinkley set out to formalize some of these disputant interpretations

of conflict, or the various ways conflict is framed, and isolated three dimen-

sions: task versus relationship, intellectual versus emotional, and win versus

compromise (Pinkley, 1990). The first dimension involved the extent to which a

conflict episode was attributed to problems in the relationship between parties.

The second was concerned with the extent to which individuals paid attention to

emotional aspects of the conflict episode, such as feelings of anger and frustra-

tion. The third involved attribution of blame, that is the extent to which parties

felt that both individuals were responsible for the conflict. Individuals who felt

the conflict was a result of the actions of both parties were more likely to seek

cooperative outcomes, while those who felt only the other party was to blame

were more likely to seek compensation.

Over time, the relationship and affective dimensions became conflated and

used interchangeably, as did the task and cognitive dimensions. Task conflict

became associated with improving the quality of team outputs by introducing

more opinions and preventing groupthink, while relationship conflict, due to its

often-accompanying emotional dimension, became associated with a reduction

of team satisfaction and performance (Amason, 1996; De Dreu & West, 2001;

Jehn, 1995). Amason (1996) and Jehn (1995) both used the relationship/task

dichotomy to test these propositions. Amason found that task conflict had an

overall positive relationship with outcomes like decision quality, understanding

and affective acceptance of decisions, while Jehn found that this was more true

for teams performing more complex tasks. Affective conflict had an overall

negative effect on outcomes measured across both studies.

After extended observation and interviews with collocated organization

teams, Jehn (1997) expanded the task/relationship dichotomy by adding a third

dimension – conflict about team processes. The study found process conflict to
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be an overall negative force on team performance, similar to relationship con-

flict. The study also highlighted the importance of group norms around conflict

in mediating these effects on outcome. The inclusion of process conflict in

subsequent studies was somewhat inconsistent, in part due to difficulties estab-

lishing a clear distinction between task and procedural issues (de Wit, Greer, &

Jehn, 2012). Recently, Behfar and colleagues have reexamined this dimension

and shown its continued relevance to the conflict taxonomy, while distinguish-

ing between different kinds of procedural issues (Behfar, Mannix, Peterson, &

Trochim, 2011). Specifically, they found process conflict involved both a con-

tribution dimension, such as the extent to which group members are living up

to their assigned roles and tasks, as well as a logistical dimension concerning

issues such as allocation of resources and time.

A significant portion of work on conflict in the last two decades was con-

cerned with identifying the precise conditions under which the various types of

conflict lead to positive or negative outcomes in a contingency model (Jehn &

Bendersky, 2003; Korsgaard, Soyoung Jeong, Mahony, & Pitariu, 2008). In do-

ing so, the studies frequently followed an input-process-output model (McGrath,

1984): structural factors such as team interdependence and task complexity

formed the inputs, conflict was examined as one of the processes, in reference

to team substantive outcomes like performance and quality, and affective, such

as satisfaction. Literature Review 3 in Chapter 4 will focus in more depth on the

relationship between conflict types, inputs and outcomes, thus it is not discussed

here in detail.

A common criticism to this emerging taxonomy was the fact that the dif-

ferent conflict types were often found to co-occur or correlate with one an-

other making it more difficult to tease out individual effects, especially in cross-

sectional work (De Dreu & Weingart, 2003; Korsgaard et al., 2008; de Wit et

al., 2012). A series of longitudinal studies provided significantly more clarity

about the interaction of these different factors (Arazy et al., 2013; Greer, Jehn,
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& Mannix, 2008; Jehn, 1997; Mannix & Jehn, 2003). The studies found that

due to varying and often imperfect perceptions of team members about others’

intentions, there may be a causal relationship between task and affective con-

flict (Jehn, 1997). Specifically, when task disagreements are misinterpreted as

personal criticism, a task issue may transform into a relational one (Simons &

Peterson, 2000). At the same time, some team members may treat task assign-

ments as a personal reflection of their performance and character. Thus criti-

cisms directed at their task competency, or the assignment of a task, may lead to

hurt feelings and frustration (Huang, 2010; Jehn & Bendersky, 2003). Yang and

Mossholder (2004) suggest that it is necessary to resolve task conflict during

personal interactions, lest it turns into relationship conflict. Interestingly, theory

consistently conceptualizes a link from task to affective conflict more often than

the other way around, suggesting that affective conflict is a possible escalation

mechanism.

Furthermore, process conflict has been found to exacerbate both task con-

flict, as well as the link between task and relational conflict. For instance, Arazy

and colleagues (2013) found that task conflicts can gain a procedural dimen-

sion when discussions about what information to include in an article evolve

into disagreements about interpretations of Wikipedia contribution rules. At

the same time, Greer et al. (2008) have found that high process conflict levels

early on increase the likelihood of increased levels of not only process, but also

task and affective conflict in future. Finally, Martinez-Moreno and colleagues

(2012) suggest that relationship conflict is prompted by the interaction between

task and process conflict over time. In other words, when coupled with high

levels of process conflict, task conflict is especially likely to trigger relationship

conflict.

Taken together, the intragroup conflict taxonomy shows that conflict not only

takes different forms, but that these forms are fluid, subject to interpretation

based on personal perceptions and group norms, and evolve over time. Given
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this evolving nature of conflict, it is relevant to consider conflict’s role in group

development as a whole. The next section will make a case for studying group

processes and their evolution not just longitudinally over time, but also in real

world (natural) teams that have a long-term orientation toward working together.

A review of key group development theories will be presented with a particular

focus on conflict, followed by empirical work that has examined either long-

term oriented teams, group development, or both, in connection with conflict in

collocated teams.

2.2.4 Team development over time

Time Orientation versus Group Change

It is important to distinguish between studying the effects of time in a group,

and studying group change and development (Arrow et al., 2004). While time

in team research is often treated as a methodological problem or a resource to

be managed, group change, on the other hand, happens over time in specific

patterns, and often follows non-linear dynamics. While it is possible to do lon-

gitudinal work on teams that do not have a long-term outlook, such as short-term

student teams, these findings may differ from the nature of processes in teams

that spend more time together, grow and evolve.

As Zaheer and colleagues (1999) point out, our observations of teams, mea-

surement and analysis can happen across very different blocks of time compared

to a team’s actual life cycle. Furthermore, the validity interval of the inferences

made may vary widely – teams with short-term orientations that expect to work

together for only a finite amount of time can still vary widely in what this finite

period is, from one experimental session, to one day, one project, one semester,

and so on. Similarly, observing ongoing teams even for a relatively short period

of time may yield somewhat different findings than observing short-term teams

over several time periods.

For this reason, Saunders and Ahuja (2006) call on team research, and par-
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ticularly, research on distributed groups, to distinguish between short-term ori-

ented (temporary) and ongoing organizational teams based on the life span of

their tasks. Specifically, short-term teams engage in one or a small number of

concrete tasks that are finite (such as student teams producing a report over the

course of a semester). Ongoing teams, on the other hand, engage in a multi-

tude of tasks that may be repeated, in order to achieve recurring goals (such as

a marketing team of an organization that has varying performance and outcome

goals every quarter, but goes through repeated cycles of work related to each

project). Crucially, ongoing teams have an expectation of future interaction in

working together while short-term oriented teams do not (Axelrod & Hamilton,

1981). As a result, Saunders and Ahuja (2006) argue that ongoing teams have

dramatically different team processes that impact outputs in contrasting ways.

Bona fide groups represent a kind of ongoing team (Putnam & Stohl, 1990).

Bona fide groups are a collection of individuals with shared goals or aims that

have 1) stable but permeable boundaries and 2) contextual interdependence not

just internally but also externally. Stable but permeable boundaries do not only

mean a fluctuation in team membership, although as team development litera-

ture shows, this is a key element in internally driven team change (Moreland &

Levine, 1982). Permeable boundaries also involve communication with other

teams, overlapping boundaries of some teams due to multiple team member-

ships, as well as team members having relationships in other contexts (be it a

personal or work related context). Taken together, permeable boundaries shift

the internal dynamics of the group through fluctuations such as new information,

resources and perceptions.

At the same time, contextual interdependence is not only a set of variables

that may impinge upon a group (Putnam & Stohl, 1990). Context is also em-

bedded in the interactions of members with each other over time. Specifically,

the probability of interactions with each other in other contexts, as well as prior

history, influence group member behavior, even when the situations are unre-
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lated, creating an expectation of future interaction. Real organizational virtual

work groups, as well as online communities like Wikipedia and Free and Open

Source Software projects represent good examples of bona fide groups because

they have relatively stable but permeable membership boundaries, and a sense

of context and history among team members that develops over time. The next

sections will highlight how organizational teams change over time, and connect

this with literature on collocated ongoing (or bona fide) groups and conflict.

Approaches to team development

Research that focuses on understanding how teams develop over time often takes

either a sequential developmental approach, or a non-sequential task-based cy-

cle approach (Mathieu & Rapp, 2009). The developmental approach believes

that teams change according to a predictable and fairly stable pattern over time,

while the task-based cycle approach instead focuses on understanding recurring

patterns of interactions.

One common aspect of the developmental approach is the study of team

life cycles, that is, prescribed sequences of activities that unfold in steps that a

team necessarily has to take (Kuhn & Poole, 2000). Tuckman’s (1965) forming,

storming, norming and performing life cycle is one of the most commonly used

frameworks that is still relevant to research today. Tuckman argues that all teams

experience the same four steps in their team development. The forming stage is

a period of uncertainty early in the life of a team as individual members get to

know one another, establish roles, identify or clarify their goals. The storming

phase is characterized by a phase of disagreement, which brings to the surface

different interpretations of team goals, processes, or member roles. Through

a successful resolution of these conflicts, the team develops their own rules,

procedures and shared understanding (the norming phase). Having successfully

negotiated the team norms, a group can then enter the performing phase where

goal related activities are accomplished.
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Thus Tuckman’s life cycle assumes that teams have to perform a certain

amount of activity not directly connected with the task at hand, such as the con-

struction of common norms, before they can be successful. Tuckman’s frame-

work also implies that the teams have a fixed end point at some time when the

goals are accomplished (Kuhn & Poole, 2000). Building on Tuckman’s origi-

nal work, Hill and Gruner (1973) found that teams do not necessary have to go

through all the steps in sequence. Specifically, there is a carry over effect of

member continuity and familiarity with each other from earlier teams or tasks

that allows the team to skip some of the initial stages.

Later work studying team life cycles has found that groups may follow many

paths, and no one best combination of stages exists for teams because this gen-

erally depends on task features (e.g. Poole & Roth, 1989). Specifically, work

by Marks et al. (2001) shows that some activities, such as conflict or its resolu-

tion, are continually revisited by teams, and there may also be periods of largely

unorganized activity in between task focused sprints.

On the other hand, task-based cycle theories focus on repeated processes,

and the ongoing interplay of factors that influence future interactions. One of

the most prominent examples of this approach is Gersick’s (1988) punctuated

equilibrium model, also still commonly used in literature today. Gersick argues

that teams exist in a mostly stable structure that is punctuated by short bursts

of radical change. The sources of change can be either internal or external, and

result in a temporary period of instability until a new equilibrium is established.

Gersick further suggests that this radical change occurs toward the midpoint of

the team’s life cycle or task. Interestingly, studies show that teams undergo a

midpoint transition regardless of the total time taken in the project. For example

Waller, Zellmer-Bruhn, and Giambatista (2002) find that both teams with stable

and fixed deadlines, as well as teams with changing deadlines, experience a

transition near the midpoint of the task cycle.

Worchel (1994) unpacks this cycle of transition into concrete stages, bridg-

50



ing the gap between the development and task-cycle theories. Worchel argues

that when teams exist in a state of discontent among one or more team members,

this reduces their identification with a team. However, a precipitating event may

help to reaffirm the bonds between the team, leading to stronger identification

and group productivity. A period of success may result in individuation as team

members begin to take personal responsibility for their achievements, leading to

a more competitive environment, and eventual decay. This stage is marked by

a reduced sense of competition, identification and overall apathy, until the next

precipitating event repeats this cycle.

Finally, Marks and colleagues (2001), in their temporally updated frame-

work for team processes, suggest that teams experience repeated and varying cy-

cles of action phases and transition phases. Action phases involve task-focused

work towards collective goals, while the transition phase involves evaluation of

those goals and activities, planning, and norm formation. Additionally, con-

flict can occur in both phases, either directed towards the goal and outcomes, or

towards the transitional processes.

Taken together, despite their difference in focus, both the developmental and

task-cycle approach agree that disequilibrium, disagreement and conflict are all

crucial parts of the team development process. Furthermore, conflict and the

formation of group norms appear to come hand in hand. For example, Raes,

Kyndt, Decuyper, Van den Bossche, and Dochy (2015) examine team learning

alongside Tuckman’s life cycle stages. They find that the bulk of team learning

happens only after teams pass the conflict stage. More importantly, the way in

which a group communicates about issues during their resolution affects how

they think about them, as well as team future interactions (Hirokawa & Rost,

1992). Kuhn and Poole (2000) find that ongoing teams are better equipped to

handle task issues after working through conflict because roles and norms are

established that enable future performance. Conflict can therefore provide a

clear direction for a group and allow it to analyze its objectives. It can also as-
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sist in analyzing a problem, negotiating goals, making estimations of possible

consequences, the roles and relationships established, and set norms for struc-

turing a task (Kuhn & Poole, 2000). In fact, Opp (1982) suggests that explicit or

voluntary discussion is one way for teams to form group norms. It is therefore

possible that differing opinions about appropriate group norms could also lead

to conflict.

The following section summarizes some of the most recent work on conflict

in collocated teams, paying particular attention to work that looks at issues of

time or group development in combination with conflict.

Conflict, Time and Change in Collocated Teams

Research on organizational teams frequently conceptualizes team processes

as actions arising from (often structural) inputs that lead to team outputs

(Hackman, 1987; McGrath, 1984). This input-process-output (or IPO) frame-

work has become the predominant way to understand team processes like con-

flict. The framework has many things in common with the structural approach

to understanding conflict examined above. However, the original IPO frame-

work had several limitations. Firstly, the framework implies a single and finite

team life cycle with a linear progression from inputs to processes to outputs.

However, classic literature on team development reviewed in the previous sec-

tions also identifies a cyclical and recursive dimension to team development.

Thus outputs can become inputs for future team iterations, while processes like

conflict can interact with both other team states like identification and trust, and

directly influence team inputs in future iterations as well (Ilgen et al., 2005).

Second, as Marks et al. (2001) point out in their temporally updated process

framework, not all mediating factors between team inputs and their outputs are

necessarily team processes. Specifically, Marks and colleagues distinguish be-

tween team processes and team emergent states. A process is an interdependent

act between members that converts inputs to outcomes through member activ-
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ities focused on organizing taskwork. Emergent states, on the other hand, are

dynamic properties of the team that vary as a function of the team’s context,

inputs, processes and outcomes. Therefore, while conflict is a team process that

either supports or detracts from taskwork and the collective aims, it can also

continually impact emergent states, or group psychological traits, such as group

norms and shared mental models, identity, trust, and affect (Marks et al., 2001).

In an effort to acknowledge this view of teams as complex, dynamic and

adaptive systems, research is moving toward an Input-Mediator-Output-Input

(IMOI) model instead (Ilgen et al., 2005). The final “Input” in the IMOI model

is reflective of a more cyclical system, while the M represents mediators that are

both processes and emergent states that are able to influence each other. Exam-

ining conflict in teams from this perspective has lead to a number of interesting

insights for research on collocated teams.

First, emergent states mediate the relationship between conflict and out-

comes. Jehn, Greer, Levine, and Szulanski (2008) explicitly examined the im-

pact of conflict dimensions (task, process and affective) on team emergent states

(such as trust and identification), as well as their collective impact on team out-

comes like performance and viability. They found that conflict had a negative

impact on outcomes like vitality through reducing levels of positive emergent

states. Therefore, conflict continually impacts the psychological climate of the

team, which in turn, leads to changes in team performance.

Second, work by Greer and colleagues further shows that conflict not only

affects emergent states; current disagreements may also influence the manifesta-

tion of other conflicts in the future (Greer et al., 2008). Specifically, the presence

of unresolved procedural issues leads to higher levels of procedural issues in the

future, as well as greater task and affective issues.

Third, conflict dimensions have different effects at different stages in the

team life cycle. Integrating the conflict taxonomy with research on group de-

velopment, Mannix and Jehn (2003) found that high performing teams experi-
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enced greater task conflict at the midpoint of the group’s life cycle, supporting

the punctuated equilibrium model (Gersick, 1988). They also found that high

performing teams experienced low overall levels of affective conflict through-

out the team’s life cycle, with steadily increasing process conflict towards the

project deadline.

Therefore, across the life cycle of a team, different levels of various types

of conflicts may be appropriate at each stage. Similarly, Tekleab, Quigley, and

Tesluk (2009) examined the punctuated equilibrium model alongside conflict

and its management in a longitudinal study of student teams. They found that

managing conflict successfully at the midpoint was a primary mechanism to

overcome early inertia in the team, develop cohesion around revised task strate-

gies, and forge a stronger team identity.

In examining the relevance of conflict to different team stages, the above

research has assumed teams to have a fixed life cycle with clearly defined start,

middle and end points. However, real world teams are often more long-term

oriented and evolving, spanning multiple projects with membership that fluctu-

ates over time. Thus they may have multiple midpoints across different tasks,

and the effect of conflict episodes can spill over into future project iterations.

More research is needed to understand how conflict impacts team development

in ongoing team settings.

Addressing this, Jehn and colleagues have recently outlined a series of theo-

retical propositions concerning how conflict may evolve in a team from dyadic

to intragroup levels through a process of contagion (Jehn et al., 2013). They

suggest that contagion occurs when coalitions begin to form among team mem-

bers around opposing sides in a dyadic episode fuelled by emotional contagion

and/or because the conflict episode threatens team outcomes. Furthermore, as

more of the team gets involved in the episode, turnover possibilities increase,

while outcomes and emergent states like performance, creativity, efficiency, and

satisfaction reduce. Consequently, the resolution potential, and level of compet-
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itive tactics employed, vary as the episode escalates.

Taken together, the above studies provide a number of important insights

into the role of conflict in team development over time. Specifically, conflict

and emergent states interact with one another to affect team outcomes and future

inputs. At the same time, different kinds of conflict occur together and transform

over time into other conflict types and new conflict episodes. Different kinds of

conflicts also have different effects at different stages. However, despite the

longitudinal design of this work, most of the above studies were conducted in a

controlled setting using short-term oriented student teams. It would be useful to

examine these dynamic effects in bona fide, or ongoing teams, as well.

Having mapped out the state of conflict research in collocated teams to-date,

the next natural question is how has literature on virtual teamwork handled the

subject? The following section will examine literature thus far on conflict in vir-

tual teamwork, and argue that a gap exists in understanding the role and impact

of processes in ongoing bona-fide groups. Drawing on research on collocated

teams, the chapter will formulate a research aim for studying conflict in ongoing

virtual team settings.

2.3 Virtual teams

Early research on virtual teamwork had largely focused on understanding the

impact of mediated communication on effective team interactions. This arose

from an assumption that computer-mediated communication is inferior to face-

to-face interactions for coordination. The present section first reviews work in

this paradigm of “CMC as lack” and relates it to empirical work on conflict in

virtual teams. Following this, the chapter presents alternative perspectives on

computer-mediated communication that argue virtual teams can approximate

face-to-face interactions, especially given enough time. These perspectives will

also be supported with a review of relevant empirical evidence form virtual team
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research, with a particular focus on conflict. Finally, the section will conclude

with an overview of research gaps in the space of conflict research in virtual

teams, that is, a lack of research on ongoing real world teams, in particular

with respect to the role of conflict in team development and formation of group

norms.

2.3.1 CMC as "lack"

Early research on computer-mediated communication focused primarily on doc-

umenting the differences between virtual and face-to-face interactions, and their

implications. Short and colleagues (1976) argued that computer-mediated com-

munication provides a reduced degree of awareness about the psychological

presence of others, called social presence. This makes communication more

difficult, and thus if a high degree of relational interaction is required, a medium

with higher social presence would be necessary to ensure successful communi-

cation. Similarly, the media richness theory proposed that communication me-

dia vary in their ability to change an interlocutors’ understanding within a time

interval (Daft & Lengel, 1984). Rich media are better able to overcome ambigu-

ity due to varying frames of reference between communicators. Lean media, on

the other hand, take more time to convey a similar level of understanding. Text

based computer-mediated communication such as e-mail is considered fairly

lean, while video conference calls are much richer, and face-to-face interactions

provide the highest benchmark for richness. Thus, particularly during negotia-

tion or discussion of competing ideas, richer media are preferred because they

would be less equivocal and offer less opportunities for misinterpretation.

Together, these perspectives became known as the cues-filtered-out approach

(Culnan & Markus, 1987). As the name suggests, according to this view,

computer-mediated communication had a distinct lack: a lack of social pres-

ence making it less efficient and a lack of richness resulting in more ambiguity.

Thus relationship maintenance via CMC was seen to be more challenging and
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with interaction likely to be subject to greater misunderstandings.

This early work was instructive in understanding how structural features of

virtual communication created practical differences from face-to-face interac-

tions. In fact, early research on conflict in virtual organizations found that cer-

tain structural features of CMC sparked or intensified conflict. For example,

the dispute-exacerbating model of e-mail (DEME; Friedman & Currall, 2003)

argued that the asynchronous nature of CMC makes it more difficult to time ac-

tions and reactions, while the lack of contextual cues compromise mutual under-

standing. Relational cues like politeness and sarcasm are particularly difficult

to transmit (Simons & Peterson, 2000). If messages are not well understood

and reactions are ill-timed, this can exacerbate conflict (Jehn, 1997). Hinds and

Bailey (2003) also argued that without a common understanding of an issue,

conflict is harder to resolve.

Information exchange can lead to conflict in virtual settings both due to a

lack of information exchanged, and information overload (Kankanhalli et al.,

2007). For instance, silence from the other party after a communication ex-

change may be difficult for team members to interpret due to a lack of contex-

tual information available – i.e. is the team member away, busy working on

something else, or simply not putting in enough effort? (Cramton, 2001) Infor-

mation gathering is also more difficult as it takes more time, and introduces the

possibility of excluding team members from the communication loop (either ac-

cidentally by missing out a carbon copy in an e-mail, or maliciously) (Cramton,

2001; Griffith, Sawyer, & Neale, 2003). At the same time, attempting to stay up

to date on too many different activities and teams may also lead to information

overload, thus making it more difficult to distinguish important pieces of in-

formation and the possibility of missing out on important details (DeSanctis &

Monge, 2006). Together, these misunderstandings and coordination difficulties

can stimulate conflict.

The relative invisibility (and at times, anonymity) of conversation partners
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can also lead to more deregulated behavior (Sproull & Kiesler, 1986). For ex-

ample, Kiesler, Zubrow, Moses, and Geller (1985) compared interactions be-

tween dyads (two individuals) in computer-mediated and face-to-face settings

and found that individuals were evaluated less favorably, and behaved in a more

uninhibited manner in the CMC setting. They concluded that behavior online is

less inhibited due to the anonymity afforded by computer-mediated communi-

cation (Sproull & Kiesler, 1986). As a result, perceived divergent interests are

more likely to manifest into conflict due to highly deregulated behavior. Litera-

ture on virtual teams has highlighted this challenge of deregulation to distributed

work and suggests therefore that conflict will be a largely destructive team force

(Griffith et al., 2003).

Taken together, early computer-mediated communication theories shared a

common assumption that virtual interactions experience a kind of “lack” when

compared with face-to-face encounters. Thus CMC communication is more

difficult than face-to-face, more rife with conflict, and therefore cannot be used

exclusively to build relationships.

Empirical research in this tradition that investigated conflict often focused

on three related areas: comparing virtual and collocated teams across various

degrees of virtuality; investigating the effect of greater heterogeneity of dis-

tributed teams; and differences in perception of remote team members, such as

attribution of intent.

For instance, Hinds and Mortensen (2005; 2001) focused on understanding

the emergence of conflict in virtual teams as compared with collocated teams.

They found that greater use of computer-mediated technologies (virtuality) in-

creased task (Mortensen & Hinds, 2001) and affective conflict levels in teams

(Hinds & Mortensen, 2005; Mortensen & Hinds, 2001). Lira and colleagues

were interested to understand whether conflict had more negative outcomes in

virtual teams (Lira, Ripoll, Peiró, & Orengo, 2008). They contrasted task and re-

lationship conflict effects on team potency in both collocated and virtual teams
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and found that task conflict and relationship conflict reduced virtual team po-

tency (perceived team performance), but not the potency of collocated teams.

Interestingly, studies have consistently shown that both geographically dis-

tributed and collocated teams used a similar level of computer-mediated tech-

nologies for their interaction, prompting later research to reformulate virtual-

ity as a continuum with several dimensions including use of CMC, geographi-

cal distribution, time zone distribution, cultural heterogeneity, organization and

work practice diversity (Chudoba, Wynn, Lu, & Watson-Manheim, 2005; Kirk-

man, 2005). Shin (2005) connected these dimensions of virtuality with distinct

and different sources of conflict. Shin argues that spatial and temporal dis-

persion would be connected with greater task conflict, role and responsibility

ambiguity with process conflict. Cultural dispersion or heterogeneity will be

associated with more disagreements due to cultural differences, and therefore

interpersonal or relationship conflict, whereas organizational dispersion would

be connected with weaker team identity, and lower team cohesiveness.

Supporting these propositions, Kankanhalli et al. (2007) found that cultural

diversity is connected with both task and relationship conflict, while functional

(work background) diversity is connected with more task conflict only. Similar

to work on collocated teams, they also find that task conflict’s impact on perfor-

mance is connected with the level of task complexity, while affective conflict’s

impact on performance is greater when teams are more task interdependent.

Furthermore Rutkowski, Saunders, Vogel, and van Genuchten (2007) found that

teams with a high temporal disassociation (time zone distribution) who were

also highly immersed in their task experienced more interpersonal conflict than

teams in the same time-zone.

However Staples and Zhao (2006) found that while virtual teams are indeed

more culturally heterogeneous than collocated groups, it is the heterogeneity

rather than the virtual nature that is responsible for greater conflict. That is,

while overall culturally heterogeneous teams experience greater conflict, there
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is no difference in conflict levels between collocated and virtual teams. In a

recent meta-analysis, Ortiz De Guinea, Webster, and Staples (2012) found that

virtuality does have an impact on short-term distributed teams (working together

less than a day, such as student teams), but not on longer-term groups (more than

a day old).

Finally, research suggests that virtual groups may make different, and of-

ten erroneous, attributions about their remote team members. For example,

Cramton (2001) finds that team members make misattributions of others behav-

ior due to lack of mutual knowledge and shared context/situations. Specifically,

issues like poor performance or lack of communication are attributed to remote

team members negative disposition (such as tardiness) rather than ameliorat-

ing situational factors such as connection difficulties. Furthermore, Walther and

Bazarova (2007) find that virtual team members are also more likely to attribute

their own negative behavior such as poor performance to the behavior of oth-

ers in distributed teams, as compared with both collocated and mixed groups.

Both types of attribution biases suggest that task conflict is more likely to be

interpreted as or transform into relationship conflict in distributed work. How-

ever, Martinez-Moreno et al. (2012) found that early task conflict predicted later

relationship conflict only in collocated teams and teams that used virtual confer-

encing tools, but not text based computer-mediated communication tools. This

may be because lean communication media also afford more time to construct

a response, thus reducing possible misinterpretation. This may also be a result

of transmitting less cues about annoyance, such as facial expression and tone

of voice, that prevent issues escalating into affective conflict. These findings

suggest reduced social cues may have differential, that is, both positive and neg-

ative, effects on team interactions.

Taken together, the above work suggests that while CMC tools present some

challenges to virtual team interaction, there may also be advantages. The next

section presents work that elucidates mechanisms through which CMC-driven
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teams may function just as well as their face-to-face counterparts.

2.3.2 Beyond limitations of reduced social cues

One potential concern with the transmission of less social cues and a reduced

sense of presence is the greater difficulty in establishing a sense of shared iden-

tity between team members that enables more cohesive teams. However, more

recent CMC theories suggest that a strong sense of identification can be es-

tablished in virtual teams as well, both relatively quickly and over time, with

varying effects. This section will briefly review these theories, together with

relevant empirical work that highlights their impact on conflict.

The Social Identity Model of Deindividuating Effects (SIDE) offers one

such perspective (Lea & Spears, 1991; Reicher, Spears, & Postmes, 1995;

Spears & Lea, 1994). SIDE argues that limited social information about par-

ticipants in virtual environments can actually heighten identification, rather than

reduce it, under certain conditions. While CMC does indeed filter out certain in-

terpersonal communication cues that may reduce the richness of communication

on an interpersonal level (such as others’ facial expressions and nonverbal cues),

category level cues can be communicated regardless of richness and bandwidth

(such as location, nationality, age, gender, etc.) (Spears & Lea, 1992). The SIDE

approach argues that the more easily communicated categorical identity cues be-

come more salient under conditions of invisibility in text-based communication

media. This encourages self-categorization behavior from team members by in-

creasing awareness of an overarching group identity. Empirical work has found

support for this proposition both in lab studies of short-term teams (Reicher et

al., 1995), and by observing naturally occurring groups over time (Postmes et

al., 2000).

The SIDE model suggests that the absence of individuating information

about the team that would typically be present in face-to-face interactions, vir-

tual teams may in fact be more cohesive, have a stronger level of group iden-
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tification, and experience less conflict due to misunderstandings and interper-

sonal friction. Recent work has found support for this assertion. For example,

Windeler, Robert, and Riemenschneider (2015) manipulated distributed team

member profiles to heighten similarities and found this reduced the levels of

task conflict within the team, while improving shared understanding and team

effectiveness.

This quick self-categorization and identification may be a mixed bag for

virtual teamwork because it may also lead to the formation of subgroups and

faultlines (Lau & Murnighan, 2005). Polzer, Crisp, Jarvenpaa, and Kim (2006)

suggest that when teams are distributed across different locations or time zones,

this may lead to the formation of subgroups because the more immediately ac-

cessible local group identity would become more salient than the overall group

identity. Similar effects may occur if team members have a heightened aware-

ness of other characteristics, such as a split along functional backgrounds (for

instance, users who prefer to use Vim versus Emacs, or software engineers ver-

sus non-technical staff), gender (if it is made visible in virtual profiles), or more

arbitrary individuating categories. These faultlines may also be exacerbated in

teams where more than one kind of characteristic is present in each subgroup.

Furthermore, O’Leary and Mortensen (2010) found that in distributed teams,

the effect of conflict on outcomes was particularly bad if there were two imbal-

anced subgroups (one subgroup being considerably larger than another) rather

than equally sized groups or heterogeneous groups without geographic fault-

lines, because this creates uneven power dynamics.

Thatcher, Jehn, and Zanutto (2003) found that the relationship between fault-

lines and conflict was not linear – groups with strong faultlines (two distinct

and even subgroups) and teams without subgroupings experienced more con-

flict than teams with moderate faultlines (several subgroups). This is because

strong faultlines lead to the formation of factions, or coalitions, that reduce

team identification in favor of identification with a subgroup, thus engender-
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ing conflict between the two sides. However the presence of several different

subgroups ensures that no single coalition dominates, thus reducing potential

for inter-subgroup conflict. At the same time, teams with multiple subgroups

are more likely to have members that belong to more than one subgroup. This

creates more communication links among team members and a sense of history,

especially as different combinations of subgroups come together on different

tasks. Thus teams with more subgroups experience less conflict than teams that

are completely dispersed.

Relational information can also accumulate gradually despite the relatively

lower bandwidth afforded by computer-mediated communication, according to

the Social Information Processing theory (SIP) (Walther & Burgoon, 1992).

Thus given enough time, team members interacting via relatively leaner media

have the potential to get to know each other well and approximate face to face

interaction (Walther, 1996). The theory has received consistent empirical sup-

port showing that over time, distributed teams are not only able to approximate

face to face interactions, they can also learn to adapt to their environments and

perform effectively (e.g. Chidambaram, 1996; Walther, 1997; Walther, Ander-

son, & Park, 1994). For example, Chidambaram, Bostrom, and Wynne (1991)

found that over time, distributed teams were not only able to adapt to the use of

group decision support systems software, they also displayed more productive

conflict management and better cohesion than collocated groups.

Bringing the faultlines and SIP perspectives together, recent work by Yilmaz

and Pena (2014) found that while subgrouping did lead to biased information

sharing and more conflict, subgrouping was affected by both early stage social

categorization as well as interpersonal behavior over time. Furthermore, in-

terpersonal behavior was able to override the short-term categorization effects,

such that initial in-groups or disagreements were moderated by the extent to

which team members behaved in a positive or negative manner toward one an-

other over time.
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Taken together, these perspectives on relational communication in virtual

teams suggest the importance of considering long-term effects when studying

processes like conflict. Long-term virtual teams would be more likely to adapt

to their environment and experience a more positive experience even in the face

of conflict, compared with short-term teams that rely on categorization for group

identity.

However, many studies on virtual team work, and in particular those that

examine conflict, employ short-term or student teams in their research designs.

Table 2 (Appendix .2) summarizes studies concerning virtual work performed

thus far, and classifies them by their methodology, study subjects, and the tenure

of teams involved. The table shows that with a few notable exceptions, studies

employ largely student or other short-term teams that have no expectations of

working together in the future beyond the study task assigned. This is true even

in longitudinal research designs. While this has been a critical methodologi-

cal tool to establishing a point of comparison in experimental studies involving

both collocated and virtual teams, there are a number of interesting insights to

be gained from studying virtual team processes in ongoing groups (Gilson et al.,

2014; Martins et al., 2004). For instance, Martins and Schilpzand (2011) sug-

gest that not enough work has been done to understand the nature of ongoing

virtual teams, such as occurrence and effects of conflict, impact on long term

commitment and team vitality, or how norms are developed. The next section

will review studies on ongoing virtual teams and outline a concrete research gap

and agenda.

2.3.3 Conflict in long-term oriented virtual teams

Some interesting patterns can be observed when examining the intragroup con-

flict taxonomy in virtual teams with a longer orientation toward working to-

gether. Hinds and Mortensen conducted a series of studies on real organizational

teams. In the first study, teams had an average tenure of 15 months (Mortensen
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& Hinds, 2001). They found that while distributed teams experienced more

task conflict than collocated teams, the same was not true of affective conflict.

Furthermore, distributed teams experienced greater benefits of shared identifi-

cation in reducing task conflict levels than collocated teams. In a subsequent

study, though team tenure was not reported, the participating employee tenure

within the organization was an average of 9 years suggesting team members

would have a high sense of history and expectation of future interaction (Hinds

& Mortensen, 2005). They found both task and affective conflict levels to be

higher overall in distributed teams, but that teams with shared identification

moderated the negative effects of affective conflict and shared context of task

conflict. Greater levels of spontaneous communication between team members

improved both team shared context and identification, suggesting a support for

the social information processing theory.

Similarly, Han and Harms (2010) found, among real world distributed teams

in both Fortune 500 companies and a healthcare organization, that identification

lowered both task and affective conflict occurrence. Furthermore, Jong, Schalk,

and Curseu (2008) studied very diverse combinations of real world virtual teams

from project and work teams, to management, study teams, spots and music

groups. When controlling for team type and tenure, they found that highly vir-

tual teams experienced more positive effects of task conflict on performance,

than teams with low virtuality. However, all teams experienced negative effects

of process conflict. Finally, similar to ongoing collocated teams, conflict does

not remain static and immutable in ongoing distributed teams. Arazy and col-

leagues (2011, 2013) found that task conflict in combination with high cognitive

diversity improved the quality of Wikipedia article output. However, when the

conflict evolved into affective or process conflict, this dramatically reduced team

output quality.

Taken together, these findings suggest that over time, ongoing virtual teams

are able to establish strong bonds among team members and this has beneficial
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outcomes for reducing both team task and affective conflict levels. At the same

time, procedural issues remain a negative team force across different levels of

virtuality and organizational structure. However, while ongoing virtual teams

benefit from having higher levels of task conflict than teams with low virtual-

ity, they are also more susceptible to task conflict transforming into less pro-

ductive conflict over time. Thus, similar to collocated groups, ongoing virtual

teams appear to require the negotiation of a fine balance between team cohesion,

preventing groupthink through task conflict, and managing conflict escalation.

However, we still know relatively little about how virtual groups continually

negotiate these tensions over time.

Adaptive structuration theory offers some insights into how long-term vir-

tual groups can evolve not just in terms of their interpersonal relationships but

also in their technical and social processes (DeSanctis & Poole, 1994). The the-

ory proposes that technology is not just a facilitator of virtual team interaction;

it may also be responsible for molding the subsequent structure of the team. At

the same time, teams may not only adapt to the technology used, they may also

adapt their communication tools themselves to satisfy emerging social conven-

tions in a dynamic and reciprocal process. Technology use is therefore socially

constructed by appropriating existing tools in new ways, as well as building new

tools; that is through both production and reproduction. How does this relate to

conflict in ongoing virtual teams? There is growing evidence that conflict as a

social process is a driver of both personal, social and structural group changes

in virtual teams.

First, conflict can be a driver of personal learning and growth among team

members. Bosch-sijtsema (2007) examined two related real world virtual work

teams in a qualitative study. The first team tenure was 3 years, with the second

1 year. Furthermore, well-performing team members from the first team had an

expectation of being selected for the second team upon completion of the initial

project, suggesting a high expectation of future interaction. The authors found
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that team members who experienced conflict due to a mismatch of expectations

about working in the first team were more likely to depart. However, team

members who detected the mismatches and learned from them were more likely

to stay on and join the second team.

Furthermore, Campbell, Fletcher, and Greenhill (2009) found that conflict

is crucial for establishing social order within ongoing virtual teams, such as

online financial communities. Campbell and colleagues applied an ethnographic

approach to the study of the community’s interactions, and found conflict to be

an important ritual that aids in defining and maintaining the fluid social roles

found in online environments. In other words, conflict provides a set of common

principles for understanding social interaction within the online community, and

allows team members to explore and evolve various roles and identities. The

authors further found that conflict between positions of power can help to align

the values and ideals of an online community.

In addition to this, Ayoko and colleagues found that conflict can stimu-

late the development of group norms among short-term student virtual teams

(Ayoko, Konrad, & Boyle, 2012). The study examined the classic team devel-

opment stages proposed by Tuckman (1965) reviewed above: forming, storm-

ing, norming and performing. They found that groups who were able to move

beyond the storming stage and develop group norms more quickly performed

significantly better. Furthermore, the study traced how emotional conflicts at the

forming stage had a relatively less strong effect on team performance than dur-

ing the subsequent storming stage. Initial affective disagreements were some-

what expected, but continued emotional conflicts had a negative influence on

the team over time.

Conflict can affect not only the social, but also the technical structure of the

team. Stark, Bierly†, and R. Harper (2014) observed the effects of conflict in

the decision of collocated short-term student teams to use more virtual com-

munication over time. They found that greater levels of relationship conflict
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experienced by the team were associated with teams choosing to communicate

more virtually in the future. Greater procedural conflict was also associated

with decisions to communicate more virtually, but only when the teams also

experienced high levels of cooperation.

Taken together, gaps remain in our understanding of the role of conflict on

ongoing virtual team development. Some prior work on ongoing virtual teams

examines conflict as a monolithic entity, and either do not specifically define

their conceptualization of conflict, or do not contrast their conceptualizations

with the dominant conflict paradigms in organizational research. Work that does

examine different types of conflict in ongoing virtual teams does not consider

how conflict may differ due to expectations of future interaction. Finally, re-

search that examines the role of conflict in impacting team social and technical

structures continues to look at short-term student distributed teams.

Based on research on collocated teams, we know conflict is likely to trans-

form, it is subject to team member interpretations based on their own percep-

tions and group norms, and has an impact not only on outcomes but also team

structures and emergent states. Thus it is important to understand how conflict

is interpreted by team members in ongoing virtual contexts, whether this differs

from short-term teams, and how conflict impacts virtual team outcomes, future

interactions and team structure over time.

Thus the present work aims to address these research gaps with the following

research questions:

How does conflict as a process differ in dynamic ongoing virtual groups like

FOSS projects compared to conflict in short-term virtual teams in traditional

organizations?

How does conflict impact structural change in dynamic and ongoing virtual

groups like FOSS projects?
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Chapter 3

Study 1 - Interviews and
Participant Observation

This chapter 1 presents an initial explorative study to understand conflict mani-

festation in Free and Open Source Software (FOSS) development teams as ex-

amples of ongoing and voluntary virtual teams. It takes the first step towards

understanding conflict in FOSS teams in a systematic way. The study contrasts

the emergence of conflict in FOSS with conflict theory in traditional organiza-

tions, through a grounded exploration of the FOSS community and interviews

with diverse community representatives. The findings highlight both the simi-

larities of conflict in ongoing voluntary virtual teams, such as FOSS teams, to

our existing understanding, as well as notable differences that have important

implications both to the study of virtual teams as well as management practice.

At the same time, the chapter explores factors from participant accounts and ob-

servation that both stimulate and help to control and reduce conflict in ongoing

voluntary virtual teams. These factors will underpin hypothesis development

and design of the second study reported in Chapters 4 and 5.

1Material from Chapter 3 was published in Filippova and Cho (2015)
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3.1 Study scope and specific research questions

The previous chapters have presented an overview of literature on both FOSS

teams as well as more broadly on virtual work, interaction among virtual teams,

and their experiences of conflict. The review has highlighted that, when taken

together, the literature shows a number of gaps the present study is designed to

fill. Firstly, while there exist a handful of studies describing conflict as a process

in FOSS teams, this work is largely descriptive, focused only on a small number

of very successful FOSS projects and does not differentiate between different

dimensions of conflict (Elliott & Scacchi, 2003; Jensen & Scacchi, 2005; Wang

et al., 2015). Thus the present chapter explores conflict in FOSS across variety

of projects, recording perspectives from members of different backgrounds and

experiences to build a model of conflict that is relevant and consistent.

At the same time, while a much more substantial body of work exists on

conflict in virtual teams, these studies focus on conflict in largely short-term

teams with fixed membership structures, and do not consider whether the ex-

pectation of future interaction may impact the way conflict manifests in ongoing

teams, in particular those with voluntary membership and a greater level of self-

determination. Thus the present chapter also takes the opportunity to explore

differences in conflict experience for ongoing teams, and its role in impacting

team structures and future inputs.

Finally, the present study takes a first look at what team structures may give

rise to, or reduce, conflict manifestation, because FOSS research on conflict has

not yet examined this relationship in great detail. Thus this first explorative

study addresses the following research questions:

RQ1: How do FOSS teams experience conflict? Do ongoing virtual teams

such as FOSS development teams experience conflict differently from short-term

virtual teams? If so, in what way?

RQ2: How does conflict influence future team structures and inputs?

RQ3: What factors contribute to emergence and management of conflict?
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3.2 Method

To better understand the ways in which conflict differs in FOSS development

teams, and the way the process is interpreted and understood by participants

themselves, the present work first begins with a grounded approach. This is

because a level of immersion into the community is necessary to allow inter-

pretation of conflict as a process and important variables emerging from and

leading up to conflict from the point of view of FOSS developers. At the same

time, while not starting from a blank slate, a level of detachment from theory

during data collection was viewed to be essential in uncovering the extent to

which theory on short-term virtual teams applied to the context of conflict in

ongoing teams like FOSS, as well as the gaps that remain.

3.2.1 Epistemology

There exist a number of epistemological approaches to the practice of grounded

theory. While it is not the focus of this work to engage deeply with this ongoing

debate, the distinction must be mentioned in order to clarify the epistemological

stance of this study and its consequent choice of application of grounded theory

methods.

Grounded theory was first proposed by both Glaser and Strauss (1967) how-

ever, their contrasting perspectives on epistemology have led to a divergence of

approaches. Because the different perspectives are derived from the same ini-

tial work, they share the following characteristics: 1) simultaneous data collec-

tion and analysis that iteratively shape the research process and ongoing theory

building; 2) addressing research questions through data-driven emerging codes

and categories, rather than preconceived hypotheses; 3) a constant comparison

of categories relative to each other and emerging theory as a whole; and 4) the-

oretical sampling that continually selects participants based on the needs of the

developing theory rather than a pre-set participant list (Charmaz, 2003).
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The different approaches to grounded theory diverge primarily on the role of

the researcher, and the extent to which she can locate an absolute truth within the

subject and community of interest. As a result, their specific applications and

tools differ. The Glaserian (1978) approach is concerned with the emergence

of a theory that is a more accurate and parsimonious reflection of participant

experience because it is independent as far as possible from the influence of

researchers’ pre-conceptions. However, critics of Glaser’s approach question

whether it is possible to achieve this level of detachment from theory. On the

other hand, the Strauss and Corbin (1990) approach acknowledges that the re-

searcher is engaged in a necessarily interpretive role, thus their subject-domain

knowledge and experience are an initial shaping point to the emerging theory.

However, the Straussian approach is criticized for its complex layer of processes

aimed at emerging theory verification that may steer a researcher away from the

data (Heath & Cowley, 2004).

Given their respective limitations, the present study takes a middle ground

between the two approaches. Following the work of Charmaz (2003), who re-

frames grounded theory in a more constructivist framework, the present work

takes into account not just the researcher’s active role in shaping the emerging

theory from data, but also the broader social, historical and situational con-

straints of the participants. The Charmaz approach has a few notable distinc-

tions (Breckenridge, Jones, Elliott, & Nicol, 2012). Firstly, it strives to in-

corporate multiple perspectives of shared experiences, thus highlighting differ-

ent interpretations among groups of participants on the same issue. Secondly,

meaning is co-constructed by the researcher and participants. That is, while

Charmaz’ approach draws on the researcher’s background, it does not exclude

the researcher’s participation in the community or situation being studied. In-

stead, it encourages reflecting on the emergent meaning with the participants

and the academic community. Thus it is Charmaz’ epistemological approach to

grounded theory that is utilized by the present study, while continuing to apply
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the traditional tools of grounded theory described above. The following section

elaborates on the specifics of the data collection and analysis.

3.2.2 Data Collection

Data collection began in November 2013 using a combination of participant

observation and in-depth interviews. This researcher began by attending lo-

cal Meetup events in Singapore that focused on Free and/or Open Source Soft-

ware based technologies with an intention to understand and observe the current

debates, trends and critical issues being discussed. Such observation served

as background information for the study, was recorded in a series of journals,

and supplemented the data analysis of in-depth interviews by providing con-

text about the community and technology. At the same time, attending Meetups

afforded the advantage of personal introductions and significantly better partic-

ipation rates for in-depth interviews than remote interview requests.

Singapore as a geographical starting point for the research offered a number

of additional advantages. Singapore not only has its own thriving technology

community, it is also the frequent recipient of visitors from both the Americas

and Europe, as well as the rest of Asia and Australia, offering a wide mix of

backgrounds and experiences. Thus, while the research initiated in Singapore,

through connections made in the local technology community, attending events

and referrals, this researcher was able to interact with participants from a variety

of countries aside from Singapore, namely: Australia, Belgium, Canada, China,

Germany, India, Japan, Malaysia, the Netherlands, Sri Lanka, Taiwan, and the

USA.

3.2.3 Immersion

This researcher aimed to immerse herself in the FOSS community to better un-

derstand developer perspectives on conflict. At all times this researcher pre-

sented oneself transparently as a doctoral candidate studying the Free and Open
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Source Software community. This researcher explored community connections

in person at local technology events such as FOSS user groups, programming

language meetups, as well as by visiting hacker- and maker-spaces. Further-

more, this researcher attended community events that were likely to attract in-

ternational participants, such as regional conferences connected with open pro-

gramming languages and FOSS tools. This researcher also attended workshops

covering FOSS technologies. Over time, due to the relationships forged and

time spent in the community, this researcher was invited by community mem-

bers to participate more actively by helping to organize Meetup events, giving

talks and assisting with conference organization.

3.2.4 Theoretical sampling

Interviews were conducted in stages across over a year while initial coding and

the process of constant comparison produced a preliminary understanding that

drove theoretical sampling of further participants. Thus participants were se-

lected for their specific backgrounds and experience to close gaps of under-

standing across aspects of theory development. For example, when it became

apparent that leadership was an important factor in the way conflict is experi-

enced by FOSS teams, an effort was made to interview more core contributors

and team leads on their experiences of conflict.

3.2.5 Interviewee demographics

In total, in-depth interviews were conducted with 22 participants, of whom 4

were women. Participants were a mixture of developers at different levels of

experience and embededdness in the social network of the project: commit-

ters (both regular, experienced and very new), maintainers, core contributors,

project founders (of both simple and complex projects) and community ad-
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visors.2 Projects included libraries and open standards: BitcoinJS, DMARC,

libXML, PrawnPDF; languages, tools and frameworks: Git, GeoTools, Grok,

Java, Morepath, Node.JS, Polyglot, Python, Ruby, Ruby on Rails, QuiverJS and

Zope; and end-user applications: Debian, Mozilla Firefox and Thunderbird,

Plone, ScrollBack, Ubuntu and WeBuild.SG.

Table 3.1 below highlights the distribution of projects sampled by type of

leadership as well as project size. Small refers to projects that have 2 to 20 de-

velopers, while large refers to projects with 20 or more developers (sometimes

several hundred). A "benevolent dictatorship" refers to a FOSS project with a

strong leader figure who can make unilateral decisions without consulting other

community members. Highly distributed decision-making typically involves de-

cision making my rough consensus of a majority of developers, while projects

run by foundations or committee have a more differentiated and formal hierar-

chy.

Though varying in size, leadership structure and stage of development, all

the sampled projects are active and at least one year old, with a majority span-

ning several years. They therefore represent examples of ongoing virtual groups

that have had a chance to evolve.

2Project founders refer to individuals who first wrote the piece of software that grew into
the project studied. They are often initial project leaders, but may step down and allow the
project to be run by someone else. Core contributors refer to a small group of individuals
who contribute the most code to a project. Frequently these contributions span across different
areas of the project. They are usually, though not always, recognized with an explicit title
of "core contributor" by the other project members and broader community. Maintainers are
developers who have responsibility over developing one specific area of the project, integrating
the contributions of others and ensuring they are in line with project goals. Committers are
members without an official title who have submitted one or more changes to the code base that
has been accepted by a project. They are often recognized as ordinary contributors in project
documentation. Finally, community advisors refer to individuals who may or may not directly
contribute code, but have a high enough social status to influence decision making in a project,
such as by giving advice.
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Table 3.1: Projects involved in Study 1 by type of organization and size

Benevolent Dicta-
torships

Highly Distributed
Decision-making

Foundations or
Committee

Small libXML, polyglot,
quiverJS

PrawnPDF, Bit-
CoinJS, WeBuild.SG

Thunderbird Calen-
dar, Scrollback

Large Ubuntu, Ruby, Rails,
Git, Python

Debian, GeoTools
Firefox, NodeJS,
Zope, Plone

3.2.6 Interview Procedure

Interview questions were semi-structured, thus the order and nature varied de-

pending on the progression of the interview. Questions covered a variety of

areas aside from conflict directly, to avoid priming interviewees about con-

flict. To help participants feel more at ease, they were first asked to discuss

their experiences in contributing to FOSS more generally, such as their moti-

vations to join, and how decisions were made in the projects they actively par-

ticipated in. Then the interview moved on to more sensitive questions, such as

memorable instances of disagreement with other project members. Participants

were prompted to recall the event sequentially – i.e. how did the disagreement

emerge, how did it progress and what was the outcome (if any). Additionally,

participants were not limited to discussing recent or ongoing conflict episodes -

conflicts across different aspects of the project lifespan were discussed.

Participants also discussed conflicts that they have observed, but may not

have been directly involved with. Interviews lasted approximately one hour and

were transcribed for further analysis. Participants were encouraged to share

additional materials after the interviews, such as news articles related to the

examples discussed. These materials supported the analysis process in either

providing more context or, because project communication of many projects is

freely accessible online, direct evidence of experiences mentioned in interviews.

Informed consent was sought for all in-depth interviews conducted, and only

information with explicit consent from participants is quoted in this work. All

interviews were confidential, to allow participants more comfort in sharing sen-
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sitive experiences about conflict within projects they are active in.

3.2.7 Analysis

Analysis was conducted throughout the data collection process, rather than at the

end, in line with the grounded theory approach. The grounded theory approach

distinguishes between initial codes, namely substantive codes that are closer

to the transcript, and intermediate or higher order codes, namely theoretical

codes, that bind the substantive codes in larger theoretical relationships (Glaser

& Strauss, 1967).

Thus, transcripts were first open coded to identify substantive themes. Cod-

ing was performed on small sections of text, one or two sentences at a time,

using primarily phrasing or summaries of the text. Conflict episodes were iden-

tified in the transcripts based on the definition derived in Chapter 2, that is the

perception that other team members were blocking or in some way frustrating

the goals of contributors. These may be based on personal experience of the par-

ticipants, or an interpretation by participants that an event they have observed

represents conflict to them. Other themes were also coded for their potential

future relevance in influencing conflict constructs.

In the intermediate coding stage, codes were then combined based on sim-

ilarity into more abstract theoretical codes that also reflected on the interrela-

tionship between different code categories. These categories were revised and

adjusted in a process of constant comparison as more data was collected through

subsequent interviews. Potential relationships between the categories and their

significance to theory development were recorded as memos in a separate jour-

nal. Memoing allowed to draw further on community observations and other

examples supplied by interviewees to get a sense of history and trajectory of the

conflict episodes.

The process of data gathering through interviews, archival look-up and par-

ticipant observation continued until no new substantive codes were emerging
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and new data did not change the broader theoretical codes, thus reaching theo-

retical saturation. It is only upon the completion of this process that comparison

to existing conflict theory was made.

Table 3.2 illustrates the common codes used, and their final broader theoret-

ical structure. Specifically, the first column represents initial substantive codes

used, while the second column represents their overall theoretical connection to

the issue of conflict in FOSS teams. The third column distinguishes between

codes that represent conflict types and the factors that may account for conflict

emergence or variation (inputs). The conflict categories and input categories are

elaborated on separately and in turn, in the Results section 3.3 below.
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Because coding and interpretation in the context of this study is very closely

linked to being immersed in the community, employing multiple coders was

impractical as other potential coders did not have the ability to be in the field

together with the principal investigator of this project. Thus emerging codes and

interpretations were validated with interview participants and other community

members on an ongoing basis. Verifying codes with participants is an additional

step that requires significant participant time. To avoid belabouring participants,

verification varied from formal follow ups to clarify interpretation, where it was

necessary and appropriate, to less structured observations of how other commu-

nity members talk about a particular or similar issue, followed by probing ques-

tions during community events to understand how community members think

about the issue.

Furthermore, conflict accounts were based on individual participant recall

and subjective interpretation, and teams were often represented by one partic-

ipant in the study due to the need to sample a wide variety of developers. To

address this, efforts were made to triangulate the present study findings by lo-

cating specific examples, where possible, in the digital work traces of projects

involved, such as mailing list archives, GitHub comments, blogs and so on.

Facilitating this, participants often sent links to conflict episodes they had dis-

cussed in the interview, or that they have come across but did not mention in the

interview. These were also coded and informed the emergence of both substan-

tive and theoretical codes.

Therefore, in the present study, the role of participant observation and

archival data was to reify interview interpretations, establish code validity, tri-

angulate the findings and provide additional context to the examples raised in

interviews.
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3.3 Results

Overall, the findings show some overlap with our existing understanding of con-

flict in short-term virtual teams and underscore the continual relevance of Jehn’s

(1995, 1997) conflict taxonomy for ongoing teams. However, findings also show

that there are several notable elements of conflict in ongoing teams that are dis-

tinct from short-term teams. Specifically, there is evidence of an additional

conflict dimension not yet included in the taxonomy – conflict concerning the

norms and values of the group, or normative conflict. Normative conflict is par-

ticularly relevant for ongoing teams, as it has long-term effects on future team

structure by encouraging the formation, evaluation and crystallization of group

norms, as well as the possibility of creating social factions. Furthermore, the

study observes conflicts evolving from one type to another over time. Finally,

the section concludes with several factors that stimulate or reduce conflict levels

in FOSS teams.

3.3.1 Task Conflict

In short-term face-to-face and virtual teams, task conflict involves disagree-

ments about the task that needs to be performed. In the case of Free and Open

Source Software development, the broader task is the development of a software

application, collection, library, or standard. Thus task conflict in FOSS teams is

commonly concerned with the project road-map, implementation or dependen-

cies. Task conflict is also by far the most commonly occurring type of conflict

described by participants, in part because many communities actively stimulate

it as part of the code review, or request for comment procedures.

Road-map

A project road-map is a defined and (usually) agreed upon plan for developing a

set of features, improvements or enhancements to the existing project code base.
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One common source of task conflict in FOSS teams involves features submitted

by contributors that are not part of the formal road-map, or a more unofficial

idea the project lead may have about the project direction.

“Pull requests3, features-wise, are harder [to get accepted], unless you fol-

low the road-map” (P9). Sometimes if a feature proposed is popular, or users

want to see this feature included, they will put social pressure on maintainers to

accept the feature through mailing lists or comments on the issue tracker page

(P9). This can create a community wide conflict because maintainers are reluc-

tant to accept features that are not part of their plan for the project (P10).

P14 recalls that a number of feature request conflicts have occurred between

themselves, as a lead developer of a chat client, and the user base that suggest

feature improvements but do not put in effort to put the suggestions into code.

Due to limited resources, a lot of feature suggestions are ignored or rejected,

unless a user is willing to put in effort to develop it. In Drupal this is an unwritten

rule:

“Some people had their own cases which they would like to see ad-

dressed, but the core maintainers kinda had the attitude that unless

you could contribute code for that, you don’t deserve any attention”

(P1)

Thus feature requests and contributions outside of the road-map may be ig-

nored, resulting in a latent task conflict that manifests when voices within the

community try to drum up support for their idea.

3A "pull request" is a commonly used term in software development to denote a change to
the code that has been submitted for review to a developer in charge of the relevant section
of the software. Pull requests may or may not be accepted based on the information provided
together with the change, how large the change is (smaller is usually better, but not too small),
and any associated discussion (often publicly visible). Though the terminology originated from
git, a version control system underpinning the GitHub platform, the term may also be used by
developers more generally to denote requests for change made using other systems, similar to
"Xerox" being eponymous for making a photocopy.
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Implementation

One of the most common sources of task conflict discussed by participants was

conflict surrounding different implementations (P2, P7, P6, P9, P11). An im-

plementation is the realization of a technical specification or algorithm through

programming and deployment. Crucially, many possible implementations may

exist for a given specification or standard, “and [because] it can be done in a

number of different ways. . . so that’s where the conflict happens” (P7).

Projects often have a preference for implementation, thus conflict may

emerge when a developer stands firm on an implementation that contradicts the

idea team leaders or maintainers may have. For instance, P2 recalls a developer

whose implementation was rejected by Git maintainers, yet he persisted, “send-

ing it in again a few weeks or months without any changes”. This task conflict

continued unresolved because the contributor was unable to compromise on the

implementation with the Git maintainers.

Implementation conflicts can also emerge because developers have “differ-

ent truths” concerning the right implementation (P6). Developers are often en-

gaged in several projects, and come to the community with experience in differ-

ent paradigms of software development. These may clash with the way things

are already done in the project, for instance “going against the grain” and insist-

ing on an object oriented approach in a community that emphasizes functional

programming (P13). These discussions can be particularly long and fruitless as

a community is unlikely to move outside of its dominant paradigm (P13).

However, conflicts about implementation are also “good in open source”

because they lead to better outcomes, such as more efficient code (P7). For

instance, when P7 proposed an implementation to solve a particular issue in

Thunderbird Calendar, they ended up modifying their approach following criti-

cism from senior developers:

“The people who were supervising me, they sent some private kind

of code. And then I tried that code, I kind of changed my implemen-

83



tation in the end. . . because I thought that the other implementation

was actually better.” (P7)

On the other hand, conflict about implementation often involves extended

discussion to explain and defend your implementation against other ideas pro-

posed by the community. Such discussions require efficient text based commu-

nication because “making a case to someone requires some sense of which bit

of your worldview they do and don’t share” (P6). Conflict can arise from an

inability to efficiently express this message:

“A lot of conflict happen because of the verbal communication that

you have. . . you’ve got to exactly specify what you exactly mean by

when you say this is not a good solution.” (P7)

Furthermore, the emphasis on the “art of (verbal) communication” (P10)

may turn developers away from participation if they think they are not good

writers, or are not native speakers of the dominant project language (P10).

Competing dependencies

Finally, because FOSS projects exist in a larger ecosystem and frequently de-

pend on other projects for substantial functionality, debates about which de-

pendencies to use are another prominent source of task conflict. For example,

P15 recalls having to negotiate different contributors’ suggestions for libraries

to include in the project:

“So this person jumped in, and be like, ‘Hey, I have a library. Use

mine!’ And then the other person, who has commit rights, and he

jumped in, he was like, ‘I also have a library’” (P15)

Such disagreements occur at an intersection of competing priorities and

agendas, as contributors may prefer to include their own libraries to enhance
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their reputation in the community or due to familiarity with the code base. Be-

cause FOSS projects depend on the efforts of volunteers, the maintainer is chal-

lenged to weigh these suggestions against other approaches and come up with a

solution that satisfies both the volunteers and the project aim:

“[...] and then there’s also a big number library, which is written

by someone else, which is more popular than both of their libraries

combined, so I’m like, “How about, I don’t know, let’s use the stan-

dard?” (P15)

Negotiating conflicting opinions on project dependencies is difficult not only

because choosing a side means rejecting the suggestion of some team members.

Software dependencies also have their own teams behind them. Thus, choosing

to include an outside project also means choosing to depend on the project’s

community for parts of your own project function.

Code Review and Request for Comment

Task conflict is one of the most commonly occurring conflict types reported in

part because many communities actively stimulate it through code review and

request for comment procedures designed to initiate discussion. P7 explains

how a Mozilla foundation project implements review as part of the contribution

process: first a feature implementation is proposed, then, if it receives sufficient

support, the pull request goes to code review. The code is either accepted or

more discussion occurs if someone has a different idea and suggests changes.

For P7, having submitted a feature implementation proposal through the Google

Summer of Code, this was surprising:

“I thought I’m accepted, so I thought I’d implement it, but that’s not

the case. [It] still goes through a hierarchical process of criticisms,

change, criticisms” (P7).
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This hierarchical process is designed to stimulate creative diversity through

task conflict. Collaborate software platforms such as GitHub have built in fea-

tures that assume a code review stage for submitted contributions, and frequently

include a discussions page for disagreements. Other issue trackers allow the as-

signment of a particular bug or submission to a developer for review, and in

absence of discussion facilities, conversations take place in public on mailing

lists.

The Request for Comment (or RFC) is a more sophisticated procedure for

stimulating task conflict. RFCs were first used by the Internet Engineering Task

Force (IETF, 2009) at the end of the 1960s to document and describe imple-

mentations of features or other solutions. RFC memos are frequently submitted

for peer review, or to notify of new developments and invite comments from the

public in the event there may be strong objections. As such, RFCs may be more

complex than a regular pull request submitted for review. Furthermore, unlike

pull requests that are submitted after the fact, RFCs are frequently proposed

before an implementation.

The GeoTools project makes use of RFCs to coordinate work among mul-

tiple stakeholders and stimulate discussion of potential problems before work

begins, to avoid rejecting contributions (P11). The GeoTools team has evolved

the RFC procedure following instances of coordination problems that resulted

in task conflicts, such as“watching like two or three groups all do the same

work, and then have a terrible time when it comes time to try and merge their

work back together” (P11). For GeoTools, an RFC system is therefore crucial

to coordinate taskwork among diverse audiences.

Thus, taking together the above findings, task conflict appears to have many

faces in FOSS development, including disagreements about the project road-

map or direction, implementation of a specific task, or the relevant dependency.

At the same time task conflict is actively encouraged through both technical and

social structures as it stimulates the generation of opinions and leads to more
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productive outcomes.

3.3.2 Process Conflict

In short-term face-to-face and virtual teams, process conflict is traditionally de-

fined as a disagreement about how to accomplish a given task, such as duty or

resource allocation (Jehn, 1997). Behfar and colleagues (2011) separate pro-

cess conflict into two distinct sub-dimensions: logistics, such as the amount of

time to spend on a task and how task should be assigned, and contribution, such

as whether group members are living up to their expected assignments. FOSS

teams are largely voluntary in nature, and therefore disagreements about task as-

signment and responsibility (contribution) are somewhat less frequent because

of the self-selecting way in which tasks are chosen. Logistics, however, are a

prominent source of procedural conflict in FOSS teams, and include issues such

as the style of writing code, the need and nature of testing and copying/distri-

bution procedures. Logistics are not concerned with how to accomplish one

specific task (this is a common source of overlap with task conflict). Rather,

logistics involve how tasks in general are performed by the group of developers

in question, and therefore process conflict is more broadly concerned with how

software should be written.

P2 suggests that style is one of the first reasons for criticizing or rejecting a

contribution in the Git project.

“Most of us think style doesn’t matter because [the] computer

doesn’t care about white space and stuff, but [we have] no choice

but to just follow” what the team lead says (P2).

Style usually involves conventions concerning formatting, such as indenta-

tions, or more broadly about the structure of patches, for instance, preference for

atomic patches that are small edits rather than a big chunk of code. Many larger

projects (such as Linux and Ruby on Rails) formalize their contribution policies
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into a published style guide. Style expectations can be very detailed, such as

requiring contributions to be sent inline via e-mail, rather than as an attachment.

This is because most contributors use command line mail readers, and attach-

ments would interrupt their usual flow (P2). P2 suggests that while the rules

appear to be arbitrary, they serve a critical function in allowing collaboration in

a more standardized way:

“For beginners, [they] look at it and then they’ll just think it’s like

nitpicking and stuff, but I guess it contributes to the overall read-

ability of the project. So anyone who reads it even, he can just read

it in one go, he won’t have to like switch between styles and stuff”

(P2).

On the other hand, this emerges as a source of rejection for new contribu-

tions and conflict between project leaders and new contributors who may not be

familiar with the project’s style. P1 recounts that as a new member of the Dru-

pal community, they “would be kinda worried” about contributing to the project,

“because maybe even if your code works, they’d shoot you down for not having

tests or not following some kind of rule or something. . . Maybe even unwritten

ones” (P1). P1 suggests that this raises the bar very high for first time partic-

ipants, who may not be comfortable to contribute when faced with such tough

rules.

Conflicts can also occur between more experienced contributors who have

different beliefs about how code should be written. A common source of debate

concerns writing tests. P9 recalls that when they first publicly announced an

open source project, someone wrote on the Google Group: “When you push out

open source software, you need to write tests” (P9). For P9, on the other hand,

the project was a hobby:

“It is something that I am passionate about. I wanted to share it,

so I didn’t write any tests. The guy was a bit adamant that I should
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write tests, otherwise I should not ever push out any code into open

source. So we had a bit of a disagreement on that.” (P9)

In this case, because the contribution was modular, and there was no main-

tainer to seek approval from, it was easier to disagree:

“The end resolution was I suppose that he kept to his opinion, and

I kept to mine, so, I wouldn’t even call it we agreed to disagree. It’s

just that after a while we did not respond to the thread anymore.”

(P9)

Though it is rare to find process conflict concerning responsibility in FOSS

due to its’ voluntary nature (P8), process conflicts may also emerge when credit

is not adequately given to maintainers, or if a contributor does not respect the

team’s hierarchy of contributions. For instance, when Debian developers with

commit access wish to modify code they are not themselves responsible for, they

are expected to follow an unwritten rule (P3). Specifically, committers need to

submit their Non-Maintainer Upload, or NMU, with a delay of 7 days to allow

the maintainer of this code to review and accept the changes. If code is uploaded

without adhering to this convention, Debian maintainers can get very upset (P3).

Because every FOSS project has its own management style, P1 suggests it is

up to new contributors to “figure out the correct etiquette for contributing code”,

for instance, finding out whether “maintainers would only accept patches that

had test coverage” (P1) and avoid conflict. In absence of formal style guides,

participants suggest leaving a comment on the issue asking about the correct

procedure and attribution to demonstrate due diligence. When conflicts regard-

ing authority do occur, they are likely to transform into affective and/or norma-

tive debates. The next sections will cover this interplay and its impact in greater

detail.

Taken together, process conflict appears to involve issues of logistics rather

than responsibility in FOSS teams, such as the style of writing code. The dis-

agreements may stem from lack of familiarity, or conversely, alternative systems
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that are too entrenched, but appear to work towards a common direction for the

team going forward.

3.3.3 Affective and Transforming Conflict

The previous sections have already suggested that both task and process conflict

are likely to transform into affective conflict over time. In fact, affective conflict

was not mentioned in isolation by any of the study participants – rather it ac-

companied other issues already discussed. To recap, affective conflict involves

interpersonal disagreements such as personal attacks between team members.

Findings show a number of different kinds of conflict transformations, thus this

section will present examples of such transformations, and discuss their signifi-

cance with relation to the changing nature of ongoing teams.

Firstly, findings highlight the transformation of task into affective conflicts

(P5, P2, P4). Often, the affective conflicts described were the result of already

mounting frustrations with a task, or involved a power imbalance between dis-

agreeing parties. For example, the lead of the Zope project approached one of

his maintainers after a conference and chastised them personally instead of the

team for not being more careful when making changes to the code base (P5).

P5 suggested that this task conflict turned personal because of already mounting

frustrations during the conference about the lack of progress in the project in

general:

“And in part it was a reaction to my negative sort of attitude, [and]

all this frustration behind me already to get this small progress.

[...] So we had this sort of discussion and we had been friends [for]

years by then [and] that was the last time actually I met him in real

life”. (P5)

Participants have also reported examples of procedural issues that evolve

into affective conflict. For example, following a prominent incident in which the
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Linux kernel was hacked, a disagreement emerged between two leaders, Linus

Torvalds, and Shawn Pierce, about implementing tighter contribution security in

their software version control system (P2). Though the task at hand to improve

security was clear, the leaders disagreed on the procedure to accomplish this.

The conflict escalated to a relational one, when Shawn suggested an alternative

solution to the one Linus proposed, and “Linus said ‘No, totally wrong’. Except

he didn’t use those words, he used something worse”. (P2)

According to P2, Linus Torvalds’ harsh tone had transformed a procedural

issue into a relational one, similar to the task-relational conflicts above. Inter-

estingly, participants often reported relational conflicts emerging from task or

process conflicts with authority figures (P5, P2). P2 suggests this may be be-

cause project maintainers and leads have greater demands on their time, and are

also in a position of authority that allows them to “get away with” being more

offensive.

Taken together these findings indicate that in FOSS teams, task and process

conflicts can evolve a relational dimension over time due to the ongoing nature

of the teams, as frustrations about unresolved task issues build momentum:

“Mostly . . . just technical debates and what, but sometimes it can

get quite degrading and down to like random name calling. . . There

are some people who- sometimes there are these sarcastic remarks

that are passed. And then there are some people who are very very

sensitive to those things, and then it just starts exploding” (P3)

As the previous section on process conflict has shown, some FOSS projects

have a ‘way’ of doing things within the group that may be unwritten, such as a

style of writing code or accepted practices for division of labor. Disagreements

about a task can also evolve into procedural conflicts when developers are not

aware of this style, or have a strong opinion about doing things differently.

For instance, a maintainer for the Zope project sparked a conflict when they

removed a list of dependencies without discussing the decision with their team-
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mates (P5). The other maintainers disagreed with the decision to remove the

dependency list, in essence a task conflict. However, when it later emerged

that proper procedure was not followed, and this change was not discussed with

other members who may still depend on this list, the conflict became procedu-

ral. P5 attempted to revert the change, in essence fixing the task element of the

conflict, but interestingly they faced criticism from the community for rolling

back the changes without discussion as well.

In general, the above section has shown that ongoing virtual teams such as

FOSS development teams exhibit the tendency for conflict types to transform

and evolve over time. In addition, more combinations of conflict transforma-

tions have been observed than those documented in previous work (Arazy et

al., 2013). In particular, conflicts involving project leaders or an imbalance of

power appear to frequently take on a relational dimension. Thus while ongo-

ing virtual teams may evolve hierarchies and procedures to help them manage

their community growth (O’Mahony & Ferraro, 2007), this may introduce new

tensions in the project over time.

3.3.4 Normative conflict

The previous sections dealt with conflict that emerged due to misunderstand-

ings about the coding task to be performed, project styles and procedures or

interpersonal friction. The following section deals with conflicts that are quali-

tatively different from any of the above three classifications. They are referred

to here as normative conflicts, as they involve disagreements concerning group

norms and values that may be entirely disconnected from the day-to-day action

of working together. They may emerge either out of a perceived dissonance

between the actions of a team and its stated values or standards for behavior,

or when such standards and values are undefined or ambiguous. Normative

conflict may therefore involve disagreements about issues like changing project

policies, ethics, and overall project ideology such as attitudes towards minorities

92



and license debates.

Prescriptive and descriptive norms

A number of reported normative conflicts emerge out of a perceived dissonance

between the stated aims or values of the project (its prescriptive norms) and

actual practice (its descriptive norms) that are explicitly highlighted by one or

more members of the group. For instance, following an incident where a few

users were banned for being abusive on the project mailing list, Debian de-

velopers debated whether the practice of banning users was going against the

community norms of free speech:

“There was a bit of a debate about [the] trigger happy banning

behavior of some people. Some people were concerned that freedom

of speech was being obstructed” (P3)

The Debian community was not only debating its own policies with respect

to banning of users, developers were also concerned that in doing so, the com-

munity was no longer living up to their own beliefs concerning free speech. The

descriptive norms of banning individuals were thus misaligned with prescriptive

norms of free speech in the community, leading to a manifestation of normative

conflict. The Debian community recently adopted a Code of Conduct in re-

sponse to normative conflicts like this one, clarifying acceptable behavior and

actions that will result in being banned.

Similarly, in a high profile incident within the Ruby on Rails project, a com-

munity member resorted to hacking the project to demonstrate a dissonance

between community norms and practices.

The Rails community has strong opinions on how the programming frame-

work should work and be used (P1, P4): “Rails is opinionated software. It

makes the assumption that there is the ‘best’ way to do things, and it’s designed

to encourage that way.” (Rails Guides, 2014). The “Rails way” is the group’s
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ideological construct that helps to align the efforts of contributors towards the

same goal. It emphasizes “convention over configuration”.

A developer (Homakov) uncovered a potential security flaw that emerges

when a developers do not follow one of these Rails conventions. Homakov

presented it to the community, however:

“He was pretty much ignored and put down because the core team

thought it was a non-issue and that things just weren’t done that

way because it’s not the Rails way” (P1)

To illustrate the severity of the security flaw and that this convention was

not being followed even in large projects, Homakov chose to exploit the vul-

nerability to make unauthorized commits to the Rails project on GitHub. He

also spoofed comments by prominent members of the Rails team, such as DHH,

the project lead. Through this hack, Homakov pointed out that the prescrip-

tive norms of Rails as the “best way” to write software were at odds with their

actual practices because they overlooked the severity of a security flaw in the

framework.

“Perhaps if he didn’t feel that his point was worth proving we would

be dealing with an insecure by default framework just because the

core maintainers or a majority of them don’t think that’s ‘the way’

to do so”. (P1)

The event put a great deal of time pressure on the Rails security team, who

worked to release a more secure version of the software (P8). Normative con-

flicts therefore have powerful implications for the team as a whole because when

they erupt they force the group to evaluate their collective values, and if neces-

sary, make significant changes to ensure group practices continue to be in line

with their aims.

The above event highlights a few interrelated conflict types. The conflict

erupted because Homakov showed that the norm of convention over configura-
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tion, while deeply embedded in the Rails community, was also a potential secu-

rity risk. Thus the issue began with a normative conflict. Through Homakov’s

frustration with lack of response to his finding, the conflict gained an affective

dimension. By resorting to hacking to demonstrate the severity of the issue,

the conflict also acquired a process dimension because Homakov violated the

agreed upon procedures for introducing changes into the project and created

time pressure for the core team to address the issue.

Clarifying ambiguous norms

Normative conflict may also arise out of a need to clarify an ambiguous standard

of behavior within the community. For example, a Mozilla developer published

a controversial article about marriage that was syndicated on Planet Mozilla.

The post offended some members of the community as well as the public at

large, and a debate erupted concerning whether the platform was an appropriate

place for publishing non-Mozilla related views (P7).

One participant wrote: “Can you please keep your personal prejudices off

Planet Mozilla?”, while another defended the post: “Absolutely not. Planet is

for all kinds of discussion from the Mozilla community. While I don’t agree

with [the author’s] stance here, I fully support his right as a community member

to post his thoughts on Planet. Feel free to ignore posts you don’t like.”

A broader debate emerged as a result of this incident about whether and how

personal opinions should be accepted on the Planet Mozilla platform. Some

members highlighted precedent in which earlier attempts at censorship were

severely criticized by the community. The relevant norm was eventually clari-

fied by one of the core Mozilla team members, explaining that Planet was cre-

ated with the intention to encourage all content, including personal, and that this

was documented, albeit obscurely, in its foundation documents.

The Opal community presents another example of clarifying community val-

ues of free speech through normative conflict. A GitHub issue was created
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within the Opal project proposing the removal of a maintainer who published

“transphobic” materials on their personal blog. The issue was hotly debated

by the community. Due to the public nature of GitHub discussions for free

accounts, the debate also included a large number of outsiders.

The vision of wanting to create an inclusive community and punish the of-

fender appeared at odds with the project’s belief in free speech. It also conflicted

with a more practical need to focus on code contributions rather than personal

opinions in order to continue to encourage open participation in this voluntary

ecosystem. This created an ethical dilemma of whether and where to draw the

line on censorship in favor of more diversity or more contributions. That is, it

involved a reformulation and clarification of community norms.

In response to the conflict, Opal developers drafted a clear code of conduct

outlining a standard for behavior in the project. The community emphasized

this new behavioral standard will continue to be iteratively improved through

feedback.

The Opal normative conflict also fuelled the development of a separate

Contributor Covenant (Ehmke, 2014), an online movement that aims to stan-

dardize codes of conduct across different FOSS projects, and emphasizes anti-

harassment policies. Interestingly, the Opal project opted not to adopt the Con-

tributor Covenant, and developed their own community norms instead.

Coordination activities, such as deciding on a code of conduct, tend to be

deferred in FOSS projects because they require more interactivity than usual

development practices which afford more modularity and sequential interde-

pendence (Howison, 2009). For example, the Ruby community has historically

followed an informal and unwritten code of conduct they referred to as "MIN-

SWAN", that is "Matz is nice so we are nice". Matz is Yukihiro Matsumoto, the

creator of the Ruby language and founder of the project, who is known for his

genial approach and warm attitude. The community thus organically modelled

their behavior toward each other based on the example set by Matz. Partici-
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pants from the Ruby community reported that conflicts rarely arose in the Ruby

project because, upon seeing any potential disagreements, community members

reminded one another of the "MINSWAN" motto and tried to resolve discus-

sions amicably.

However, FOSS projects are very open systems and thus even the relatively

peaceful Ruby community eventually found itself involved in a normative con-

flict initiated by an outsider. In January 2016, the creator of the Contributor

Covenant approached the Ruby community about ratifying their code of con-

duct. By this time, the Contributor Covenant had been adopted by a number of

large and visible projects, such as Rails, Angular JS, Mono and Apple Swift.

The Covenant creator submitted an issue request to the Ruby core team, assign-

ing it directly to Matz, to consider adopting the Covenant for the Ruby project as

well as it "came from and has been so widely adopted by the Ruby community

at large" (Ehmke, 2016).

While some members of the Ruby core team responded favorably in support

of the request, others had strong objections. Some cited a lack of need for a

formal code of conduct, as an informal one already exists. Others had more

specific objections about the Contributor Covenant itself, and that it fails to

reflect the nuances of the Ruby community that make the project attractive to

developers. For instance, one developer suggested:

"Personally I feel that Aaron, DHH or in fact any other prominent

and respected member of the community is more than capable of

writing a Ruby Mission Statement that better reflects Matz’s inten-

tions." (J, 2016)

Another developer opined, "This is how projects die", out of concern that

introducing a code of conduct would disrupt an ecosystem that has been working

well so far (S, 2016).

In response to this disagreement, Matz put forward for discussion a short

Code of Conduct that he felt was a more appropriate reflection of the community
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norms. Though Ruby is a benevolent dictatorship4, Matz opted to discuss the

proposed formalization of norms in an open thread, to allow the community

to give feedback and ensure the proposal is consistent with feelings within the

community.

In the above examples, normative conflict serves as a mechanism that en-

courages teams to discuss and formalize more explicit norms at a moment in

team development when it becomes necessary to do so. In the case of Opal, an

actual instance of hate speech prompted the discussion of how to develop group

norms to prevent this while retaining the flavor of the community. In the case

of Ruby, the community did not experience a critical need for a formalized set

of behavioral norms until these were suggested from the outside. However, be-

cause the suggestion resulted in a significant disagreement, it became necessary

to address this concern and also introduce a code of conduct that was reflective

of community sentiment.

At the same time, as the previous section on prescriptive and descriptive

norms has highlighted, project norms can become out of date as communities

grow organically. Normative conflict therefore also acts as a mechanism that

highlights the disconnect between existing community practices and norms and

those intended, allowing projects to face the issue. However, as next example

shows, it may also lead to turnover because the conflict may highlight funda-

mental differences in the way individuals think about an issue.

Node.JS - An extended normative conflict example

To conclude this section of the chapter, one extended conflict example will be

presented that illustrates a number of the above themes. Specifically, the episode

shows that normative conflict can interact with other conflict types already pre-

sented, and result in significant structural changes for the group. The following

conflict episode was independently discussed by a number of participants (P5,

4A "benevolent dictatorship" refers to a FOSS project with a strong leader figure who can
make unilateral decisions without consulting other community members.
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P4, P10, P13), and simultaneously involves procedural, affective and normative

dimensions.

In late 2013, a developer submitted a pull request to libuv, a sub-project of

Node.JS, replacing a gendered pronoun inside a line of documentation with a

gender-neutral alternative (P5). Ben Noordhuis, the project maintainer, rejected

the pull request with a short comment that the patch was “too trivial to bother”

(P4). While for Ben the source of the disagreement was procedural, an issue of

time management, the community saw this as sexist, and “went a bit crazy at

him about it” with personal attacks and flames (P4). Thus the conflict evolved

an effective component.

While the patch may appear to make a valid point, it goes against commu-

nity standards for pull requests which ensure efficient coordination and use of

developer time:

“From the perspective of outsider, that looks like a logical thing,

but from the perspective of a programmer, (there is more) than just

a logical reason, there is a standard for issuing a pull request [. . . ]

Maintainers do not accept corrections for minor formatting – in

order to accept an issue it needs to be well documented and also

(have) some technical reasons” (P13)

Many projects reject pull requests that only fix grammar issues, unless the

submitted change makes substantial contributions towards improving the docu-

mentation: “I know that in other projects (as well), people do not usually accept

this kind of request.” (P9) Thus commits that do not justify their inclusion on

technical merit usually get rejected, particularly in larger FOSS projects where

maintainers have greater demands on their time (P13).

Vocal public criticism of Ben’s decision highlighted a normative conflict

in which the community standards for accepting code were not in line with

behavioral standards for gender equality. To address this normative issue, Isaac

Schlueter, a former community leader, stepped in and accepted the pull request
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without any further discussion, thus undermining Ben’s authority as maintainer

(P5). Ben, in turn, reverted Isaac’s commit:

“He [Ben] didn’t revert it because he disagreed with it, he reverted

it because [they] have procedures for getting stuff into libuv. And

although Isaac has commit rights, he shouldn’t [...] get around the

process.” (P4)

For Ben, the issue continued to be about procedure for getting code into the

library, and accepting a pull request in direct violation of the library maintainer

violates procedure. Isaac, on the other hand, viewed the issue as a normative

one, arguing that he was upholding the norms of the project, to be “inclusive

of non-male people and that our language should reflect this explicit inclusion”

(Schlueter, 2014). Thus different parties participating in the conflict may have

had different perceptions of the source of the conflict they were involved in,

resulting in the “mixing up of a social issue with a technical issue” (P13), or a

series of “different truths” for participants.

Ben eventually resigned from the project due to community and public pres-

sure. In particular, a public blog post from a company that owns the Node.JS

trademark chastised Ben’s response and suggested that if he were a Joyent em-

ployee he would have been fired.

Furthermore, the interplay of different third parties to this conflict (the

Joyent organization and a former project lead) stimulated the community to re-

flect on its ties and dependency on for-profit organizations in the community.

Faultlines formed between supporters of an independent foundation and those

who believed in the value of organizational contribution. Eventually, part of

the the project forked into IO.JS, to continue the work without the influence of

external organizations. Interestingly, Ben returned to the new IO.JS commu-

nity and worked alongside Isaac to develop the fork because they were united

in an anti-corporate agenda. Node.JS and IO.JS development efforts proceeded

in parallel for several months, until Joyent proposed to form an independent
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Node foundation to solve the governance and corporate influence issues that

had initially led to the fork. After some negotiation, the IO.JS team decided to

rejoin the Node.JS project under the new terms of developing a foundation and

to reduce the amount of duplicate work that was being put into both projects.

As the above example demonstrates, it is possible for localized conflicts,

such as about group processes, to bring to light higher order issues in the project

that cause faultlines in the group. In the case of Node.JS, this conflict allowed

the community to clarify several community norms, such as inclusivity and

when it is appropriate to revert others’ commits. At the same time, the con-

flict raised broader issues about governance and independence, led to a fork and

the eventual establishment of a foundation to oversee project development.

Taken together, the above normative conflict examples highlight its power

in driving forward team development in ongoing virtual teams that recursively

evaluate and adjust their techno-social structures. While causing friction in the

short term, normative conflict may have potential to enact significant transfor-

mation in the long-term through clarifying norms, values and vision.

3.4 Discussion 1

The above findings address two of the research questions posed at the begin-

ning of this chapter. Specifically, RQ1 was concerned with understanding con-

flict experience from the perspective of FOSS participants, and the extent to

which existing conflict theory is applicable to such self-organizing virtual on-

going teams. RQ2 was interested in identifying the mechanisms through which

conflict influences future team structures and inputs.

Addressing RQ1, the findings show that FOSS teams experience four dif-

ferent kinds of conflict – conflict about task issues such as feature road-maps,

implementation and dependencies; process conflict about coding style and at-

tribution; affective conflict involving interpersonal incompatibilities and emo-
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tional exchanges; and normative conflict arising out of conflicting or unclear

group values and standards of behavior. These map to the intragroup conflict

taxonomy proposed by Jehn (1995, 1997) well, with the exception of normative

conflict that emerges as an additional factor for consideration. Furthermore, in

support of Behfar and colleagues’ (2011) work, the above sections show a clear

distinction in the way task and procedural issues emerge in FOSS communities.

Though in principle task, process and affective conflict in FOSS teams are

similar to conflict in traditional organizations, their substantive manifestations

differ and reflect the specific context of FOSS development. For example, task

conflict for FOSS teams involves debates about proposed features, dependen-

cies or efficient implementations. In other words, task conflict emerges out of

disagreements about what to work on. Teams that are less empowered and have

tasks assigned to them, such as short-term student teams and hierarchical or-

ganizational teams, are more likely to engage in task conflict that clarifies task

requirements, or how approach the given task. Similarly, while process con-

flict in traditional organizational teams is concerned with elements such as task

assignment (contribution), the voluntary nature of FOSS teams makes it dif-

ficult to hold expectations about any time invested. Thus process conflict is

more often concerned with logistics of performing tasks, such as coding style

and giving credit. These findings suggest it is important to keep in mind the

context of teams being examined, and to ensure validity, develop measurement

tools that are meaningful for the participants’ context. Furthermore, the findings

suggest the utility of viewing process conflict as multi-dimensional (Behfar et

al., 2011), that is, consisting of both contribution and logistics dimensions, as

different types of teams may place emphasis on different elements of procedure.

Interestingly, affective conflict in this study is not reported in isolation.

Rather it is a consequence of escalating existing task, process and normative

issues. This is consistent with work that suggests the likelihood of conflict

transformations (Arazy et al., 2013; Jehn, 1997; Martinez-Moreno, González-
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Navarro, Zornoza, & Ripoll, 2009; Simons & Peterson, 2000). Furthermore,

some of the examples presented above include two or more kinds of conflict

that evolve over time. Taken together with earlier work, these findings suggest

it may be relevant for conflict management to understand and focus on manag-

ing the trigger point at which conflicts evolve into larger, more protracted and/or

unproductive discussions.

Second, the findings highlight that ongoing virtual teams experience an ad-

ditional type of conflict that Jehn’s taxonomy does not consider – that of nor-

mative conflict, or conflict concerning the values and expected behavior of the

group. Normative conflict manifests in two distinct ways. First, normative con-

flict emerges when the descriptive norms of a group (what the team actually

practices) fall out of line with the prescriptive norms (expected standards of be-

havior), a pattern consistent with predictions made by Packer (2007) for long-

term social organizations. Second, normative conflict emerges when standards

of behavior are not well defined, or do not yet exist all. This type of conflict

may be the direct result of the on-going and self-determining nature of FOSS

teams. Because ongoing teams have more time to evolve than temporary virtual

teams, they are more likely to develop distinct group norms (Saunders & Ahuja,

2006). In fact, K. J. Stewart and Gosain (2006) found that FOSS teams develop

their own community norms and ideologies, and that these can vary significantly

from project to project. Additionally, FOSS teams are a recursive public (Kelty,

2008): they are able to not only view and modify the source code to their soft-

ware projects, but also reflect on and adapt their own practices and means of

production.

Findings on normative conflict therefore address RQ2, and illustrate how

normative conflict impacts future team structures. Manifested normative con-

flict brings to the surface a lack of clarity in behavioral standards or inconsis-

tencies between group values and actual practices. Thus, a resolution of these

issues requires the clarification or establishment of new social structures that
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provide a basis for modelling group behavior. Examples of resolutions include

community leaders providing definitive clarifications in times of uncertainty, as

well as the establishment formal codes of conduct offering consistent behavioral

standards. Thus normative conflict can result in changes to the social structures

of the group, such as group norms and culture.

Normative conflict was also found to crystalize factions of opinions, such as

in the Node.JS example, and thereby create faultlines within the community of

developers with opposing issues. While all forms of conflicts may potentially

encourage contagion, that is, for developers to take sides and form coalitions

(Coser, 1957; Jehn et al., 2013), normative conflict represents issues that con-

cern the entire group. Thus it is more likely to lead to coalition formation as

more members weigh in on discussions. Discussions in virtual team settings are

also more likely to be available to the whole team and archived, and thus have a

greater likelihood of reaching more team members.

Taken together, normative conflict emerges as a unique and important addi-

tional factor in the intragroup conflict taxonomy. It is particularly relevant in

ongoing virtual team settings, and has the potential to have far reaching effects

not only on immediate team performance but also future team structures.

3.5 Conflict Antecedents

The final research question for this chapter (RQ3) was focused on understanding

factors that may contribute toward conflict manifestation, or conversely, help to

reduce conflict levels. The following section briefly describes four themes that

have emerged during coding that were associated with either increasing conflict

occurrence or helping its management, based on participant reports. They are

geographical distribution, leadership style, distribution of decision-making, and

team interdependence. The chapter concludes by discussing their implications

for the study of conflict in FOSS, and virtual teams more broadly.
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3.5.1 Geographical Team Distribution

Though FOSS developers occasionally meet face-to-face to encourage commu-

nity building, most important decisions are made on archived mailing lists or

internet relay chat (IRC) meetings to allow the whole distributed team to partic-

ipate. In practice, this presents some challenges.

Several participants have reported conflicts arising from communication is-

sues such as different time zones, having too many communication sources to

monitor, information overload, and difficulties being heard (P1, P4, P3, P12,

P7, P13). Participants noted that they have to stay up late at night in order to

interact with team members in Europe and North America (P12, P7, P3). For

many projects, IRC, a synchronous communication tool, is used to co-ordinate

important issues such as obtaining feedback on a proposed feature before mak-

ing a formal pull request (P4) or to ask more experienced contributors questions

(P12, P7). Some participants express frustration that developers from Asia and

Australia need to conform to North American time zones (P12, P7, P3).

Developers also report conflicts arising from communication overload and

contributions “getting lost in the noise” (P4). For instance, particularly in larger

projects, a steady flow of communication comes through the mailing lists every

day as subsequent time zones come online:

“[You] can’t subscribe to everything these days, [and] can’t read

everything subscribed. [By] the time you’re done a whole bunch of

other e-mails come in. [It’s] a whole global thing [. . . ] people go

to sleep, the next time zone wakes up and starts replying.” (P3)

Additionally, projects may use multiple communication channels for deci-

sions that are not always well publicized, resulting in an impression that deci-

sions happen “behind closed doors” (P1). For example, the inability to follow

all possible communication channels has left the packager out of an important

decision regarding the application they are maintaining:
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“There was a decision that happened at some random IRC session

that I didn’t know about. [...] One day I just woke up [and] I read

on some blog somewhere, “[My project] is no longer default”. I’m

like, “Huh?”” (P3)

P3 was unable to weigh in on the decision to select a default media player

for the operating system, and another package was chosen instead. P3 raised

the issue on IRC, linking notes from the missed meeting. An affective conflict

erupted when other supporters expressed their solidarity by “spamming [flam-

ing] the whole meeting notes upside down” (P3).

Thus, taken together, greater geographical distribution among participants,

coupled with a heavy reliance on computer-mediated communication leads to

greater levels of procedural and affective conflicts in FOSS teams.

3.5.2 Leadership

Although FOSS projects are often presented as an example of self-organizing

systems with relatively flat hierarchies, the present study’s findings show that

a sense of leadership represented by one or a group of experienced developers

can work towards reducing conflict occurrence. A stronger sense of authority

may prevent conflict by encouraging alignment of opinions with a more experi-

enced developer. Leaders may also serve an interpretive function during conflict

episodes to bridge gaps in understanding between contesting parties. Finally,

leader personalities emerge as a source of community norms and best practices.

A common source of conflict identified earlier involves proposing an idea or

implementation, and receiving criticism from community leaders or maintainers

concerning the idea (task conflict). Participants suggest in such cases it pays to

defer to the experience of those in charge of accepting pull requests, as they are

likely to be drawing on greater experience with the project and code base (P2,

P12, P7):

“[Conflict occurs] because you think that they are wrong, but based
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on your own knowledge which isn’t as much as them. So they might

have taken into account other factors that you haven’t. So usually

they are right. You think that they disagree with you, but it’s. . . not

personal” (P2)

Accepting such criticism involves a sense of trust in the leader’s experience

and perspective:

“There are some things that are quite clear cut, then yeah he [main-

tainer] just makes the decisions. And most of the time they are right,

because yeah- he’s a smart person, so we trust him.” (P2)

Therefore, particularly in ongoing virtual teams that rely primarily on test-

based communication (such as e-mail or IRC) for coordination activities, it is

useful to provide social cues that indicate developer of a developer: “You have a

sense that OK somebody big is reviewing my code. It’s got to mean something.

So that’s sort of a different situation now” (P7). Furthermore, platforms such as

GitHub are useful because they make levels of experience more transparent via

developer profiles, emphasizing leader roles.

In situations of uncertainty between developers, a leader may also serve an

interpretive function to clarify the “different truths” each side is adhering to. P6

explains the strategy of “quiet talk” by an authority figure with some level of

gravitas serves to resolve an issue by highlighting to the participants involved

“here’s what you’re not seeing” about the other’s perspective (P6). For instance,

P7 recalls getting defensive when they first proposed an implementation to the

Mozilla community and received critical feedback from the IRC channel, result-

ing in conflict. When the criticism got “very loud”, the lead developer initiated

a private chat with P7 to explain “what people are actually saying”(P7). The

leader was not only able to interpret the criticisms in a way that allowed the

newcomer to understand, but also served to encourage and support the contrib-

utor to persevere in significantly improving the implementation (P7).
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A project leader or founder’s personality may also affect how conflict and

disagreement are dealt with in the community (P9). For instance, the Ruby com-

munity’s motto is “we are nice because Matz is nice” (P10). Thus, whenever the

community approaches conflict, someone invokes this phrase to indicate that the

community should not argue about this, resulting in a less “abrasive” community

(P9, P10). Ruby on Rails, on the other hand, is a framework based on Ruby but

with very different community norms. Rails is “opinionated software” which

means it suggests certain conventions for writing software, because its’ creator,

DHH is also “very opinionated” (P9). Thus in situations of disagreement, the

community can often drawn on convention or for DHH to weigh in with opinion

for a resolution. P10 explains that a leader with strong opinions is good for a

FOSS community because this provides a concrete direction for project growth

and success:

“In a lot of cases, what are you banking on? You are banking on the

authors opinion, because he does things in a certain way, and you

find there is value in doing it in certain way. This is why everyone

uses Rails. When DHH comes out and says [something], it is the

Holy Bible. It is his project, it is his opinion that counts.” (P10)

Thus even though FOSS development is often represented as an egalitarian

form of ‘peer production’ in which all are equal, a strong sense of hierarchy and

respect for authority emerges as a recurring theme in preventing disagreements

among FOSS developers.

3.5.3 Distribution of Decision-Making and Bikeshedding

While strong leadership emerges as a powerful positive overall force on FOSS

teams in preventing conflict, more dispersed decision-making was conversely

identified by participants to lead to more conflict and less ability to reach con-

sensus. In particular, the transparent and public nature of FOSS team discus-
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sions allows anyone outside of the project to weigh in on discussions, and this

can result in smaller project issues growing into large public debates.

Projects like Debian allow one equal vote per official contributor. However,

this distributed decision-making system makes it very hard to come to consen-

sus (P3). For example, a debate about whether to replace the boot sequence

of the operating system (the Init daemon, or init.d) with two viable alternatives

(Upstart and SystemD) met with stalemate lasting several years as “Upstart pro-

ponents like to mud-sling about SystemD and the other way. And neither really

tries to understand the other side of the picture” (P3).

The debate resurfaced within the project several times over the course of sev-

eral years, and the project came to a resolution only after the issue was promoted

to a more authoritative technical committee to make a final decision (P3).

The transparent communication nature of FOSS discussions further prob-

lematizes this dynamic because it can invite public participation. Debates be-

come lengthy as a greater number of people weigh in from the public, while the

relative empowerment of community members in distributed decision-making

systems encourages “commenting for the sake of commenting” (P7,P10). This

phenomenon is known within the community as “bikeshedding”. bikeshedding

is the tendency toward expressing an opinion on trivial, but accessible, issues,

such as the right color to paint the bikeshed. More complex decisions, on the

other hand are often met with few opinions from the general public (Kamp,

2003). As a result, simple issues that are open for public debate receive more

attention and fail to reach consensus, while more complex issues do not bene-

fit from enough discussion because they are harder for most team members to

understand.

For example, P7 recalls a conflict episode that emerged when a Mozilla de-

veloper unintentionally borrowed code from an external source that included

a tracker. Mozilla publicly clarified that the practice was not acceptable, and

“tracking is very bad” (P7). However, the debate that followed the incident
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included not only the whole Mozilla community, but also the general public

through blogs and comments: “the online criticism, like within the room, be-

came a sort of a Internet kind of criticism” (P7). Similarly, a British Ruby

Conference was called off several years ago because of strong public criticism

on Twitter of the organizers, who invited an all white male panel of speakers

(P10). Examples presented earlier such as the Node.JS gender commit, and the

backlash against Opal also suffered from bikeshedding because their projects

were publicly hosted on Github and thus all discussions occurred in a public

forum.

To simplify participatory decision-making, some communities have adopted

a more streamlined voting system for issues (P11). For instance, the GeoTools

project and some projects under the Apache Foundation utilize a +1/0/-1 vote

system. To prevent bikeshedding, a -1 vote requires a proposition of an alter-

native idea or implementation. Thus while overall distributed decision making

may generate more conflict, this can potentially be managed with more formal

rules for how to give feedback, such as the requirement to suggest an alternative

when down-voting an idea.

3.5.4 Interdependence

Finally, findings show that the amount of conflict experienced in a team varies

with the level of interdependence in the project.

P4 points out that the Node.JS project is very modular, and therefore, “if you

disagree with someone’s choice, you can [just] replace the piece”. “In Node,

there is less need for people to all agree on something because if you disagree

with someone’s implementation you can create your own replacement.” (P4) On

the other hand, the Node Package Manager that ties together all these distributed

modules (NPM), is more centralized in it’s code architecture design, and:

“[It] has all of the same problems as [you would] expect [. . . ] a

whole bunch of people who have different concerns, different prior-

110



ities and different needs out of a piece of software [. . . ] They’re all

like vying to get NPM to suit their needs. Now if NPM followed the

same distributed architecture. . . maybe it was made up of a bunch

of different modules and you could kind of roll your own NPM that

would possibly be a better solution” (P4)

Thus, because a project’s technical structure is more interdependent, their

social structure also experiences greater friction.

P6 explains that the relative modularity of the code base is sometimes de-

termined by the project function, and cites a long-standing conflict between Li-

nus Torvalds, the creator of Linux, and his mentor, Andrew Tannenbaum. The

Linux kernel supplies device drivers and in essence connects the software layers

of FOSS operating systems to the computer hardware. Although it consists of

many individual pieces, they are all interrelated (P6). This is because there is a

strong emphasis on performance in the project on account of Linux being a fun-

damental piece of the operating system. Thus Linux runs into constant issues

where a contribution by one developer is able to break the entire function of the

kernel (P6). This is a recurring point of criticism by Andrew Tannenbaum, who

frequently engages in conflict with Linus and other project maintainers about

the architecture of the kernel. However, Linus argues that the kernel cannot be

designed more modularly when performance is the focus, thus a certain amount

of interdependence and therefore technical conflict is necessary (P6).

3.6 Discussion 2

With the final research question, RQ3, the present study aimed to identify con-

flict antecedents that may stimulate or help in reducing conflict levels in FOSS

teams. The above findings highlight four distinct factors, namely the extent of

geographical distribution in the team, leadership, the extent to which decision-

making is distributed, and the level of interdependence in the team. The impli-
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cations of this for research and community management are discussed for each

factor below.

First, the present work highlights that similar to more traditional virtual

teams, conflicts in FOSS teams can arise directly out of their technical con-

straints, such as communicating across time zones via multiple communication

channels (Mortensen & Hinds, 2001) and the level of the team’s interdepen-

dence in their work (Kankanhalli et al., 2007). However, findings also show that

different kinds of interdependence may be relevant for projects serving different

functions – projects that place an emphasis on performance tend toward more in-

terdependence, and as a result may need to learn manage greater manifestations

of conflict.

Second, the findings highlight the important role of leaders, even in volun-

tary distributed settings that are known for their self-organizing nature, such as

FOSS projects. Leaders are either project founders, individuals appointed by

an outgoing leader, or core developers whose work is central to the commu-

nity. Madey, Madey, Freeh, and Freeh (2002) refer to this group as lynchpin

developers because they are often responsible to a big chunk of work and de-

cisions made in projects. Specifically, leaders in FOSS teams play a big role

in the overall culture that evolves in the project – the extent to which a team is

conflict-averse is connected with the personality of project founders. More gen-

erally, leaders exert an idealized influence on the team (Bass, 1990), that is, they

lead by example, and maintain their status at the forefront of the community by

committing rich and complex code. In other words, FOSS leaders provide a role

model for other developers to follow by “walking the talk”. This aligns closely

with the transformational style of leadership that is often studied in traditional

organizational settings in connection with positive team outcomes.

FOSS leaders also appear to serve a useful function in conflict resolution by

using their idealized influence to step in and make quick decisions to resolve

conflict. They serve as arbitrators, bridging the gap in “different truths”, or
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understanding among developers, that may lead to conflict. Community leaders

by their very position in the team engender trust, as they are expected to be

more experienced in project issues and the code base. Thus it may be useful

to display team member experience with tasks on their profile, as this added

social cue can serve to help team members judge the credibility of feedback and

criticism given.

Taken together with the above findings on the similarities between conflict

types experienced, the present work suggests it is useful to draw on insights from

work on traditional organizational teams in understanding conflict in ongoing,

voluntary virtual teams such as FOSS teams. There are also some important

differences that emerge due to the unique voluntary and virtual context of FOSS

projects.

For instance, FOSS teams vary in the amount of decision-making power con-

tributors have toward the overall project direction. Some projects are “benev-

olent dictatorships” where the project leader/founder has a final say in deci-

sions, while others are run by a steering committee, or practice a one-vote-per-

developer policy. As a result, conflict emergence and resolution also differ. On

one hand, a distributed decision-making structure supports the high virtuality

of FOSS teams and alleviates the bottle neck of awaiting a deciding answer

from one or a small number of individuals on important matters. Instead teams

with distributed decision-making styles operate on rough consensus among the

individuals closest to the problem at hand. On the other hand, participant ac-

counts highlight that allowing more individuals to participate in decisions of-

ten leads to protracted conflicts because as the number of opinions increase, so

does the tendency to identify and argue against the consequences of some deci-

sions. In particular, distributed decision making systems have trouble choosing

between complex alternatives that have both advantages and disadvantages, or

are roughly equivalent, as a vocal minority is often voting against some of the

issues.
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The transparent nature of communication in FOSS teams also affords greater

participation in issues that are not directly relevant to the concerns of all devel-

opers. For instance, a disagreement between two parties on a choice of de-

pendency may attract the attention of other developers, either forming poten-

tial coalitions, or proposing even more solutions, and thus making the conflict

episode more complex. This is particularly true of issues that are more acces-

sible, such as minor changes or discussions about social norms, and thus the

community may find it difficult to make progress on these discussions. On the

other hand, difficult issues that may require more cognitive diversity do not nec-

essarily receive it. This phenomenon is based on Parkinson’s law of triviality

(Parkinson, 1957), and known within the FOSS community as “bikeshedding”.

Bikeshedding has important implications for our understanding of conflict in

FOSS teams, and the design of computer-mediated systems.

Prior research on open collaboration has argued that transparency is a cru-

cial element of the implicit coordination that underpins distributed collaborative

work (Bolici et al., 2009; Dabbish, Farzan, et al., 2012). However, transparency

is a double-edged sword. Towne, Kittur, Kinnaird, and Herbsleb (2013) find that

highlighting conflictual discussions leads to reduced perceptions of output qual-

ity, unless the conflict is resolved. The present findings take this a step further

and show that transparency also affords more participation in conflict episodes

by parties not necessarily privy to the original issue, thus disproportionately fo-

cusing attention on minor issues, while not enough attention is given to more

complex problems. This is a fruitful area for future research to explore – how

do we highlight important issues for team discussion that would otherwise get

lost in a sea of mailing list updates that revolve around relatively more trivial

issues?
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3.7 Summary

Taken together, both the manifestation of conflict and its emergence in ongo-

ing virtual teams share similarities with conceptualizations from traditional or-

ganizational theory. However, there are important differences that reflect the

ongoing virtual nature of FOSS teams.

Because ongoing virtual teams have more time to develop group norms and

behavioral standards, over time these can become a source of conflict, particu-

larly when are unclear or expose discontinuity between community values and

practices. In this way, normative conflict affords ongoing virtual teams the op-

portunity to reformulate norms and behavioral standards, and thus emerges as

mechanism for team adjustment in the face of growth and change. At the same

time, normative conflict spurs change in the social structure of the community

when it encourages the formation of coalitions, and may lead to the splintering

of a community. Furthermore, ongoing virtual teams that rely on transparent

communication archives as activity logs may suffer from more protracted and

escalated conflicts when parties not related to the original episode take sides.

Through a qualitative exploration, the present chapter has highlighted a

number of critical differences in the way conflict occurs in ongoing voluntary

virtual teams, such as FOSS development teams. The present work also aims

to generalize the above initial findings and construct a quantitative model of

conflict in FOSS that validates the above four conflict types and examines their

complex effects across a wide variety of projects.

To do so, the next chapter (Chapter 4) will first review literature relevant to

the emergent fourth dimension of conflict – normative conflict, unpacking mech-

anisms through which it may have potential effects on team structure. Following

this, Chapter 4 will draw on work on traditional organizational teams to formu-

late hypotheses connecting the above four conflict dimensions, their structural

inputs, and their effects on team emergent states and outcomes in an ongoing

virtual team context. Following this, a methodology for this second study will
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be presented together with results and a discussion of their significance (Chapter

5). Finally an overall discussion in Chapter 6 will tie up the findings from both

studies into a larger framework with reference to current knowledge in the field,

while Chapter 7 will discuss the overall limitations of the two studies together

with a path for future research.
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Chapter 4

Hypothesis Development - Conflict,
Inputs, Emergent States and
Outcomes

The previous chapter has highlighted examples of dramatic and public depar-

tures from Free and Open Source Software projects, such as the recent gendered

commit debate that led to the departure of a Node.JS core contributor. Voices

within the community have linked these developer departures with a toxic en-

vironment created by high levels of conflictual interaction (Sharp, 2013). In

fact, a prominent Linux developer, Sarah Sharp, had recently announced she is

stepping down from the community due to its high conflict environment (Sharp,

2015). Given the largely voluntary nature of FOSS participation that affords

easy departure, and that relatively little attention has been given to the impact of

conflict on FOSS team vitality, this is an important area to address. 1

Participation in FOSS projects is a largely voluntary activity (Crowston et

al., 2012). While a number of FOSS projects have received considerable main-

stream success and are able to employ full-time developers to work on the soft-

ware (such as the Mozilla Foundation, and initiatives like the Google Summer of

Code), these examples are few even among successful projects. A recent com-

prehensive survey showed approximately 60% of FOSS developers are unpaid

volunteers (Arjona-Reina et al., 2014). At the same time, FOSS teams have
1Material from Chapters 4 and 5 is forthcoming in Filippova and Cho (2016)
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porous boundaries that afford relatively easy entry and exit, while the virtual

nature of team communication makes it particularly easy to disconnect.

Yet FOSS projects cannot thrive without sustained developer contribution.

Markers such as developer activity level (Kevin, Annabi, Howison, Masango, &

Crowston, 2004) and number of developers (Krishnamurthy, 2005) are critical

factors that contribute to team success (Crowston, Howison, & Annabi, 2006).

Given the tenuous nature of FOSS contributor membership and that developer

time is primary currency in FOSS, it is important to investigate factors that affect

developer retention.

A healthy body of work has already examined various aspects of participa-

tion in virtual communities. Prior work has shown that the continued involve-

ment of FOSS developers depends on both their individual motivations and team

structural factors, such as leadership, ideology and interpersonal relationships

among contributors (Xu et al., 2009). Motivation, in turn, can be intrinsic, such

as the desire to help others, as well as extrinsic, involving rewards like repu-

tation and career advancement (Oreg & Nov, 2008). Additionally, developers

are more motivated if they identify strongly with the team and subscribe to the

project ideology (Zhu et al., 2012).

There are also a growing number of studies on conflict more broadly in peer

production settings. Prior work has found that in the context of Wikis, there are

high levels of conflict in discussions (Collier & Bear, 2012), conflict increases

with community complexity (Kittur et al., 2007) and negatively impacts the

quality of articles produced (Arazy et al., 2013). In FOSS projects, qualitative

studies have shown that conflict is also an important process (Elliott & Scacchi,

2003) and as Chapter 3 highlights, manifests in four different ways – as task,

process, affective and normative conflict. However, research has yet to examine

the effect of conflict on outcomes in FOSS teams, especially project vitality

(Crowston et al., 2012).

This chapter developers hypotheses in relation to a second study (reported
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in Chapter 5), which takes the next step in understanding conflict prevalence

in FOSS teams by examining the connection between conflict, team inputs and

outcomes. Using a large survey of the Free and Open Source Software developer

population (n=228), this second study aims to make several key contributions to

our understanding of peer production dynamics. First, this study validates the

four-factor structure uncovered by Study 1 and, in particular, the relevance of

normative conflict in ongoing team settings. Second, the study uses this updated

framework to investigate the kinds of conflict that affect developers’ attitudes to-

wards their team and their sustained participation. And third, different structural

input variables are examined to understand their impact on conflict emergence.

Specifically, leadership style, distribution of decision-making, interdependence

and geographical distribution are examined because they were highlighted as

crucial factors contributing to conflict manifestation in Chapter 3.

In doing so, the present study makes several contributions to knowledge

on both open collaborative systems and virtual teamwork. To the best of the

author’s knowledge, this is the first study on FOSS to quantitatively examine

factors that promote conflict alongside conflict’s impact on team vitality. The

study is also the first to quantitatively examine the emergence and impact of

normative conflict in ongoing virtual team settings. Chapter 3 has shown this

form of conflict to be a critical feature of community development, and the

present chapter goes a step further to chart the role of normative conflict in

ongoing virtual team longevity.

Figure 4.1 presents the theoretical model employed in this study. This model

follows the classic input-process-output structure and includes both conflict out-

comes and antecedents (Crowston et al., 2012). First, the following section will

review literature connected with normative conflict and make an argument for

its inclusion in an expanded four-factor conflict framework. Then, the chapter

expands on the conceptualization of outputs in this work and connects them with

the four conflict dimensions. Furthermore, hypotheses are proposed connecting
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the four conflict dimensions with possible inputs. Finally, the study also pro-

poses more complex interactions and mediating relationships and explains their

significance to the quantitative study of conflict in FOSS teams as examples of

ongoing virtual teams.

Figure 4.1: Input-Process-Output Model of Conflict in FOSS Teams

4.1 Hypothesis Development

4.1.1 Normative conflict as a fourth conflict dimension

To address the first research aim of this study, the following section makes an ar-

gument for expanding the intragroup conflict taxonomy by including normative

conflict.

In prior work, group norms have most commonly been explored as a medi-

ator between conflict and team outcomes, rather than a source of conflict. For

example, Jehn (1997) found that group norms about the acceptability of con-

flict determine whether conflict will negatively impact the team. In other words,

groups that expect conflict suffer less from its negative effects. However, group

norms are not always homogenous, potentially leading to misinterpretation and

conflict among team members. For instance, Jehn (1994) also found that groups
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that experience less value consensus (that is, do not share similar values) expe-

rience greater conflict.

Prior work suggests that norms can come into conflict due to inconsistencies

between the values a group upholds and another existing behavioral standard.

Specifically, norm conflict can occur at an internal level (intraindividual) or as

an external manifestation of disagreement in the team. Internal normative con-

flicts are those that occur within the consciousness of an individual, but are not

necessarily verbalized, or impact others. External manifestations of normative

conflict are those that are verbalized by individuals, and in some way block or

interfere with the actions or beliefs of other individuals.

Internal group norm conflicts can emerge because different sets of norms

may have different aims that pull an individual in different directions. For ex-

ample, declarative norms that require bus drivers to both drive carefully and stay

on schedule can lead to a contradiction because bus drivers are required to follow

both sets of guidelines but may not be practically able to do so (Hamner, 1987).

Internal normative conflict may also occur when individuals identify with more

than one social group at a time, thus different social realities and expectations

may come into conflict (Roccas & Brewer, 2002). For example, while jour-

nalistic ethics dictate publishing unmodified photos, artistic and organizational

pressures on journalists for more sellable images result in pressure to digitally

enhance photos (Lowrey, 2003). In peer production settings, contributors are

commonly part of several different projects at the same time (Arjona-Reina et

al., 2014; R. A. Ghosh et al., 2002). Thus they may also experience competition

between various project norms. Internal normative conflict can further emerge

from conflicting descriptive norms, that is, observations of actual behavior of

various important social groups (Cialdini, Kallgren, & Reno, 1991). R. I. Mc-

Donald, Fielding, and Louis (2012) found that the presence of conflicting de-

scriptive norms increased individual intentions to engage in pro-environmental

behavior, if they already had strong personal predispositions toward the behav-
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ior. However, individuals who had less positive attitudes saw normative con-

flict as a reason not to engage. Thus, depending on individual predispositions,

normative conflicts can stimulate both a fight reflex towards improving group

outcomes, or the opposite, desertion.

So far, all normative conflicts described have been internal, occurring within

the consciousness of the individual. They may pull an individual in different

directions, problematizing the choice of a course of action. The work described

has also largely assumed normative conformity – that is, despite an apparent

conflict, one norm has to be chosen over the other for the individual to be able

to act (Oren, Luck, Miles, & Norman, 2010). However other research suggests

that individuals may sometimes choose to challenge these conflicting norms.

Specifically, Packer (2007; 2010) argues that normative dissonance can re-

sult in expressions of manifest disagreement from team members. Packer’s

work suggests that when a group member observes an inconsistency between

accepted standards of behavior (prescriptive norms), and actual activity within

the group (descriptive norms), group members who identify strongly with the

group would highlight this inconsistency in order to help reconciliation. This

is because when a social group is part of an individual’s own identity, the suc-

cess of the group is closely linked with personal success (Tajfel, 1978; Turner,

Hogg, Oakes, Reicher, & Wetherell, 1987). Thus individuals would be moti-

vated to raise normative conflicts to allow the group an opportunity to resolve

the contradiction. On the other hand, if an individual does not strongly identify

with the group, normative conflict may lead to passive compliance or leaving the

group altogether because the individual is less invested in the group’s outcome

(Packer, 2007).

The majority of the normative conflicts presented above have been examined

in offline settings. However, as the relational view of CMC literature in Chapter

2 showed, virtual groups are just as likely to develop and evolve group norms

over time.
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In particular, it may be just as easy, or even more so, to observe the behav-

ior of others in a virtual setting, and obtain a sense of group descriptive norms.

Peer production systems like Wikipedia and Free and Open Source Software

development rely heavily on communication technologies to document the ac-

tivity of others in the team (Bolici et al., 2009). The intention is to provide a

greater sense of context and transparency about how work is being done, and

thereby facilitate more implicit coordination. GitHub, a hosting service that is

free for FOSS projects, allows anyone to view and subscribe to either project

or individual activities (Dabbish, Stuart, Tsay, & Herbsleb, 2012). This level

of transparency facilities greater visibility of the descriptive norms of the group,

that is, estimations of actual group behavior. At the same time, many more com-

plex peer production systems publish a set of project guidelines and expectations

for team member behavior (prescriptive or declarative group norms) (T. Ghosh,

Yates, & Orlikowski, 2004). As a result, this transparency may in fact be more

likely to highlight dissonance between the prescriptive and descriptive norms of

the group, if they exist.

Thus members of ongoing virtual teams that have had a chance to develop

salient group norms and rely heavily on computer-mediated communication

may be more likely to experience normative conflicts. Chapter 1 already showed

initial evidence of possible normative conflicts. To recap, Elliott and Scacchi

(2003) found that normative conflicts arose when the prescriptive norms of us-

ing only Free Software were not in line with the descriptive norms of using non-

free software tools to create project artwork. In the context of Wikipedia, Matei

and Dobrescu (2010) found that disagreements about interpreting Wikipedia’s

Neutral Point of View policy were an essential element of working in the Wiki

project.

Furthermore, Chapter 3 has shown that FOSS teams experience conflicts

arising from incompatible or unclear group norms alongside conflicts arising

from task issues, procedural challenges, interpersonal incompatibilities. While
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task, process and affective conflict are commonly studied aspects of the intra-

group conflict taxonomy, normative conflict is a potential extension of this tax-

onomy that is particularly salient for ongoing virtual teams. Findings from study

1 suggest that normative conflict has a distinctly different impact on the team

compared with task, process or affective conflict. Specifically, normative con-

flict is a key driver of team development and change because it raises normative

contradictions that result in the reformulation or clarification of group norms,

as well as potential structural changes such as the emergence of faultlines. It is

therefore important to quantitatively examine whether normative conflict may

exist as a fourth intragroup conflict dimension:

RQ1: Do FOSS teams experience normative conflict as a distinct and sepa-

rate dimension from task, process and affective conflict?

The following sections will introduce the remaining variables of interest in

this study, and their relationships with each other, starting with FOSS team out-

comes.

4.1.2 Outcomes

Intention to remain (ITR)

When teams are largely driven by voluntary participation, the extent to which

team members intend to remain as contributors is a critical aspect of team vi-

tality. In fact, the intention to perform a behavior has been consistently found

to be the strongest predictor of subsequent behavior (Ajzen, 2011; Ajzen &

Fishbein, 1977; Campion, Papper, & Medsker, 1996). However, the construct

has been treated in different and somewhat contradictory ways across several

decades of research in this area. Concepts such as commitment to the organi-

zation, behavioral intentions to quit and affective attachment to the organization

are sometimes treated interchangeably and at other times as distinct outcomes.

For example, Mowday, Steers, and Porter (1979) developed and validated a pop-

ular organizational commitment scale that contained both behavioral compo-
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nents, such as intention to leave the organization, and attitudinal components,

such as an emotional or intellectual bond to the organization. In recent work

on open collaborative systems, Dabbish and colleagues (2012) also treat com-

mitment as a complex construct involving affective attachment, intention to stay

and exert effort on behalf of an organization. However, other studies find the be-

havioral and attitudinal components of organizational attachment to be distinct

and complex constructs in their own right (Landau & Hammer, 1986). Studies

also distinguish between commitment at the organizational level and team level

(Bishop, 2000), while other work only examines one of these factors in isolation

(Dayan, 2010; Jehn, 1995; Pazos, 2012).

Scholars like Michaels and Spector (1982) suggest a causal link between

these variables, viewing affective commitment to an organization as a precursor

for the intention to remain in a team. This perspective is consistent with Ajzen

and Fishbein’s (1977) classical work on behavioral intentions. Specifically, they

suggest that an individual’s intention to engage in a behavior is affected by an

individual’s attachment to a reference group and attitude toward the behavior.

Thus the extent to which an individual feels a sense of belonging to the group

determines intention to remain as part of that group.

Supporting this, Fang and Neufeld (2009) found that sustained participation

rests on team identification alongside other factors like learned experience with

the project. Similarly, Bagozzi and Dholakia (2005) have found that intention to

participate in Linux User Groups depends on their identification with the group

alongside other variables like developer attitudes toward working in the project.

Taken together, the body of work suggests identification with the project

is strongly linked with sustained participation in open collaborative systems.

The present study thus examines identification with the team in connection with

developers’ intention to remain in the project. The next section expands further

on this relationship.
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Identification (IDENT)

Identification is a classical construct rooted in Tajfel’s (1978) seminal work, in

which he argues that an individual’s self-definition consists of not just personal

characteristics, but also memberships in social groups such as racial groups, re-

ligious, political or community associations. In a later theoretical extension,

Turner and colleagues (1987) argue that individuals may categorize themselves

as part of a variety of groups, with different identities being more salient at dif-

ferent times. Thus when a group identity is more salient than an individual one,

group members experience greater emotional attachment with the group, and

the desire to maximize group outcomes. In other words, team goals become per-

sonal goals (Turner et al., 1987). A focus on the group further creates normative

pressure on an individual to act in a certain way, that is, adopt group character-

istics and behaviors. Thus identification with a group encourages members to

stay as a part of that group because 1) the group’s collective success becomes re-

flective of one’s own success, and 2), because leaving would be anti-normative.

Ashforth and Mael (1989) have found that it is possible to identify with orga-

nizations and/or sub units as well, thus launching a tradition of study in literature

on organizational teams. Identification also continues to be relevant in a virtual

team setting. A growing body of work has shown that it is possible to categorize

as part of a group both quickly, based on limited available characteristics (SIDE;

Reicher et al., 1995), and to develop a group identity over time (SIP; Walther &

Burgoon, 1992). In fact, a strong group identity is particularly important in vir-

tual settings because it reduces the uncertainty of the virtual environment (Fiol

& O’Connor, 2005).

In traditional organizational teams, identification was found to have a neg-

ative relationship with worker turnover (Cole & Bruch, 2006). In a study on

Wikipedia, Zhu et al. (2012) showed that identification with a Wiki group en-

courages not only increased participation, but also focuses efforts on accom-

plishing group goals. Similarly, K. J. Stewart and Gosain (2006) found that in
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FOSS projects, adherence to team ideology was beneficial to the team in attract-

ing and retaining developers. Thus the following relationship is expected:

H1: Developers’ identification (IDENT) will be positively related with in-

tention to remain in the project.

Performance Perception (PERF)

Aside from team vitality measured through sustained participation, it is also im-

portant to examine team success in connection with different conflict types in

FOSS settings. Chapter 1 has already elaborated on the challenges of measur-

ing success in the FOSS setting where profits and market share metrics do not

readily apply. Thus when investigating team success, it is important to con-

ceptualize this in a meaningful way for FOSS contributors. Specifically, past

research has found team performance is a multidimensional construct in FOSS

involving both code quality as well as success with users, and has been been

examined as the relative satisfaction of developers with their own project per-

formance (Crowston, Howison, & Annabi, 2006). This closely aligns with the

classical framework by DeLone and McLean (2003), which emphasizes both

quality of software produced and its success with users. Crucially, team perfor-

mance emerges as a subjective construct, because in FOSS settings success is

relative to the goals set out by the project and individual developer perceptions

about what constitutes success. Therefore, the present study investigates devel-

opers’ perceptions of their own project performance as a function of their eval-

uation of factors such as software quality and success with users (McDonough,

Kahn, & Barczak, 2001).

Investigating developer perceptions of performance is further appropriate

because what individuals consider conflict may be subjective, while not all de-

velopers may be party to all conflict episodes. Thus it is relevant to exam-

ine the direct relationship between individual’s recognition of conflict on their

subsequent attitudes towards team, such as performance perception. Further-
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more, team potency, or the belief in the performance of the team across multiple

tasks (Guzzo, Yost, Campbell, & Shea, 1993) is consistently reflective of ob-

jective performance measures (Campion et al., 1996; Gully, Incalcaterra, Joshi,

& Beauien, 2002; C. Lee, Tinsley, & Bobko, 2002; LePine, Picollo, Jackson,

Matheiu, & Saul, 2008).

Specific hypotheses related to conflict dimensions and performance percep-

tion will be developed below.

4.1.3 Conflict

Chapter 2 has highlighted the way conflict within groups has been studied across

many disciplines, and conceptualized in different ways. Drawing from literature

on organizational teams, this study defines conflict as an interactive process

manifested in incompatibility, disagreement, or dissonance within or between

social entities (Rahim, 2002). Crucially, conflict involves opposing interests

that are manifest in some way within the group. That is, for conflict to occur,

incompatibilities must not only be present, but also visible and evaluated as

conflict by one or more group members. Consequently, this study investigates

developer perceptions of manifested conflict within their team. Following the

previous chapter, as well as prior work by Arazy et al. (2013) and van Wendel de

Joode (2004), the present study draws on literature on traditional virtual teams

and distinguishes between several different forms of conflict.

Task Conflict

Past research highlights a cognitive dimension to conflict that involves differing

opinions about the work that needs to be done (Jehn, 1995). Task conflict in

peer production settings involves differences of opinion about what content to

add and proposed changes to the project output (Arazy et al., 2013). As Chapter

3 has shown, in the case of FOSS projects, this means disagreements about pro-

posed features and implementations. Furthermore, because many FOSS projects
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are modular and depend on other projects, task conflict may also arise from dif-

fering opinions on the choice of project dependencies.

On one hand, cognitive (or task) conflict is expected to have a positive influ-

ence on team performance because it stimulates creativity through diversity of

ideas and prevents groupthink (Nemeth & Goncalo, 2011). On the other hand,

team members may interpret disagreements concerning the work they are doing

as a negative assessment of their own abilities, causing stress and dissatisfaction

(de Wit et al., 2012).

In practice, task conflict has had mixed effects on group outcomes. In classic

work on traditional virtual teams, Amason (1996) found task conflict to be posi-

tively related to affective acceptance of team decisions as well as decision qual-

ity. However, Jehn (1995) found task conflict to be negatively linked with team

satisfaction and team performance, while O’Neill, Allen, and Hastings (2013)

found a negative relationship with potency (performance perception). A review

by De Dreu and Weingart (2003) found task conflict to be negatively related to

both performance and satisfaction with the team, however a later meta-analysis

by de Wit et al. (2012) showed no direct effects on either.

In virtual team settings, Lira et al. (2008) found that task conflict has a nega-

tive relationship with performance perception. Similarly Windeler et al. (2015)

found task conflict to have a negative impact on team effectiveness through re-

ducing shared understanding. However, these studies were conducted on short-

term virtual teams. In real world, ongoing organizational virtual teams teams,

Jong et al. (2008) found task conflict to be positively connected with perfor-

mance while teams with low virtuality had a negative relationship with task

conflict. This is because task conflict helps to reduce uncertainty about the task

at hand (Hinds & McGrath, 2006). It is possible that ongoing virtual teams have

less time pressure to perform and thus are able to reap the benefits of greater

cognitive diversity stimulated by task conflict.

In fact, in the context Wikipedia groups, Arazy et al. (2011) found task
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conflict was also positively linked with quality of output in cognitively diverse

groups. However, a later study did not find significant effects of task conflict on

the quality of Wikipedia articles (Arazy et al., 2013).

Another possible reason for these mixed findings is that task conflict has

varying effects on performance depending on the complexity of the task being

performed (Kankanhalli et al., 2007). Specifically, task conflict was found to be

beneficial for teams performing more complex tasks as it stimulates creativity

and new ideas (Jehn, 1995). However, for teams working on more routine duties,

task conflict may be detrimental because it takes focus away from work. As

FOSS development is a creative task that involves writing complex software,

task conflict may have a more positive impact on team performance. Thus the

following is proposed:

H2a: Task conflict (TASK) will be positively related with performance per-

ception in FOSS development teams.

There may also be a potential curvilinear relationship between task conflict

and performance perception. By breaking task conflict further down into differ-

ent levels of intensity, Qiu, Wang, and Cui (2013) found a complex, curvilinear

relationship that closely echoed work on traditional virtual teams (De Dreu,

2006; Farh, Lee, & Farh, 2010). At extreme ends, task conflict appears to lead

to worse output quality, with medium levels of conflict best at early stages, sug-

gesting a kid of “Goldilocks” effect – not too little, not too much, and at the

right time (De Dreu, 2006; Farh et al., 2010; Qiu et al., 2013). Thus a related

hypothesis is proposed:

H2b: Moderate levels of task conflict (TASK) will be more positively related

with performance perception in FOSS development teams than high or low task

conflict levels.
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Affective Conflict (AFFECT)

Affective (or relational) conflict involves emotional disagreements and interper-

sonal dissonance, thus it is often presented in contrast to task conflict (Jehn,

1995). These displays of emotion and personal incompatibilities take focus and

resources away from accomplishing the group goals, and are therefore viewed

as counter productive to team outcomes and member well-being (Jehn, 1995;

Mortensen & Hinds, 2001). In virtual communities like FOSS projects, affec-

tive conflict may further manifest as disinhibited interactions between members

that involve personal attacks, such as flaming (Arazy et al., 2013; Franco et al.,

1995). At the same time, as the review in Chapter 2 highlights, in the absence

of situational or contextual cues, FOSS contributors may attribute failure to per-

sonal incompetence or inattention, rather than situational factors such as lack of

information. This may result in a more pronounced effect of affective conflict

on the team.

Supporting this, in both collocated and virtual teams, the overall effect of

affective conflict has been found to be predominantly negative for team perfor-

mance (Jehn, 1995, 1997; Jehn & Mannix, 2001; Mortensen & Hinds, 2001;

de Wit et al., 2012). Affective conflict was also found to have a negative rela-

tionship with perceptions of team performance in both collocated (O’Neill et al.,

2013) and virtual teams, with virtual teams experiencing greater negative effects

(Lira et al., 2008). The direct impact of affective conflict has not been empiri-

cally investigated in research on peer production. However, work by Arazy et al.

(2013) on the interaction between task and affective conflict suggests affective

conflict, when present, has a negative impact on the quality of Wikipedia arti-

cles. Taken together, the literature suggests affective conflict can be expected

to have a negative relationship with perceived performance because it detracts

from the task at hand. Thus the following hypothesis is proposed:

H3a: Affective conflict (AFFECT) will be negatively related with perception

of project performance
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Affective conflict also has consistently negative relationships with team

member well-being markers such as satisfaction (De Dreu & Weingart, 2003),

cohesiveness (Jehn et al., 2008), and team viability (Tekleab et al., 2009). The

present work argues that affective conflict will impact team viability by reducing

individual identification with the team by focusing on individual dissimilarities

rather than shared group similarities, and therefore undermine individual inten-

tions to remain in the project. Thus the following is proposed:

H3b: Affective conflict (AFFECT) will be negatively related with team iden-

tification.

Process Conflict

Process conflict is a third conceptual dimension that involves disagreements

over how to perform a task and team responsibilities. Process conflict has ap-

peared less frequently in research due to measurement difficulties in distinguish-

ing it from the first two conflict types (de Wit et al., 2012). However, Behfar and

colleagues (2011) have recently re-examined this dimension and highlighted its

distinctiveness in predicting team outcomes.

Specifically, disagreements about procedure introduce confusion about the

correct course of action, and take attention and resources away from the task

at hand. Therefore, in the context of traditional virtual teams, process conflict

has had largely negative effects on team performance in traditional virtual teams

(de Wit et al., 2012). Furthermore, when comparing teams with both high and

low virtualness, Jong et al. (2008) found process conflict to have a consistently

negative impact on performance across all teams.

The direct effect of process conflict on outcomes has not been examined

in peer production settings as well. However, Arazy et al. (2013) have found

that in Wikipedia, the presence of process conflict alongside task conflict has a

negative effect on article quality. We can also expect process conflict to be a

relevant and negative force in FOSS team performance. FOSS teams evolve and
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infer procedures based on visible indirect cues and the behavior of others (Bolici

et al., 2009). As Chapter 3 highlights, this lack of explicit coordination may lead

to instances of process conflict through misunderstandings about issues such as

access to the code base, as well as how to structure contributions in terms of

an expected coding style. These issues can take attention away from the task at

hand and reduce perceptions of team performance.

This would be especially true for ongoing teams that place particular em-

phasis on the development of efficient processes (Saunders & Ahuja, 2006),

and would thus dedicate attention and resources away from the task at hand to-

ward resolving the procedural issue. Process conflict would also be especially

relevant in the virtual setting. Virtual teams are particularly vulnerable to uncer-

tainty (Hinds & McGrath, 2006) thus process conflict may highlight a lack of

clarity about team procedures. Therefore, we can expect high levels of process

conflict to negatively impact perception of project performance:

H4: Process conflict (PROC) will be negatively related with perception of

project performance.

Normative Conflict

Lastly, Chapter 3 has proposed a fourth conflict dimension for more long-term

oriented, self-organizing teams that have had time to develop group norms, such

as FOSS projects. An earlier section has already described its potential signifi-

cance to the intragroup conflict taxonomy. To recap, normative conflict, or con-

flict about group norms, involves higher order disagreements about group func-

tion that do not directly arise out of working together. Instead, conflict emerges

from a perceived dissonance between the prescriptive norms of the group, that

is what the group aims to do, and the descriptive norms, or members’ actual be-

havior (Packer, 2007). Thus normative conflict may involve ideological debates

and recursive, meta-level, discussions on the state of the community as a whole.

Though outlined qualitatively in Chapter 3, this form of conflict has not yet been
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empirically examined in the context of ongoing virtual teams.

Similar to affective and procedural conflict, normative conflict may take at-

tention away from the activity of writing software while the community debates

larger issues, thus negatively impacting perceptions of performance. In line

with Coser’s (1957) predictions, Chapter 3 has highlighted how normative issues

such as the Node.JS gendered commit debate become the focus of community

discussions because issues about group norms and values can potentially affect

every member of the group. Therefore, the following hypothesis is proposed:

H5a: Normative conflict (NORM) will be negatively related with perfor-

mance perception

Additionally, because normative conflict highlights inconsistencies in the

mission and values of the project, it may lead to perceptions that group cohesion

is overall lower, and thus reduce identification with the project. Specifically,

normative conflict may highlight factions of opinions on the same issue that

highlight fundamentally different values. This may reduce overall group identi-

fication, and promote identification with sub-groups instead, creating faultlines

(Lau & Murnighan, 2005). This may be particularly relevant to virtual teams

because, in absence of other visually identifying cues, different factions of opin-

ions may become the primary salient social categories, as the SIDE theory sug-

gests (Reicher et al., 1995). Therefore, the following additional hypothesis is

proposed:

H5b: Normative conflict (NORM) will be negatively related with team iden-

tification

Given the potential relationship between developer identification with the

team and intention to remain in the project, as well as the fact that affective,

and normative conflict are predicted to impact identification, it would be perti-

nent to examine their exact mechanism of action. Specifically, this study will

also explore whether affective and normative conflict reduce intention to remain

indirectly by reducing team identification. Therefore the following additional
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hypotheses are proposed:

H5c: Identification will mediate the relationship between affective conflict

and intention to remain.

H5d: Identification will mediate the relationship between normative conflict

and intention to remain.

Interactions

Finally, a number of recent studies suggest that these conflict dimensions do not

occur in isolation, and influence the effects of other conflict types on outcomes

(Arazy et al., 2013; de Wit et al., 2012). In traditional virtual teams, de Wit

et al. (2012) have found that in the presence of affective conflict, task conflict

and performance are less positively associated. This may be because, as the

previous chapter has shown and a growing number of studies suggest, task re-

lated criticisms are often misinterpreted as a personal attacks (Jehn & Mannix,

2001; Mooney, Holahan, & Amason, 2007; Simons & Peterson, 2000). Further-

more, while individuals attribute their own mistakes to situational factors (e.g. I

couldn’t reply to an e-mail because my service was offline), they often attribute

others’ mistakes to personality faults (e.g. They didn’t reply my e-mail because

they are irresponsible). This may lead to the evolution of initially task related

conflicts into affective disagreements.

In addition to this, Arazy et al. (2013) found in the Wikipedia setting that

task conflict could evolve not only into affective but also process conflict. This

may be because manifest task conflict may raise uncertainty about the task at

hand. If this remains unresolved, this may lead to a variety of conflicting proce-

dures designed towards approaching different aspects of the task. The authors

also found both task-affective and task-process conflicts to have a negative rela-

tionship with Wikipedia article quality (Arazy et al., 2013).

In addition to this, Greer et al. (2008) have argued that all three conflict types

(task, affective and process) can evolve into each other over time under different
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conditions. Supporting this, they found that high levels of initial process conflict

were connected with high levels of affective, task and even more process conflict

across future time periods. They also found the three conflict types interacting at

team inception, suggesting that the same events may evolve into any one of the

three conflicts over time. This recursive cycle may arise when team members

misinterpret other’s behavior in response to their own expression, and respond

to the misinterpretation in a more hostile way, exacerbating the issue (Thomas

& Schmidt, 1976).

Finally, qualitative work in the previous chapter suggests that task, affective

or process conflicts may also evolve into normative conflict. For instance, task

conflict can take on a normative dimension when manifested task uncertainty

uncovers deeper values inconsistencies, such as the conflict episode Elliott and

Scacchi (2003) describe concerning using non-free tools to create images for a

Free software project. Process conflict can similarly evolve into normative is-

sues, for instance, when the Node.JS community faced a procedural issue due to

rejecting a trivial commit that raised bigger issues about how to discuss gender

in the community (Chapter 3). Finally affective conflict can further evolve into

normative conflict, such as a “transphobic” comment in the Opal project that

sparked a discussion about freedom of speech and respecting diversity in the

community (Chapter 3). As there appear to be a number of potential interac-

tions, and the interaction of normative conflict with other conflict types has not

yet been examined, a more general research question is proposed:

RQ2: How do interactions between task, affective, process and normative

conflict influence perceptions of team performance and identification with the

team?

4.1.4 Conflict antecedents

The rich history of inquiry into intragroup conflict identified a number of rel-

evant antecedent factors both at an individual and group level (de Wit et al.,
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2012). As this study is interested in manifested intragroup conflict, group level

antecedents are considered as main variables in the model. Specifically, this

study examines four relevant conflict antecedents suggested in Chapter 3: task

interdependence, geographical distribution, leadership style and the relative dis-

tribution of decision-making, alongside several control variables.

Task Interdependence

Interdependence is a fundamental element that makes a group of individuals a

team because it spurs cooperation through shared tasks, goals and incentives

(Deutsch, 1949). While there are many kinds of interdependence, task interde-

pendence, that is, a condition in which individual outputs are influenced by the

actions of others, is the most commonly studied and therefore the focus in this

study (Wageman, 1995).

Despite the advantages of positive interdependence in promoting coopera-

tion, it may also lead to greater conflict levels (LePine et al., 2008). For instance,

Saavedra, Earley, and Van Dyne (1993) find that task interdependence has a

positive relationship with overall conflict levels in a team. Research has also

examined the impact of interdependence on individual conflict types. Specif-

ically, Jehn (1995) finds that greater interdependence involves a greater need

to exchange opinions concerning the task at hand, and therefore significantly

increases task conflict levels.

Furthermore, interdependence significantly increases affective conflict lev-

els because individual incompatibilities are more likely to come to the surface as

a result of the greater need to work closely together (Jehn, 1995). We may sim-

ilarly expect task interdependence to increase process conflict levels. Greater

task interdependence requires more complex rules, access and authority struc-

tures and therefore affords greater opportunity for process conflict Kankanhalli

and colleagues (2007) find that greater task interdependence will lead to more

affective conflict and thus indirectly reduce team performance virtual team set-
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tings. However, in contrast to this, Stark et al. (2014) found that interdependence

was negatively related to both affective and process conflict in virtual teams.

Given the somewhat contradictory findings, and that most research on the rela-

tionship between conflict and interdependence in virtual team settings involved

short-term student teams, it would be interesting to examine this relationship in

an ongoing virtual team setting like FOSS development.

Even though FOSS developers do not often explicitly collaborate on tasks

and prefer to work in modular individual chunks (Bolici et al., 2009), they are

interdependent in other ways. Specifically, research also identifies 1) pooled

interdependence in which smaller tasks are performed individually and pooled

together, 2) sequential interdependence in which different stages of the task are

performed individually by different team members, and 3) reciprocal interde-

pendence whereby individuals take turns performing tasks (for instance, paired

programming) (Saavedra et al., 1993). Instead of directly collaborating with

others on a task, FOSS teams instead employ pooled and sequential task inter-

dependence, that is their individual efforts are pooled into (usually) one code

base, with some projects also involving a gatekeeper (such as a maintainer) who

gives feedback and approves the code contribution.

Thus task interdependence continues to be a relevant concept to examine in

FOSS teams. In fact, qualitative work by van Wendel de Joode (2004) suggests

that more modular FOSS projects will experience less overall conflict than more

interdependent ones. In the context of Wikipedia, Kittur and colleagues (2010)

have also found that contributor density, or the degree to which editors are forced

to interact on an article, increases conflict levels.

Taken together, we can expect that in ongoing virtual teams like FOSS

teams, task interdependence will be positively connected with conflict occur-

rence. Specifically, task interdependence creates more opportunities for opin-

ions to diverge, leading to more task conflict. At the same time, greater task in-

terdependence also requires more complex rules, access and authority structures
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and therefore greater opportunity for process conflict. Finally, interdependent

teams may experience the effects of affective conflict more severely than more

modular team structures where individuals can more easily avoid confrontation.

Therefore the following relationship is proposed:

H6a: Interdependence (INTER) will be positively related with the occur-

rence of task, affective, and process conflict.

Interdependence may also have a direct impact on team emergent states.

Specifically, LePine and colleagues (2008) find in their meta-analysis of work

on interdependence that it is consistently connected with greater identification

in the team. Taken together with the above proposition, conflict may mediate the

positive relationship between interdependence and team identification. There-

fore, the present study also explores the following hypothesis:

H6b: Conflict will mediate the positive relationship of interdependence and

identification with the team

Geographical Distribution

Chapter 2 has already introduced the significance of geographical distribution to

virtual team development and conflict. Specifically, the chapter highlighted that

not all virtual teams are necessarily geographically dispersed groups because

teams in the same location are also increasingly using computer-mediated com-

munication to collaborate. Research also showed that when controlling for team

longevity, virtualness alone did not predict conflict levels (Jong et al., 2008).

Thus it is not the virtualness itself, but the distribution of team members across

locations, coupled with time zone dispersion and cultural differences, that are

likely to impact conflict occurrence in ongoing virtual teams.

Though there may be exceptions, such as organizational collocated teams

working on software that is later released as open, FOSS development is on the

whole highly geographically distributed.

Demographics surveys consistently find that a majority of FOSS contribu-
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tors come from the US and countries within Europe, such as the Netherlands,

Spain, France, and Italy among the top 10 (Arjona-Reina et al., 2014; Robles et

al., 2001). However, even projects distributed between the US and Europe are

separated by many time zones, and have very different communication norms

that may promote misunderstanding. For instance, the United Sates and the

Netherlands often have very direct communication styles, which may conflict

with that of Spain, France and Italy who rely more on non-verbal cues and in-

direct messages to communicate (Hall, 1976). Furthermore, there is an increas-

ing participation of non-native English speakers, and communities that are non-

natively English by default, such as the Ruby community, who communicate a

big portion of coordination messages in Japanese. In text-based environments

such as those used by FOSS projects (Slack, GitHub, Mailing lists, IRC) trans-

lation and lack of fluency in language may further present miscommunication

opportunities.

Geographical distribution may result in a combination of cognitive, time, or

cultural diversity. Cognitive diversity leads to greater task conflict by bringing

together more diverse perspectives and ways of doing things (Olson, Parayi-

tam, & Yongjian Bao, 2007). Furthermore, meeting in person is challenging for

highly geographically distributed teams, and continual reliance on computer-

mediated communication may result in depersonalization of other team mem-

bers and more disinhibited communication, leading to greater affective conflict

(Mortensen & Hinds, 2001). Culturally diverse teams are further likely to misin-

terpret task or procedural issues as personal attacks, thus also resulting in greater

affective conflict (Mooney et al., 2007). While distance may make interpersonal

incompatibilities easier to avoid when developers do not physically interact with

each other, Chapter 3 has shown that a lack of responsiveness due to more inde-

pendent teamwork may be interpreted as a personal affront by team members,

leading to more affective conflict. At the same time, time zone dispersion com-

plicates coordination and increases communication overhead (Cramton, 2001).
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Finally, as a whole, more distributed teams have less shared context, and there-

fore experience greater overhead when coordinating (Hinds & Bailey, 2003).

This can lead to more misunderstandings about procedure and thus greater pro-

cess conflict. Thus the following hypothesis is proposed:

H7: Geographically distributed (DISTRIB) teams will experience more task,

procedural and relational conflict

Leadership Style

Leadership one of the most established domains of inquiry in studies on orga-

nizations. Similar to work on interdependence, it would not be possible to do

justice to this body of work in a small sub-section. Thus this section is focused

on one of the more popular characteristics of effective supervisors, that of trans-

formational leadership (Bass, 1985).

Transformational leadership is often contrasted with a transactional leader-

ship style: while transactive leaders rely on rewards and punishments to man-

age and motivate their team, transformational leaders are charismatic, display

strong commitment to ideals, inspire and lead by example (Judge & Piccolo,

2004). Literature and reviews consistently find that transformational leadership

enhances performance in a wide range of organizational settings (e.g. Judge &

Piccolo, 2004; G. L. Stewart, 2006).

Research also finds that transformational leadership is particularly relevant

in the virtual team context. For instance, Bell and Kozlowski (2002) argue that

because of more limited communication channels, it takes more effort to be a

proactive leader in distributed teams. Thus a transformational leadership style

would be more efficient. At the same time, Avolio and Kahai (2003) find that the

effort of transformational leadership may be enhanced in conditions of limited

social cues. Transformational leadership often focuses on emphasizing work

directed at the benefit of the group or organization as a whole, while conditions

with limited social cues reinforce this by increasing the salience of a collective
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identity (Avolio & Kahai, 2003). Furthermore, Purvanova and Bono (2009)

have found that transformational leaders have a greater impact on positive team

outcomes when there is more uncertainty, such as in virtual rather than face-to-

face settings.

However, Hambley, O’Neill, and Kline (2007) found no difference in the

effects of transactional and transformational leadership in text based, video con-

ferencing or face-to-face conditions in virtual teams. This may be because the

study employed short-term student teams who did not have time to develop a

more stable and long-term collective identity that transformational leadership

supports. These conflicting findings warrant further investigation in an ongoing

virtual team setting.

In an adaptation of adaptive structuration theory, Avolio, Kahai, and Dodge

(2000) argue that over time, leadership may co-evolve with introduction of tech-

nology just as it may guide actions in virtual teams about the appropriation of

this technology. Similarly, in the FOSS context O’Mahony and Ferraro (2007)

have shown governance to be an emergent property, evolving as a result of dif-

ferent structural, technical and social conditions. Thus we can expect to see

variation in leadership styles across FOSS projects.

Transformational leadership has an important effect on conflict in distributed

work settings. Dionne, Yammarino, Atwater, and Spangler (2004) argue that

leadership promotes more functional and less dysfunctional conflict. Kotlyar

and Karakowsky (2006) showed that transformational leadership lowers cogni-

tive conflict. Supporting this, Wakefield, Leidner, and Garrison (2008) have

found that effective leaders mitigate task conflict by acting as monitor, and

process conflict through coordination activities. Additionally, transformational

leaders may mitigate affective conflict levels by acting as mediators (van Wen-

del de Joode, 2004) and normative conflict levels through charisma and inspiring

developers to align towards group goals. Hence, the following is proposed:

H8a: Transformational leadership (LEADER) will be negatively associated
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with all types of conflict

Furthermore, leadership may have a direct effect on performance perception

and intention to remain through team identification. For instance, Giuri et al.

(2008) have found that leadership is an important part of FOSS project success,

while Li, Tan, and Teo (2012) have shown that transformational leadership is

an important factor in motivating FOSS contributions. Thus the following addi-

tional hypothesis is proposed:

H8b: Conflict will mediate the positive relationship between transforma-

tional leadership, performance perception and team identification

Distribution of Decision-Making

Leadership research is also concerned with the relationship between leaders and

subordinates, which is often a complementary level of inquiry to leader char-

acteristics described above. One of the areas that has attracted attention from

research is that of shared leadership (or team empowerment). Though the con-

cept in organizational teams is not a new one, it has recently gained more at-

tention because of the increasingly self-determining nature of virtual teamwork

(Tannenbaum et al., 2012).

As early as 1954, Gibb remarked that “leadership is probably best conceived

as a group quality, as a set of functions which must be carried out by the group”

(Gibb, 1954, p. 54). Conger and Kanungo (1988) argued that while power was

a critical aspect of the dynamics between team members, it need not be concen-

trated with team leaders. They put forward the concept of team empowerment

to represent conditions when leader power is shared with subordinates. It is im-

portant note that shared leadership does not necessarily mean the absence of a

leader entirely, rather a downward redistribution of power (C. L. Pearce, 2006).

Thus it is relevant to examine the extent to which leaders exhibit transformative

characteristics, alongside the level of empowerment, or extent of distribution of

decision-making, in the team.
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Shared leadership is particularly relevant in conditions of high creativity

and high task complexity that are prevalent in FOSS development (J. P. Pearce,

1993). When tasks are more complex, such as developing a large code base, it

is less likely that one person can be an expert at every aspect. Thus teams may

tend toward taking more responsibility for individual chunks. Software devel-

opment is also a highly creative activity, especially in communities that value

writing simple, clean and beautiful code that represents complex ideas.

Shared leadership is also more appropriate for unstructured tasks (Avolio &

Kahai, 2003), a common feature of FOSS development. Tasks performed by

FOSS developers are often self-selected based on more broad project aims and

feature plans (Puranam et al., 2014), and their execution is largely left to the

individual developer who proposes possible solutions and discusses them with

peers and core team members (Chapter 3). Finally, shared leadership is also

particularly relevant under high team heterogeneity because it encourages team

reflection that in turn leads to more cohesion and positive outputs (Somech,

2006).

Bell and Kozlowski (2002) argue that virtual teams are particularly pre-

disposed to a shared leadership structure due to their reliance on computer-

mediated communication and distributed nature that make keeping an overview

of all aspects of team function more challenging. Thus virtual team leaders

are more likely to create structures and processes in place of leadership activi-

ties, as well as to distribute their power toward subordinates. Supporting this,

Hoch and Kozlowski (2014) find that hierarchical leadership is related to better

performance only in low virtuality conditions, but not in highly virtual teams.

However, they also find that shared team leadership is positively related to per-

formance in both virtual and collocated teams. In fact, shared leadership has

been consistently linked to improved team performance in collocated teams as

well (Carson, Tesluk, & Marrone, 2007). For instance, Campion and colleagues

(1996) have shown that a more participatory decision making style is an impor-
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tant predictor of organizational team success.

Surprisingly, relatively little work has examined the impact of shared lead-

ership alongside conflict emergence. In one exception, Acar (2010) found that

shared leadership reduces affective conflict by moderating the effects of diver-

sity. Furthermore, participatory decision-making can be expected to reduce pro-

cess conflict levels as team members gain more autonomy and contribute more

to team organization. Similarly, there may be less need for normative conflict

in more participatory teams because members could have more formal opportu-

nities to vote on and impact the growth and development of the team. Thus the

following is proposed:

H9a: Participatory decision-making (DECIS) will be negatively related with

affective, process and normative conflict

Finally, the above section has also shown that team empowerment can be di-

rectly connected to improved team outcomes. However, Chen, Sharma, Edinger,

Shapiro, and Farh (2011) found that when teams experience more conflict, team

empowerment has less positive effects on team outcomes. Thus conflict may

be expected to reduce the positive relationship between shared leadership and

identification with the team:

H9b: Conflict will mediate the positive relationship between participatory

decision-making (DECIS) and team identification

4.1.5 Control variables

Though the study focuses on group-level antecedents and the manifestation of

conflict at the group level in the model, there may be other individual- and

group-level factors that influence outcomes. Specifically, the study also con-

trols for gender because research on effects of gender diversity on peer pro-

duction team outcomes have received mixed results. On one hand, Collier and

Bear (2012) have shown that highly contentious peer production environments

may lead to lower participation intentions for female contributors. By contrast,
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Vasilescu, Filkov, and Serebrenik (2015) have found that that gender diversity

does not have a significant relationship with turnover. Furthermore, length of

contribution is also examined as a control variable because FOSS teams are on-

going teams, and individuals who have participated longer may be more likely to

identify strongly with the team and have greater intention to continue contribut-

ing to the project (Saunders & Ahuja, 2006). In fact, recent work by Vasilescu et

al. (2015) has shown that both greater gender and tenure diversity significantly

predict greater productivity. Similarly, developers with more central roles in the

project may perceive themselves as more prototypical members of the in-group,

and have stronger identification and intention to remain in the project (Turner

et al., 1987). Thus developers’ roles in the project are also examined as a con-

trol. Finally, as larger projects tend to be more complex, they may experience

greater negative effects of conflict (Amason & Sapienza, 1997), thus project size

is further controlled for.

The next chapter describes the operationalization of the above propositions,

presents the methodology for the second study, as well as the relevant findings.

Findings relevant to the specific aims of the second study are discussed at the

end of Chapter 5. Chapter 6 discusses findings from both studies in greater

detail, relates them to broader dissertation aims and discusses their implications

for theory and practice.
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Chapter 5

Study 2 - Survey

As Chapter 4 has introduced, Study 2 aims to address the following research

aims:

1. Validate the four-factor structure uncovered by Study 1 and, in particular,

examine the relevance of normative conflict in ongoing team settings.

2. Use this updated framework to investigate the kinds of conflict that affect

developers’ attitudes towards their team and their sustained participation;

3. Examine different structural input variables to understand their impact on

conflict emergence.

To address these aims, Chapter 4 has outlined a conflict model that involves four

conflict dimensions (task, process, affective and normative conflict), structural

inputs (interdependence, distribution of decision-making, leadership style and

geographical distribution), team emergent states (identification and performance

perception), as well as outcomes (intention to remain in the team). The present

chapter describes the methodology used in Study 2 to test the proposed model

and the effects proposed in Chapter 4, as well as the study findings. The chapter

concludes with a discussion of the findings as they relate to the study aims,

as well as extant literature on the FOSS phenomenon and virtual teams more

broadly.
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5.1 Methodology

5.1.1 Measures

Most of the measures used in the study were adapted for the FOSS context from

existing pre-validated scales used in traditional organizational settings, with the

exception of normative conflict which was designed based on the results of the

qualitative work described in Chapter 3. All items were measured on a 5-point

Likert Scale (from Strongly Disagree to Strongly Agree), and their operational-

ization is described below. Throughout the survey, respondents were instructed

to answer the questions from the perspective of the project they participate most

actively in at the moment – this is referred to as “this project” in the ques-

tionnaire items. The following section describes the operationalization of the

constructs used in Study 2, beginning with the emergent states, outcome and

input measures. Two rounds of pilots inform the design of the final instrument,

with the complete survey questionnaire employed in the final study available in

Appendix .3.

Antecedents, emergent states and outcomes

The scale for task interdependence was adapted from work by Yetton and

Sharma (2007), and included 6 items such as “My work requires frequent co-

ordination with the effort of others” and “My work can be performed fairly

independently of others” (Reverse coded).

Geographical distribution was adapted from Chudoba et al. (2005), and in-

cluded 4 items, such as “I collaborate with people in different time zones”, “I

collaborate with people who speak different native language or dialects than

mine” and “I collaborate with people I have never met face to face”.

Transformational leadership is usually measured using the Multi-factor

Leadership Questionnaire (Avolio, Bass, & Jung, 1999), which contains around

80 items. However, to prevent response fatigue, the short transformational lead-
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ership scale validated by Carless, Wearing, and Mann (2000) was used instead.

The scale uses one item to represent each of the dimensions of transformational

leadership, and therefore measures the overall level of transformational leader-

ship present in the project. Items include “The leader/founder of this project

gives encouragement and recognition to contributors” and “The leader/founder

of this project communicates a clear and positive vision of the future for this

project”. Participants who identified as project leaders at the beginning of the

survey were excluded from answering this question.

Participatory decision-making was adapted from Campion et al. (1996) and

included 6 items such as “The project is designed to let everyone participate in

decision-making” and “As a contributor to this project, I have a real say in how

the group carries out its’ activities”.

The measure for identification was adapted from Greene (2014), and in-

cluded 6 items such as “This project’s successes are my successes” and “I have

a number of qualities typical of members of this project”.

Performance perception was measured as a feature of developers’ satisfac-

tion with their project output, that is, the extent to which the project performance

matched developers’ expectations within the past year. The scale was adapted

from McDonough et al. (2001) using insights from S. T. Lee et al. (2009) and

Crowston, Kangning Wei, et al. (2006) that suggest including both software

quality and user success dimensions. The scale was anchored by the statement

“How well has this project met your expectations over the past year in”, and con-

sistent of 6 items such as “Developing features that are successful with users”

and “Developing high quality features”. This scale used a 5-point Likert scale

as well, with anchors ranging from 1 (fell below expectations) to 5 (surpassed

expectations).

Intention to remain was adapted from Jehn’s work (1995) and consisted of 3

items, such as “If I have my own way, I will continue working on this project”

and “I have thought seriously about leaving this project” (reverse coded). In-
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tent to remain appeared mid-way through the survey instrument and also served

as an attention check – responses with the same score for all three items be-

fore re-coding (e.g. rating high on questions about continuing to work on this

project, and also high on questions about leaving this project) were excluded

from further analysis.

Conflict Measures

Measures for task, affective and process conflict were adapted from Jehn and

colleagues’ work (1995; 1999). The affective conflict scale was used as is. Task

and process conflict measures were updated with several new items based on

the qualitative work described in Chapter 3 that reflected more precisely the

experience of task and process conflict for FOSS teams. In the pilot, some of

the original conflict measures were combined with the new measures.

While several measures exist for normative conflict (R. I. McDonald et al.,

2012; Packer & Chasteen, 2010), they are designed to measure internal and

individual level dissonance, rather than the outward group-level conflict mani-

festations this study is interested in. As no measures exist for normative conflict

in this context, new measures were developed based on the findings presented

in Chapter 3.

In doing so, the existing conflict dimensions were reexamined and refrained

in the context of FOSS. Thus, before implementing the final survey, two pilot

tests were conducted to verify the four-factor structure of the conflict taxonomy.

Details of the pilot study are described shortly below.

Controls

Gender was measured following the operationalization used in the recent FOSS

survey by Arjona-Reina and colleagues (2014), by asking respondents which

of the following options they best identified with: “Male”, “Female” or “Other,

please specify”. In this way the study captured developers’ own perception and
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representation of their gender orientation rather than psychical characteristics.

Respondents were asked to estimate the size of their project using the fol-

lowing options for number of developers: “I am the only contributor”, “2-10”,

“11-20”, “21-30”, “31-40”, “41-50”, “More than 50” and “I’m not sure”. Re-

spondents who were the only contributor to their project were not asked to an-

swer group level questions about conflict and antecedents.

The respondents’ role in the project was measured based on Crowston and

colleagues’ (2006) work on the layers of participation in FOSS communities.

This variable was categorical, with the following options presented: “Leader/-

founder of the project”, “Core developer/maintainer”, “A member with commit

access”, “I do not have an official title”, “Others, please specify”.

Length of respondents’ contribution to the project was measured using one

item with the following options: “1 year or less”, “About two years”, “About

3 years”, “4 or more years”. For subsequent analysis, this was treated as an

interval variable.

Finally, activity level in the project was measured by asking participants to

specify, in hours per week, the amount of time they typically spent working on

the project they are most active in.

Participants were also asked to indicate the country they were from to un-

derstand demographics of the sample, however this categorical variable was not

used in analysis.

Levels of Measurement

It is important to note at this juncture that the survey measures employed were

used consistently on an individual level. This was at times in contrast with

the traditional use of these measures, particularly the conflict scales, whereby

responses of individuals in teams were aggregated to represent a consensus vari-

able. Specifically, in prior work, responses of the team at the individual level
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were used to establish a higher order construct representing the whole team1.

There were several reasons for this methodological diversion.

Firstly, Study 1 has highlighted the very subjective nature of some of the

conflict episodes. Therefore issues that one developer may perceive as conflict-

ual may not necessarily be perceived as conflict by another group member. If

these perceptions were aggregated, they may risk under-reporting conflict levels.

Secondly, the present study was interested in understanding effects on

turnover, operationalized as the intention to remain as a contributor to a given

project. Intentions are highly individual constructs, thus it is logical that de-

veloper individual perceptions would be connected with developer individual

outcomes. As a result, other outcome measures (performance perception and

identification) were also measured at the individual level. Similarly, antecedents

may also differ on an individual basis. For example, transformational leaders are

considered as such when they are perceived to embody transformational leader-

ship characteristics. Individuals within a project may have differing interactions

with the same leader at different points in time, thus their perceptions may vary.

Furthermore, perceptions of geographical distribution and interdependence may

vary across a project depending on what area a developer is engaged in, and

where other contributors who are engaged in this area are located.

Thirdly, because FOSS projects are not as tightly coupled as traditional orga-

nizational virtual teams, and "team" boundaries may change as developers move

within the project to work on different things or engage in several simultaneous

activities, it would be inappropriate to aggregate their perspectives as these may

enforce a static structure on a group that is more fluid by default.

As a consequence of this methodological decision, the present study can

only speak to the experiences, perceptions and intentions of individual devel-

opers, rather whole projects as a collective entity. To ensure that reliability

and validity of the constructs was not lost through the decision to individualize

1For a very good discussion of different types of aggregation and their implications, please
refer to work by Chan (1998)
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certain aggregate constructs, two rounds of pilot tests were conducted before

running the final study, and they are described in the following section.

5.1.2 Pilot tests

The first pilot study was conducted with 7 FOSS developers. Developers were

invited from a pool of contacts made during the first study reported in Chapter

3 who have expressed explicit interest to participate in future research projects.

The first pilot invited qualitative feedback on the extent to which the questions

reflected developers’ experience of working in a FOSS team. Participants were

given an initial online version of the questionnaire, and a comment box on every

page of the survey allowing for qualitative feedback. Participants were asked

to reflect on both technical issues, such as flow, as well as the content of the

questions, in particular the extent to which question wording accurately captured

their experience. Overall feedback was positive and suggested the survey, and

in particular item wording, handled relevant issues. Adjustments to the survey

instrument were made based on feedback, clarifying instructions, and applying

suggested improvements to the phrasing of questions. Next, a larger pilot study

was conducted to identify measurement issues. Table 5.2 shows the items used

in the second pilot test.

Questionnaire links were distributed on social media and during the annual

FOSSAsia Conference held in Singapore in March 2015. In total, 58 responses

to the second pilot were received, with 25 valid for further analysis after atten-

tion and quality checks.

Table 5.1 presents reliability statistics for the second pilot study. Overall, the

inter-item reliability was good for most of the variables of interest, and above

the traditionally accepted threshold of 0.7 (Nunnally, 1978). An exception was

geographical distribution with an alpha of 0.66, the reliability of which did not

improve through removal of items. As the scale was validated in previous work,

and Nunnally (1978) suggests that it is acceptable in early research stages to
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work with lower reliability values, the measure was retained for the final survey.

As Table 5.1 shows, all conflict variables have reliability greater than 0.8 and

well above the traditional 0.7 cut-off. An exploratory factor analysis employing

Varimax rotation suggested an expected 4-factor structure that explained 77%

of the total variance. However, some of the items did not load cleanly on only

one factor as Table 5.2 shows. As a result, several items were dropped from

the final survey. Specifically, as Jehn’s (1995; 1999) original items were val-

idated across numerous studies, they were retained. In a few instances, these

items cross-loaded on other factors. However, this may be the result of a lack

of clarity in the newly developed items rather than a problem with Jehn’s origi-

nal scale. Additionally, some of the better performing new items were retained.

For normative conflict, only two items performed well. These were retained, to-

gether with two other items that matched most closely the conceptual definition

of normative conflict presented in Chapter 3. Further items were developed for

use in the final survey that will be discussed in the following section.

Table 5.1: Means, standard deviations and reliability statistics for pilot 2

Variable (N=23-25) α Mean Standard Deviation

Interdependence .79 2.98 0.80
Geographical Distribution .66 4.63 0.58
Leadership .92 3.83 0.96
Decision-making Distrib .83 3.73 0.87
Identification .74 3.88 0.67
Performance .84 3.64 0.74
Intent to Remain .73 3.91 1.22
Affective Conflict .92 2.27 1.02
Task Conflict .90 2.90 0.80
Process Conflict .85 2.27 0.89
Normative Conflict .84 2.05 0.91
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5.1.3 Survey

Measures

For the final survey, all of the outcome and antecedent measures were retained

as they were used in the pilot, together with measures for control variables. To

improve the reliability and validity of the conflict dimensions, all of Jehn and

colleagues’ (1999; 1995) original scale items for affective, task and process

conflict were used in the final survey. Newly designed items from the pilot

were included when they had performed well together with Jehn’s variables.

Additionally, three more normative conflict measures were designed to refine

and improve the scale and included alongside the 4 measures retained from the

pilot. The retained and newly developed items are presented in a subsequent

section.

Sample

The final survey randomly sampled developers on GitHub who are involved in

public projects containing two or more developers. Although GitHub hosted

projects are not necessarily Free and Open Source Software (FOSS), GitHub

encourages the use of a FOSS license when creating a new project, especially

a public one. Thus, in absence of a central repository for all FOSS projects,

GitHub offers a close approximation. In addition, invitations and survey in-

structions specifically highlighted the target audience to be FOSS contributors.

The April 2015 version of the GHTorrent dataset (Gousios, 2013) was used

to obtain the list of participants. First, project sizes were determined by counting

the number of users who had commit access to the repository for each project

in the dataset and constructing a list of projects with two or more contributors.

Next, all project members who had a commit merged in the past year (April 2014

or later) were marked as active project contributors. Finally, to ensure diversity

of projects, stratified random sampling was used to obtain an equal number of
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unique active contributors from projects of various sizes: 2-10, 21-30, 31-40,

41-50, 51-100, and more than 100. Members from larger projects were over-

sampled because there are considerably more small projects on GitHub than

very large ones, thus the 51-100 and over 100 categories were combined.

The above sampling strategy prioritizes active contributors in order to sur-

vey respondents with potentially more recent interactions with projects, as well

as to increase the likelihood of responses by surveying active GitHub users.

However, there is an inherent trade-off in this sampling strategy, in that it may

be potentially less likely to capture participants who have departed a project,

such as due to conflict, an important variable in this study. To partially address

this, developer activity is defined within a time frame of one year from data

collection to aid in sampling participants who may have departed due to recent

issues. However, because the survey is a self-report measure, the survey ques-

tions are designed with reference to the project respondents are currently most

active in. Developers may contribute to one or more projects simultaneously,

and this tool will not be able to capture situations in which developers are active

in one project, but have left another project due to disagreements and therefore

are no longer active in it to maximize participant recall. The results section will

present analyses that attempt to highlight the extent to which the collected data

set is sensitive to this potential sampling issue, and the implications of this will

be further discussed in study limitations.

Procedure

Sampled participants were invited to participate by e-mail using the SoSciSur-

vey.de survey tool 2 at the end of April 2015. The invitations contained informa-

tion about the purpose of the study, affiliation and contact information, together

2SoSciSurvey.de is an online hosted survey tool similar to Qualtrics and SurveyMonkey. It
is developed and maintained by Dr. Dominik Leiner and available for free unlimited use for
non-commercial purposes. This tool was chosen for its robust features, such as allowing the
present researcher to customize the survey text based on responses given by participants and the
ability to manage survey invitations, pilot and final survey data in one location.
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with a personalized survey link. One reminder e-mail was sent a week later to

respondents who have not yet clicked on their link. In exchange for participa-

tion, at the end of the survey, respondents could nominate a FOSS project to

receive a $100 donation and informed that three projects will be chosen at the

end of the study. All pilot participants received this option as well. Participants

were also given the option to stay informed of the study results. As participants

may be members of several projects at the same time, they were instructed to an-

swer the questionnaire from the perspective of the project they contribute most

actively to. This instruction was repeated across all questionnaire pages.

Demographics

A total of 520 responses were collected over 3 weeks. Of these, 228 were com-

plete, passed attention checks and were used for further analysis. Responses

were received from 59 countries, with USA the largest group (33%) followed by

Germany (8%), and the UK (6%). Consistent with earlier work, the sample was

largely male – only 7% identified as “Female”, and 3% identified their gender

in another way, including “Gender Queer”, “Feminine Male” and “Jedi”. The

sample was balanced in terms of developer tenure and roles within the project:

28% have contributed to their project for over 4 years, 31% for less than 1 year

and the remaining between 1 and 4 years. 32% were project leaders or founders,

34% core contributors or maintainers and 21% were members with commit ac-

cess. 46% of projects were small (between 2 and 10 developers), 17% were very

large (more than 50 contributors) with the remaining in between.
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5.2 Results

5.2.1 Model Specification: Measurement Model

A second exploratory factor analysis (EFA) employing Varimax rotation was

performed on only the cleaned survey responses (n=228). The result suggested

an expected 4-factor structure that was a significant improvement over the pilot

study (Table 5.3). It explained 64% of the variance.

To verify the validity of the measurement model, a confirmatory factor anal-

ysis (CFA) was conducted next. All the four conflict variables were included

as specified in the EFA (Table 5.3) together with the antecedent and outcome

variable measures. The lavaan package in R (version 0.5-17) and full infor-

mation maximum likelihood (FIML) estimation were used to run the CFA and

subsequent structural equation modeling (SEM) analyses on a covariance ma-

trix. FIML was used over listwise deletion because it has been found to perform

better across all forms of missing data (R. P. McDonald & Ho, 2002). Some

indicators had low factor loadings in the initial analysis, thus all indicators with

loadings less than .55 were removed. Standardized factor loadings in the final

model ranged from .62 to .95. Table 5.4 shows the factor loadings in the final

measurement model used.

The final measurement model had a good fit as Table 5.5 demonstrates.

Though the Chi-square p value is typically expected to be above >.05, this test is

sensitive to sample size and number of variables (R. P. McDonald & Ho, 2002).

Thus the remaining size independent fit indices are considered instead, which

are all within acceptable ranges (CFI and TLI > .90, RMSEA < .05, SRMR

<.08) (R. P. McDonald & Ho, 2002). The four-factor measurement model was

also compared against a model with all conflict indicators loading on one factor,

and the four-factor solution was found to have a significantly better model fit.
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Table 5.4: Results of Confirmatory Factor Analysis (CFA)

Items Stand. Loadings Items Stand. Loadings
AFFECT1 .81 IDENT1 .68
AFFECT2 .85 IDENT2 .67
AFFECT3 .91 IDENT3 .82
TASK1 .75 IDENT4 .68
TASK2 .81 INTER1 .78
TASK3 .64 INTER2 .80
PROC1 .90 INTER3 .80
PROC2 .93 INTER4 .63
PROC3 .64 DISTRIB1 .76
NORM1 .76 DISTRIB2 .85
NORM2 .83 DISTRIB3 .70
NORM3 .76 LEADER1 .80
PERF1 .81 LEADER2 .83
PERF2 .73 LEADER3 .79
PERF3 .68 LEADER4 .80
ITR1 .76 LEADER5 .83
ITR2 .83 DECIS1 .67
ITR3 .63 DECIS2 .94

DECIS3 .80

Table 5.5: Fit indices for measurement model with four conflict factors, a one
factor solution and structural model

Model (N=222) Fit Indices
χ2/df CFI TLI RMSEA SRMR

4-Factor CFA 1.45 .93 .92 .05 .06
1-Factor CFA 2.35 .79 .77 .08 .08

Structural model 1.5 .92 .91 .05 .06

Finally, the convergent and discriminant validity of all factors in the mea-

surement model were tested by examining the Average Variance Extracted

(AVE) and Square Maximum Correlations (SMC). Table 5.6 presents the AVE

scores for the model variables, with all values above .50 showing that the in-

dicators accounted for more variance in the latent factors than standard error,

confirming their convergent validity. Additionally, Table 5.6 shows that AVE

was larger than the squared maximum correlations (SMC) between the vari-

ables, confirming discriminant validity of the factors. Table 5.6 also reports the

composite reliability3 (CR) for each latent factor.

3Composite reliability is presented rather than the traditional Chronbach’s alpha because
this statistic is more commonly used in Structural Equation Modelling approaches, and because
alpha is known to underestimate construct reliability (Peterson & Kim, 2013).
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Table 5.6: Means, Standard Deviations, Reliability and Validity Statistics for
Final Survey

Factor Mean Standard Dev CR AVE SMC
AFFECT 2.22 1.00 .90 .75 .32
TASK 3.06 0.82 .81 .60 .30
PROC 1.88 0.82 .87 .70 .23
NORM 1.88 0.87 .84 .63 .32
PERF 3.78 0.68 .79 .56 .16
ITR 4.02 0.95 .79 .56 .21
IDENT 3.96 0.80 .81 .52 .21
INTER 3.01 0.96 .84 .57 .06
DISTRIB 4.10 1.17 .80 .57 .11
LEADER 3.87 0.82 .91 .67 .19
DECIS 3.88 0.89 .84 .65 .21

These findings address the first research question and show that normative

conflict emerges as a distinct construct separate from task, affective and process

conflict. The findings also show that all other measures in the measurement

model were of good quality and able to discriminate between the different con-

structs tested.

5.2.2 Descriptive statistics

Table 5.6 also presents the means and standard deviation for the latent vari-

ables used in the final model. In general, overall conflict levels reported are

fairly low: task conflict occurs most frequently (M=3.06, SD=0.82) while affec-

tive (M=2.22, SD=1.00), procedural (M=1.88, SD=0.82) and normative conflict

(M=1.88, SD=0.87) less so. On the other hand, identification with the team

(M=3.96, SD=0.80), performance perception (M=3.78, SD=0.68) and intent to

remain (M=4.02, SD=0.95) in the project are relatively high overall. Teams sur-

veyed are also highly distributed geographically (M=4.10, SD=1.17), although

this variable had a wide spread, and have largely participative decision mak-

ing styles (M=3.88, SD=0.89) and transformational leaders (M=3.87, SD=0.82).

Full distributions are available in Figure 5.1.
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Figure 5.1: Distribution of responses across key variables

5.2.3 Model Specification: Structural Model

After confirming the validity of the measurement model, a structural equation

model (SEM) was used to investigate the hypothesized relationships indicated

in Figure 5.2. Table 5.5, presented earlier, shows that the structural model had

good fit. Figure 5.2 summarizes the significant hypothesized relationships un-

covered by the analysis.

5.2.4 Hypothesis testing

Table 5.7 shows a summary of the various hypotheses tested, and whether they

were supported. The sections below present the results, starting with the rela-

tionship between conflict, emergent states and outcomes. Following this, the

relationship between conflict dimensions and their antecedents is examined. In-

teractions between conflict types and their impact on emergent states and out-

comes are also presented. Finally more complex mediation effects involving

antecedents, conflict and emergent states are explored.
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Conflict and performance perception

H2a proposed that task conflict would have a positive relationship with percep-

tions of team performance. However, results of the structural equation model

show that task conflict does not have a significant relationship with performance

perception (β=-.03, p>.05). Therefore H2a is not supported.

H3a predicted that affective conflict would have a negative relationship with

performance perception. However, contrary to predictions, affective conflict

was found to have a large4 and significant positive effect on perception of team

performance (β=.42, p<.01). In other words, greater levels of affective conflict

were related with more positive perceptions of team performance. Therefore

H3a is not supported.

Furthermore, H4 predicted that process conflict would have a negative rela-

tionship with performance perception. Results show a marginally significant,

moderate and negative effect of process conflict on performance perception,

(β=-.16, p=.07), in partial support of H4.

Finally, H5a predicted that normative conflict would have a negative rela-

tionship with perceptions of team performance. Findings show that the relation-

ship between normative conflict and performance perception is strong, signifi-

cant and negative (β=-.41, p<.01), thus H5a is supported. In other words, the

presence of greater normative conflict levels reduces the positive perception of

the team’s performance.

Taken together, the findings show that normative conflict and process con-

flict have a negative impact on developer’s perceptions of team performance,

while affective conflict appears to be positively connected with performance

perception.

4Effect sizes are interpreted based on guidelines by Cohen (1992) on multiple correlations
and multiple partial correlations, as recommended by Durlak (2009).
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Conflict, identification and intention to remain

H3b proposed that affective conflict would be negatively connected with team

identification. Results of the structural equation model show that, contrary to

predictions in H3b, affective conflict has a significant, moderate and positive

relationship with identification with the team (β=.21, p<.01). Therefore, H3b

is not supported. Furthermore, H5b proposed that normative conflict would

be negatively connected with team identification. Results show that normative

conflict is strongly and negatively related to identification with the team (β =

-.36, p <.01), supporting H3b.

Additionally, H1 proposed that identification with the team would be posi-

tively related with intention to remain in the project. Results of the structural

equation model show that identification is significantly, moderately and posi-

tively related to intention to remain in the project (β = .29, p <.01), supporting

H1. Taken together, affective conflict and normative conflict appear to indi-

rectly and differentially impact intention to remain by acting on identification

(H5c and H5d).

To test this potential indirect relationship, the present study uses the delta

method together with the existing structural equation model. Baron and Kenny

(1986) recommend four essential steps to establish mediation: 1) establishing

a significant relationship between the independent variable and outcome, 2) a

significant relationship between the mediator and outcome, 3) establishing that

the mediator has an effect on the outcome in the presence of the interdependent

variable, and 4) for full mediation, the effect of the independent variable on the

outcome variable would reduce to zero in the presence of the mediator. These

steps are recommended when using a series of hierarchical regressions. How-

ever, structural equation models have the advantage of simultaneously specify-

ing relationships between several levels of variables, thus simplifying mediation

testing significantly. Using R and lavaan, it is only necessary to include an ad-

ditional Sobel test (also known as the delta method) (Sobel, 1982) in the model

167



specification, for the model to estimate both direct and indirect effects, and their

total impact on the outcome variable. The Sobel test is more conservative than

the bootstrapping technique, which is also commonly used. The test does not af-

fect model fit or the values of model coefficients, thus it was conducted together

with the structural model.

H5c predicted that identification would mediate the relationship between af-

fective conflict and intention to remain. Results of the Sobel test show that

affective conflict does not have a significant direct effect on intention to remain

(β=.07, p>.05), while the indirect effect through identification is also not signif-

icant (β=.06, p>.05). Thus no mediation is found, and H5c is not supported.

H5d predicted that identification would mediate the relationship between

normative conflict and intention to remain. Results show that normative conflict

has a significant, small and indirect relationship with intention to remain through

identification (β=-.10, p<.05), while the direct relationship between normative

conflict and intention to remain is not significant (β=-.19, p>.05). Therefore,

identification fully mediates the relationship between normative conflict and in-

tention to remain, supporting H5d. In other words, normative conflict has an

effect on intention to remain only indirectly through reducing identification lev-

els.

Taken together, these findings show that both affective conflict and norma-

tive conflict have significant and differential impact on identification. Affective

conflict is positively related with greater team identification, while normative

conflict reduces developer identification with the team. Furthermore, though

normative conflict does not have a direct relationship with intention to remain,

it indirectly affects intention to remain by reducing identification levels with the

team. Normative conflict therefore emerges as the only conflict dimension to

predict intention to remain in the project.
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Conflict Antecedents

H6a predicted that team interdependence will be significantly and positively re-

lated with the occurrence of task, affective and process conflict. Results show

that team interdependence does indeed have a positive, moderate and signifi-

cant relationship with task (β=.23, p<.01), affective (β=.23, p<.05) and process

(β=.24, p<.01) conflict in FOSS teams, thus supporting H6a. In other words,

the more interdependent FOSS teams are, the more likely they are to experience

task, affective and procedural issues.

H7 predicted that more geographically distributed teams would experience

greater task, affective and process conflict. Results show that only affective

conflict has a significant, moderate and positive relationship with geographical

distribution (β=.26, p<.01). Task conflict has a marginally significant and mod-

erate positive relationship with geographical distribution (β=.19, p=0.06), while

normative conflict shows no significant relationship (β=.05, p=0.63). Thus H7

is only partially supported.

H8a proposed that transformational leadership would reduce the occurrence

of all four conflict types. Results show that leadership style is significantly

and negatively related to the occurrence of task (β=-.27, p<.05), affective (β=-

.44, p<.001) and normative (β=-.31, p<.01) conflict only, in partial support of

H8a. Therefore, a greater tendency toward a transformational leadership style

moderately reduces the occurrence of task, and strongly reduces the occurrence

of affective and normative conflict.

Finally, H9a proposed that more distributed decision-making in the team

would reduce the occurrence of affective, process and normative conflict. Re-

sults show that distribution of decision-making is significantly, moderately and

negatively connected with the occurrence of process (β=-.22, p<.01) and nor-

mative (β=-.17, p<.01) conflict only, in partial support of H9a.
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Interaction Effects

As the four types of conflict may have potential interactions with one another,

additional tests were also performed to investigate moderation effects, thereby

addressing the research question (RQ2). Though it is possible to include inter-

action terms in an SEM model, this procedure makes effects interpretation more

difficult. Additionally, there are 6 potential interactions possible for each out-

come, and including these in the model would make the research model overly

complex. Thus the analysis was performed post-hoc using hierarchical multiple

regressions instead. This also allowed the inclusion of control variables: gender

and role in the project were coded as dummy variables, while length of contri-

bution (in years) and team size were treated as continuous, and included in the

first step. In the second step, the four conflict variables were entered. In the

third step, all 6 possible interaction effects between the 4 conflict types were

entered.

Residual centering was used to compute the interactions, rather than tradi-

tional mean centering, to allow for easier interpretation of the main and inter-

action effects. Residual centering allows the computation of interaction terms

that are orthogonal to their respective main effects (i.e. have no effect), and

thus allow main effects to be interpreted together with their interaction effects

(Little, Bovaird, & Widaman, 2006). To compute the interaction terms, proce-

dure proposed by Little et al. (2006) was used: the product of two unscented

conflict composite variables (e.g. Task*Affective) was regressed onto the two

main conflict variables. Then residuals from this regression were saved as a new

orthogonal interaction variable (Task*AffectiveR).

Regression results (Table 5.8) show that among the four conflict types, only

normative conflict has a direct and negative main effect (β= -.25, p <.01) on

identification with the team. Unlike the SEM model, affective conflict does not

have a significant main effect on identification in the regression model, possi-

bly because the regression does not control for the direct effects of antecedents
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on outcomes the way the SEM model does. Among the control variables, only

length of contribution (β = .19, p<.01) and the activity level per week (β = .17,

p<.05) have a significant positive relationship with identification, while com-

mitters (β = -.26, p<.01) and members with no official title (β =-.18, p<.05)

report significantly less identification compared to team leaders. There are no

significant interactions between conflict types associated with identification.

Table 5.8: Regression predicting identification and performance perception
based on conflict dimensions and their interactions

Block Predictors
Standardized Beta

Perf. Perception Identification

1

Gender: Male + .07 .05 .05 .09 .08 .05
Gender: Other .04 .01 .01 .01 .00 -.01
Role: Core Team # -.13 -.11 -.11 -.11 -.10 -.10
Role: Committer -.04 -.09 .09 -.23** -.26** -.26**
Role: No Official Title -.02 -.01 -.01 -.19* -.17* -.18*
Years Contributed .12 .10 .10 .22** .19** .19**
Activity Level .03 .00 .00 .19** .18* .17*
Number of Developers .10 .13 .14 -.13ˆ -.11 -.12

2
Affective Conflict .19* .20* .09 .08
Task Conflict -.07 -.11 .04 .05
Process Conflict -.15ˆ -.15ˆ -.09 -.08
Normative Conflict -.27** -.26** -.27** -.25**

3

Process * Affective R .22** .04
Task * Affective R -.07 -.11
Task * Process R -.10 .07
Task * Normative R .26** .07
Process * Normative R -.05 -.07
Normative * Affective R -.13 .09

Model R2 .04 .15 .22 .18 .25 .26
F Change 1.56 6.19** 2.55* 2.91ˆ 4.28** 0.55

ˆ p<.10, * p<.05, ** p<.01
+ Relative to excluded Gender: Female; # Relative to excluded Role: Leader

Affective (β = .19, p<.05), process (β = -.16, p<.05) and normative (β =

-.25, p<.01) conflict have significant main effects on performance perception.

None of the control variables have significant main effects on performance.

There is also a significant and positive interaction between affective and proce-

dural conflict (β = .22, p<.05). Figure 5.3 details this two-way interaction – at

low levels of affective conflict, greater procedural conflict has a negative effect

on performance but at high levels there is no difference. Therefore, groups that
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experience both process and affective conflict are perceived to perform better

than groups that experience predominantly process conflict.

Figure 5.3: Interacting effects of affective and process conflict on performance
perception in FOSS teams

There is also a significant and positive interaction between normative and

task conflict (β = .224, p<.05). As shown in Figure 5.4, at low levels of task

conflict, normative conflict has a more negative effect on performance percep-

tion, than at high levels of task conflict. Therefore, teams that experience nor-

mative conflict together with task conflict are perceived to perform better than

teams experiencing only normative conflict.

Figure 5.4: Interacting effects of normative conflict and task conflict on perfor-
mance perception of FOSS teams
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Conflict as mediator between antecedents and emergent states

As there appear to be both direct and indirect effects of antecedent variables

on outcome variables, the study also investigated possible mediation effects be-

tween antecedents, conflict and emergent states. A similar procedure was used

to the mediation effects between conflict, identification and intention to remain

as described above. That is, the Sobel test was included together with the struc-

tural equation model (Sobel, 1982).

H6b proposed that conflict would mediate the positive relationship of in-

terdependence and identification with the team. Only affective conflict was

significantly connected with both interdependence (β=.24, p<.05) and identi-

fication (β=.21, p<.01) in the structural model, thus this is the only mediation

effect tested in connection with this hypothesis. Results of the mediation anal-

ysis show that interdependence has a significant direct relationship with identi-

fication (β=.24, p<.01), however the indirect relationship between interdepen-

dence, affective conflict and identification is not significant. Thus no mediation

is found, and H6b is not supported.

H8b proposed that conflict would mediate the positive relationship between

transformational leadership and team identification. Both affective and nor-

mative conflict were significantly connected with leadership (β=-.44, p<.001;

β=-.31, p<.01) and identification (β=.21, p<.05;β=-.36, p<.01;) in the struc-

tural model, thus both mediators were included simultaneously in the mediation

equation. Figure 5.5 is provided below to illustrate this more complex mediation

relationship.

Mediation results show that both the direct effect of leadership on identi-

fication, and the indirect effect of leadership through affective conflict are not

significant. However, the indirect effect of leadership on identification through

normative conflict is significant. Therefore normative conflict fully mediates

the relationship between leadership and identification, supporting H8b. In other

words, transformational leadership increases identification with the team (and
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Figure 5.5: Mediation effects between transformational leadership, affective
conflict, normative conflict and identification with the team

* p < 05, ** p < .01, *** p < .001

therefore, intention to remain in the project), indirectly by reducing normative

conflict levels.

Finally, H9b proposed that conflict would mediate the positive relationship

between participatory decision-making and team identification. Only norma-

tive conflict had a significant relationship with both distributed-decision making

(β=-.17, p<.05) and identification(β=.36, p<.01), thus it is the only mediation

analysis conducted for this hypothesis. Mediation results show that distributed

decision-making has a significant direct effect on identification with the team

(β=.33, p<.01), however, no significant indirect effect is found involving nor-

mative conflict. Thus no mediation is found, and H9b is not supported.

Taken together the findings show that team structural variables such as lead-

ership style, task interdependence, and distribution of decision-making style

have varying relationships with team outcomes in the presence of affective and

normative conflict. Specifically, the extent to which a team leader employs the

transformational leadership style has an indirect effect on identification, in the

presence of normative conflict. Given that the structural equation model has

shown that identification is the only predictor of intention to remain, these find-

ings suggest that when normative conflict is present, it is essential to address

it in order to prevent developer turnover. Importantly, factors such as task in-
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terdependence and distribution of decision-making continue to positively and

directly affect identification with the team, and consequently developer inten-

tion to remain in the project, even in the presence of conflict.

Quadratic Effects

The results of both SEM and regression analyses showed that task conflict did

not have any significant relationship with outcome variables. The lack of signif-

icant effects is surprising given that prior research shows task conflict to have a

positive relationship with team outcomes in cognitively diverse settings (Arazy

et al., 2011). Research has also shown that task conflict can have a curvilin-

ear relationship with performance (De Dreu, 2006). Specifically, while low and

high levels of task conflict can have a negative effect on performance, moder-

ate levels are beneficial for team performance. Thus H2b proposed a quadratic

relationship between task conflict and performance perception, such that mod-

erate levels of task conflict would be more positively related to performance

perception than high or low levels.

To test for a possible quadratic effect, the square of the original task con-

flict variable was entered into the third step of the same hierarchical equations

predicting performance and identification (Table 5.9). The squared term was

not significant in either regression, and it did not result in significant changes

to the main effects and interactions reported above. Thus, in contrast to earlier

work (De Dreu, 2006; Tekleab et al., 2009), results did not show a curvilinear

relationship between task conflict and performance perception. Thus H2b was

not supported.
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Table 5.9: Regression analyses predicting performance perception and identifi-
cation including quadratic effects

Block Predictors
Standardized Beta

Perf. Perception Identification

1

Gender: Male + .05 .06 .05 .08 .08 .05
Gender: Other .01 .02 .02 .00 .00 -.01
Role: Core Team # -.11 -.09 -.11 -.1 -.10 -.10
Role: Committer -.09 -.07 -.09 -.26** -.26** -.26**
Role: No Official Title -.01 -.01 .00 -.17* -.17* -.18*
Years Contributed .10 .06 .10 .19** .19** .19**
Activity Level .00 .00 .00 .18* .17* .17*
Number of Developers .13 .13 .14ˆ -.11 -.11 -.12
Affective Conflict .19* .19* .20* .09 .09 .08
Task Conflict -.07 -.76ˆ -.36 .04 -.11 .04
Process Conflict -.15ˆ -.15ˆ -.15ˆ -.09 -.08 -.08
Normative Conflict -.27** -.30** -.27** -.27** -.27** -.25**

2 Task Conflict 2 .72 .26 .15 .00

3

Process * Affective R .22** .04
Task * Affective R -.09 -.11
Task * Process R -.11 .07
Task * Normative R .24* .07
Process * Normative R -.04 -.07
Normative * Affective R -.12 .09

Model R2 .15 .16 .22 .25 .25 .26
F Change 2.91** 2.89ˆ 2.07ˆ 5.40** 0.15 0.01

ˆ p<.10, * p<.05, ** p<.01
+ Relative to excluded Gender: Female; # Relative to excluded Role: Leader
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5.3 Discussion

The present study examined the sources and effects of different types of conflict

in Free and Open Source (FOSS) development. Specifically, the study aimed to

1) quantitatively examine the relevance of normative conflict to the intragroup

conflict taxonomy and validate the updated four-factor conflict structure, 2) use

the updated framework to investigate how different conflict types influence sus-

tained developer participation through their perceptions of team performance

and identification and 3) explore the structural antecedents to different conflict

dimensions experienced in FOSS projects. The study found that normative con-

flict emerged as a distinct fourth dimension alongside task, process and affective

conflict. While both process and normative conflict were negatively connected

with performance perception, normative conflict emerged as the only conflict

dimension to be negatively connected with intention to remain in the project by

acting indirectly on identification. In general, interdependence and geographical

distribution were associated with greater levels conflict, while transformational

leadership and distributed decision-making were associated with lower conflict

levels. Details of these findings, as well as their implications for theory and

practice are discussed below.

5.3.1 Normative Conflict as a Separate Conflict Dimension

Using several pre-tests and a wide survey, the study has developed and validated

a normative conflict measurement scale, and reformulated the intragroup con-

flict taxonomy to include this new dimension. Findings show that normative

conflict stands out as a distinct conflict dimension, supporting results in Study 1

and addressing the first research aim.

While there already exists a validated multi-dimensional scale for affective,

task and process conflict from Jehn and colleagues (1999), the present study

shows it is helpful to adapt existing measures to the context being studied. Sim-
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ilarly, while there also exist separate measures for normative conflict, they are

either focused on internal perceptions of normative dissonance within an in-

dividual (R. I. McDonald et al., 2012) or the amount of times an individual

disagreed with the group (Packer & Chasteen, 2010) rather than measuring the

explicit overall manifestations of normative conflict within the team. As Chapter

3 has shown, normative conflict may involve not only a single persons’ propen-

sity to disagree with the majority, but can also manifest as an active discussion

involving several members concerning how well the overall group behavior (de-

scriptive norms) matches the group goals (injunctive norms). Thus the nor-

mative conflict scale is useful in measuring more varied manifest examples of

conflict. This is also the first study to combine the four conflict types into one

validated and parsimonious scale.

The resulting expanded conflict scale affords researchers into the FOSS phe-

nomenon a consistent measurement tool relevant to the study context. The up-

dated taxonomy can be used to support and contrast findings from future re-

search into online collaboration that examines additional important input and

output variables. Furthermore, because the updated conflict taxonomy is an ex-

pansion of an existing scale validated and widely used in organizational studies,

it also affords contrasting findings across ongoing teams in different organi-

zational settings. Chapter 6 will examine these differences with reference to

findings from both Study 1 and Study 2.

5.3.2 Differential impact of conflict types on team emergent

states and outcomes

In addressing the second study aim, the work explicates the impact of the up-

dated conflict taxonomy on sustained participation and team emergent states

such as team identification and performance perception. A number of interest-

ing findings emerge.
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Intention to Remain

First, the present study shows that normative conflict is the only dimension to

negatively impact sustained participation, when controlling for individual and

team differences. Specifically, normative conflict indirectly reduces developer

intention to remain in the project by decreasing identification with the team.

This finding is interesting relative to previous literature on normative conflict.

As Packer (2007; 2010) shows, individuals are more likely to express normative

dissent against a group when they identify more strongly with the group in ques-

tion. Thus the stronger the sense of belonging, the more likely an individual is

to speak up for the benefit of the group when they perceive a normative disso-

nance to occur. The present study shows that the effect of this sort of dissent

on other group members is the reverse: greater levels of manifested normative

conflict within a group stimulate a reduced identification with the group.

Because normative conflict highlights a dissonance between community best

practices and actual team behavior, it may reduce developers’ sense of group co-

hesion, affecting their identification with the group. Furthermore, in line with

Packer’s (2007) prediction, members who have lower identification levels are

more likely to disengage and leave the group. Consequently, developers whose

sense of belonging is reduced due to the presence of normative conflict in the

group have a lower intention to continue contributing to the project. It is possible

that by highlighting normative dissonance between what the group intends to do

and actual behavior, normative conflict may also help to crystallize subgroups

of opinions within the community, either in support of, or against a particular

activity. This may eventually lead to a project fork if enough members converge

on a particular subgroup. This finding therefore reinforces the qualitative data

in Chapter 3, and highlights the role of normative conflict in influencing team

structure, such as the formation of faultlines through reduced group identifica-

tion. It would be interesting for future work to elucidate this process in greater

detail, such as by drawing on faultline research (Lau & Murnighan, 2005) to
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measure changes in team level and subgroup identification following manifest

normative dissonance.

Second, the study finds that affective conflict has a surprisingly positive re-

lationship with intention to remain through increasing team identification. Thus,

paradoxically, developers who perceive greater levels of affective conflict also

identify most strongly with the group and intend to continue contributing. This

finding stands in contrast to earlier work on affective conflict across different

organizational types that predicted largely negative effects on team outcomes

and member satisfaction (De Dreu & Weingart, 2003; de Wit et al., 2012). One

reason for this difference could be the nature of participation in voluntary dis-

tributed teams as compared to virtual teams. Specifically, the presence of affec-

tive conflict in voluntary communities like FOSS may suggest greater emotional

involvement in the project, thus indirectly signaling a successful project. Higher

affective conflict levels may thus also be indirect indicators of project activity.

As Dabbish and colleagues (2012) found, even potentially negative indicators

such as visibility of membership turnover can lead to greater participation inten-

tions because turnover demonstrates a certain level of activity within the group.

The effect is particularly salient in groups with strong team identification who

are better able to recover from affective disagreements due to their common

sense of purpose. Thus, paradoxically, the present findings may be indicative

that affective conflict is an indicator of an active and cohesive community.

Performance Perception

Third, the study contributes to literature on open collaboration by exploring

the complex effects of different types of conflict on developers’ perception of

team performance. It is important to understand factors that influence developer

perceptions of team performance, because it is an important indicator of overall

project success (Campion et al., 1996). Specifically, the study finds normative

and process conflict to be the strongest negative predictors of team performance
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perception, while affective conflict shows a positive relationship.

This study proposed that normative conflict would be negatively connected

with perceptions of project performance, because normative conflict has the po-

tential to take attention away from the task at hand. Supporting this, the study

finds a direct and negative relationship between normative conflict and perfor-

mance perception. Furthermore, the study also finds an interaction between nor-

mative conflict and task conflict in predicting performance perception. To recap,

at lower levels of task conflict, high levels of normative conflict have a greater

negative impact on performance. Thus, interestingly, when there is a lack of de-

bate about task related issues, such as adding new features or disagreeing about

a proposed change to the code base, normative conflict has the potential to “steal

the show” in community discussion and therefore lead to reduced performance.

When taken together with earlier findings on reducing intention to remain in the

project, normative conflict appears to have a largely negative, two-fold effect

on team success. Thus normative conflict emerges as a valuable area for future

research in understanding factors that detract from the success and longevity of

ongoing virtual teams.

Findings also show that process conflict is negatively connected with per-

formance perception, both directly as well as when interacting with affective

conflict. Specifically, when more procedural conflict is present at lower levels

of affective conflict in the team, developers perceive lower team performance.

Thus process conflict distracts from team success both when present on its own

or when other conflict types evolve a procedural dimension. This is consistent

with work across different types of organizations, such as online collaborative

systems like Wikipedia (Arazy et al., 2013) as well as findings on both ongo-

ing virtual and ongoing collocated teams in traditional organizations (Jong et

al., 2008; de Wit et al., 2012). Thus, taken together with previous work, the

present findings highlight an interesting dynamic. Ongoing teams have a partic-

ular focus on efficiency and iterative improvement of team processes (Saunders
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& Ahuja, 2006). At the same time, conflict about these procedural issues is

distracting teams from the task at hand. Saunders and Ahuja (2006) suggest

that ongoing teams have a greater focus on efficiency rather than performance,

that is, doing things well rather than doing more things quickly, thus resulting

in more process conflict. It may be illuminating to study this dynamic further

in ongoing virtual teams as this may have practical implications like measur-

ing performance in ongoing teams in a way that is consistent with the team’s

long-term focus.

Finally, the study did not find a significant effect of task conflict on perfor-

mance, similar to recent prior work on Wikipedia (Arazy et al., 2013) and in

contrast to other studies both on peer production and traditional virtual teams

(Arazy et al., 2011; De Dreu & Weingart, 2003; de Wit et al., 2012). The pos-

sibility of a more complex curvilinear relationship was also investigated (Arazy

et al., 2011; De Dreu, 2006), but findings did not show differing task conflict in-

tensities to have a significantly different impact on emergent states. This may be

because task conflict can become an expected part of the software development

process. As Chapter 3 demonstrates, FOSS developers expect a certain level of

critique when submitting patches. In fact, systems like GitHub and code review

or “request for comment” practices are designed to stimulate feedback when

contributions are submitted. Thus task conflict may be seen in FOSS projects

as a part of the process, rather than an extraneous force on the team. It may be

enlightening for future work to examine if the presence of a pro-feedback group

norm would serve to moderate the relationship between task conflict and team

or individual outcomes.

Taken together, these findings suggest that different kinds of conflict have

differing and complex relationships with FOSS team outcomes, thus reaffirming

the need to examine them individually. Additionally, while task conflict occurs

most frequently, normative conflict has by far the most negative effects on FOSS

team outcomes. As a result, different conflict episodes may require different
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conflict management strategies, with particular attention toward normative and

process conflicts rather than affective conflicts.

Conflict antecedents and mediating effects

Finally, the present study aimed to examine conflict antecedents that emerged

in Chapter 3 and their complex relationship with both conflict emergence and

team outcomes. This final aim contributes a practical dimension to the study

by 1) highlighting specific structures that can promote and reduce conflict, thus

informing team design, and 2) by specifying direct and indirect mechanisms

through which these structures influence team emergent states and outcomes.

When examining group-level conflict antecedents, the present study finds

that greater participatory decision-making significantly reduces levels of pro-

cedural and normative conflict in FOSS teams, and thereby helps to moderate

their negative effects on individual performance perception and identification.

These findings are consistent with work on team empowerment and shared lead-

ership in short-term virtual teams and collocated teams that proposed a greater

distribution of decision-making would be connected with more positive team

outcomes (Conger & Kanungo, 1988; Hoch & Kozlowski, 2014; C. L. Pearce,

2006). Hence, teams with more hierarchical structures that experience high

levels of disagreements about process or the team direction may consider dele-

gating greater decision-making power to contributors.

Furthermore, results also show that a transformational leadership style is sig-

nificantly related with lower levels of procedural and normative conflict in the

team. This is also consistent with work across different organizational and vir-

tuality settings that found transformational leadership to have a positive overall

impact on the team (Avolio et al., 1999; Bass, 1990; Purvanova & Bono, 2009).

Thus when selecting new team leadership, either by vote or through appoint-

ment by a former leader, FOSS teams should consider not just the individual(s)

technical contribution but also their charisma and the extent to which they in-
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spire other developers to follow them in taking the project further.

Leadership appears to have a complex relationship with outcomes in the

presence of affective and normative conflict. On one hand, the effect of trans-

formational leadership on identification (and consequently intention to remain

in the project) is fully mediated by normative conflict. On the other hand, its ef-

fect on performance perception is partially mediated by normative conflict and

continues to have a direct, positive and strong effect on performance percep-

tion even in the presence of conflict. Leadership in FOSS teams is therefore a

complex activity in relation to intragroup conflict processes: during active nor-

mative debates, it only has a significant impact on intention to remain in the

project when it is directed at managing normative conflict levels. This finding

is helpful in informing leadership activities within FOSS teams, and suggests

the need to dedicate more attention toward managing normative conflict when

it is present. For instance, as Study 1 showed, leaders can serve as mediators

bridging gaps in understanding between different sides in a conflict to prevent

the emergence of faultlines. Leaders can also use their authority to step in and

help to clarify group norms that are inconsistent or ambiguous, thus reducing

the effect of normative conflict.

Interestingly, interdependence in ongoing virtual teams emerges as simulta-

neously positive and negative force. On one hand, interdependent teams experi-

ence greater team identification, greater task conflict, and therefore diversity of

opinions, and affective conflict, which indirectly signals an active and cohesive

group. These findings somewhat support earlier work in short-term virtual teams

that predicted process conflict would increase affective conflict (Kankanhalli et

al., 2007). On the other hand, greater interdependence increases process conflict

levels that have a negative impact on performance perception in the team. These

findings suggest that despite FOSS teams tendency toward modularization in

individual tasks (Howison, 2009), some level of interdependence among con-

tributors (such as sequential interdependence on maintainers to accept patches)
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is helpful in creating more closely-knit communities with a greater diversity of

opinions. However, communities that rely more on each other for outputs need

to be aware of their greater potential toward process conflict, and proactively

manage these episodes.

Furthermore, Langfred (2007) suggests that in the presence of conflict, more

interdependent teams may restructure to promote more modularity as a means

of avoiding further conflict. It would therefore be interesting to examine if in-

terdependence can also act as an emergent state, because this would be espe-

cially relevant in self-organizing teams like FOSS teams. This would also af-

fect causality and results interpretation, as interdependence may not always be

strictly an input variable.

Finally, the present findings show that as predicted, greater geographical

distribution increases affective conflict. This is somewhat consistent with prior

work on short-term virtual teams, such as Rutkowski et al. (2007) who found

higher levels of temporal disassociation (or dispersion across time zones) are

more related to affective conflict. This is also consistent with predictions by

Kankanhalli et al. (2007) based on observations of short-term virtual student

teams that information overload may introduce affective conflict. However, con-

trary to both Rutkowski and colleagues’ and Kankanhalli and colleagues’ con-

ceptualizations, affective conflict in this study is a positive force on the group,

rather than a negative one. Thus in stimulating greater affective conflict, geo-

graphical distribution may be an indirect positive force on the team. This stands

in contrast to arguments made by researchers like Cramton (2001) who expected

greater geographical distribution and team heterogeneity to be linked with more

coordination difficulties and misunderstandings. In fact, Study 1 suggests coor-

dination difficulties with regard to time zone issues and communication overload

do exist, but they do not appear to be quantitatively linked with more negative

types of conflict and a reduction in positive team outcomes. Perhaps this is

because coordination across different time zones and a great volume of commu-
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nication are expected parts of the contribution experience for FOSS developers,

thus, similar to task conflict, they may view this as a necessary part of the pro-

cess. Alternatively, their ongoing nature and a sense of shared identity may be

ameliorating these effects, as work by Hinds and Mortensen suggests (2005;

2001).

Taken together, findings show that conflict arises in FOSS teams from struc-

tural predispositions through a series of complex processes. Furthermore, cer-

tain structural variables continue to have an effect on emergent states even in the

presence of conflict. In particular, greater interdependence is connected with

greater team identification even in the presence of conflict. Similarly, greater

transformational leadership has a direct effect on performance perception even

when conflict is manifested. However, when a team experiences normative con-

flict, transformational leadership needs to be directed at reducing normative con-

flict effects in order to improve team identification. These mechanisms provide

initial advice on important issues in the design and management of ongoing vir-

tual teams: greater interdependence, distributed decision-making and transfor-

mational leaders all emerge as factors that support the team when it encounters

conflict.

Addressing Sampling Limitations

As section 5.1.3 introduced, there is a potential inherent limitation in the sam-

pling method employed in this study. Specifically, by focusing on active con-

tributors’ reports of projects they have contributed to most recently, the study

risks under-sampling participants who have left projects due to conflict. This is

particularly salient in light of the relatively low affective, process and normative

conflict levels reported in this study. The present section evaluates and discusses

the extent to which this issue may be present in the data set, and its implications.

Given that developers were defined as "active" in the present study if they

have had a commit accepted within the past year, we would expect the sampling
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strategy to account for developers who have joined the project less than one year

ago, and who have had conflict experiences less than one year ago. Furthermore,

given that developer tenure is fairly well distributed across the four categories

employed (1 year or less, around 2 years, around 3 years, 4 years or more),

the sampling strategy does account for developers who have been active for

longer than the one year period defined by the study. However, the sampling

strategy may under-sample developers with tenure of 2 or more years who have

experienced conflict if they have left the project and therefore were not contacted

for participation.

If this is indeed the case, we would expect to see a drop off in the vol-

ume of all four types of conflict reported after the one year mark. However, if

conflict levels across tenure show consistency after the 1 year mark, that could

indicate that the sample may better represent older developers’ experience with

conflict. Thus, in order to understand to what extent this limitation is present in

the dataset gathered in this study, additional analyses were run to determine the

distribution of conflict responses across different levels of developer experience.

Specifically, we examined the difference between average conflict levels re-

ported by participants of different tenure. The mean values for each conflict

type across different experience levels are presented in table 5.10. The table

illustrates that conflict mean values do drop for developers with 2 or 3 years of

tenure, however, they increase for participants with 4 or more years of experi-

ence to levels similar or higher than those reported by newcomers.

Table 5.10: Average conflict levels reported by conflict type and tenure of par-
ticipants

Conflict Type 1 year or less About 2 years About 3 years About 4 years
Task 3.15 2.98 3.11 3.39
Affective 2.30 2.02 2.00 2.45
Process 1.99 1.77 1.67 1.99
Normative 2.06 1.84 1.54 1.92

Despite this consistent pattern (illustrated in Figures 5.6-5.9), to understand

if the trends observed were statistically significant, a series of one-way ANOVAs
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compared conflict levels across four categories of tenure in the project. Results

show that there was a significant effect of participant tenure on levels of task

(F(3,219) = 2.91, p < .05) and affective (F(3,220) = 2.85, p < .05) conflict

reported and a marginally significant effect on levels of normative (F(3,218) =

2.58, p = .055) conflict reported.

Post-hoc analyses using Tuckey’s criterion 5 for significance confirmed that

the average conflict levels reported by newcomers (1 year or less) and those with

4 years or more experience were not significantly different across all 4 types of

conflict. Similarly, the drop in conflict levels reported by developers with around

2 years of experience in the project was not significantly different from levels

reported by newcomers.

Interestingly, developers with 4 years of experience or more reported signif-

icantly more task (M=3.60) and affective (M=2.70) conflict than those with 2

years of experience (M = 3.18 and M=2.25, p<.05 and p = .057 respectively)

suggesting that more experienced developers may perceive greater conflict lev-

els. This may be because they accumulate more experience over time with dif-

ferent conflict episodes. Alternatively, developers may get tired of disagree-

ments after participating in the same project for a long time, and thus perceive

greater conflict levels than there may actually be present in interactions. This is

an interesting area for future investigation.

5Tuckey’s criterion is typically employed when all sets of pairwise comparisons need to be
performed. Thus it was chosen for this post-hoc analysis, as we were interested in detecting any
significant drop offs any time after the first year of tenure. In such a situation, the Bonferotti
correction may prove too strict, potentially leading to a Type II error in failing to detect the drop
off.
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Figure 5.6: Affective conflict levels by
developer tenure

Figure 5.7: Task conflict levels by de-
veloper tenure

Figure 5.8: Process conflict levels by
developer tenure

Figure 5.9: Normative conflict levels
by developer tenure

The above results show that despite sampling limitations described above,

the dataset is able to represent conflict levels for developers with various project

tenure beyond the one year activity mark, and that developers with longer tenure

and more conflict experience are less likely to be systematically left out.

To explore how these findings address the broader research aims of this the-

sis, the next chapter will bring together findings from both the present study

and Study 1, discussing their relevance to the overall research aims as well as

general implications for theory and practice.
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Chapter 6

Discussion

6.1 Summary

This dissertation aimed to contribute to the study of conflict in three broad ar-

eas. First, the work set out to contribute to literature on the Free and Open

Source Software phenomenon by being one of the first to systematically explore

how conflict as a team processes is manifested, as well as its relationship with

inputs, emergent states and team outcomes. In doing so, the work aimed to

produce a consistent model of conflict that is both relevant to the FOSS con-

text, and allows drawing parallels across studies on the phenomenon, as well as

across different organizational settings. The work also aimed to provide practi-

cal recommendations for community development and management. Second, in

situating this research in the FOSS context, the dissertation aimed to contribute

to the growing body of work on virtual teams by exploring conflict specifically

in ongoing distributed teams to understand how the process differs in conditions

of expectations of future interaction and unbounded time frames. And third, the

work aimed to illustrate the recursive mechanism through which conflict affects

group development through the formation of norms and in serving as an input

for future interactions.

To address these broad questions, two related studies were carried out. Study
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1 featured a series of interviews with diverse representatives of the FOSS com-

munity, supplemented by participant observation and relevant public community

interaction logs. Addressing the first aim, the study used a grounded approach to

allow the emergence of conflict classifications that were native to FOSS contrib-

utors, as well as structural variables that may interact with different elements of

the conflict process. This process has outlined four distinct conflict dimensions:

task, process, affective and normative conflict; and their antecedents: interde-

pendence, distribution of decision-making, leadership style, and geographical

distribution. Addressing the second and third overall research aims, Study 1

further highlighted that conflict, in particular its normative dimension, is a re-

cursive process that feeds back into team inputs in future interactions. Specifi-

cally, normative conflict allows FOSS teams to reflect on and adjust over time

the more long-term and task independent functions, such as codes of conduct or

project values, in response to conflicting norms, a lack of clarity, or the need to

develop norms that do not yet exist. At the same time, Study 1 highlights the

importance of the awareness of conflict, its interpretation by team members, and

the role of group conflict norms that moderate the impact of conflict on eventual

team outcomes.

Study 2 aimed to generalize the findings from the first study through a wide

survey of FOSS projects and participants. Addressing the first and second over-

all research aims, Study 2 quantitatively explored the relationship between con-

flict processes and structural variables (interdependence, leadership style, distri-

bution of decision-making and geographical distribution), as well as emergent

states (performance perception and identification), and outcomes (intention to

remain in the project). Study 2 also confirmed the 4-factor structure of conflict,

and validated a set of measurement tools.

Previous chapters have already discussed more specific implications of find-

ings from Study 1 and Study 2. This chapter will integrate the findings from

both studies, and discuss them in the context of the three broader research ques-
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tions and their overall contributions to work on conflict across different spaces.

The following sections, where appropriate, will also highlight areas of interest

for future work.

6.2 Contributions to FOSS literature

One of the goals of this dissertation was to contribute to research on the role

of conflict in peer production systems, such as Free and Open Source Software

development teams. Literature thus far has taken important steps to show that

conflict is a commonly occurring process in FOSS teams (Weber, 2005), and

described individual episodes of conflict occurrence (Elliott & Scacchi, 1993,

2003). Related work on Wikipedia has adopted the classic intragroup conflict

taxonomy to classify different types of conflict episodes and measure their rel-

ative impact on team outcomes (Arazy et al., 2011, 2013). Thus the first aim

of this dissertation was to bring together these diverse research threads into one

conflict framework by exploring conflict manifestations in FOSS while taking

into account the long-term orientation of the group and expectation of future

interaction.

6.2.1 Conflict Manifestation

The findings show that conflict manifests in somewhat different but related ways

to the taxonomy created by Jehn for traditional organizational teams. Specifi-

cally, the present study identifies 4 distinct conflict types, rather than 3. The first

three map toward Jehn’s (1997) original taxonomy – task, process and affective

conflict. The final conflict type, normative conflict, appears to be distinct a fea-

ture of ongoing virtual teams. Their manifestations shall be examined in turn,

with reference to relevant literature on organizational teams.

Study 1 finds that FOSS teams frequently disagree about issues related to

the task at hand, that is the work of producing software. Task conflict fre-
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quently manifests in disagreements about the overall project road-map, that is

what features should be included in the future. Task conflict may also involve

implementation debates, or conflicts that emerge when choosing among the var-

ious technical options for realizing project goals. Finally task conflict may in-

volve decisions concerning dependencies (typically other projects and libraries),

which may compete in function. At the same time, task conflict is often part of

the group norms in FOSS teams, and encouraged either directly through request

for comment procedures in the team or implied in practices such as code re-

view. This manifestation is fairly similar to the original conceptualization by

Jehn (1997), and highlights in particular the recognition by teams of the posi-

tive impact of task conflict that needs to be encouraged (Amason, 1996; Jehn,

1995; Pondy, 1967). (Later portions of this chapter will expand further on the

connections between conflict types and outcomes).

Process conflict reported by FOSS teams was largely logistic in nature.

Specifically, procedural issues involved disagreements about how to write soft-

ware more generally, such as the appropriate style to use. Style is a common

source of disagreement for new contributors who are not yet familiar with the

way things are done in a project, as well as between established team members

who have strong convictions concerning their individual approaches. Partic-

ipants point out that issues concerning contribution, that is, task assignments

and how well they are being carried out, are relatively rare because the projects

are voluntary endeavors and thus it is different to hold members accountable

for inactivity. However, there are occasional debates concerning giving credit,

attribution and respecting hierarchy. This manifestation of process conflict is

somewhat different from that of traditional teams in that it largely concerns lo-

gistical issues, while traditional teams are more likely to debate issues of contri-

bution and responsibility (Behfar et al., 2011; Jehn, 1997). This manifestation

also points to the salience of separating process conflict into two distinct dimen-

sions of logistics and contribution (Behfar et al., 2011), as the above findings
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show the two dimensions may exist in different proportions in teams of differ-

ent structures and motivations.

Affective conflict manifestation is one of the more interesting types of con-

flicts to be examined in this study in part because it did not appear to be reported

in isolation by participants in Study 1. Interpersonal disagreements and flames

typically emerged on the foundations of earlier and other kinds of conflicts.

This is not unexpected as conflict episodes have been known to transform into

affective conflict over time (Arazy et al., 2013; Greer et al., 2008; Jehn, 1995).

What is interesting is that unlike findings in traditional teams, affective conflict

does not appear to be reported as arising on its own. This may be a feature

of the high virtualness of FOSS teams, namely the relative invisibility of par-

ticipants physical characteristics and asynchronous communication which can

serve to increase group identification by minimizing apparent differences that

would otherwise cause interpersonal friction (Postmes, Spears, & Lea, 1998;

Walther, 1996). However, manifestations of task or procedural conflicts may

serve to shed light on interpersonal differences through greater discussion, lead-

ing to affective conflicts. Furthermore, once affective conflicts do emerge on the

foundation of interpersonal differences, they may supersede the collective group

identity (Lea & Spears, 1991). In absence of a unifying identity these conflict

episodes can become rather intense and turn into protracted flame wars because

of the availability of the same communication characteristics: relative invisibil-

ity that allows more vitriolic speech, and asynchronicity that allows individuals

to flame and run (Postmes et al., 1998).

Finally, this dissertation also highlights a fourth type of conflict that appears

to be particularly salient to self-organizing ongoing teams like FOSS projects –

normative conflict. Normative conflict manifests as disagreements about group

norms that are unclear, have not yet been formalized, or by highlighting group

behavior (descriptive norms) that has become inconsistent with group values

(prescriptive norms). In this way normative conflict is an avenue through which
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teams adjust their structures over time, and provides a check for growing teams

that need to formalize structures and ensure these structures continue to make

sense. Normative conflict is particularly relevant to ongoing virtual teams for

two reasons. First, due to their ongoing nature, they have a greater tendency

toward evolving group norms (T. Ghosh et al., 2004; Postmes et al., 2000).

Second, their greater virtuality results in a tendency to overcome uncertainty

by archiving activities and explicitly stating group norms (Bolici et al., 2009;

Dabbish, Stuart, et al., 2012). Thus the ongoing virtual context affords greater

opportunities for observing inconsistencies in expected and actual behavior, as

well as the clarification of norms. Normative conflict is therefore an important

addition to the intragroup taxonomy that is relevant for the study of ongoing

virtual teams. A separate section on normative conflict below will elaborate on

these findings and their implications for broader research.

The present dissertation uncovers the above four-factor structure in the first

qualitative study, and validates this structure in the second study across a vari-

ety of FOSS teams. In doing so, the present work contributes a reliable, con-

sistent and relevant conflict taxonomy that can be used by future researchers on

open collaborative systems to examine additional factors that may be relevant

to conflict occurrence in FOSS, such as conflict management styles, additional

structural variables, emergent states or outcomes. Using a consistent frame-

work affords comparison across different studies to collectively build a rich and

complex understanding of conflict. Furthermore, a framework built on exist-

ing conflict theory in traditional organizations also affords comparisons across

different organizational types. This chapter will utilize this to contrast findings

between FOSS teams as examples of ongoing teams, short-term virtual teams

and collocated teams below.

At the same time, as the next section shows, the present work highlights

the highly subjective nature of conflict, with the same issues and conflict types

potentially interpreted in different ways by the teams themselves, leading to
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potentially different outcomes.

6.2.2 Conflict Interpretation and Conflict Norms

A related aim of this work was to understand the different ways in which the

conflict types above were interpreted in the context of FOSS development teams.

The awareness of conflict and its attribution are critical steps that determine

whether subsequent team member behavior concerning the issue is construc-

tive or destructive (Pondy, 1967; Thomas & Schmidt, 1976; Thomas, 1992;

J. A. Wall & Callister, 1995). For instance, Pondy (1967) argues that when

factors come together that frustrate one or more parties, but are not perceived

to be conflicting by team members, conflict may remain dormant (in a ‘latent’

stage). Thus before conflict can emerge within a team, the episode must first

be recognized as a frustrating force by one or more team members (Thomas &

Schmidt, 1976). Specifically, before conflict manifests in a negative way within

the team, it must be felt to be negative by at least one party. At the same time,

the interpretation of conflict as negative is the result of the attribution of another

party’s behavioral intent as negative (whether or not this is actually the case)

(Thomas & Pondy, 1977). As Jehn (1997) has found, group norms surrounding

conflict are one source of conflict interpretation and attribution, thereby deter-

mining when an episode is seen as conflict by team members.

Study 1 highlighted that what is considered conflict in FOSS teams can vary

quite dramatically across different projects. Many teams have a pro-task con-

flict norm that is either explicitly written into the contribution procedure (such

as a request for comment), or implied in the course of making a commit (such

as the code review that typically accompanies a submitted patch). This sort

of institutionalization of conflict into group norms provides an important sta-

bilizing mechanism that ameliorates some of the negative effects of conflict by

suggesting a positive interpretation of the conflict episode (Coser, 1957).

Other projects borrow conflict norms from their leaders or benevolent dicta-
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tors. For instance, Chapter 3 highlights how the Ruby community is relatively

conflict averse because “Matz is nice”, but in the Linux community Linus Tor-

valds strongly defends his use of affective conflict and flaming on developers as

a way of accomplishing things in the project (Sharp, 2013). Thus the norms that

become prominent in initial stages of group development, such as those emerg-

ing from the influence of founder’s personalities, appear to have a persistent and

strong influence on subsequent team behavior. Feldman (1984) describes this

process in the evolution of collocated teams and terms it “primacy”.

Study 2 initially included a measure for conflict norms based on scale vali-

dated by Jehn (1995). However, while the scale showed reasonable performance

during pre-tests, reliability was unfortunately not sufficient during the final data

collection to be used in the study. This is a methodological limitation of the cur-

rent work, and future work is strongly encouraged to reexamine this value with

a reliable scale for the measurement of pro-conflict norms, thereby building on

the above initial qualitative findings.

Taken together, the subjective nature of conflict in FOSS settings has impor-

tant implications for research on the phenomenon. Specifically, while all FOSS

teams may experience the above four conflict dimensions, the extent to which

these dimensions are interpreted as destructive or necessary aspects of team col-

laboration are firmly rooted in project norms. It is thus imperative to control for

this element in future work that aims to examine conflict in relation to FOSS

team emergent states and outcomes.

The rest of this chapter is laid out as follows. First, the chapter examines

in greater detail the emergent normative conflict dimension, and considers its

implications for research on intragroup conflict literature more generally. Then,

the chapter contrasts findings on ongoing virtual teams with short-term virtual

and collocated teams in traditional organizational settings, to build a more gen-

eral understanding of conflict as a team process. The chapter then concludes

by briefly re-stating the theoretical and practical implications of conflict an-
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tecedents in ongoing virtual teams like FOSS.

6.3 Contributions and Implications of the Norma-

tive Conflict dimension

By situating the study in an ongoing virtual team context, the present findings

highlight a relevant addition to the intragroup conflict taxonomy in the form of

normative conflict. This research therefore contributes to both work on virtual

teams and intragroup conflict in work groups in general, by illustrating, first,

the way normative conflict impacts the formation of team norms, and second,

its role in the subsequent evolution of team structure. In explicating these mech-

anisms, this dissertation is addressing two important research gaps identified in

a recent review of virtual team literature by Martins and Schilpzand (2011) as

well as speaking to the growing body of work investigating non-linear team

processes and cycles more generally.

Findings show that normative conflict has an overall negative impact on team

emergent states and outcomes. Normative conflict is negatively connected with

both performance perception and intention to remain in the project by acting

indirectly on identification. Normative conflict also interacts with task conflict

such that in the absence of productive task debates, normative conflict has a

much more negative impact on team performance perception. Thus normative

conflict emerges as an important dimension to study and manage in ongoing

virtual teams such as FOSS teams.

The idea of normative conflict idea is not new and was proposed by Packer

(2007) to explain the possibility of dissent in highly cohesive groups, as well

as appearing in several other forms across different fields (as reviewed in Chap-

ter 4). To recap, Packer finds that when individuals identify strongly with a

team, they are more likely to speak up if they believe their observations of the

teams’ behavior are not in line with expected behavior. However, individuals
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with lower identification levels are more likely to disengage from the group

entirely. The present study highlights an interesting complement to Packer’s

work. First, the present work finds normative conflict also emerges out of un-

clear behavioral standards, and not just a dissonance between team actions and

prescribed behavior. And second, Study 2 highlights that normative conflict has

a negative impact on identification with the team, and thereby indirectly reduces

the intention of ongoing virtual team members to remain in the project.

Crucially, while in Packer’s conceptualization the relationship between nor-

mative conflict, identification and retention is positive, in the present study, nor-

mative conflict has a negative relationship with identification, and through iden-

tification, it also a negative relationship with intent to remain. Furthermore, in

Packer’s work, identification is an input factor that is manipulated in the study,

while in the present work identification is treated as an emergent state that con-

stantly evolves due to team processes (Marks et al., 2001).

Taken together, this contradiction may highlight an interesting and com-

plex long-term mechanism of normative conflict action. While individuals who

strongly identify with the team are more likely to initiate normative conflict

episodes (Packer, 2007; Packer & Chasteen, 2010), this may have an overall

negative effect on the identification of other team members by exposing fault-

lines within the group and divisions along certain issues that were not previously

apparent (Lau & Murnighan, 2005). Thus while the expression of normative

conflict may come from a good intention toward clarifying group norms, it may

in extreme cases splinter the community. In the case of FOSS projects, this

may lead to a project fork, as the normative conflict example in the Node.JS

community from Study 1 documents.

As far as this author is aware, this is the first work to bring the idea of norma-

tive conflict into the space of organizational group research, thereby expanding

the intragroup conflict taxonomy. However, indirect evidence for a process akin

to normative conflict has already existed across different strands of research on
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conflict in organizational teams. For instance, a number of classic group devel-

opment theories viewed conflict as part of the team life cycle. Tuckman (1965)

argued that a “storming” (or conflict), phase is necessary before achieving the

“norming” phase in which teams develop a shared understanding about working

together. Similarly, Arrow and colleagues (Arrow et al., 2004) viewed conflict

as one of primary forces for change in the team, while Poole, Van De Ven,

Dooley, and Holmes (2000) suggested that among the four distinct motors for

generating change in a team, there is a dialectical component that sees change

emerging as the result of conflict between opposing entities.

However when the intragroup conflict taxonomy was developed and refined

by Jehn (1995, 1997), it did not include a form of conflict that dealt more broadly

with its force for change, and focused instead on conflict concerning the action

of working together or as the result of mutual incompatibility. In other words,

Jehn’s conflict framework had a more teleological conceptualization of group

development that assumed teams move towards a specific end goal and conflict

was either instrumental to or detracting from this goal (Poole et al., 2000). On

the other hand, the present study contributes an additional dialectical and evolu-

tionary perspective that shows conflict occurs as the result of repeated cycles of

opposing forces that drive team development forward. Perhaps a core difference

of this study lies in its focus on ongoing self-organizing teams that have more

capacity to debate and negotiate their own means of production and social struc-

tures overtime (Kelty, 2008). Yet as more teams move towards decentralization,

this feature of work groups is gaining more attention (Maynard, Mathieu, Rapp,

& Gilson, 2012; Tannenbaum et al., 2012).

Thus, the present study also contributes in closing the gap between early

conflict research that saw conflict as a necessary step in group development, and

intragroup conflict research from the previous two decades in two ways. First,

the present work illustrates that manifest normative conflict is a key process

through which norms are developed in ongoing teams because it helps to raise
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to the forefront, and affords the opportunity to resolve, unclear or misspecified

group norms. For instance, Chapter 3 documented several examples of norma-

tive conflicts resulting in the formation of a team code of conduct. In this way,

the findings speak to early work on conflict in collocated teams, such as that by

Opp (1982) who argued teams may form norms through explicit/voluntary and

active discussion. Similarly, Coser (1957) argued that conflict helps to revitalize

existent norms and contributes to the emergence of new norms. This study goes

one step further to suggest discussion about norms is not always a smooth pro-

cess, with competing points of view that emerge through a specific dimension

of conflict – normative conflict. In this way, just like conflict can be a part of the

existing discursive norms of a group, or the way a group communicates (Choi

& Schnurr, 2013), so conflict can serve as the channel for crystalizing, debating

and evaluating these same group norms as the team develops over time. Norma-

tive conflict is therefore consistent with predictions by Curşeu (2006) that the

emergence of conflict in ongoing virtual teams would have an impact on and be

influenced by the other processes and emergent states, including conflict itself.

The relationship between normative conflict and the formation of group

norms is further relevant to work by Ayoko et al. (2012). They find that, con-

sistent with Tuckman’s (1965) prediction, norm setting is prompted by conflict

episodes and occurs in response to conflict as stimulus. However they find this

process does not occur linearly, rather it occurs at various times throughout the

life of the project team. One concrete manifestation in Ayoko and colleagues’

study was the development by several teams of a feedback-requesting norm to

ensure openness to input, demonstration of mutual respect and that team mem-

bers remain on the same page about their task interpretation. This spontaneous

generation of a feedback norm is similar to the request for comment or code

review norms that evolved in FOSS projects that are designed to promote task

conflict as an acceptable part of team development (Chapter 3).

Second, normative conflict also emerges as a mechanism that directly trig-
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gers changes in team structure beyond its indirect impact via emergent states and

outcomes. In this way the present work addresses a second gap in virtual team

literature, illustrating feedback processes in teams that serve as inputs for future

processes or team structure (Martins & Schilpzand, 2011). One way normative

conflict does this, as explained above, is through the debate and crystallization

of group norms. However, normative conflict may also result in broader changes

to the team’s technical structure. For instance, Chapter 3 documented an ongo-

ing debate in the Linux community concerning modularization of the code base

to reduce conflict due to interdependence. This finding is consistent with work

on collocated ongoing teams, such as Langfred (2007) who showed that follow-

ing conflict, teams may restructure for more loose interdependence and/or less

individual autonomy.

Normative conflict may also impact team social structure by encouraging

the formation of coalitions within the team. For instance, Chapter 3 documented

how normative conflict concerning gender-neutral language in Node.JS sparked

a greater debate concerning the role of for-profit companies in the running of

the project, thereby splitting the community in half around an ideological fault-

line. One subgroup felt strongly about the need for the open source project to

be run free from company interference, while another coalition formed around

the belief that doing so would be destructive to the existing ecosystem. The

coalition supporting self-determination and freedom from corporate influence

found sufficient support to establish a fork of the project (IO.JS). Reconciliation

between two projects only came when this fundamental distinction, or fault-

line between the two sides, was resolved by setting up of a foundation to run

the Node.JS project, reinforcing the overall group identity and allowing the two

communities to be integrated into one whole.

These findings speak to an existing branch of virtual team literature con-

cerning subgroup formation. Specifically, Lau and Murnighan (2005) found

that faultlines might form in groups that are either physically or psychologically
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divided by geographical location, ideology or some other distinct characteristic,

into smaller sub-groups. Virtual teams that are highly geographically distributed

or diverse are particularly susceptible to these effects (O’Leary & Mortensen,

2010). Similarly, Coser (1957) argues that conflicts with some team members

may produce new associations or coalitions with others. In other words, the

manifestation of normative conflict may make opaque distinctions of ideology

and values that would not have been otherwise visible, leading to the formation

of subgroups and faultlines and leading to changes in social structure. Thus,

intragroup conflict in ongoing virtual teams not only emerges from both techno-

logical and social issues, but through normative conflict, it also serves to impact

both technological and social structures (DeSanctis & Poole, 1994).

In summary, by introducing normative conflict as an additional dimension

to the intragroup conflict taxonomy, the present dissertation makes a theoretical

contribution toward our understanding of conflict in teamwork more broadly.

Specifically, normative conflict emerges as one of the processes through which

group norms are created, debated and continually modified. Normative conflict

also influences both technical group structure and subsequent group inputs, as

well as social group structure through the possible formation of subgroups and

coalitions when highlighting ideological divisions. In this way, normative con-

flict helps address gaps in research on how ongoing team processes like conflict

form feedback loops and influence not only team emergent states and outcomes,

but also feed into subsequent iterations of teamwork and taskwork (Marks et al.,

2001).

6.4 Contributions to Virtual Team Literature

The question of what conflict types affect team outcomes, and under which con-

ditions, continues to be salient for research on virtual work. The present findings

contribute another perspective to this debate by examining conflict specifically
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within ongoing virtual teams. This section presents overall findings, and con-

trasts them with trends in virtual team literature in the areas of conflict outcomes

and emergent states, followed by structural inputs and other moderating factors.

6.4.1 Conflict, Emergent states and Outcomes in Ongoing

Virtual Teams

Process conflict

Firstly, findings from the present dissertation show an overall negative impact of

process conflict on ongoing team emergent states and outcomes. For instance,

Study 1 documents the way style disagreements can become a hurdle for new

team members, as well as taking attention from the task being performed when

two or more experienced members with sharply different ideas disagree about

how software should be written. Study 2 similarly finds process conflict to have

an overall negative effect on performance perception when controlling for the

effect of other conflict types (although this is only significant at the p <.10 level).

Process conflict further interacts with affective conflict such that the negative ef-

fects of process conflict are higher when levels of affective conflict are lower.

This overall negative impact is consistent with prior work on both collocated

and virtual that show largely negative effects of process conflict on team perfor-

mance, satisfaction and coordination teams (Behfar et al., 2011; de Wit et al.,

2012). This finding is also consistent across both short-term and ongoing teams

(Jong et al., 2008).

Taken together, process conflict appears to have a universally negative re-

lationship with performance, across different types of teams and organizational

structures. In short-term teams, small amounts of process conflict are useful in

clarifying procedures at team inception, but quickly become distracting from

team outcomes in conditions of time pressure. Ongoing teams, on the other

hand, have a tendency toward process conflict due to their inherent greater focus
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on improving team efficiency and processes (Saunders & Ahuja, 2006). Thus

process conflict in this case also takes away from outputs, but this may be true

only in the short to medium-term. In the long-term, if the conflict is resolved,

it may create opportunities for more efficient teamwork by clarifying misunder-

standings. It would therefore be very interesting to examine process conflict in

ongoing teams longitudinally, to trace its impact across different task iterations.

Affective conflict

On the other hand, Study 2 finds affective conflict to have a positive direct ef-

fect on both performance perception and identification, in sharp contrast to pre-

dictions and empirical evidence from literature on both collocated and virtual,

short-term and ongoing teams (e.g. Curşeu, 2006; De Dreu & Weingart, 2003;

Hinds & Bailey, 2003; Jehn, 1995; Kankanhalli et al., 2007; Lira et al., 2008;

de Wit et al., 2012, among others).

It is possible this finding is a result of a methodological issue, in particular

with regards to sampling. Despite the stratified random sample used, partic-

ipation in the study is optional. Participants who have overall more positive

experiences with their team might be more likely to respond to the survey, be-

cause those who have experienced conflict and do not identify strongly with the

team may have already left the group (Furumo, 2008). However, other conflict

types did emerge that show a negative relationship with team identification and

subsequent intention to leave the team, suggesting an adequate sample. Further-

more, the effect sizes of the relationships between emergent states and affective

conflict are substantial, and are present even in subsequent regressions that con-

trolled for a number of other factors, such as tenure, team size, gender, role in

the project, among others. Thus, another possible reason for this relatively per-

sistent and contrasting finding may lie in the analysis. Study 1 suggested that

affective conflict rarely exists in isolation in the ongoing teams studied. There-

fore the individual effect of affective conflict when controlling for the effects
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of other conflict types may need to be interpreted with caution if in practice

affective conflict only emerges as an escalating mechanism.

Alternatively, the positive relationship between affective conflict and emer-

gent states may suggest the presence of a mediator variable that is not specified

in the current model. Specifically, as the discussion in Chapter 5 proposed,

based on work by Dabbish, Stuart, et al. (2012), affective conflict may be an

indirect signal of team activity level, which is in turn connected with both more

positive perceptions of the team performance, and stronger identification with

the team. In other words, team members who fight more, care more. Thus af-

fective conflict may have a direct negative effect on performance perception and

identification with the team, but a positive relationship with perceptions of team

activity, and an indirect positive effect on these emergent states.

Furthermore, there may be an unexamined temporal effect present. For in-

stance, prior work has shown that teams with greater shared identity experienced

less negative effects of affective conflict on team emergent states and outcomes

(Han & Harms, 2010; Hinds & Mortensen, 2005; Mortensen & Hinds, 2001).

The work treated identification with the team as an input variable, mediated by

processes like conflict. By contrast, the present study conceptualized identifi-

cation with the team as an emergent state, one that may also be influenced by

team processes and consistent with recommendations by Marks et al. (2001)

in their temporally sensitive taxonomy of team processes. Taken together with

prior work, present findings may suggest identification and conflict are engaged

in a complex feedback loop in which overall group identification is an emergent

outcome that serves as future input for other conflict processes. Thus, even if af-

fective conflict is related with negative perceptions of performance and reduced

identification at the point in time the conflict erupts, by signaling greater activity

in the team it serves as a positive signal in the long term, especially for those

not directly involved in the debate. It would therefore be crucial for future work

on conflict in ongoing virtual teams to trace this feedback process of conflict on
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identification with the team over time.

Task Conflict

Task conflict’s effect on team emergent states and outcomes has notoriously

been conflicting in research findings across both virtual and collocated teams

(de Wit et al., 2012). In the present study, though task conflict was the most fre-

quently reported type of conflict, no significant direct or curvilinear effects were

found between task conflict and either performance perception or identification

with the team. Taken in the context of findings from Study 1, this pattern makes

sense as participants often see task conflict, or criticism of proposed ideas, as

part of their workflow when contributing to FOSS projects. Interestingly, task

conflict interacted with normative conflict such that normative conflict had a

less negative impact on performance perception when task conflict levels re-

ported were relatively higher. In other words high task conflict levels in ongoing

virtual teams, particularly those with a positive social norm toward it, may be

helpful in keeping the team focused on their goals and minimizing unproductive

normative conflict.

This finding is somewhat consistent with predictions by Curşeu (2006) for

ongoing virtual teams, who suggested task conflict may have a positive impact

on the team under the right conditions. This is also consistent with recent work

on Wikipedia by Arazy and colleagues (2011, 2013) who found that at higher

levels of task conflict, cognitive diversity had a positive impact on quality out-

put, and that task conflict did not significantly impact article quality if it did not

occur together with affective or process conflict. This is also consistent with

the meta-analysis by de Wit et al. (2012) who found no significant correlation

between task conflict and performance across both collocated and virtual teams

more broadly.

On the other hand, the present findings stand in contrast to some earlier work

on short-term virtual teams that found task conflict to be negatively related with
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team potency (Lira et al., 2008). This may be because short-term student teams

have less time to develop group norms that favor feedback and criticism, or

because in more short-term oriented teamwork this type of norm setting activity

is less productive given the limited time available to accomplish a task.

Summary

Taken together, the above findings on the four conflict dimensions and their

impact on emergent states and outcomes in ongoing virtual teams show some

intriguing differences when contrasted with short-term virtual teams and col-

located teams. On one hand, ongoing teams have more time to develop group

norms about conflict, such as pro-task conflict norms that enable cognitive diver-

sity and minimize the misinterpretation of criticism as personal. On the other

hand, this same long-term orientation and ability to evolve group norms may

lead to normative conflict when these group norms are unclear or inconsistent

with everyday practice. This process is connected with a reduction in identifica-

tion with the team, and greater intentions to leave the project. In fact, normative

conflict emerges as the sole predictor of intention to remain among the four

conflict dimensions, as Chapter 5 showed. Furthermore, in ongoing teams, es-

pecially groups that rest on voluntary efforts of participants like FOSS projects,

affective conflict appears to be a signal of a healthy community rather than a

performance distraction or motivation to leave the team. Therefore, the findings

show that it is normative and process conflict, rather than affective or task, that

require special attention and management in ongoing virtual teams. The next

section will briefly examine the interrelationships between the various conflict

types uncovered, and their relevance to broader literature.

6.4.2 Conflict Transformation

The present findings extend a growing body of work that suggests different kinds

of conflict may be interrelated and transform into each other over time (Arazy et
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al., 2013; Greer et al., 2008; Jehn, 1995; Mooney et al., 2007). Specifically, the

two studies presented in this dissertation highlight a number of possible transfor-

mations that reflect findings in earlier work, such as task into affective conflict.

Even early work using the intragroup conflict taxonomy had noted that a small

percentage of task conflict episodes had transformed into affective conflict due

to a misattribution of intentions (Jehn, 1995). Mooney et al. (2007) examined

this relationship more formally and found that task conflict mediates the rela-

tionship between affective conflict and team inputs. Study 1 similarly finds that

both task and process conflicts can gain an affective dimension over time. The

present findings therefore lend further weight to the assertion that affective con-

flict may begin as either task or process conflicts that have transformed due to

misattribution and social judgment.

As already mentioned above, affective conflict does not appear in isolation

in the qualitative findings of Chapter 3. While an absence of observations is

not conclusive evidence that the pattern does not exist, taken together with the

above work on conflict transformation, the pattern suggests affective conflict

may commonly occur as a form of conflict escalation rather than arising directly

out of team inputs or task characteristics. In support of this, early work by Glasl

(1982) had noted that, if left unchecked, conflict can continue increasing in

intensity.

At the same time, more complex interrelationships can exist within the

same conflict episode, such as between affective, process and normative con-

flict, as observed in the Rails and GitHub hacking issue, described in Chapter

3. To recap, the conflict began with a normative dissonance between commu-

nity norms about convention over configuration and a potential security flaw,

and then gained an affective dimension through the frustration of the developer

who reported the issue for not being heard. The conflict also gained a procedu-

ral dimension when the developer violated established norms for contribution,

and hacked into the project to demonstrate the issue severity. Though earlier
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work has not directly traced the evolution of one conflict episode across more

than two forms of conflict, a longitudinal study design by Greer and colleagues

(2008) showed process conflict can be a predictor of different task and affec-

tive conflicts in the future across several time periods, as well as more process

conflict.

Taken together, these findings suggest conflict can transform in a variety of

different ways and this has significant implications for future research. More

specifically, the variety of possible conflict transformations problematize study-

ing their individual impact on the various team emergent states and outcomes

that research needs to consider. For instance, Chapter 5 highlighted the signif-

icant impact of the process-affective and task-normative combinations on per-

formance perception. Arazy et al. (2013), on the other found that both task-

affective or task-process conflict combinations were negatively associated with

quality of output. It quickly becomes impractical to examine the effect of all

kinds of conflict combinations on the various significant emergent states and

team outcomes under an equally complex variety of team structural inputs.

It may instead be more illuminating for future work to focus on identifying

boundary conditions under which conflict transforms into another type. Defin-

ing more theory around boundary conditions may help in quantifying the extent

of conflict escalation, and facilitate more targeted conflict detection and resolu-

tion. It may also shift the way we investigate conflict effects – the immediate

transformation of, for instance, task into affective conflict may have a short-term

impact on the team output because this takes attention away from performing

the task. However its long-term impact may depend on a number of other fac-

tors such as whether and how the conflict is resolved, and/or what other type

of conflict the episode evolves into. As such, for studies that address the time

dimension in conflict research, it may also be relevant to consider not just the

type of conflicts involved, but their intensity over time, and the total time spent

on a particular conflict episode as a whole because this may help to shed more
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light on output implications.

In fact, research on collocated teams is beginning to move in this direc-

tion. A recent study by Ayoko and colleagues (2012) drew on Tuckman’s (1965)

model of group development to trace conflict episodes, their transformation and

escalation over time in face-to-face university student teams They found that

teams who did not leave the “forming stage” and spent over a third of their time

in the “storming” (conflict) stage performed most poorly on the given task. Im-

portantly, the team that scored the best dispensed with storming (conflict) much

earlier on in their group life cycle than other teams, and spent the largest portion

of their time in the “norming” and “performing” stages. Their findings show that

the time spent in conflict is as important to success as its eventual resolution.

Their findings are also some of the first to highlight the boundary conditions

under which conflict episodes transform. For instance, their work shows that

during the “storming” phase, perceived social loafing of team members moves

task conflicts into an affective dimension, while during the “forming” stage,

affective conflict is connected with personal feelings of frustration in not under-

standing the nature of the task given and the inability to make progress in task

ideation. In other words, different boundary conditions may result in conflict

transformations at different stages of a group’s development suggesting more

longitudinal research of ongoing virtual teams is necessary.

Taken together, the multitude of conflict transformations uncovered in this

study and prior work on conflict in ongoing virtual and collocated teams sug-

gest a need to shift the focus toward theorizing broader relationships rather than

focusing on exact conflict transformation combinations, as well as employing

different measurement strategies. In particular, work on collocated teams sug-

gest that examining boundary conditions of conflict transformations at different

stages of the group development, as well as the length of time spent on conflict

may be useful avenues for future research.

The next section will explore factors that give rise to the different forms of
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conflict, and once more connect this with overall patterns in literature on virtual

work.

6.4.3 Conflict Antecedents

Qualitative findings in Chapter 3 showed four distinct structural factors that may

work to increase or reduce conflict in ongoing voluntary virtual teams, while

quantitative findings from Chapter 5 showed support for the assertion that differ-

ent independent factors are likely to trigger different kinds of conflict (Curşeu,

2006). Chapters 3 and 5 have already discussed these findings and their impli-

cations in some detail. Therefore, the following final section contrasts findings

across both studies and discusses their implications for the overall research aims.

Study 1 found that bikeshedding (Kamp, 2003) emerged due to a combina-

tion of greater virtualness in FOSS teams as well as the relative empowerment

of team members to participate in the decision-making process. Specifically,

the greater transparency of communication and tendency to archive group in-

teractions affords participation in conflict episodes for other team members not

directly connected with the conflict episode, as well as the general public. As a

result, discussions may escalate due to the introduction of new ideas and opin-

ions. These discussions may also crystalize existing faultlines in the community

as more individuals join the discussion and form coalitions. The effect is par-

ticularly strong for more simple issues, because these are more accessible to

the general team, than complex problems that may benefit from more points of

view. Thus bikeshedding can take attention away from more complex tasks by

focusing too much attention on trivial issues.

At the same time, Study 2 found that more distributed decision-making was

associated with lower process and normative conflicts, the two conflict types

with negative impacts on team performance perception, identification and de-

velopers’ sustained participation. More distributed decision-making was also

directly connected with a greater sense of identification with the team.
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Thus greater distribution of decision-making in ongoing virtual teams has a

complex and multi-faceted relationship with conflict emergence. On one hand,

in combination with greater communication transparency, it leads to more pro-

tracted conflicts that involve more community members. On the other, it can

facilitate a reduction in process and normative issues. It would be instructive for

future research to examine the specific mechanisms through which distributed

decision-making has this differential effect on conflict emergence, in order to

inform community design. Specifically, are there potential mediators that can

help reduce the effect of bikeshedding in transparent virtual environments?

Second, findings from both studies highlight the importance of leadership

in bridging gaps in mutual understanding when dealing with different kinds of

manifested conflict episodes. Specifically, Study 1 highlights the way different

individuals may experience “different truths” concerning the same episode – for

instance, when giving critical feedback on someone’s work, one party may see

this as a purely task related disagreement concerning implementation, but for

another party this may be interpreted as a personal criticism and therefore an

affective conflict. Study 1 findings further suggest that an authority figure or de-

veloper with a reasonable standing in the community can serve to reduce conflict

levels. Study 2 finds support for this assertion. Specifically, transformational

leadership exerts both a direct positive effect on team performance perception,

as well as indirectly improving performance perception by reducing normative

conflict levels. Furthermore, transformational leadership also improves team

identification and intention to remain in the project by indirectly by reducing

normative conflicts. Thus leaders are able bridge the “different truths” by serv-

ing as mediators in disagreements, as well as stepping in to clarify normative

inconsistencies.
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6.5 Conclusion

The present dissertation contributes to our understanding of conflict in FOSS

teams in a few ways. In mapping out different kinds of conflict experiences

in FOSS teams, the work contributes a relevant and consistent model of conflict

that can be used by future research into the FOSS phenomenon as well as to con-

trasting findings between ongoing virtual teams and other forms of organization.

In doing so, the work proposes and validates the addition of normative conflict

to the intragroup taxonomy as a dimension particularly relevant for ongoing vir-

tual teams. Finally, through normative conflict, the dissertation describes how

conflict affects ongoing group development through the clarification and estab-

lishment of group norms, as well as in serving as an input for future structures

and interactions.
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Chapter 7

Conclusion

The present study set out to develop a unified and relevant framework for under-

standing conflict in the context of peer production systems like Free and Open

Source Software development. Previous research has begun to examine conflict,

but at present, the body of work lacks a consistent framework to allow compari-

son across different studies (Crowston et al., 2012). It is important to understand

how conflict is manifested and its effects on the team outcomes and long-term

development because FOSS projects represent a critical ecosystem supporting

many important Internet applications. To begin doing so, we need a consistent

set of tools that allow researchers to build more complex models and test them

in collaboration across different contexts.

Furthermore, by situating the study in the FOSS context, the present disser-

tation was interested to understand conflict in ongoing virtual team settings, and

in particular whether its nature and manifestation would differ from short-term

virtual teams and collocated teams. In doing so, the study aimed to fill a gap in

general literature on virtual work that has thus far examined processes in tem-

porary virtual teams with fixed membership structures and distinct end points

(Gilson et al., 2014; Martins & Schilpzand, 2011; Saunders & Ahuja, 2006).

Examining processes in ongoing virtual teams is important. Due to a lack of

a specified end point, ongoing teams have greater sense of history and expec-
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tations of future interaction, while at the same time also needing to deal with

greater change over time (Saunders & Ahuja, 2006). These conditions dramati-

cally alter the focus of teams towards more long-term goals like efficiency, team

well-being and member support. These conditions also better represent the na-

ture of virtual work today compared to temporary distributed groups (Maynard

et al., 2012; Tannenbaum et al., 2012). Thus, in examining conflict in an on-

going virtual team setting, the present work contributes an important insight to

both theory and practice of management of virtual teams.

Finally, and related to the second aim, the present work aimed to understand

the impact of conflict on long-term team structures and team development in

ongoing virtual teams, addressing a gap in research identified by Martins and

Schilpzand (2011). Due to their long-term focus, ongoing teams may develop

and evolve structures based on their experiences and disagreements with one

another. This is an important gap to address because it shifts the focus of conflict

research from a teleological one concerned with supporting or detracting from

team outcomes, towards a more evolutionary perspective that recognizes conflict

as an inevitable part of the team life cycle.

Thus the present study aimed to address the following three related research

questions:

1. How is conflict manifested and interpreted by FOSS project members?

What impact does this have on the relationship between conflict, team

structures, emergent states and team outcomes?

2. How does conflict as a process differ in dynamic ongoing virtual groups

like FOSS projects compared to conflict in short-term virtual teams in

traditional organizations?

3. How does conflict impact structural change in dynamic and ongoing vir-

tual groups like FOSS projects?

This final chapter will conclude by briefly restating a synthesis of the empir-

ical findings across the two studies reported in the dissertation, exploring how

218



they fit together and relating them to the above research questions. Next, theo-

retical implications of the findings will be restated, in particular with reference

to how these findings speak to the broader body of work on conflict in organiza-

tions. Following this, the chapter will summarize practical implications for both

FOSS community leaders and ongoing virtual team managers. The chapter will

then cover methodological limitations, exploring how the empirical studies rein-

forced each other’s limitations, future research plans and recommendations for

future research directions, before concluding with a restatement of the central

argument.

7.1 Synthesis of Empirical Findings

Addressing the first research aim, the present work identifies four distinct kinds

of conflict experienced by FOSS teams, then reformulates and validates them in

an updated conflict framework for ongoing virtual teams.

• Task Conflict. Findings suggest the most commonly occurring disagree-

ments involve conflict about the task to be performed, that is, the cre-

ation of software. Task conflict includes issues such as project road-map,

feature selection and prioritization, as well as decisions about compet-

ing technical implementations and dependencies. Task disagreements are

often part of the written or unwritten group norms concerning working

together, and are often encouraged through social processes like formal

requests for comment or code reviews.

• Process Conflict. Teams also disagree about procedural issues, mainly

concerning logistics of creating software such as the general coding style

to use. Procedural issues may also arise when an individual’s authority

over an aspect of the project is disrespected.

• Affective Conflict. Task and Procedural issues may gain an affective,

or emotional dimension, sometimes leading to intense disagreements, if
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conflicts are misinterpreted as a personal attack or an episode is left unre-

solved.

• Normative Conflict. FOSS teams, being examples of ongoing virtual

teams, also experience conflicts concerning overall group norms, values

and mission. These normative conflicts occur when group norms are un-

clear, do not exist, or when prescribed group norms are not in line with the

every day actions of the project members. In this way, normative conflict

leads to the debate and evolution of new group norms, as well as changes

in both social and technical structures.

Furthermore, the present study finds that these four conflict types are highly

subjective, with the same episode potentially being interpreted in different ways

by participants. Interpretation can vary due to personal differences and perspec-

tives, individual relationships with members of the group, as well as between

teams due to different norms surrounding conflict. Thus the findings highlight

the various forces involved in sense making surrounding a conflict episode in

teams with a sense of history and an expectation of future interaction (Axelrod

& Hamilton, 1981). In particular, a familiarity with other team members and

their backgrounds can often moderate the severity of an episode, such as be-

ing more likely to accept criticism from a contributor with greater tenure and

experience in the project. At the same time, group norms set expectations for

future interactions at the team level, suggesting possible interpretations of con-

flict, such as more positive norms towards task conflict.

Addressing the second research question, the present work finds several sig-

nificant differences between conflict in ongoing virtual teams, temporary virtual

teams and collocated teams. Firstly, the study shows that when contrasted with

findings from studies on short-term virtual teams, ongoing teams do not appear

to suffer negative effects of task and affective conflict, with the emergence of

process and normative issues contributing the bulk of variance in team potency

and vitality. This is consistent with predictions made by Saunders and Ahuja
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(2006) who argued that ongoing virtual teams would have a greater need to

focus on developing efficiency, while maintaining team identification and sat-

isfaction. Consequently, the present study finds conflicts emerging from these

issues are the most critical to the long-term success of the group, with task

conflicts being more a part of group norms and affective conflicts an indicator

of attachment and strong identification in the group. Furthermore, the present

study highlights normative conflict as a new element in the conflict taxonomy,

and a distinct feature of ongoing teams that arises from their long-term orien-

tation and greater focus on improving processes, member satisfaction and team

identification, while needing to adapt to change.

Ongoing virtual teams like FOSS teams also differ from ongoing unmedi-

ated teams in their ability to easily and automatically archive their computer-

mediated interactions, and this has implications for our understanding of con-

flict. Past research has found that archiving affords virtual teams more transpar-

ent communication because it increases a sense of context, allowing the whole

team to witness interactions and participate in decisions made (Dabbish, Farzan,

et al., 2012). The present work shows that alongside these positive benefits, the

greater degree of openness in virtual communication may afford greater visibil-

ity of conflict episodes to the entire group. In FOSS teams, who frequently rely

on publicly available online discussions and communication archives, this may

also attract attention from outside of the project. Conflict episodes may escalate

due to increased attention and involvement from other parties, while coalitions

may form around supporters of one or the other position (Jehn et al., 2013).

Furthermore, the weighing in of other parties is especially true for more

trivial decisions and debates, as compared to more complex decisions, which is

known within the community as a “bikeshedding” effect (Kamp, 2003). Thus

complex issues that may benefit from more varied opinions are paradoxically

less likely to attract them, while trivial issues may result in drawn out and cir-

cular debates as too many different people weigh in on the decision. It is im-

221



portant for future work to understand mechanisms that can help to reduce this

phenomenon in virtual team settings while allowing the team to continue to

benefit from the shared context created by archiving communication logs.

Addressing the third research question, the present work documents the

emergence of normative conflict and its inclusion in the expanded conflict

framework. Normative conflict is a key mechanism in the debate and evolu-

tion of group norms, as well as other social and technical structural changes to

the group. Specifically, because normative conflict arises out of a lack of clar-

ity or inconsistency in existing group norms, it encourages explicit debate and

evaluation of these norms in order to resolve the issue. Thus normative conflict

leads to the specification or reformulation and evolution of group norms.

Normative conflict can also be a catalyst for changes in both social and tech-

nical structures. Because normative conflict may surface tensions and opposing

opinions from team members that concern the group as a whole, and may oth-

erwise have been unspoken, it may serve as a catalyst for the formation of sub-

groups around different camps of supporters. In this way, normative conflict

can fragment the social structure of a team by reducing team identification and

promoting identification with coalitions instead. Thus, in addition to predictions

made by Lau and Murnighan (2005) that faultlines may form during team incep-

tion due to quick self-categorization, the present work further suggests faultlines

to emerge from normative disagreements even after a stable group identity has

been achieved. Normative conflict can also be a catalyst for more technical

group restructuring such as choosing or modifying communication and collab-

oration systems, or levels of interdependence in the project code base. Thus the

findings also echo work by DeSanctis and Poole (1994) who argue in virtual

contexts it is not only the technical conditions that give rise to different social

structures, but in turn, social processes like conflict can impact the technical

structures of the team.
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7.2 Theoretical Implications

In addressing the first research question, the present work contributes a unified

and relevant framework for studying the process of conflict in peer production

settings. The framework specifies four distinct conflict types, and provides ini-

tial expectations about their mechanics in influencing emergent states, outcomes

and future team structural changes. To achieve this, the work brings together

knowledge gained across the different studies conducted on conflict in the open

collaborative context to-date, and weaves them into an updated conflict frame-

work. Specifically, findings reflect both the relevance of drawing on a traditional

organizational conflict taxonomy (e.g. Arazy et al., 2011, 2013), as well as the

need to update this for an ongoing virtual team setting. The present findings

thus further speak to early work by Elliott and Scacchi (2003) whose findings

suggest conflict can emerge through inconsistencies between prescribed group

norms and visible group actions. In this way, the present work both supports

and extends earlier work on the peer production phenomenon, providing a four-

factor conflict framework that may be used to compare results across future

research and build a more complex understanding of peer production processes.

In addressing the second research aim, the present work also expands theory

on ongoing distributed team research by bringing theory on unmediated orga-

nizational teams into the virtual space. Specifically, the work draws on recent

theoretical work on the role of conflict in team development, such as that of

Jehn et al. (2013) in an unmediated context as well as classical work by Coser

(1957); Gersick (1988); Tuckman (1965) and others. On this foundation, the

present work builds up a conceptualization of conflict in ongoing virtual teams

that has more long-term implications beyond influencing immediate team out-

comes. Furthermore, the work explores the relevance of these theoretical propo-

sitions in a mediated context and delineates their boundaries. The distinction

between task, process and affective conflict continues to be relevant in an ongo-

ing virtual context and allows us to draw direct comparisons between mediated

223



and unmediated, short-term and ongoing work. However, the existing theory

lacks a dimension that takes into account the expectation of future interaction

and shifting focus of ongoing virtual teams towards efficiency, team member

well being, growth and adaptation to change (Saunders & Ahuja, 2006). Thus

normative conflict is proposed to extend theory on virtual teams based on both

insights from literature on conflict in team development as well as that of social

psychology.

By adding normative conflict to the intragroup conflict taxonomy, the

present work addresses the third aim. Specifically, the work specifies a con-

crete mechanism for the way conflict impacts group norm development and

subsequent team social and technical structures. This addresses an important

gap in our understanding of virtual team dynamics by showing how normative

conflict serves as an adaptation mechanism towards change and recursively im-

pacts team inputs under the IPOI framework (Gilson et al., 2014; Martins &

Schilpzand, 2011). Normative conflict brings to the forefront inconsistencies

in group norms that develop over time as a result of internal development and

external changes, and thus becomes a critical signaling factor for teams about

potentially divisive issues. This may lead to norm reformulation, as well as

technical re-appropriation, or social fragmentation if the conflict remains unre-

solved. The inclusion of normative conflict in the intragroup conflict taxonomy

brings together diverse threads of related theories across different disciplines.

The findings support Packer’s (2007) work on the emergence of dissent con-

cerning group issues and norms as a whole even in groups with strong cohesive

identities. Previous research also conceptualized normative conflict to largely

occur at an intraindividual level, that is, as an internal debate or conflict within

an individual’s consciousness. The findings therefore also extend earlier work

by showing how normative conflict may manifest as an active source of dis-

agreement that influences not just individual behavior but also group norms and

long-term team structure.
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Finally, the present research takes the opportunity to examine the evolu-

tion of conflict dimensions into each other in ongoing virtual teams, thereby

expanding theory on conflict transformation. For instance, the causal relation-

ship between task and affective conflict has been hypothesized and observed in

prior work (Jehn, 1995; Jehn & Bendersky, 2003; Simons & Peterson, 2000;

Yang & Mossholder, 2004). The present findings lend support to the theory that

affective conflict can emerge as an escalation mechanism from other types of

disagreements, such as task, procedural and normative issues. Prior work has

also found that task conflicts may evolve procedural dimensions, an observation

that is also supported by findings in this study. However, the present work fur-

ther finds interactions between task and normative conflict, as well as affective

and processes conflict, that have differential impacts on team emergent states

and outcomes. Furthermore, some conflict episodes may evolve more than two

types of conflict over the course of a protracted disagreement. Therefore, the

present findings suggest the need to focus on examining boundary conditions

of these transformations, such as when and how a conflict evolves an affective,

or procedural, or normative dimension, rather than individual combinations of

interactions. This would allow a broader understanding of conflict evolution in

ongoing teams over time, as well as illuminate specific points of intervention

for team managers.

A focus on more longitudinal examinations of conflict transformations may

also help to address one of the paradoxes highlighted in this study concerning

process conflict. Specifically, Saunders and Ahuja (2006) argue that process

conflict is more likely to emerge in ongoing teams due to their increased focus

on team and procedural effectiveness. At the same time, the present findings

show that process conflict has a largely negative effect on team emergent states

like performance perception. It may be illuminating to understand if there are

differential effects of process conflict in the short-term and in the long-term. For

instance, in the short-term, process conflict may indeed have a negative impact
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on performance because it takes attention away from working on the task in

favor of procedural discussions. On the other hand, in the long-term, addressing

the issues raised in process conflict may help to improve team processes and

promote efficiency.

7.3 Practical Implications

The study also offers practical advice for ongoing virtual team and online col-

laborative community management. In particular, the study highlights the im-

portance of establishing clear norms about conflict within ongoing distributed

teams as these may vary widely across different teams and projects. For exam-

ple, depending on the focus of the project, some teams may develop an expec-

tation of giving detailed, honest and critical feedback for contributions that is

meant to generate discussion while other teams may find it more important to

manage interpersonal relationships and thus be very conflict averse. The disser-

tation findings suggest both approaches may be successful if the teams explicitly

highlight these norms and set appropriate expectations for future interactions

among team members.

Furthermore, in particular during manifestations of normative and proce-

dural conflict, it is important for team members to bridge gaps in the parties’

perceptions of the conflict episode. Different parties may experience “different

truths” about the same event, that is, perceive the conflict to be about qualita-

tive different issues. An authority figure or mediator who is able to translate

these different perspectives, or a community member who is able to see the is-

sue from the other parties’ point of view will be more successful at de-escalating

the episode.

At the same time, it is important to identify and manage emerging normative

conflict carefully. Normative conflict was the strongest predictor of team vital-

ity, with higher levels resulting in lower identification with the team and less
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intention to remain in the project. Because it can highlight potentially divisive

issues, it may be productive for team leaders to work on maintaining a sense of

unity and group identity in the face of potential coalitions that may form. For

example, it may be useful to explicitly prioritize the overall collective mission,

and work towards a resolution from a perspective that benefits the group as a

whole, as this could help activate a stronger group identity (Reicher et al., 1995;

Turner et al., 1987).

Finally, the present work shows that conflict has somewhat different pitfalls

across the different leadership models examined in this study. For instance, on

one hand, teams with flat organizational styles and distributed decision-making

have more individual autonomy that reduces the occurrence of process and nor-

mative conflict. On the other, they are in more danger of engaging in long, drawn

out debates due to the ready archiving of conversations that allows anyone in the

team (or even outside the team, for public FOSS discussions) to weigh in. For

these teams, a more formal procedure geared toward reducing multiplicity of

ideas would be beneficial, such as requiring dissenters to propose an alternative

solution (the Apache model), or appointing peers with the support of the rest

of the group who are able to step in at times and make a difficult decision (the

Debian model).

Conversely, teams with less empowerment and more prominent hierarchies

are more likely to experience process and normative issues. This may be due

to information overload, a lack of oversight of all elements of teamwork and a

lack of power in decision-making from team members. However, findings also

show that criticism from community leaders and authority sources is often more

readily accepted. This is especially true when status is more visible, leaders are

charismatic, lead by example, and are respected for their technical capabilities.

Thus leaders may find it beneficial to work on developing a more transforma-

tional leadership style, while design of communication tools should highlight

team member experiences to facilitate inference.
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7.4 Limitations and Directions for Future Work

The present work has offered insights into the interpretation of an important

group process by ongoing virtual groups, and was conducted through a combi-

nation of interviews, participant observation and self-report surveys. As a direct

consequence of this methodology, the study encountered a number of limita-

tions, which need to be considered.

7.4.1 Sample

Study 1, being qualitative and explorative in nature, focused on recruiting par-

ticipants to address emerging questions and theory gaps while the grounded

theory was being built. Thus while the study interviewed and interacted with

a very diverse set of participants, this could not be a truly representative sam-

ple of the FOSS development population. To address this limitation, Study 2

recruited participants for the survey that were randomly selected based on a

stratified sample derived from GitHub projects containing more than two mem-

bers. Because FOSS projects with many developers are relatively uncommon (a

majority are small teams or just a solo participant), stratification of the sample

based on team size was first conducted to ensure equal numbers of developers

were sampled from teams of different sizes. The resulting sample represented

teams of different sizes as well as developers with different backgrounds fairly

well, as descriptive statistics in Chapter 5 show.

Nevertheless, Study 2 was an opt-in survey and thus participants were self-

selected. Furthermore, the survey targeted active FOSS participants and focused

on the current project the respondent spent most of their time working on. It may

thus be possible that participants with more positive experiences of working in

FOSS teams were more likely to participate, as those who may have experienced

greater conflict levels could have left the team (Furumo, 2008). In fact, the

mean surveyed levels of developers’ intention to remain, identification with their
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project and performance perception were all fairly high (between 3.8 and 4.0 out

of 5), while conflict levels reported were fairly low (between 1.9 and 3.0 out of

5) suggesting this may indeed have been the case.

To partially address this limitation, the survey controls for elements such

as tenure within the team, which did have a significant effect on levels of out-

comes and emergent states reported. Nevertheless, this may somewhat limit the

generalizability of present findings.

7.4.2 Time

Though Study 2 employs a cross-sectional research design to survey patterns in

ongoing teams, Study 1 was designed to reinforce this limitation with respect to

time, thereby providing context for the findings. Thus the interviews attempt to

identify and trace conflict episodes from start to finish, as they have unfolded.

Interviews in Study 1 required participants to recall subjective experiences of

conflict episodes after the fact. To support this, participants were encouraged

to share references to publicly available supporting materials (such as archival

communication data) concerning these conflict episodes. This researcher further

independently sought additional references related to these episodes, where this

was possible, to support participant recollections with more objective accounts

as well as to trace the development of the conflict episodes over time.

Taken together, the two studies provide some initial evidence for time effects

of conflict in ongoing virtual teams, an area ripe for future work to explore in

expanding and validating the present findings. In particular, now that the intra-

group conflict taxonomy from traditional team research has been established to

be relevant in FOSS, and updated for ongoing virtual teams, it would be worth-

while to observe the progress of the four kinds of conflict over time and trace

more precisely their impact on team development and future structural changes.
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7.4.3 Objective outcome and input measures

Furthermore, the present research did not employ objective group-level metrics

of structural inputs, outcomes and emergent states, focusing instead on measur-

ing individual perceptions of these variables. This is an intentional choice and

tradeoff in the research design, as one of the present study’s aims is to under-

stand the interpretation of developers concerning conflict in their teams, as well

as the way this impacts their intentions to remain in the team, sense of belong-

ing with the team, and evaluation of the team’s progress, all relatively subjective

constructs. That said, it would be most relevant for future studies on conflict in

ongoing virtual teams to examine more objective input and outcome measures

connected with the entire corpus of team interactions, rather than just members

who self-select to participate in a research study.

7.4.4 Multi-level effects

The present study highlights some interesting implications of multiple organiza-

tional levels on conflict manifestation (dyadic, intragroup and intergroup). For

example, familiarity with different programming paradigms that emerges from

contributing to multiple projects over the course of a developer’s career has been

shown to be both a potentially positive and negative input toward conflict. On

one hand, bringing in experience from other projects and ways of doing things

increases cognitive diversity and task conflict, resulting in potentially higher

quality ideas. On the other hand, strong ideological roots in any one method-

ology, implementation, or framework may lead to unproductive and protracted

debates between two or more equally good (or bad) options that may not be

resolved without intervention.

As such, the influence of intergroup effects and the broader project context

appear to be highly relevant to the experience of voluntary ongoing virtual teams

such as FOSS projects. However, this is not an explicit part of the study design,

and Study 2 does not explicitly take into account the impact of factors such as
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subgroup formation, intergroup conflict, influences from other projects and the

broader context the project belongs to. Furthermore, cross-level research design

is an emerging trend in work on collocated teams and conflict (Korsgaard et al.,

2008) and research on virtual teamwork and conflict may be able to draw from

and contrast out findings with those of collocated teams.

For instance, there may be competing FOSS projects that work toward fill-

ing a similar function, such as media players, programming languages, or entire

operating systems that spark intergroup conflicts. As the Node.JS example sug-

gests, there may also be conflicts between companies supporting FOSS projects

and the projects themselves. These sort of effects may result in intergroup con-

flict by encouraging stereotypical perceptions of the out-group and greater con-

flict between parties (Tajfel, 1978). Thus it would be interesting for future work

on conflict both in FOSS, and more generally for ongoing virtual teams, to ex-

amine these sort of cross-level effects in more detail, possibly drawing on the

framework used by Korsgaard et al. (2008) for collocated groups.

7.4.5 Conflict resolution

Finally, the present work does not take into account the effect of conflict res-

olution. Because this project focused on the emergence and manifestation of

conflict, conflict resolution was outside of the intended scope of this research

project. However, conflict resolution is another important team process that has

a significant impact on the relationship between conflict types, team outcomes

and emergent states. Specifically, research has identified 5 types of conflict res-

olution strategies: competitive, avoiding, accommodating, compromising and

integrating (Blake & Mouton, 1964; Thomas & Schmidt, 1976). Studies have

shown that similar to work on collocated teams, short-term virtual teams expe-

rienced higher performance when using a collaborative (or integrating) conflict

management style (Montoya-Weiss et al., 2001; Paul, Samarah, Seetharaman,

& Mykytyn, 2005). However, short term virtual teams were also found to ben-
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efit from a competitive conflict resolution style, which may be a feature of their

time orientation – under conditions of time pressure, and no expectation of fu-

ture interaction with one another, teams may choose conflict resolution styles

that lead to faster decisions even if they are perceived as less fair or distributive

(Montoya-Weiss et al., 2001).

It would thus be interesting for future research to examine conflict resolu-

tion in the context of ongoing teams, to understand how expectations of future

interaction affect conflict resolution choices in distributed settings, as well as

trace how conflict resolution norms form and evolve. Are there specific team

characteristics or behaviors that are more likely to encourage the development

of collaborative conflict norms over time? For instance, Paul et al. (2005) high-

light that conflict resolution style may be a product of the team’s cultural norms,

and find that short-term virtual teams that have a more collectivist orientation

are more likely to employ collaborative conflict resolution strategies. At the

same time, Martinez-Moreno, Zornoza, Orengo, and Thompson (2015) recently

found that even when short-term virtual teams are given feedback about team

processes, they are able improve their group’s group conflict management strate-

gies. There may be a connection between the conflicts a team experiences, and

the subsequent evolution of conflict management strategies.

Taken together, addressing the above limitations may require the ability to

trace conflict episodes over time objectively, while taking into account resolu-

tion mechanisms and multi-level effects. Free and Open Source Software de-

velopment teams are fertile ground for this, as they often communicate through

publicly available channels and carefully document all interactions for future

use. Thus a recommended direction for future work is to make use of the

publicly available archived FOSS project communication logs to carefully trace

these more complex effects over time. Such a study can build on the foundations

established in this work linking developer perceptions, conflict interpretations

and their subsequent behavioral intentions, and connect this with rich objective
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measures across time. It may also afford the ability to observe effects and their

implications across different levels.

7.5 Conclusion

While virtual team research is moving forward in understanding the specific na-

ture of intragroup processes in ongoing teams, there is as yet room to learn more.

The present dissertation has taken the first steps to trace conflict emergence and

evolution in ongoing virtual teams, and shown normative conflict to be one such

critical transition process. Findings have highlighted that conflict can be inter-

preted in different ways by different group members, transform in a multitude

of possible ways, and affect future team interactions, as well as more formal

social and technical processes. In doing so the present work has expanded work

on virtual team processes by drawing on work done in the unmediated organi-

zational team space, as well as advances in computer-mediated-communication

theory and social psychology. It is the hope of this researcher that the framework

developed in this study would serve as a means for work on open collaborative

systems and ongoing virtual teams to build more complex models and allow for

comparative research.
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.3 Survey Item Measures

The survey item measures used for Study 2 can be found below. Participants
were instructed to answer questions from the perspective of the project they
are currently most actively participating in. "This project" refers to participants
most active project.
Distribution of decision-making (DECIS) (Campion et al., 1996)

Contributors are responsible for determining the methods, procedures, and
schedules with which the work gets done
Contributors, rather than the project leader/founder, decide who does what task
within the project
Most work related decisions are made by other contributors rather than the
project leader/founder
As a contributor to this project, I have a real say in how the group carries out its
work
Most contributors to this project get a chance to participate in decision-making
This project is designed to let everyone participate in decision-making

Leadership style (LEAD) (Carless et al., 2000)

Communicates a clear and positive vision of the future of this project
Treats contributors as individuals, supports and encourages their development
Gives encouragement and recognition to contributors
Fosters trust, involvement and cooperation among contributors
Encourages thinking about problems in new ways and questions assumptions
Is clear about his/her values and practices what he/she preaches
Instills pride and respect in others and inspires me by being highly competent

Task Interdependence (INTER) (Yetton & Sharma, 2007)

My work can be performed fairly independently of others (reversed)
My work can be executed/planned with little need to coordinate with others (re-
versed)
It is rarely required to obtain information from others to complete my work (re-
versed)
My work is relatively unaffected by the performance of other members (re-
versed)
My work requires frequent coordination with the effort of others
My performance on tasks is dependent on receiving accurate information from
others

Team Distribution (DISTRIB) (Chudoba et al., 2005)

I collaborate with people in different time zones
I work with people via Internet-based communication applications (e.g. mailing
lists, IRC, forums)
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I collaborate with people I have never met face-to-face
I collaborate with people who speak different native languages or dialects than
mine

Intention to Remain (ITR) (Jehn, 1995)

If I have my own way, I will continue working on this project
I do not expect to stay in this project very much longer (reversed)
I have thought seriously about leaving this project (reversed)

Performance Perception (PERF) (McDonough et al., 2001)

Attaining the goals set for this project
Bringing features to users rapidly
Developing features that are successful with users
Developing high quality features
Meeting user needs
Overall performance

Identification (IDENT) (Greene, 2014)

When someone criticizes this project, it feels like a personal insult
I’m very interested in what others think about this project
When I talk about this project, I usually say we rather than they
I have a number of qualities typical of members of this project
This projectâs successes are my successes
When someone praises this project, I feel like it is a personal compliment

Affective Conflict (AFFECT) (Jehn, 1995)

There is friction among contributors
Personality conflicts are evident
There is interpersonal tension among contributors
There are emotional displays (i.e. swearing, flaming, capitalization) among con-
tributors

Task Conflict (TASK) (Jehn, 1995)

Contributors have different opinions regarding the work being done
There are differences of opinion in this project
There is conflict among contributors about the work being done
There are there conflicts about ideas in this project
There are differences of opinion about what features should be added
Contributors disagree on proposed changes to this project’s code base
Contributors disagree about coding style

Process Conflict (PROC) (Jehn et al., 1999)
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There are disagreements about who should do what in this project
There is conflict among contributors about task responsibilities
Contributors disagree about resource allocation
There are disagreements about authority in this project

Normative Conflict (NORM)

Contributors to this project disagree about the project mission
There are disagreements concerning the values this project upholds
Contributors disagree about what is expected behavior in this project
Contributors disagree about the tone and style of communication used within
the group
There are ideological disagreements
Contributors disagree about conventions used in this project
Contributors debate the agreed upon customs and norms of this project

Roughly, how many people contribute to this project on a regular basis?

I’m the only contributor
2-10
11-20
21-30
31-40
41-50
More than 50
I’m not sure

Which of the following best describes how you think of yourself?

Male
Female
In another way: [please specify]

How long have you been contributing to this project?

1 year or less
About 2 years
About 3 years
4 or more years

On average, how much time per week do you spend on this project?
please specify
Hours per week

Please select the area where your main contributions to this project are:
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(Please choose only one of the following)

Code, Programming
Other Contributions (e.g. documentation, translation, tests, artwork)
Both

In this project, I am

the leader/founder
a core developer/maintainer
a member with commit access
I do not have an official title
Other (please specify)

271


	Introduction
	Introduction
	Problem
	Context
	Contribution
	Methodology
	Thesis Structure

	Literature Review 1 - Free and Open Source Software
	Background and History of Free and Open Source Software
	Past Research on FOSS
	Relevance of organizational theory to FOSS research


	Literature Review 2 - Conflict in Organizational Team
	Classic theory on conflict in social groups
	Conflict in organizations
	Definition
	Process versus structural approaches
	Towards an intragroup conflict taxonomy
	Team development over time 

	Virtual teams
	CMC as "lack"
	Beyond limitations of reduced social cues
	Conflict in long-term oriented virtual teams


	Study 1 - Interviews and Participant Observation
	Study scope and specific research questions
	Method
	Epistemology
	Data Collection
	Immersion
	Theoretical sampling
	Interviewee demographics
	Interview Procedure
	Analysis

	Results
	Task Conflict
	Process Conflict
	Affective and Transforming Conflict
	Normative conflict

	Discussion 1
	Conflict Antecedents
	Geographical Team Distribution 
	Leadership 
	Distribution of Decision-Making and Bikeshedding
	Interdependence

	Discussion 2
	Summary

	Hypothesis Development - Conflict, Inputs, Emergent States and Outcomes
	Hypothesis Development
	Normative conflict as a fourth conflict dimension
	Outcomes
	Conflict
	Conflict antecedents
	Control variables


	Study2 - Survey
	Methodology
	Measures
	Pilot tests
	Survey

	Results
	Model Specification: Measurement Model
	Descriptive statistics 
	Model Specification: Structural Model
	Hypothesis testing

	Discussion
	Normative Conflict as a Separate Conflict Dimension
	Differential impact of conflict types on team emergent states and outcomes


	Discussion
	Summary
	Contributions to FOSS literature
	Conflict Manifestation
	Conflict Interpretation and Conflict Norms

	Contributions and Implications of the Normative Conflict dimension
	Contributions to Virtual Team Literature
	Conflict, Emergent states and Outcomes in Ongoing Virtual Teams
	Conflict Transformation 
	Conflict Antecedents

	Conclusion 

	Conclusion
	Synthesis of Empirical Findings 
	Theoretical Implications
	Practical Implications
	Limitations and Directions for Future Work
	Sample
	Time
	Objective outcome and input measures
	Multi-level effects
	Conflict resolution

	Conclusion
	References

	Appendices
	Inter-Item Correlations
	Literature examining conflict in virtual teams
	Survey Item Measures


