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Abstract 
 
  

 This thesis investigates the following research questions: (1) What is open source 

project governance and how can it be conceptualized? (2) What is the relationship between the 

dimensions of OSS governance and the specific purposes that governance is hypothesized to 

serve in open source projects? (3) How do the major configurations of governance dimensions 

affect the performance of open source projects? 

 

 Two studies were conducted to answer these questions: an exploratory qualitative study 

and a survey study. In the qualitative study, we clearly defined, developed, and validated the 

various dimensions of OSS governance. This allowed for the identification of a limited number of 

configurations of governance dimensions that most frequently occur in open source projects. 

We found that a patterning in governance dimensions takes place because dimensions are in 

fact interdependent. Therefore, only a fraction of the theoretically conceivable configurations of 

governance dimensions appear to be viable and were observed among a range of open source 

projects. This provided us with a preliminary understanding of how these dimensions configure 

to create three distinct configurations of project governance which were labeled as follows: 

Open Communities, Managed Communities, and Defined Communities.  

 

 In the quantitative survey, we first validated these configurations of governance using 

cluster analysis and then tested the relationships between these configurations (clusters) and 

the specific purposes that governance is hypothesized to serve in open source projects, namely 

solve collective action dilemmas, solve coordination problems, and create a climate for project 

excellence, while assessing their influence on the performance of projects. The results 

confirmed the presence of three main governance configurations (clusters) and also showed 



 

ii 
 

that open source projects that adopt a Defined Community approach to governance were the 

most successful. In these types of projects, the combination of a tightly managed software 

development process with a decentralized community management structure was found to 

create a balance between anarchy and control that allows these projects to benefit from one of 

the virtues of open source development, the open contribution and participation of a wide variety 

of talented developers, while avoiding the pitfalls of an uncontrolled and scattered development 

process. 
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Chapter 1 - Introduction 
 
 

In this chapter, we first provide an overview of the topic covered by this thesis. Then, in 

order to provide the reader with a clear indication of the type of project studied, a categorization 

scheme for virtual communities, of which open source projects are a part of, is provided. This 

will position our thesis among the various streams of related research, while specifically 

indicating the type of open source project addressed. The research questions and research 

goals are then presented, followed by the expected contributions to theory and to practice. 

Finally, the structure of this proposal is described in detail. 

 

1. Topic Overview 

 

How social collectives governs, coordinate, and organize the actions of individuals to 

achieve common, collective goals has represented a significant problem in organizational 

research (O'Mahony et al. 2007). Bureaucratic forms of organizing have garnered the most 

attention, with little focus placed on community forms of organizing. Indeed, as underscored by 

O’Mahony et al. 2007, little is known about the process of organizing in communities. Much 

research remains to be done in order to better understand how social groups come together and 

coordinate the work of many in order to attain common goals (O'Mahony et al. 2007). Both 

scholars and practitioners alike consider such production communities as increasingly important 

to a knowledge-based economy (Armstrong et al. 1996; Sawhney et al. 2000; Williams et al. 

2001). A typical example of community forms of organizing is open source communities, which 

is the focus of this thesis. 

 

There is now a large body of research focused on understanding the growth and 

1 



 

2 
 

expansion of OSS projects. However, there has been less research on the governance rules 

and structures of these projects (Crowston, Wei, Howison & Wiggins, in press; Levine & 

Preitula, 2010). More traditional agency-based governance approaches are not easily applicable 

to an open source context as they focus on things like the supervision, control, and monitoring 

of internal processes (Daily et al. 2003). In most cases, there is also a monetary aspect 

involved. As such, there is a poor fit between these kinds of governance instruments and the 

way in which OSS communities are structured and how they operate. Indeed, OSS communities 

differ from traditional organizations in their coordination, work processes, and organizational 

structures. For example, the work is typically accomplished on a voluntary basis, and there are 

no guidelines regarding time and intensity of work. While there are many other types of OSS 

communities (i.e., where some members are paid for participation or where organizations act as 

sponsors) as will be described later, the focus of this research is on community-managed OSS 

projects. While several studies have assessed isolated components of governance, a 

comprehensive study of OSS governance has not yet been conducted. The importance of 

understanding governance in an OSS context stems not only from the rapid growth of OSS 

projects, but more importantly from the success of the open source model of software 

production (Crowston et al., in press; Levine & Preitula, 2010; Weber 2004). Indeed, the 

direction, control, and coordination – in others words, the governance – of wholly or partially 

autonomous individuals who contribute largely on a voluntary basis and in a sporadic manner to 

develop software of high quality are often elements that are quoted as contributing to the 

success of the OSS development approach (Weber 2004). However, little is yet known about 

these activities, or governance mechanisms, or how they function and interact to affect the 

performance and success of open source projects. 

 

In order to clearly position our research and contributions to the literature, the following 

section defines the varying types of open source development projects and identifies the one we 
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will be focusing on. 

 

2. Defining Open Source Software Development Projects 

 

While an increasing number of papers focus on open source projects, rarely do any 

clearly define where their study fits into the various streams of research. This is an important 

omission since it does not allow the reader to draw conclusions when it comes to the 

applicability and generalizability of the findings. As such, in order to clearly position the ensuing 

research, it is useful to adopt a categorization scheme for virtual communities, of which open 

source projects are a part of (see Figure 1). This will position our thesis among the various 

streams of related research, while specifically indicating the type of projects addressed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. A Typology of Virtual Work and Virtual Communities 

 
 

In order to do so, we draw on Hertel et al. (2005) who differentiated between various 

Telework 

Virtual Groups Virtual Teams 

Virtual Communities 

Virtual Work 
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types of virtual work based on the number of persons involved and the degree of interaction 

between them. The first category is telework or telecommuting. Telecommuting is supported by 

telecommunication services and takes place when work is accomplished either completely or 

partially outside of the main company workplace (Bailey and Kurland 2002). When several 

workers are combined and report to the same manager, virtual groups are in operation. 

However, when there is a common goal to be attained and members of a virtual group interact 

with each other in order to accomplish this objective, then they are part of a virtual team 

(Lipnack and Stamps 1997). Finally, virtual communities consist of larger groups of individuals 

who perform distributed work over the Internet. In these cases, community members are guided 

by common purposes, established group norms, and defined roles (Wellman 1997). As opposed 

to virtual teams, virtual communities are not formed within specific organizations (but can still be 

initiated by the employee of a given organization) (Moon and Sproull 2002). The open source 

projects addressed in the context of this research are an example of virtual communities. 

 

Having clarified the type of open source project covered in this thesis, we now move to 

the research questions and goals of this thesis. 

 

3. Research Questions and Goals 

  

 In studying open source project governance, we adopt the definition provided by Markus 

(2007, p. 152): OSS governance is “the means of achieving the direction, control, and 

coordination of wholly or partially autonomous individuals and organizations on behalf of an 

OSS development project to which they jointly contribute”. The purpose of this thesis is to gain 

an understanding of (1) the nature of open source software project governance, (2) the 

relationship between the dimensions of OSS governance and the specific purposes that 
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governance is hypothesized to serve, and (3) the influence of configurations of governance 

dimensions on the performance of open source projects. In other words, this thesis will 

investigate the following three research questions: 

 

1. What is open source project governance and how can it be conceptualized? 

 

2. What is the relationship between OSS governance and the specific purposes that 

governance is hypothesized to serve in open source projects? 

 

3. How do the major configurations of governance dimensions affect the performance of 

open source projects? 

 

 As such, this thesis seeks to accomplish a number of goals, which are all interrelated. 

For one, we will clearly define, develop, and validate the various dimensions of OSS 

governance. A clear conceptualization of these dimensions will subsequently allow for the 

identification of a limited number of configurations of governance dimensions that most 

frequently occur in open source projects. In other words, we expect that a patterning in 

governance dimensions takes place because governance dimensions are in fact interdependent 

and change only discretely and intermittently. Therefore, we anticipate that only a small number 

of the theoretically conceivable configurations of governance dimensions are viable and likely to 

be identified among a range of open source projects (Meyer et al. 1993). Then, the relationship 

between the dimensions of OSS governance and the specific purposes that governance is 

hypothesized to serve in open source projects, namely solve collective action dilemmas, solve 

coordination problems, and create a climate for contributors (Markus 2007), will be investigated 

and explicated. It may very well be that some dimensions are related to more than one 

governance purpose. As such, there may be some situations in which particular governance 
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mechanisms are helpful for one purpose but harmful for another. Identifying and providing 

explanations for such cases could support better policy guidance to those who set up and lead 

OSS projects. With the major patterns of governance dimensions identified and validated, along 

with their relationships to governance purposes, an investigation into how major governance 

patterns influence the performance of open source projects will be made possible. More 

specifically, we then explicate and assess how the different major configurations of governance 

affect the performance of open source projects. This contributes to theory and practice by 

shedding light on the performance implications of specific open source governance 

configurations. 

4. Expected Contributions 

  

 The potential contributions of this thesis are both theoretical and practical in nature. 

Each type of contribution is outlined in turn below. 

 

4.1 Contributions to Theory 

  

 Researcher now recognize community forms of organizations as an alternative to both 

hierarchical and markets forms of production and organization (Adler 2001; Bradach et al. 1989; 

Ouchi 1980). However, much work remains to be accomplished to clearly understand how 

communities organized around production govern themselves (O'Mahony et al. 2007). 

Collective forms of production vary when it comes to their goals. Nevertheless, they are 

generally characterized by more open and democratic participation in both production and 

management. Research on such communities has remained scarce in both MIS and 

organizational theory (O'Mahony et al. 2007). 
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 However, that’s not to say that research on communities is nonexistent. In fact, 

communities that engage in learning and knowledge sharing have received their fair share of 

attention lately. For instance, researchers have studied how members of occupational 

communities of practice operating within firms cooperate in order to solve problems, learn from 

one another, and develop their skills (Brown et al. 1991; Brown et al. 2001; Lave et al. 1991; 

Wenger 2003). Although communities of practice can extend beyond the boundaries of an 

organization (Van Maanen et al. 1984), the focus of this research has largely revolved around  

how individuals manage their work and interact with others inside a given organization (Bechky 

2003; Orr et al. 1996). These types of communities of practice allow individuals to achieve a 

number of goals. For example, community members can acquire practical knowledge with 

regard to their work environment by interacting with other community members. However, these 

learning goals are accomplished within the context of an organization’s objectives where 

community members are engaged in managing production not for its own sake, but for the 

benefits of their firm (O'Mahony et al. 2007). They are therefore constrained in the extent to 

which they can govern the production process they are involved with. Occupational communities 

and communities of practice operate and evolve within a preexisting authority structure. 

Therefore, the various ways in which such collective forms of production govern themselves has 

not been addressed in this line of research.  

 

 Some researchers have addressed how online communities that can also be outside the 

boundaries of a given firm collaborate and share information (e.g., (Van Maanen et al. 1984)). 

However, few scholars have studied how these communities manage the production process. 

Modern production communities are characterized by contributors who, often independently of 

their work context, collaborate voluntarily with the objective of create goods or services for either 

public or private benefit (von Hippel et al. 2003). Members of these communities typically never 

meet face-to-face, are geographically dispersed, and use the Internet as a communication and 



 

8 
 

coordination platform. Lately, online production communities have produced general knowledge 

(e.g., Wikipedia), scientific knowledge, and software in the case of open source software 

communities. However, there has been little research on how these types of communities 

manage production (O'Mahony et al. 2007).  

 

 A typical example of online communities is open source communities. These production 

communities are considered increasingly important to a knowledge-based economy by both 

scholars and practitioners alike (Armstrong et al. 1996; Sawhney et al. 2000; Williams et al. 

2001). O’Mahony and Ferraro (2007) provide three reasons why production communities are 

different from other forms of communities that have previously been studied. These three 

reasons not only make them distinct from a theoretical standpoint, but also make them excellent 

candidates for research. First, production communities are not necessarily associated with a 

single organization or employer like communities of practice or occupational communities. 

Second, production communities must integrate the contributions made by each individual into a 

common pool. This can increase interdependencies and the need to establish coordination 

mechanisms. Third, production communities often “own” the result of their work (here, a 

software product), and project members work together to attain collective goals often outside of 

the scope of their employment (O’Mahony 2003). Based on these three theoretical distinctions, 

it seems that production communities need a way to manage their interdependence in order to 

achieve common goals. The work performed by online production communities must be 

achieved in the absence of contractual or hierarchical reinforcement. A focus on governance 

allows us to explore just how open source community members actually coordinate and perform 

their work to achieve collective goals, thus contributing to theory on the governance of 

community-managed open source projects. 

 

 As such, through its focus on the governance of open source communities, this thesis 
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provides a number of distinct theoretical contributions. First, we conceptualize and clarify the 

governance dimensions of open source communities and find evidence of specific 

configurations of governance. These findings provide explanations and insights as to how 

dimensions of governance fall into coherent patterns based on a number of attributes that are in 

fact interdependent and that change only discretely and intermittently. Second, we explicate the 

relationship between the purposes that governance is hypothesized to serve and the various 

dimensions of governance. Finally, an assessment and explication of the influence of major 

configurations of open source project governance on the performance of open source projects is 

offered. This will not only address the call for research on how online communities manage their 

production process (Markus 2007; O'Mahony et al. 2007), but also provide a sound theoretical 

base on which future research on open source governance can build on. 

 

4.2 Contributions to Practice 

  

 Our findings will also have implications for practice. For one, when it comes to the 

governance of open source projects, the identification of configurations of governance 

dimensions provides open source project administrators with a better understanding of the 

structures, rules, norms, and overall governance mechanisms that play a part in influencing the 

performance of projects. Moreover, since the purpose of each dimension of governance is also 

explained, it is easier for project administrators to implement a governance approach more 

suited to the goals they wish to attain. 

 

 Furthermore, hierarchical systems have been increasingly “giving way to more 

decentralized and horizontal systems, particularly among organizations in the newer industries” 

(Scott 2004, p. 12). Therefore, as information and knowledge are increasingly distributed, it 

becomes more and more likely that open source-type governance approaches will be adopted. 
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As such, our findings have implications beyond open source projects as open source-type 

governance approaches are increasingly adopted in a wide variety of industries. 

 

5. Outline of Dissertation 

 

 The remainder of this thesis is structured as follows. The following section, Chapter 2, 

provides a thorough review of the literature on open source development. The review ends 

specifically with a review of open source governance research and also underscores and 

justifies the approach to governance adopted in this thesis. Chapter 3 then focuses on 

theoretical development. Specifically, configuration theory, which forms the theoretical basis of 

this thesis, is reviewed. Then, based on configuration theory, dimensions of open source project 

governance are developed and explicated. Chapter 4 presents the qualitative study. It covers 

the research method used, the operationalization of the constructs, the data analysis, and the 

results & discussion of the findings. In Chapter 5, research hypotheses are developed and the 

research model is provided. Chapter 6 covers the preparation of the questionnaires for the 

survey study. This includes the case sort, the pretest, and the pilot study. Chapter 7 delves 

specifically into the survey study and the results of the survey research. This includes the 

reliability analyses, the exploratory & confirmatory factor analyses as well as cluster analysis 

which was used to validate the configurations of governance. Finally, the research hypotheses 

are also tested and some additional analyses are offered. A discussion of the research findings 

is offered in Chapter 8 along with implications for research and practice and directions for future 

research.  
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Chapter 2 – Literature Review 
 
 

 For readers unfamiliar with the emergence of OSS development, a historical background 

is provided first followed by a comparison between OSS development and conventional 

software development. Then, the open source software development literature is reviewed. The 

literature is organized into nine major themes that were identified, one of which consists of open 

source software governance. A review of the research on OSS development not only 

summarizes what has been accomplished and what remains to be done, but also helps put this 

study in perspective, and better underscore its contributions to research. 

 

1. Open Source Software Development 

 

1.1 Historical Overview of Open Source Software Development 

 

Whenever people from another university or a company wanted to port and use a 

program, we gladly let them. If you saw someone using an unfamiliar and interesting 

program, you could always ask to see the source code, so that you could read it, 

change it, or cannibalize parts of it to make a new program (Stallman 1999, p. 53). 

 

 This statement clearly underscores that main idea behind the birth of the open source 

software development movement; in other words, programmers’ desire to freely share their their 

software applications’ source code. It is attributed to Richard Stallman, an accomplished 

programmer at the MIT Artificial Intelligence Laboratory in the early 1970s. Stallman who was 

responsible for laying much of the groundwork for what has come to be known as the open 

source movement (Bretthauer 2002). In the 1970s and 1980s, there was a very strong 
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communal culture among programmers. As such, in the 1980s, the group Stallman belonged to 

was surprised when it was told that MIT had licensed some of the code they had been working 

on to a commercial software firm (von Krogh 2003). This licensing of the code resulted in a 

restricted access to the source code and therefore prevented non-company personnel, including 

the MIT programmers who developed the software, from accessing the code or from continuing 

to use it as a platform for future development. Stallman was opposed to the increasing practice 

of developing proprietary software packages that could not be studied or modified by others. 

Therefore, in 1985, he founded the Free Software Foundation (www.fsf.org) with the goal of 

developing and promoting a legal mechanism that would allow developers to preserve the free 

status of their software by using their own copyright. They could then grant licenses that would 

provide a number of rights to future users of the software (von Hippel et al. 2003). 

 

 Years later, a rather unexpected event popularized the open source movementby.  In 

1991, Linus Torvalds, then a computer science student at the University of Helsinki, stated on 

an Internet newsgroup that he was working on a free version of the Unix system and asked 

others to help him debug the software. More importantly, Torvalds mentioned that he was willing 

to include new features developed by other programmers as long as they would accept to make 

these features available for free distribution in future versions of the program. Torvalds’ initiative 

was extremely successful (Nuvolari 2005). In 1994, he released Linux 1.0. The system went on 

to successfully compete in stability and reliability with commercial versions of Unix. The number 

of open source developers contributing to the development of open source software then grew 

exponentially. What many consider as the decisive recognition of this new software 

development model’s potential came in 1999 when an internal memorandum that leaked out 

from Microsoft identified Linux, and more generally the diffusion of the open source software 

development process, as a major competitive threat for the company (Feller et al. 2000). 

Furthermore, the term “open source” was coined by Christine Peterson from the Foresight 
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Group in an effort to further appeal to the business world. Firms were initially reticent to the term 

“free software” as the term free does not fit very well in the business world (AlMarzouq et al. 

2005). 

 

 Today, many companies are focusing their efforts on open source software development.  

Firms such as IBM and Sun consider open source as a strategic opportunity to undermine 

Microsoft’s monopoly. It also allows them to implement an open operational platform. Firms are 

also increasingly adopting open source solutions as a competitive alternative to proprietary 

solutions (Fuggetta 2003). A great number of public institutions and governments, especially in 

Europe, are also adopting open source alternatives. Many governments believe that embracing 

open source software is a viable strategy to counterbalance the dominance of U.S. technology, 

to gain control over the software they use, and to encourage the growth and expansion of the 

European software industry. Moreover, governments’ increasing reliance on software systems 

has spurred them to question their trustworthiness, security, and safety. Open source systems 

are also increasingly adopted in order to reduce dependency on specific software vendors. In 

other words, a direct access to an application’s source code makes it possible to effectively 

address potential issues with the software (Fuggetta 2003). 

 

1.2 Comparing Proprietary Software Development to Open Source Software 

  

 Since open source software development differs in many ways from proprietary software 

development, in this section, we will use Feller and Fitzgerald’s (2000) “Framework Analysis if 

the OSS Approach”, to compare these two models of software development. This is 

accomplished by extending their model as a means for contrasting these two models of 

software development (see Table 1). Their framework is built on two previous frameworks that 

have been very influential in the IS field, namely that of Zachman’s IS architecture (ISA) (1987, 
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1993), and Checkland’s (1981) CATWOA framework from Soft Systems Methodology (SSM), 

which are both described next. 

 

 Zachman (1987) originally based himself on the disciplines of architecture and 

engineering to derive a framework for information system architecture (ISA) in organizations. 

The framework he introduced has been widely adopted by database designers and system 

analysts (Sowa et al. 1992). It provides a taxonomy for relating the concepts that describe the 

real world to the concepts that describe an information system and its implementation. 

Zachman’s (1987) information systems architecture framework is clear and concise. This makes 

it easy to understand, apply and use. It also draws attention to the fundamental distinctions that 

are often overlooked when addressing the design and development of information systems. In 

essence, it provides a way of viewing a system from a number of different perspectives and 

highlights how everything fits together (Sowa et al. 1992; Zachman 1987). Briefly stated, the 

model essentially consists of a descriptive framework that contains the categories what, how, 

where, who, when, and why. According to Zachman (1987), such a framework is required for 

rationalizing the various concepts involved in order to provide clarity and confidence in decisions 

made when it comes to information system resources. Zachman (1987) also argued that his 

framework could be used to rethink the nature of software development. 

 

 Similar to Zachman’s (1987) framework, the CATWOE technique was introduced by 

Checkland (1981) as part of a Soft Systems Method (SSM). This techniqueoverlaps somewhat 

with Zachman’s framework (Zachman 1987) while complementing the model. CATWOE is an 

acronym for Client, Actor, Transformation, Weltanschauung, Owner, and Environment. The client 

is the beneficiary affected by an activity: the whom. The actor is the agent of change who 

performs a transformation: the who. The transformation is the change taking place: the what. 

Weltanschauung is the general assumptions that underlie the process: the why. The activity’s 
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sponsor is the owner and the environment is the wider system of which the activity is a part of: 

the where and the when. The overlap with Zachman’s (1987) framework occurs with 

Checkland’s (1981) environment which is comparable to Zachman’s where and when 

categories. In addition, transformation and what overlap as do weltanschauung and why. 

 

 Since Zachman’s (1987) framework is strong in the areas of functions and processes 

and that the CATWOE model is more focused on people, Feller and Fitzgerald (2000) combined 

these frameworks together in order to operationalize a more comprehensive model that could 

be used to analyze the emerging field of open source software development. In following up on 

their work, this paper extends Feller and Fitzgerald’s (2000) framework as a tool for comparing 

the two dominant paradigms in software development today: proprietary software development 

projects and open source software development projects (see Table 1). 
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Table 1. A Framework for Comparing Proprietary and OSS Development Projects 

Dimensions Questions 

What (Transformation) 

What defines a software project as traditional or open 
source? 

What types of products tend to result from traditional and 
open source software development projects? 

Why (Weltanshauung or 
World View) 

What are the technical motivations for traditional and open 
source software development projects? 

What are the economic motivations for traditional and open 
source software development projects? 

What are the socio-political motivations for traditional and 
open source software development projects? 

When and Where 
(Environment) 

What are the temporal dimensions of traditional and open 
source software development projects? 

What are the spatial/geographic dimensions of traditional 
and open source software development projects? 

How 

How are traditional and open source software development 
processes organized? 

What tools are used to support traditional and open source 
software development models? 

Who (Client, Actor, Owner) 

What are the characteristics of the individual developers of 
traditional and open source software development projects? 

What are the characteristics of the organizations distributing 
products resulting from traditional and open source software 
development projects? 

What are the characteristics of the users of products 
resulting from traditional and open source software 
development projects? 

 
  

 In the following section, the above framework is applied to contrast proprietary software 

development with open source software development. For each software development 

approach, each of the above questions is more fully addressed in the following text, which is 

summarized in Table 2 below. 
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Table 2. A Comparison of Traditional and OSS Development Projects 

Dimensions Questions 
Proprietary Software Development 
(PSD) Projects 

Open Source Software Development 
(OSSD) Projects 

What 

What defines a software project as 
proprietary or open source? 

A traditional software development project 
consists of individuals employed by an 
organization who collaborate to develop 
software that their or another organization 
needs. 

Open source software development projects 
are internet-based communities of software 
developers who collaborate voluntarily in order 
to develop software. 

What types of products tend to result from 
development projects? 

PSD is not limited to any particular 
application domain. 

While OSS is largely concerned with 
infrastructure elements, operating and 
networking systems software, and utilities, 
development tools, an increasing number of 
productivity and entertainment applications 
are also developed. 

Why 

What are the technical motivations for 
development projects? 

The main technical drivers of traditional 
software development projects include the 
need for efficient and scalable software 
for the execution of complex tasks. 

The main technological drivers of OSS consist 
of the need for more robust & reliable code, 
higher quality & stability, faster development 
cycles, and more open standards and 
platforms. 

What are the economic motivations for 
development projects? 

Business motivations for PSD include the 
income associated with selling packaged 
software products through licensing 
agreements. 

The business motivations of OSS include the 
redefinition of the software industry as a 
commodity and service industry, and the 
organization’s need for shared risk and shared 
cost. 

What are the socio-political motivations 
for development projects? 

Motivations for PSD consist of the pursuit 
of professional objectives, the desire for 
advancement through achievement of 
objectives, and remuneration. 

Individuals’ motivation for open source 
software development include peer reputation, 
the pursuit of personal objectives, the desire 
for advancement through mentorship, the 
desire for meaningful work, and community 
oriented idealism. 

When and 
Where 

 

What are the temporal dimensions of 
development projects? 

PSD is characterized by the development 
of software products through sequential 
and incremental releases and by 
interaction and cooperation between 
software developers who can be 
physically close or geographically 
dispersed. 

OSS is characterized by the rapid 
development and evolution of software by 
frequent, incremental releases and by 
developer interaction and cooperation often on 
a global scale. 

What are the spatial/geographic PSD consists of distributed or OSS development consists of distributed 
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Dimensions Questions 
Proprietary Software Development 
(PSD) Projects 

Open Source Software Development 
(OSSD) Projects 

dimensions of development projects? nondistributed software development 
teams that are bounded by either physical 
geography or the Internet. 

software development teams that are held 
together by the Internet rather than physical 
geography. 

How 

How are development processes 
organized? 

PSD traditionally involves centralized, 
cooperative, and paid work from software 
programmers paid by organizations. 

The main methodology of OSS is massive 
parallel development and debugging. This 
traditionally involves loosely centralized, 
cooperative, and free contributions on the part 
of individual developers. 

What tools are used to support 
development models? 

Aside from the Internet and private 
corporate networks, other support tools 
include commercial off the shelf software 
such as proprietary development 
platforms and proprietary programming 
languages for the development, 
deployment, and maintenance of software 
systems.  

The Internet is the cornerstone of OSS. It 
serves as a communication, collaboration, and 
distribution platform for the development and 
release of software products. Other support 
tools include version control software, 
academic, non-profit, and commercial patrons 
of OSS projects, reverse auctions, and online 
agency services. 

Who 

What are the characteristics of the 
individual developers of development 
projects? 

PSD programmers are paid professionals 
who work in an organizational setting. 
They are not self-selected but screened 
and hired by organizations. 

Traditionally, OSS developers are self-
selected, highly motivated, and self-identified 
hackers (as opposed to crackers), amd 
professional developers (as opposed to 
amateurs). 

What are the characteristics of the 
organizations distributing products 
resulting from development projects? 

Organizations that distribute proprietary 
software do so based on a profitability 
model in which the cornerstone is the sale 
of the software product. 

Patronage for OSS developers is usually 
provided by firms involved with OSS 
development. In the OSS profitability model, 
customer service, brand management, and 
peer reputation are of major importance. 

What are the characteristics of the users 
of products resulting from development 
projects? 

The users of software that stems from 
PSD do not exhibit any specific 
characteristic due to the ubiquitous use of 
software. 

OSS users are generally expert users and 
early adopters. There is a considerable 
overlap between the developer and user 
pools. 
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1.2.1 What 

 

 Proprietary software development projects are largely characterized by teams of 

individuals employed by an organization who collaborate to develop software that their 

or another organization needs. The main point that distinguishes this type of software 

development with open source software development relates to the fact that in OSS 

projects, programmers generally voluntarily and freely collaborate with one another in 

order to develop software. In addition, OSS projects are characterized by decentralized 

Internet communities of developers working on one or multiple software development 

projects. 

 

 Furthermore, while proprietary software development projects are not limited to a 

particular application domain, open source software products generally consist of 

infrastructural and networking utilities,  back-office services and applications, and 

development tools (Feller et al. 2000). Reliability and performance are of prime concern 

for these types of applications and many OSS applications successfully meet these 

criteria. However, open source products are now increasingly developed for everyday 

users. Many development efforts are underway to bring user-friendly open source 

operating systems and entertainment applications to users’ desktops. 

 

 Some of the most well-know open source products are presented in the following 

table along with short descriptions. 
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Table 2. Examples of Open Source Software 

Product  Description 

Linux 
The most famous open source project, Linux is an 
operating system. 

Apache 
Apache is a free open source web server that runs on 
71% of all servers. 

Mozilla 

Mozilla is the open source software version of the 
Netscape browser. The Mozilla Foundation creates and 
maintains the Mozilla suite of browser and e-mail 
application, among other products. 

Sendmail Sendmail is an internet mail utility. 

Perl 
Perl is a dynamic programming language, most popular 
for writing Web applications. 

MySQL 
MySQL is a database management system popular for 
web applications. 

 

1.2.2 Why 

 

 The open source approach addresses many of the issues related to the software 

crisis which states that software systems are taking too long to develop, cost too much, 

and do not work very well (Brooks 1987). In effect, open source projects have produced 

reliable and high quality software quickly and inexpensively (Spinellis et al. 2004). There 

are a number of important technological drivers of OSS. Some of these drivers include 

faster development cycles, higher quality and stability, more open platforms, and the 

need for more reliable code , (Feller et al. 2000; Paulson et al. 2004). This is all made 

possible by the collaboration of hundreds of globally distributed co-developers who work 

asynchronously in different time zones on a number of open source projects. For 

example, Linux has more than 1000 developers working on the kernel alone (Raymond 

2001). 

 

 Shared costs and shared risks also motivate firms to adopt open source 
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initiatives. Some are also looking to redefine the software industry as a commodity and 

service industry. Open source software is actually redefining software as an industry by 

shifting the locus of value from protecting the source code to maximizing the gain from 

software use and application development, (Feller et al. 2000). It has been argued that 

the business and financial models that underpin the software industry are misguided. 

According to Raymond (2001), the software industry is a service industry operating 

under the delusion of being a manufacturing one. Indeed, when considering the model 

for proprietary software, one notes that it operates a high purchase price with a low 

support fee which does not seem to reflect the reality of cost distribution in practice. In 

effect, the maintenance phases is where a a large portion of the cost of software is in 

fact incurred. In the open source model, this reality is taken into consideration since 

software is distributed for a nominal fee and firms then compete on customer service 

(Feller et al. 2000). 

 

 Individual motivations also differ when one considers proprietary software 

developers and open source developers. Important motivational factors for developers in 

an organizational setting include the pursuit of professional objectives, the desire for 

advancement through achievement of objectives, and remuneration. In the case of open 

source software development, individuals’ motivation include the pursuit of personal 

objectives, the desire for advancement through mentorship, peer reputation, the desire 

to accomplish meaningful work, and community oriented idealism. One of the most 

important individual incentives for participating in open source projects is the desire for 

independent peer recognition (Markus et al. 2000; Raymond 2001). Researchers have 

also found that contributors’ own need for the software that is being developed 

represents of an important incentive (Hertel et al. 2003; Lakhani et al. 2001). Moreover, 

other motivations for participating in open source projects include the fact that 



 

22 
 

developers feel these projects are intellectually stimulating, that they allow them to 

sharpen their skills and stay on top of new development practices, in addition to the fact 

that these individuals ultimately think that software code should be open (Lakhani et al. 

2001). 

 

1.2.3 When and Where 

 

 Proprietary software development projects are often characterized by the 

development of software products through sequential and incremental releases. A 

product is designed, developed, tested, and then released to the public with upgrades 

usually available for download or subsequently released as new versions of the 

application. The software product is developed through the interaction and cooperation 

between software developers who can be physically close or geographically dispersed. 

While these projects release software sequentially and incrementally, they differ from 

open source projects as these are characterized by the rapid development and evolution 

of software marked by a fluid design state (Raymond 2001) through which continuous 

improvements are made to the end product and then distributed to end users. In 

essence, the fluid design state characterizes the ever-changing aspect of open source 

products as these applications are constantly being modified, improved, and released. In 

addition, OSS development projects are characterized by distributed software 

development efforts. Development teams in open source contexts are held together by 

the Web rather than physical geography. The Internet, as a free public communication 

infrastructure, has made the movement possible. 
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1.2.4 How 

 

 In proprietary software development projects, software is typically developed in 

the context  of a well-defined project that prescribes all of the features and functions that 

are to be included into the final software product. These projects involve centralized, 

cooperative work accomplished by paid software programmers. In order to streamline 

the integration of the various components that are developed throughout the course of 

the project, the work of the project team members (the programmers) is centrally 

coordinated and supervised. Decision-making is usually the responsibility of a project 

manager or team leader. These projects are funded by organizations that provide the 

financial resources necessary for the successful completion of the project. 

 

 In open source software development projects, the software product is developed 

and then matures from an unstructured evolutionary process. After a project is founded, 

communities of programmers proceed by adding features and introducing additions and 

modifications to the code. This process is characterized by large-scale parallel 

development and debugging where individual developers cooperate and make free 

contributions in a decentralized manner. Developers are left completely free to take the 

project in the direction that they want to take it in. However, it is up to the project initiator 

(owner) to test and integrate new components into the end product (Raymond 2001). 

Also, open source projects are characterized by very short feedback loops between 

users and developers. In addition, the use of internet-enabled configuration 

management tools such as concurrent versioning systems make it easy for open source 

users to quickly synchronize with updates in the software product. Also, as opposed to 

proprietary software development projects, OSS projects are less subject to external 

influences (political, organizational, etc.). Ultimately, key software development decisions 
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can therefore be based on the merit of the project alone. 

 

 In addition, firms are increasingly acting as patrons, coordinators, and mediators 

for more centralized open source projects. There are now auction web sites for software 

developers that bring clients and developers together. Open source product distributors 

like Red Hat and Caldera also hire top-talent to build improvements to Linux, which are 

then released and made freely available to the public.  They believe that it is the market 

penetration of Linux and post-sale services, not their own distribution, that will best serve 

their interests in the long-run (Feller et al. 2000). 

 

 Furthermore, software programmers have a number of tools at their disposal. In 

proprietary software projects, team members have access to a wide range of off the 

shelf commercial software which often include proprietary development platforms and 

proprietary programming languages for the development, deployment, and maintenance 

of software systems.  Some examples of popular proprietary tools for developing 

software are Visual Studio from Microsoft, which includes its own proprietary 

programming languages such as Visual Basic and ASP. Since cooperative work is 

central to OSS development projects, the Internet is its cornerstone since it serves as a 

free public communication infrastructure that serves as a communication, collaboration, 

and distribution platform for the development of software products. Other support tools 

used by OSS developers include concurrent versioning software, academic, non-profit, 

and commercial patrons of OSS projects, online agency services, and reverse auctions 

(Feller et al. 2000). Furthermore, open source integrated development environments 

(IDE) are used by open source developers along with open source programming 

languages such as PHP – the open source equivalent to ASP. 
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1.2.5 Who 

 

 Proprietary software development programmers are paid professionals who work 

in an organizational setting and are not self-selected but screened and hired by 

organizations. They typically work on one given project at a time and are managed by an 

established organizational hierarchy. On the other hand, OSS developers are self-

selected individuals who are very motivated. They are also self-identified hackers (as 

opposed to crackers) and professional developers (as opposed to amateurs (Feller et al. 

2000). They can choose to work on one or multiple projects and aren’t explicitly 

managed per se. Instead, they comply with established group norms which exert social 

pressures against non-compliance in open source communities (Markus et al. 2000).  

 

 Furthermore, organizations that distribute proprietary software do so based on a 

profitability model based on the sale of the software product. However, a paradigm shift 

in software development characterizes the OSS profitability model. In this context, the 

most important elements are customer service, brand management, and peer reputation 

(Feller et al. 2000). Open source product revenue streams also come from areas like 

media distribution, branding, training, consulting, custom development, and post-sales 

support (Markus et al. 2000). In addition, major software organizations are also involved 

in pursuing open source initiatives. For example, HP, IBM,  SAP, and Sun are all actively 

involved in open source projects (Berlecon Research GmbH 2002) (see Table 5). HP’s 

major open source initiatives are in the field of Linux. HP supports the development of a 

set of standards aimed at increasing compatibility among Linux distributions and 

enabling software applications to run on any compliant Linux system. The company also 

provides enhancements to open source infrastructure software such as the Apache Web 

server. IBM is also actively involved in a number of open source projects. IBM is strongly 
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committed to Linux in the belief that proprietary Unix systems will loose their market 

dominance to a unified standardized Linux. SAP was also concerned with the market 

share of its database SAP DB. In order to increase its database market share among 

SAP users (who largely use Oracle and Microsoft databases), the company decided to 

make its product open source. In doing so, SAP created various incentives for firms to 

adopt their product such as no up front costs, an increased pool of qualified 

programmers, enhanced security due to open source code, and a larger number of third 

party support tools. Finally, Sun Microsystems actively contributes to a multitude of open 

source projects. Sun is notably involved in OpenOffice (the open source version of its 

office suite StarOffice), Mozilla, Apache, and GNOME (GmbH 2002). 

 

Table 3. Organizations Supporting Open Source Initiatives 

Organization  OS Activities Link 

HP/Compaq 

Develops software 
components that 
optimise the use of 
Linux on HP’s 
hardware. 

http://opensource.hp.com 

IBM 

Runs a large number 
of open source projects 
and actively support 
the development of 
Linux. 

www.ibm.com/developerworks/opensource 

SAP 

Made its database SAP 
DB open source while 
investing in a so-called 
SAP LinuxLab 

www.sap.com/linux 

Sun 
Microsystems 

Actively contributes to 
a variety of open 
source projects 
including OpenOffice 
and Linux Desktop OS. 

www.sunsource.net 

 
 

 As opposed to OSS products, the users of software that stems from TSD do not 

exhibit any specific characteristic due to the ubiquitous use of software. On the other 
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hand, OSS users largely consist of expert users and early adopters, with a considerable 

overlap between the developer and user pool. However, an increasing number of OSS 

projects now focus on usability and interface issues and number of large organizations 

such as HP and Sun Microsystems are also focusing their development efforts on 

bringing a user-friendly Linux operation system to users (GmbH 2002). These efforts are 

likely to change the current user profile as more individuals are likely to adopt open 

source products as they become easier to use. 

 

2. Review of Open Source Software Development Research Literature 

 

 The literature review was limited to published articles and conference 

proceedings that appear in academic databases. Since research on the open source 

software movement is a rather recent development, no temporal constraints were 

imposed on the search for research papers. The effort to review OSS development 

research was carried out in a three-pronged approach. In conducting a literature search, 

an initial keyword search of prominent databases was accomplished. Databases utilized 

for paper retrieval included ABI/INFORM, the ACM Digital Library, IEEE Xplore, Science 

Direct, and Web of Science. Google Scholar was also considered in searching for 

academic papers.  Search strings included the following keywords: “open source”, “open 

source software”, and “open source software development”. Following this first 

identification of relevant papers, the first group of articles was supplemented with other 

open source-related papers using backward and forward citation searches. Also, the 

reference lists of these articles were also reviewed in an effort to identify other relevant 

papers that possibly had been missed during the initial search. This yielded an additional 

set of articles not identified in the first search effort. Following these first two rounds 
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searches, each article was skimmed for specific open source software development 

content. When given articles specifically studied open source software development, 

they were included in the literature review. In order to organize the literature in a 

coherent and logical way, each paper was categorized according to the nine major 

themes identified. The following subsections provide a detailed account of the research 

conducted so far. 

 

2.1 Descriptive Research 

 

 Given the fact that research attention to the open source software (OSS) 

development approach is rather recent compared to more established areas like 

proprietary software development methods, many papers have adopted a descriptive 

approach to open source software development. While some scholars have simply 

described the open source development process, others have compared and contrasted 

it to the more conventional proprietary software development process, or discussed how 

proprietary software development projects could benefit from open source practices.  

 

 Open source software development projects are Internet-based communities of 

software developers who typically voluntarily collaborate in order to develop software 

(von Hippel et al. 2003). While proprietary software development projects are largely 

characterized by teams of individuals employed by an organization who collaborate to 

develop software , in OSS projects, programmers mostly voluntarily and freely 

collaborate with one another to accomplish the same task. In addition, OSS projects 

consist of decentralized Web-based communities of developers working on one or on 

multiple software development projects. There are a number of important technological 

drivers of OSS. Some of these drivers include faster development cycles, higher quality 
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and stability, more open platforms, and the need for more reliable code , (Feller et al. 

2000; Paulson et al. 2004). This is all made possible by the collaboration of hundreds of 

globally distributed co-developers who work asynchronously in different time zones on a 

number of open source projects. 

 

 In contrast to the sequential and incremental releases of proprietary software 

products, the software that stems from open source projects is characterized by rapid 

development and evolution marked by a fluid design state (Raymond 2001). This state is 

characterized by continuous improvements to the product which are made and 

distributed to end users. In essence, the fluid design state describes the ever-changing 

aspect of open source products as these applications are continuously modified, 

improved upon, and released. In addition, OSS development projects are characterized 

by massively distributed software development efforts where development teams held 

together by the Web rather than physical geography. The Internet, as a free public 

communication infrastructure, has greatly facilitated the wide adoption of this model of 

software production. 

 

 As opposed to proprietary software development projects in which software is 

typically developed in the context of a well-defined project that prescribes all of the 

features and functions that are to be included into the final software product by paid 

programmers performing centralized, cooperative work, in OSS projects the software 

product is developed and then matures from an unstructured evolutionary process 

(Raymond 1999). After a project is founded, communities of programmers proceed by 

adding features and introducing additios and modifications to the code. This process is 

characterized by large-scale parallel development and debugging where individual 

developers cooperate and make free contributions in a decentralized manner. 
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Developers are left completely free to take the project in the direction that they want to 

take it in. However, it is up to the project initiator (owner) to test and then integrate new 

software components into the end product (Raymond 1999). Also, open source projects 

are characterized by very short feedback loops between users and developers. In 

addition, the use of internet-enabled configuration management tools such as concurrent 

versioning systems makes it easy for open source users to quickly synchronize with 

updates in the software product. Also, as opposed to traditional software development 

projects, OSS projects are less subject to external influences (political, organizational, 

etc.). Ultimately, key software development decisions can therefore be based on the 

merit of the project alone. 

 

 In addition, OSS developers are self-selected individuals who are very motivated. 

They are also self-identified hackers (as opposed to crackers) and professional 

developers (as opposed to amateurs) (Feller and Fitzgerald 2000). They can choose to 

work on one or multiple projects and aren’t explicitly managed per se. Instead, they 

comply with established group norms which exert social pressures against non-

compliance in open source communities (Markus et al. 2000).  

 

2.2 Success/Performance 

 

 Given that flagship open source products like Linux, Apache, Firefox, and Perl, 

and MySQL have been very successful in their respective market segments, the study of 

open source success and the related topic of open source project performance have 

garnered increasing research attention. 

 

 Crowston et al. (2003) attempted to define a range of measures that can be used 
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to assess the success of OSS projects. They first conducted a review of the most 

popular measures of performance adopted in the IS literature. However, a number of the 

measures reviewed were found to be lacking, with others difficult to apply in an open 

source setting. This can be explained in part by the fact that these measures were 

developed based on a vision of system development in an organization. Therefore, they 

do not consider the unique characteristics of the OSS development environment. 

Consequently, the authors examined the process of OSS development in more detail in 

order to identify additional potential measures of success. They pointed out that in the 

case of the most used model of success in the IS literature, DeLone and McLean’s 

(1992) model of IS success, the choice of measures seems to be influenced by the 

relative ease of access to the use environment compared to the development 

environment. However, in the context of OSS development, the authors rightfully 

observed that researchers are frequently faced with the opposite situation where the 

development process is publicly visible as opposed to the use environment, which is 

difficult to study or even to identify. As such, the authors proposed a set of measures that 

take into consideration the characteristics of the open source development context. 

These measures address the following: project output, the process of open source 

software development, and the outcomes for project members. Indicators of success 

related to project output are as follows: movement of the software from alpha to beta to 

stable versions, the achievement of identified goals, and developer satisfaction. The 

indicators for the open source development process measure of success include: 

number of developers, levels of activity, time between product releases, and time to 

close bugs and implement features. Finally, individual job opportunities and salary, 

individual reputation, and knowledge creation were proposed as indicators for the project 

member outcome measures of success. A preliminary validation of these indicators was 

obtained from OSS developers. 
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 In addition to defining success in the context of OSS projects and suggesting 

indicators for its measurement, the determinants of success have also been investigated 

by many, thereby generating a substantial stream of research. Stewart and Gosain 

(2006b; 2001) carried out an early study for which they developed a model of how 

ideology and trust facilitate the effectiveness of OSS groups, arguing that shared 

ideology influences affective and cognitive trust, which in turn influence group efficacy 

and effectiveness. They proposed that trust among group members plays a key role in 

facilitating the success of OSS projects because of the lack of explicit market contracts 

or common organizational affiliation which creates a risk of opportunistic behavior. A 

coherent ideology that emphasizes a distinct set of interrelated norms, values, and 

beliefs also underlies the open source community. Their model is based on the idea that 

the tenets of the OSS ideology motivate behaviors that enhance communication quality 

and cognitive trust, and encourage identification with the project team, which enhances 

affective trust. Trust and communication in turn impact OSS team effectiveness (Stewart 

et al. 2006a). In measuring effectiveness, the authors used two types of measures: the 

attraction and retention of developer input and the generation of project outputs. Using 

survey data and objective data on OSS projects, their findings supported their main 

thesis that OSS team members’ adherence to the tenets of OSS community ideology 

impacts OSS team effectiveness and revealed that different components influence 

effectiveness in different ways. Specifically, they found that adherence to some 

ideological components had a positive influence on the effectiveness of the team in 

terms of attracting and retaining input, but s negative influence on the team’s output 

(Stewart et al. 2006a). For instance, the main driver of the input effectiveness of OSS 

teams in both size and effort was found to be affective trust, whereas collaborative 

values had a direct negative influence on task completion. The latter relationship could 
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be due to the fact that the more a team subscribes to collaborative values, the more its 

members focus on attending to the needs of other fellow team members, which may 

detract them from focusing on the actual task (Stewart et al. 2006b).  

 

 The characteristics of OSS projects must also be considered when assessing the 

determinants of a successful project. As argued by Stewart et al. (2005; 2006b),  in order 

to be successful, OSS projects must signal to potential users that they are likely to 

provide a high level of overall utility. Therefore, they focused on developing and testing 

hypotheses related to two factors that have been argued to be crucial in determining 

OSS success (Lerner et al. 2005): license choice (i.e., how restrictive is the license) and 

organizational sponsorship (i.e., whether the project is affiliated with an organization 

and, if so, the kind of organization). The authors developed and tested a model, based 

on the consumer behavior and technology acceptance literature, that assessed the 

influence of these two factors on the following two indicators of success: users’ interest 

in OSS projects, and development activity on OSS projects. Two main conclusions were 

derived from an analysis of the data. First, license restrictiveness and organizational 

sponsorship interact to influence users’ perceptions of the likely utility of OSS. 

Specifically, users are most attracted to projects that employ nonrestrictive licenses and 

that are sponsored by nonmarket organizations. Second, licensing and sponsorship 

were found to address complementary developer motivations. In other words, the 

influence of licensing on development activity depends on what kind of organizational 

sponsor the project has. Specifically, projects with nonmarket sponsors were found to 

benefit from higher levels of development activity than projects with no sponsors. Also, 

the positive influence of license restrictiveness on development activity was found to be 

reduced in the case of nonmarket-sponsored projects. 
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 Given the central role of collaboration in OSS projects, the impact of collaborative 

relations on the behavior of OSS teams has also been investigated. As such, Zhang 

(2006) investigated the influence of social ties on project team formation and 

subsequently studied the relationship between the structural properties of OSS teams 

and project performance. When it comes to social ties, the author posited that from a 

project standpoint, projects whose initiators have social ties with other members in the 

OSS development network are more likely to have other developers join subsequently 

when compared to projects whose initiators do not have social ties. In addition, the 

authors also argued that, from a developer standpoint, a developer with strong ties with 

a project’s initiators is more likely to join a project. Both these hypotheses were 

supported with evidence showing that the existence of prior social relations in the 

network does in fact increase the probability of an OSS project attracting more 

developers. In addition, at the developer level, the results showed that a developer is 

more likely to participate in a project whose initiators have previously collaborated with 

him (Zhang 2006). 

 

 While many of the above studies focused on member participation and user 

interest as measures of OSS project success, other studies assessed the characteristics 

of the developed software. Specifically, Walia et al. (2006) investigated whether open 

source products are more secure than proprietary software. Indeed, there are some who 

argue that the availability of the source code, the use of the Internet for code sharing and 

development and parallel debugging provide a better means to manage and minimize 

security vulnerabilities in the software. On the other hand, critics argue that the OSS 

development model of software production is unorganized and can generate to more 

bugs and security vulnerabilities. Their analysis suggested that, overall, open source 

products have relatively less vulnerabilities than proprietary products. 
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 Daniel (2006) proposed a model to examine the effects of absorptive capacity on 

OSS development group performance. Daniel argued that an OSS community’s 

absorptive capacity can be enhanced by strengthening two important capabilities: 

knowledge acquisition and knowledge transfer. The author therefore drew on the 

absorptive capacity framework (Cohen et al. 1990) to understand the antecedents of 

OSS development group performance, defining absorptive capacity as an organization’s 

ability to recognize the value of new, external information, assimilate it, and apply it. 

 

 van Wendel de Joode et al. (2006) explored the relationship between the 

openness of open source communities and the reliability of the software product that 

results from this form of organizing the production process. The research question that 

motivated their research was: How does the openness of open source communities 

contribute to the production of reliable software? The authors defined reliability as the 

probability that an item will perform a required function without failure under specific 

conditions for a given period of time, while openness was defined as a user’s ability to 

freely use and distribute an OSS product. Based on an exploratory case study of an 

OSS community, the authors proposed that the bigger the proportion of developers in an 

OSS community who actually use the software, the more reliable the software, the more 

transparent the flow of information in an open source community, the more reliable the 

software, and the more popular the OSS product, the more reliable the software.  

 

 Finally, Grewal et al. (2006) examined the effects of network embeddedness – or 

the nature of the relationship among projects and developers – on the success of OSS 

projects. They found that network embeddedness has a strong and significant influence 

on both the technical and commercial elements of performance.  
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2.3 Adoption 

 

 The popularity of open source software largely stems from its adoption at various 

levels. The main levels of analysis that have been studied in the context of OSS 

adoption studies are: the individual, organizational, and national levels. Each level is 

considered in turn next. 

 

 At the individual level of analysis, one’s decision to adopt an open source product 

can be influenced by a number of different factors (Kelley et al. 2006). One such factor is 

the usefulness of the software. An open source product that can be used to conduct 

work is more likely to be adopted than another less practical product. The decision to 

adopt is also based on the individual characteristics of adopters (Kelley et al. 2006). 

Many users of open source software often exhibit a noticeable anti-Microsoft sentiment 

that often leads them to adopt alternate OSS applications to Microsoft’s proprietary 

solutions. However, there are also other factors that can act as barriers to adoption. 

There can be greater uncertainty related to open source products when compared to 

their closed source counterparts. This can sometimes lead one to second guess the 

adoption of an OSS product. For example, many OSS applications do not provide any 

kind of thorough documentation or the equivalent of after-sales support when compared 

to proprietary software. The lack of critical mass is also for a barrier to adoption. For 

instance, the pervasiveness of Microsoft’s Office Suite largely explains the lack of 

adoption of capable alternatives such as OpenOffice.org (Kelley et al. 2006). Finally, 

one’s decision to adopt an alternate open source version of a software can be tied to 

some of the specific underlying characteristics of proprietary products. For example, the 

piracy prevention controls that are found in proprietary products was shown to increase 
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consumers’ willingness to use open source alternatives (Burton et al. 2003). 

 

 Many if not most organizations now run open source applications. At the 

organizational level of analysis, one of the most important drivers of adoption is cost 

(Dedrick et al. 2004). The low cost of adopting and using open source products 

represents a clear advantage that many open source products have over their 

proprietary counterparts since open source platforms lack sizable annual fees for usage 

and upgrades. However, despite the lower cost of adopting open source software,  there 

are other types of costs that need to be considered. For example, firms still need to have 

the required IT staff needed to maintain, customize, or further develop the software. In 

addition to the cost advantage, there is also a range of other factors consistent with the 

diffusion of innovation theory (Rogers 1995) that must be taken into account. A firm’s 

decision to adopt OSS solutions is also influenced by technology factors such as the 

reliability and compatibility of the software, organizational factors such as the the 

centrality of IT to the firm and the level of technological innovativeness of the firm, and 

environmental factors such as the legitimacy of OSS solutions and the availability of 

technological skills and services (Dedrick et al. 2004). In addition, multiple factors favor 

the organizational adoption of OSS products like Linux. For instance, significant market 

share and high growth attract complementary assets and make firms more confident in 

their decision to adopt such products (West et al. 2001). 

 

 Furthermore, when considering the organizational adoption of open source 

platforms, the availability of skilled IT human resources also needs to be considered (Li 

et al. 2005). When considering intention to adopt OSS, CIOs and IS managers value the 

availability of internal staff that is knowledgeable in OSS solutions because this can help 

reduce the switching cost of migrating from proprietary platforms to OSS platforms. In 
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addition, the ease with which a firm can leverage external OSS human capital has a 

direct positive effect on a its intention to adopt OSS platforms (Li et al. 2005). 

 

 Distinguishing between small and large organizations when addressing the issue 

of open source adoption is also very informative since organizations of varying size may 

have different ways of deciding whether to adopt open source platforms. Indeed, smaller 

firms (with less than 50 employees), where the decision-making is often in the hands of 

a single individual who is the one making the adoption decision and where there are a 

large number of open source advocates, are found to be more idealistic with respect to 

their decision to adopt open source (Ven et al. 2006). In those specific situations, 

decision makers might be more likely to let personal views and opinions play a part in 

their adoption decision (Ven et al. 2006). 

 

Finally, several findings have been reported at the national level of analysis where 

macro-level or environmental influences such as government policies can explain how 

OSS adoption decisions are made on a national level. Member countries of the 

Association of South East Asian Nations (ASEAN) have different policies when it comes 

to adopting open source software. For example, while countries like Malaysia have 

specific targets for OSS adoption and use, others such as Vietnam have established 

policies that are mandated by the government. Still others like Indonesia prefer to remain 

neutral. Interestingly, the highest adoption of open source platforms is in Indonesia 

where there aren’t any specific policies on open source software (Mindel et al. 2007). 

Clearly, more research is needed to explore the other factors that play a role in national-

level adoption of open source software. 
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2.4 Participation 

 

 Participation and the related topic of motivations for participating represent core 

issues in research on open source software development. The motivation of individuals 

to initiate and take part in OSS projects has attracted much research attention. This 

issue is important because, for the most part, OSS projects operate on the basis of 

unpaid contributions by volunteer programmers. Why these developers voluntarily 

contribute and participate in OSS projects, thereby foregoing any direct remuneration 

from spending that same time working on proprietary software projects, has motivated 

many academics to conduct work in this area. 

 

 Individual-level motivations for participating in OSS projects cover a broad range 

of factors. Among the first researchers to address the issue, Hann et al. (2002) 

investigated the presence of economic returns to participation in OSS development 

projects. Since Lerner and Tirole (2002) had argued that existing economic theory on 

career concerns could partly explain developer participation in OSS projects, Hann et al. 

(2002) decided to test their thesis. In order to model the value of open source 

participation, the authors drew on labor economics literature and distinguished between 

two approaches: human capitol theory and signaling theory, and used data to test both. 

In the view of human capital theory, OSS projects offer a learning opportunity to software 

developers. This allows them to acquire technical skills that they can then market 

(Becker 1962; Blaug 1976). Software programmers can therefore invest time and energy 

in open source projects in order to gain experience that can be applied to other, 

potentially better paid, programming jobs. On the other hand, participation in OSS 

projects can be considered a signaling mechanism. In other words, contributions to a 

project can signal a developer’s development talents to current or future employers, as 
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per the arguments of the signaling theory of labor markets (Weiss 1995). The authors 

found that wage increases are not related to greater open source participation per se, as 

measured in contributions made. However, they did find that higher salaries were tied to 

a developer’s higher status in a merit-based ranking within the Apache Project. Based on 

these results, the authors suggested that employers do not reward experience acquired 

via open source project participation as an increase in human capital. Rather, the results 

indicate that a high rank within the Apache Software Foundation is a credible signal of a 

programmer’s productive capacity, since high rank was tied to higher wages, even when 

controlling for work experience and programming experience. This provides preliminary 

support to the signaling theory perspective of participation (Hann et al. 2002). 

 

 Hars and Ou (2001) more specifically attempted to understand why developers 

appear to work for free in OSS projects. When identifying the potential factors that can 

influence programmers to participate in open source projects, the authors made a clear 

distinction between motivations that are rooted in the psychology of the individual 

(internal factors) and external factors (rewards) that stem from the environment. Their 

results from a cross-sectional survey indicated that while internal factors like intrinsic 

motivation, the joy of programming, and the identification with a community play a role in 

someone’s decision to partake in a given project, external factors like selling products, 

self-marketing, and personal need have a greater influence. In other words, despite the 

fact that the large majority of open source programmers are not compensated for their 

contributions to projects, there are a number of indirect rewards that they can benefit 

from (e.g.,  increasing their marketability and skill base). A personal need for a given 

open source product also consist of another kind of external reward (Hars et al. 2001).  

 

 While the distinction between internal and external motivational factors is 
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instructive, later research into the most salient motivational factors at play in this 

environment provided additional insights. Hann et al. (2004) found empirical support for 

five distinct factors underlying individual motivations to participate in open source 

projects by drawing upon well-established theories of volunteerism and job design. The 

authors adopted a functionalist view of motivation to identify eight functionally-based 

motives to participate in open source projects. These included normative pressures, 

shared values, understanding, career concerns, ego enhancement, recreation, 

reputation, and use value. They conducted a survey of three Apache projects and 

performed a conjoint analysis exercise. Their results showed that project members are 

mainly motivated to contribute by higher use value for their own purpose, by the 

recreational value of coding, and by considerations for future career concerns. Others 

have also argued that the decision to participate in OSS projects can be partly explained 

by future career benefits (Ghosh et al. 2006). 

 

 Social psychology has also offered open source developers with a number of 

theories that could shed light on motivations to participate in OSS projects. Hertel et al. 

(2003) tested two models from social psychology that shed light on the reasons why one 

gets involved in OSS projects. The first model is based on research on voluntary action 

for social movements and related community work (Klandermans 1997; Simon et al. 

1998) and takes into account different types of motives. By using this model, Hertel et al. 

(2003) interpreted the Linux community as a social movement with social and political 

interests as underlying characteristics that could motivate its members. The second 

model focuses on small teams and fleshes out the motivational processes of individuals 

when they work in this context (Hertel 2002; Karau et al. 2001). Since many open source 

development efforts, such as the Linux kernel development, are conducted in project 

teams, team-based motives might also influence developers’ activities. Results from a 
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cross-sectional survey of Linux kernel developers revealed that the motivational 

processes within OSS projects are not so different from those in other social 

communities and teams. These processes can therefore be explained through the lens 

of existing social psychological theories. Specifically, the authors identified seven factors 

that consist of distinct motivational sources for participants. These factors were: a more 

general identification factor as Linux user, a more specific identification factor as Linux 

developer or with a Linux subsystem, pragmatic motives related to the improvement of 

one’s own software and career advantages, norm-oriented motives related to the 

reaction of relevant others, social and political motives related to networking within the 

Linux community  and supporting independent software, hedonistic motives such as the 

joy of programming, and motivational obstacles related to time losses due to Linux-

related activities. These motivational factors are consistent with existing models of virtual 

teamwork and models of voluntary action for social movements. 

 

 Many of the above studies suggest that the OSS community in and of itself plays 

an important role in motivating developers to contribute to OSS projects. For example, 

for many developers, important motivating factors for participating in OSS projects 

include an identification with the hacker community and a recognition by peers. As such, 

Bagozzi and Dholakia (2006) specifically assessed the influence of community on OSS 

users, or why they contribute and also remain engaged in OSS user groups. They 

shifted the focus from developers to users since OSS projects also greatly benefit from 

the help of user groups. These contributors perform a number of important tasks such as 

diagnosing problems and reporting them to developers, supporting other users by 

troubleshooting, generating positive word-of-mouth regarding a particular project or open 

source in general, and advocating open source applications as a viable solution for 

businesses (Bagozzi et al. 2006). Therefore, the authors investigated Linux users’ 
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participation in Linux User Groups (LUGs) by drawing on a social psychological 

perspective and attitude theoretic models of action like the theory of planned behavior 

(Ajzen 1991) and the model of goal directed behavior (Perugini et al. 2001). In order to 

provide a better understanding of the cognitive, emotional, and social drivers of users’ 

participation in LUGs, the authors developed their framework by combining ideas from 

motivational theory, social identity theory, and the philosophy of collective intentionality. 

In addition, in order to control for the moderating effect of user experience within their 

framework, they adopted a longitudinal approach. Specifically, they measured the extent 

to which user participants became more or less engaged in OSS user groups as their 

experience level increased. Their findings revealed that user participation in LUGs can 

be explained by a combination of social and psychological variables. Participation was 

found to consist of group-referent intentional actions on the part of users. As they gained 

more experience, members were found to be more influenced by the group, and tended 

to engage in significantly more joint social interactions, when compared to novice 

members. These findings underscore the importance of OSS user groups like LUGs as 

conduits for fostering loyalty and engagement with the software and the project among 

new and existing OSS users. In addition, the authors’ model explained 41% of the 

variance in user participation intentions, whereas an alternate model based on the 

theory of planned behavior only explained 26% of the variance in intentions. 

 

 While the above studies shed light on developer motivations for participation in 

OSS projects, they do not consider whether motivations are related in any way. As such, 

Roberts et al. (2006) studied how the different motivations of OSS developers are 

interrelated. They also looked at how these motivations influence participation leading to 

performance, and how subsequent motivations are affected by past performance . The 

authors based themselves on theories of intrinsic and extrinsic motivation to develop a 



 

44 
 

theoretical model that tied together the motivations, participation, and performance of 

OSS developers. Intrinsic motivations occur when an activity satisfies basic human 

needs for autonomy, control, and competence. Conversely, extrinsic motivations come 

from the environment that is external to the task. It is usually applied by someone other 

than the individual being motivated (Johns 1996). Using survey and archival data from a 

longitudinal field study of software developers in the Apache projects, they found that 

developers’ motivations are interrelated in complex ways and are not independent. For 

one, paid contributes to Apache projects are positively related to developer status 

motivations but negatively related to use-value motivations. In addition, the authors 

found that intrinsic motivations do not decrease when one is also exposed to extrinsic 

motivations. Instead, status motivations enhance intrinsic motivations. In addition, they 

found that different types of motivations influence participation in different ways. For 

example, above-average contribution levels were noted for developers’ with paid 

participation and status motivations. However, use-value motivations were found to lead 

to below-average contributions levels, while intrinsic motivations did not significantly 

influence average contribution levels. Developers’ performance rankings were also found 

to be positively influenced by contribution levels. Developers’ subsequent status 

motivations were in turn found to be enhanced by past performance rankings (Roberts et 

al. 2006). 

 

 Other important determinants of participation include the technical features of the 

product developed by the community and the characteristics of OSS projects. Indeed, a 

central argument made by Baldwin and Clark (2006) is that the architecture of a 

codebase underlies the entire open source development process. They pointed out two 

observable properties of an open source software architecture, modularity and option 

value, from which developers can make informed judgments based on source code 
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releases. They demonstrated that codebases that are more modular or that have more 

option value increase project members’ incentives to join and remain involved in an open 

source development project. They suggested that these effects occur because 

opportunities for the exchange of valuable work among developers are created by 

modularity and option value. These kinds of opportunities are not present in codebases 

that are not modular or have no option value. In addition to the characteristics of the 

code base, OSS project characteristics like project governance has also been 

considered. Shah (2006) studied how differences in governance affect individuals’ 

reasons for participating in a project, as well as the different kinds contributions and their 

quality. The author assessed how the motivations and contributions of voluntary 

participants in OSS communities are influenced by sponsorship by firms. More 

specifically, she investigated the impact of two broad sets of governance mechanisms – 

decision rights and property rights – on the actions of volunteer developers. Findings 

from an inductive and qualitative methodological approach revealed that voluntary 

developers contribute less to the community when these rights are held by a firm, rather 

than by the community, have distinctively different motivations for participating, and take 

on fewer code maintenance tasks. Consequently, value appropriation by the firm via the 

use of governance mechanisms can be detrimental to value creation within the 

community (Shah 2006).  

 

 Finally, in addition to participation, the related topic of sustained commitment has 

also been addressed. While participation is undoubtedly an important concern in OSS 

projects, sustained commitment by volunteer programmers also needs to be considered 

as an important component of healthy open source communities. In an attempt to shed 

light on this issue, Fang and Neufeld (2006) explored how ongoing commitment is 

established in a virtual community. In particular, they not only investigated how virtual 
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workers become committed to projects, but also the process by which they become 

deeply committed. In order to achieve their goals, the authors turned to the theory of 

Legitimate Peripheral Participation (LPP) (Lave et al. 1991). LPP is a practice-based 

learning theory that explicates how members of a community of practice learn and grow. 

A longitudinal, qualitative analysis indicated that commitment was strongly related to 

engagement in the following LPP processes: participation, learning, and identity 

transformation. It was also reported that project success may depend on the sustained 

commitment of a small number of core developers (Fang et al. 2006). 

  

2.5 Structure 

 

 An OSS development community essentially consists of a virtual organization in 

which participants interact and collaborate with one another through the Internet to 

develop software. When comparing open source communities to conventional 

organizations, some argued that their structure is decentralized (Raymond 2001), flat, 

and non-hierarchical (Ahuja et al. 1999). However, these claims were later questioned 

and also challenged (e.g., Crowston et al. 2005a; Gacek et al. 2004; Mockus et al. 2000; 

Mockus et al. 2002; Moon et al. 2000) with several scholars offering more nuanced 

views of open source community structure. For example, open source projects may be 

organized in a variety of ways. Some may have a very strict hierarchy with distinctions 

made between various levels of developers, whereas others may exhibit a much looser 

structure. A more centralized power structure characterizes more well-defined 

hierarchies. In such cases, core developers have more decision-making power than co-

developers (Gacek et al. 2004). A community structure with an onion-shaped form has 

also been proposed (Crowston et al. 2005b; Moon et al. 2000). Core developers are at 

the center of the onion. They contribute most of the code and oversee the design, the 
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development, and the evolution of the project. In the next layer are the co-developers 

who participate and contribute more sporadically. They accomplished various tasks like 

reviewing code or submitting patches (e.g., bug fixes or software improvements). These 

submissions are then reviewed by core developers who either reject or approve them. 

This group is generally larger than the previous since the required level of interaction is 

much lower. The next layer is comprised of active users. These individuals do not 

contribute any code to the project but a subset of users does provide use-cases and 

bug-reports. Some users also generally accomplish the important task of testing new 

product releases. Finally, passive users of the software are farther out. Since they only 

use the software but do not contribute anything back to the community, little is known 

about them(Crowston et al. 2005b). This layered structure in OSS projects is supported 

by preliminary evidence based on network (Long et al. 2006). 

 

 It is also important to consider the evolution of OSS community structure. As 

OSS projects and their surrounding community grow, the structure also evolves to 

accommodate these various changes that take place. Over time, the level of group 

centralization of an OSS project decreases and a core/periphery structure has a 

tendency to arise (Long et al. 2006). A core/periphery structure is characterized by a 

dense, well-connected group surrounded by an unconnected periphery that is sparse. As 

the number of participants increases there are increasing demands of development and 

communication. These needs cannot be satisfied by a core with only one member, who 

is often the project founder. As such, in order to address these needs, other developers 

or active users are likely to be admitted to the core in order to serve as key members of 

the project. This benefits the projects by promoting a more stable structure (Long et al. 

2006). 
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 Considering the structure of the open source movement as a whole is also 

informative when drawing on social network theory. In social network theory, persons are 

modeled as nodes of a graph and the edges of the graph represent their relationships. 

Therefore when two individuals have a relationship with each other, they are directly 

connected (Watts 1999). They are one link away from one another. Power-law 

relationships are discernable in the underlying structure of the open source movement 

when it is viewed as a collaborative social network (Madey et al. 2002). In other words, 

“the open source movement is not a random graph (i.e., new nodes  attach to existing 

nodes with uniform probabilities), but a graph displaying preferential attachment of new 

nodes (i.e., some nodes have higher probability of attachment than others” (Madey et al. 

2002, p. 1810). This phenomenon is also known as the “rich-get-richer” effect of the 

“band-wagon” effect. It therefore appears that in the open source movement, developers 

are more likely to prefer joining and participating in a successful project. Initial success 

therefore breeds more success. In an open source context, given that developers are 

free to partake in any project, it is likely that some projects are more popular than others 

in terms of visibility and attractiveness. Consequently, a number of projects will grow 

disproportionately larger than others, thereby conferring power-law relationships to the 

open source movement (Madey et al. 2002). Additional analyses using social network 

theory found evidence that the open source movement is characterized by small world 

phenomena and scale free behaviors, specifically the SourceForge development 

network (Xu et al. 2005). The small world phenomenon is the principle that any one 

person in the world can be reached through a short chain of acquaintances (Milgram 

1967; Watts et al. 1998). Small-world networks can also be characterized by a relatively 

small number of nodes that are highly connected to other nodes, while the greater 

majority of nodes are only connected to a small number of other nodes (Barabási et al. 

1999). These networks are also know as scale-free networks. They grow by the 
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sequential addition of new nodes, and are characterized by preferential attachment, as 

previously explained (Barabási et al. 1999). 

 

 In addition to the above characteristics of open source communities, the resulting 

products that are actually developed may also exhibit varying characteristics depending 

on the structure of the project that produced it. Indeed, different modes of organization 

were found to lead to designs with different structures (MacCormack et al. 2006). Open 

source software is often claimed to be more modular than proprietary software (O'Reilly 

1999; Raymond 2001). Modularity consists of the way in which a design is decomposed 

into different modules. The Mozilla Web browser was originally developed in a 

proprietary setting and later released as an open source product. The redesign of Mozilla 

resulted in A more modular architecture (when compared to its predecessors) was 

adopted for Mozilla when it was redesigned. This support the notion that different modes 

of organization lead to software designs that have different structures (MacCormack et 

al. 2006). 

 

2.6 Software Quality 

 

 There are many advantages that have been attributed to OSS development. In 

many cases, OSS development seems to have provided solutions to many of the 

problems of proprietary software development methods. Indeed, using this approach to 

software development, it has been possible to produce reliable, high quality, and low-

cost software in a short amount of time. The large number of developers and testers that 

are involved in many open source projects makes it easier to perform source code 

debugging and a peer review tasks which results in high-quality code. 
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 Code maintainability is one of the key issues when assessing software quality. 

This notion refers to the extent to which a project’s source code can be sustained for an 

extended period of time. Based on measures of maintainability, OSS code quality is at 

least equal and sometimes better than the quality of code produced in a proprietary 

setting (Samoladas et al. 2004). The degree to which the source code is modular in 

nature is one of the underling features of code maintainability. Because of the distributed 

nature of OSS development, breaking up the code into modules facilitates decentralized 

and distributed development on a large scale. In fact, a greater degree of modularity, 

measured as the average size of components in an application, not only facilitates open 

source development, but is also improves user satisfaction (Stamelos et al. 2002). 

 

 However, despite some of the advantages of OSS development, it is important to 

note that neither OSS development, nor proprietary development dominates under all 

circumstances. The quality of software developed in an open source context may 

sometimes, but not always, dominate over the quality of closed source software on a 

combination of different factors such as number of programmers, compensation, 

software demand, reward systems, cost of effort of programmers, and coordination of 

programmers (Mishra et al. 2002). More specifically, with increasing market demand for 

the software, quality is likely to improve in both open source and closed source contexts. 

Indeed, both closed source organizations and open source communities will have 

stronger incentives to improve software that is increasingly requested by users. 

However, they will have different reasons for these stronger incentives. On the one 

hand, closed source firms see increased market demand as an opportunity for 

generating more revenues and profits through sales and licenses. On the other hand, 

open source programmers see the same increased market demand as a greater 

opportunity to signal their talent to potential employers (open source of otherwise) or to 
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gain recognition among their community (Mishra et al. 2002).  

 

2.7 Knowledge/Software Reuse 

 

 In contrast to a firm-based model, open source software development 

communities were proposed as a new model of knowledge creation in loosely 

coordinated, distributed systems. (Lee et al. 2003). In OSS communities, the process of 

knowledge creation can take place beyond the boundaries of the firm and can be 

understood as an evolutionary process of learning that is largely driven by criticism. This 

evolutionary process consists of idea and code generation which is followed by error 

detection and rejection. OSS communities’ norms, values, and structural arrangements 

support criticism as a mechanism for learning. It is through this process that innovations 

are continuously generated, selected, and retained to produce high-quality software 

products (Lee et al. 2003). As such, the use of distributed knowledge for the purpose of 

innovation at the community level consists of a unique model, as opposed to the firm or 

market. 

 

 While some have studied OSS projects as knowledge creating communities, 

others have studied how knowledge is shared within them. Some have observed that 

contrary to the fully participative “bazaar” imagery of OSS development originally 

proposed by Raymond (2001), a large proportion of the development work is in fact 

accomplished by a small percentage of developers. The concentration of development 

effort in the hands of a few developers could lead to the underutilization of available 

resources while also limiting the sharing of knowledge within a project. However, 

individual developers are often strategic in their interaction with  other highly resourceful 

developers. They carry out strategic interactions by forming a smaller but better 
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organized structure. This leads to a greater level of intensity in the types of knowledge 

sharing interactions that are most important to the development of the software (Kuk 

2006). Knowledge sharing is expanding by this strategic interaction between developers. 

This challenges the commonly held belief that participation inequality is harmful to 

knowledge sharing and could eventually lead to the demise of communities. However, 

an extreme concentration of development activity could have the opposite effect. Indeed, 

there starts to be a decline in the scope of knowledge sharing when there is extreme 

concentration of development in the hands of a few individuals. This means that there is 

an optimum level of “participation inequality” (Kuk 2006). 

 

 In addition to knowledge sharing, knowledge reuse is also very frequent in OSS 

projects. Despite the lack of explicit organizational policies, there is considerable reuse 

of components. Also, in many open source projects, there is a large number of ready-to-

use software components that are publicly available for free (von Krogh et al. 2006). 

Open source software developers reuse knowledge in three forms: single lines of code, 

software components, and methods (von Krogh et al. 2005). Also, the form of knowledge 

being reused is influenced by the effort required to integrate and to maintain the code. 

Project code and methods are also sometimes transferred from one project to another. 

This happens because many open source programmers are considered boundary 

spanners  as they participate in more than one project (von Krogh et al. 2005). 

 

2.8 Innovation 

 

 The open source software development model has repeatedly been labeled as 

innovative. However, since innovation can be achieved in various ways, it is important to 

specify exactly how it unfolds in the case of OSS development.  
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 How innovation is rewarded and encouraged in outlined in two major models 

(von Hippel et al. 2003). The first is the “private investment” model. In this model, the 

assumption is that innovation will be supported by private investments and that private 

returns can be appropriated from such investments (Demsetz 1967). The second is the 

collective action model. This model applies to the provision of public goods which are 

defined by their nonexcludability and nonrivalry. If a public good is consumed by any one 

individual, it cannot be feasibly withheld from anyone else (Olson 1967). An example of 

where this model operates is in academia. In this context, researchers give up control of 

knowledge they acquire by supplying it to a common pool and thus making it a public 

good. But in the case of OSS development, a different type of innovation appears to be 

at work. This type of innovation was termed the “private-collective” innovation model 

(von Hippel et al. 2003). In this particular model, participants in OSS development 

projects privately invest in creating novel software code by use their own resources. 

However, once the code is developed, instead of then claiming proprietary rights over it, 

they choose to freely release it as a public good. The outcome of this behavior is new 

knowledge that is created by private funding and then offered freely to all, which is why 

this has been termed the “private-collection” model of innovation (von Hippel et al. 

2003). 

 

 However, this leaves open a number of questions about the innovation process in 

and of itself. Therefore, by examining joining behavior in a developer community, a 

theory of the OSS innovation process was later developed to explain how people sign up 

for the production of the public software good (von Hippel et al. 2003). An analysis of 

data from multiple sources on the Freenet software development process led to the 

development of the following constructs: “joining script”, “specialization”, “contribution 
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barriers”, and “feature gifts”. The researchers proposed that developers who follow 

joining scripts in terms of level and type of activity are more likely to gain access to the 

developer community. A joining script consists of the varying levels and types of activities 

a joiner goes through in order to become a member of the developer community. When 

one is granted access to the developer community, a transition from joiner to newcomer 

takes place. It is from specializing in their contributions that newcomers derive benefits. 

Their feature gifts are related to their type of specialization in the project. Also, these 

feature gifts are based on the prior experience of newcomers (von Hippel et al. 2003). 

 

2.9 Governance 

 

 As previously stated, we adopt the definition of OSS project governance provided 

by Markus (2007, p. 152): OSS governance is “the means of achieving the direction, 

control, and coordination of wholly or partially autonomous individuals and organizations 

on behalf of an OSS development project to which they jointly contribute”. This definition 

differs from project management, which is the discipline of planning, organizing and 

managing resources in order to successfully complete a specific project goals and 

objectives. In other words, project governance goes beyond project management since it 

includes a number of additional activities such as conflict resolution and the use of 

information and technological tools. 

 

 Governance is recognized to play a key role in enabling software project success 

(Van Genuchten 1991). Different from manufacturing, software processes are more 

human intensive and creative and have a high degree of variance in individual 

productivity. While human labor is difficult to standardize and control (Komuro 2006), 

cooperation among software development is critical. However, in a software 
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development environment, contrary to what happens in manufacturing, hierarchical 

control structures may very well inhibit personal creativity, instead of increasing overall 

productivity (Boehm et al. 2003). 

 

 Historically, even in the software development literature, governance approaches 

have been associated with greater efficiency. For example, disciplined development 

methodologies based on structured programming have been found to increase 

development efficiency (Basili et al. 1981). For example, the traditional waterfall software 

development model relies on detailed development plans and is highly structured. Also, 

more recently, formal software development frameworks like the Capability Maturity 

Model (CMM), Bootstrap, and Spice have propose detailed metrics to assess the impact 

of formal organizational practices on the performance of the software development 

process. 

 

 More recent agile software development models are based on a looser approach 

to governance. Agile methods focus are more concerned with output instead of planning 

and deadlines, and focus more on code as opposed to paperwork, and individuals as 

opposed instead of processes (Boehm et al. 2003). For example, in 1999, Beck (Beck) 

proposed the eXtreme Programming method. The main objective of extreme 

Programming is to eliminate as many non-code-developing activities as possible. These 

types of software development methods encourage the establishment of informal 

governance mechanisms and promote autonomous coordination among software 

developers. 

 

 OSS development does not adopt a specific type of agile form of software 

development. However, there are a number of similarities between OSS and agile 
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development in a number of areas. In many ways, OSS development consists of a 

software development model characterized by a less formal approach to governance. 

This is exemplified in many practices adopted in OSS projects like informal leadership 

and cooperative development. Moreover, OSS projects leverage the distributed 

intelligence of all individuals who contributes to the development effort without the need 

for more traditional hierarchical structures or governance roles. Instead, innovative 

coordination mechanisms are established based on meritocracy, consensus, and the so-

called “do-ocracy” where decisions are made by individuals who contribute more than 

others to the project.  

 

 When considering governance research with respect to open source projects, a 

core conceptual issue with regard to open source project governance research is 

whether OSS governance should be conceptualized as a unitary phenomenon (the 

monolithic perspective)  or whether it should be viewed as comprised of numerous 

dimensions with diverse manifestations (the multidimensional perspective) (Markus 

2007). Both perspectives have been developed in the OSS governance literature and 

each is covered in turn next. 

 

2.9.1 The Monolithic Perspective 

 

 Scholars that have used the monolithic perspective describe an OSS 

development project as a distinct organizational form, mode, or type that can be clearly 

differentiated from a few other clearly defined types. Some researchers contrast OSS 

development with software development in more traditional, proprietary settings. Others, 

like Raymond (2001) and Scacchi (2004), have emphasized how OSS development 

differs from proprietary development in terms of principles and development processes. 
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Crowston et al. (2005) argued that OSS development is different from proprietary 

development by pointing out that task assignment is not mandated by project leaders but 

instead is  voluntary. Other have also argued that open source communities represent a 

different way of organizing and conducting work (Ljungberg 2000) or of innovating (von 

Hippel et al. 2003).  

 

 Research on OSS governance as a monolithic form largely concludes that the 

OSS form is superior when compared to other forms of software development. Scholars 

that have used the monolithic perspective often identify the open source license for 

intellectual property protection as the essential mechanism that characterizes the OSS 

mode of development and differentiates it from alternative approaches to software 

production. While the monolithic perspective is useful for contrasting the open source 

approach to proprietary software development, it does not provide any insight into the 

outcomes of variations in governance practices between OSS projects. Emphasizing the 

many different types of governance mechanisms along with their major variations (i.e., a 

multidimensional perspective) is necessary for understanding how governance can 

influence key outcomes like project performance (Markus 2007).  In order to do so, we 

first provide an overview of the multidimensional view of governance next. 

 

 

2.9.2 The Multidimensional View 

 

 The multidimensional view emphasizes the many types and variations of 

governance mechanisms within the broad category of OSS projects. When taking a 

multidimensional perspective, researchers examine the diversity to be found in a number 

of different dimensions of OSS governance. This allows for the assessment of major 
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variations of governance dimensions that is required for then understanding how they 

influence key project outcomes like project performance. 

 

 For example, some have observed that open source software communities 

appear to follow a number of different governance mechanisms such as membership 

management, rules and institutions, monitoring and sanctions, and reputation (Sharma 

et al. 2002). Membership is usually open to anyone who is willing to take part in a 

project, from translators to software developers. One of the most common coordination 

mechanism found in OSS projects is self-assignment (Crowston et al. 2005c). This 

coordination mechanism is to be expected in distributed and largely voluntary 

communities. However, in order to move up in a project and obtain a responsible 

position, one must go through a process of vetting and quality control (Markus et al. 

2000). While community members contribute to a project over time, the quality of their 

work is typically assessed by the core project group and formal membership is conferred 

by a consensus vote by this same group of project members (Mockus et al. 2000). Open 

source software communities may also follow a set of rules and norms. For example, 

some OSS communities have voting systems that require only a subset of the 

community to participate in the decision-making process (Sharma et al. 2002). 

Monitoring and sanctions may also be present in open source projects. For instance, 

there can be strong social pressures, in the form of norms, against noncompliance. 

Collective sanctions such as flaming, shunning, and expulsion from the project also 

safeguard communication among project members (Sagers 2004). Furthermore, 

reputation consists of one of the prime motivators for OSS developers (Raymond 2001). 

Motivation is certainly an important incentive for developers to join projects. However, 

the desire to maintain reputation levels may compel developers to submit high-quality 

work and comply with group norms (Markus et al. 2000). Restricted access to the 
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development team can also be considered as an addition governance mechanism and 

can inhance coordination within projects (Sagers 2004).The form of governance present 

in OSS communities has been termed network governance by Sagers et al. (2004). 

Network governance structures are based on informal controls and social interactions. 

This is different from the more formal exchange structures of market transactions based 

on contracts and bureaucratic structures based on hierarchical controls (Sagers et al. 

2004). Other types of governance mechanisms addressed by open source scholars 

include open source licenses (de Laat 2005), the role of structure in OSS communities, 

such as the relative size of the project administrator team, the number of project 

members, or the size of the bug reporter community (Mockus et al. 2002), and the 

established software development processes (Mockus et al. 2002; Scacchi 2002). 

 

 In summary, the literature on OSS governance can be synthesized into two broad 

perspectives of governance (Markus 2007). In the first, which includes most of the 

studies published so far, governance is portrayed as a single, unified phenomenon, most 

frequently concretized as OSS licensing mechanisms. Researchers that take this 

approach conceptualize governance as a unitary phenomenon that manifests itself as a 

few types. In the other, the concept of governance is operationalized as many different 

phenomena that can be grouped into the following six categories of formal and informal 

rules and structures which will be detailed in the next section: ownership of assets, 

chartering the project, community management, software development processes, 

conflict resolution and rule changing, and the use of information and tools (Markus 

2007).  

 

 In the multidimensional perspective, governance is viewed as comprised of 

numerous dimensions that manifest in a number of different ways. While the monolithic 
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perspective may be useful when the goal is to compare open source development 

projects with proprietary ones, it does not provide much insight when it comes to 

understanding how governance can influence important project outcomes like 

performance and success. As Markus (2007) forcefully argues, the search for 

configurations is to be considered the way forward for OSS analysis. Just as Mintzberg 

distinguished the basic configurations for hierarchical firms in 1979 (Mintzberg 1979), 

this also needs to be addressed for OSS communities (Laat 2007). For that reason, 

adopting the multidimensional view is necessary to accomplish this goal. 
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Chapter 3 – Theoretical Development 

 

 In this chapter, we specifically address our first research question: What is open 

source project governance and how can it be conceptualized? In order to meet this 

objective, we propose an approach that is grounded in the configurational theory of 

organizations (Meyer et al. 1993; Miller 1981; Miller 1986; Miller 1996). As such, we first 

offer a review of configurational theory, which serves as the theoretical base for the 

proposed multidimensional view of open source project governance. This allows us to 

subsequently leverage configurational theory in order to develop an open source project 

governance framework. The framework’s six dimensions are thoroughly developed and 

explored. This sets the stage for a validation of the framework conducted in Chapter 4. 

 

1. Theoretical Base – Configurational Theory 

 

1.1 Configurational Theory 

 

 The configurational theory of organizations supplies the primary basis for 

conceptualizing our proposed holistic approach to viewing open source software project 

governance. The underlying argument of configurational theory is that organizational 

effectiveness stems from superior combinations of mutually supportive elements called 

configurations (Miller et al. 1983). A configuration consists of a number of specific and distinct 

attributes. However, according to configuration theory, these attributes are meaningful only when 

considered collectively rather than individually (Miller 1987; Rosenberg et al. 1968). The term 

configuration denotes “any multidimensional constellations of conceptually distinctive 

characteristics that commonly occur together” (Meyer et al. 1993). Configurational research 
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“represents a holistic stance, an assertion that the parts of a social entity take their 

meaning from the whole and cannot be understood in isolation” (Meyer et al. 1993), p. 

1178. Configurations are limited in number and represent a set of dynamics that is 

unique, tightly integrated, and therefore relatively long-lived (Mintzberg 1973). In 

organizational research, the use of configurations allows researchers to simultaneously 

assess the interrelated relationships between a large number of variables without having 

to oversimplify the object of study (Dess et al. 1993). For example, many dimensions of 

structures, strategies, or technologies have been said to cluster into configurations or 

archetypes (Meyer et al. 1993). “Configurations are a means of achieving parsimony 

while presenting rich, complex descriptions of organizations” (Dess et al. 1993). 

 

 In keeping with the configurational perspective, our approach is grounded in the 

premise that open source project governance is inherently multidimensional, and that the 

various elements of governance come together to compose a tight configuration of 

mutually supportive elements. The multidimensional nature of open source project 

governance can be seen in the complex combinations of project governance attributes 

such as organizational structures, role structures, and managerial, operational and 

technical processes within a project. As Miller succinctly explained (Miller 1986, pp. 235-

36), configuration theory underscores how these elements “configure into a manageable 

number of common, predictively useful types that describe a large proportion of high-

performing organizations. Configurations (or ‘archetypes’ or ‘generic types’) are said to 

be predictively useful in that they are composed of tight constellations of mutually 

supportive elements”. 

 

 Applied to open source project governance, it is the different ‘constellations’, or 

configurations, of governance elements that – we argue – make up open source project 
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governance approaches (or ‘governance profiles’). By identifying common configurations 

and then exploring their complementarities, it becomes feasible to address more than 

one variable at a time (Miller 1996). Therefore, in order to richly describe these 

approaches to governance, we must look beyond single governance dimensions for a 

combination or configuration of dimensions that form patterns across multiple 

dimensions. Archetypes of governance or governance profiles can be identified when 

patterns are clearly distinctive. Additionally, there is an implied assertion in 

configurational theory that archetypes are meaningful forms from a theoretical standpoint 

that are at least viable and potentially high-performing (Lim et al. 2006).  

 

 Yet, a common question that arises is: How is it possible to isolate a limited 

number of configurations? Indeed, if organizations, projects, or individuals are complex 

combinations of a multitude of independent attributes that vary continuously, the total 

number of possible combinations would be almost infinite. The answer lies in the fact 

that, for configurational theorists, the tendency of different attributes to fall into coherent 

patterns limits the potential variety of combinations. Attributes are in fact interdependent 

and often can change only discretely and occasionally, which explains why this pattering 

occurs. Consequently, only a small number of configurations that are theoretically 

conceivable are viable and likely to be observed empirically (Meyer et al. 1993). In 

addition, configurations are relatively stable over time because of the underlying themes 

that unify them (Miller 1987). As such, configurational scholars aim to flesh out 

typologies and taxonomies, in other word “sets of different configurations that collectively 

exhaust a large fraction of the target population of organizations [or other social units] 

under consideration” (Miller and Friesen 1984, p. 12). 

 

 Miller (1981, 1986) argued that only a small number of configurations would 
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come to dominate any given domain. He specifically proposed three theoretical reasons 

to support this claim. The first reason is based on population ecology (e.g., (Hannan et 

al. 1977)). From this perspective, it is argued that only a small number of superior 

options are viable because the environment tends to weed out uncompetitive strategies. 

Therefore only a limited number of possible options are eventually adopted in any given 

environment. In fact, some have proposed that this convergence toward viable 

configurations happens quickly in short bursts, and that afterwards a fairly stable set of 

configurations will predominate over a long period of time (Miller 1982). Second, 

configurations of elements that are internally harmonious and mutually reinforcing are 

more attractive to organizations and are therefore more likely to be adopted (Miller 

1986). An organization could consciously decide to purse given types of configurations 

based on its own strategy or could adopt them throughindustry mimetic actions and 

normative pressures (DiMaggio et al. 1983). Third, organizational evolution scholars 

(e.g., (Miller et al. 1984)), have suggested that organizations implement change either in 

small incremental steps or in ‘quantum leaps’. This implies that there are a large number 

of configurations that are never adopted by organizations (Miller 1982; Miller et al. 1980). 

As such, although we are suggesting that the study of open source governance move 

onto a more complex, multidimensional plane, it is important to note that we will only 

need to deal with a limited number of governance configurations out of a very large 

number of combinations. 

 

 There are three major steps to implementing the configurational approach to the 

study of open source project governance. First, open source project governance is 

collectively defined by the specific dimensions that need to be identified and fleshed out. 

Accomplishing this first step is important since the predictive validity of dimensions is 

enhanced when they are based on theory (Ketchen et al. 1993). Since the open source 
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literature has identified six dimensions of project governance (Markus 2007), these 

dimensions will be used to identify open source project governance archetypes. Second, 

a process for validating these dimensions based on observations of open source 

projects, and for detecting and defining different combinations of dimensions that form 

configurations of governance, needs to be undertaken. Third, the configurations of 

governance dimensions then need to be interpreted and analyzed with regard to their 

relationship to governance purposes and their influence on project performance. Each of 

these steps is described in this thesis.  

 

1.2 Configurational Theory in the Academic Literature 

 

 Configurational theory is based on years of contingency research that has shown how 

attributes of environments, technologies, and structures interact to limit the variety of viable 

organizational forms (Meyer et al. 1993). Configuration theories are based on research 

conducted by Lawrence and Lorsch (1967), Thompson (1967), Stinchcombe (1965), and 

March and Simon (1958) and are based onWeber’s “ideal type” and Mintzberg’s 

classifications (Meyer, Tsu, & Hinings, 1993). Meyer et al. (1993) posit that in 

configuration theory “parts of a social entity take their meaning from the whole and 

cannot be understood in isolation” (p. 1178). Configuration theory facilitates the 

development of propositions and theories by combining and organizing large quantity of 

data into interrelated dimensions (Vorhies et al. 2003). The Miles and Snow (1978) 

(Miles et al. 1978) typology is a good example of research that focuses on 

configurations. Miles and Snow developed and described four configurations – defender, 

prospector, analyzer, and reactor – by investigating stable relationships among a number 

of different strategic and structural variables. For instance, they found that defender 

organizations are more likely to have narrow market domains,  simple coordination 
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mechanisms, a single technology, and centralized organizational structures. Conversely, 

prospectors have broad domains, complex coordination mechanisms, multiple 

technologies, and decentralized structures. Miller (1987c) argued that configurations are 

characterized by a high level of stability because of their “internal logic, integrity, and 

evolutionary momentum” (p. 697). Configurations were not only conceived as theretical 

entities but were also demonstrated empirically in earlier work by Miller and his 

colleagues (e.g., Miller and Friesen 1978). More recently, Vorhies and Morgan (2003) 

introduced a method based on configuration theorythat allows for a simultaneous 

assessment of multiple interrelated variables . Using this method, researchers can 

empirically assess the relationships that underlie complex, multidimensional 

phenomena. The authors argued that these configurations are ideal because they 

represent complex “gestalts” of multiple, interdependent, and mutually reinforcing 

organizational characteristics that allow organizations to attain their objectives. 

 

 The study of organizational configurations encompasses a number of different 

research streams. However, the underlying assumption of configurational research 

remains the same - specifically that phenomena can best be understood by identifying 

and investigating distinct, internally consistent sets of elements and their performance 

outcomes rather than by seeking to uncover one universal set of relationships that holds 

across all units studies (e.g., individuals, projects, organizations) (Ketchen Jr et al. 

1997). 

 

2. Theoretical Development – OSS Governance Dimensions 

 

 The goals of OSS governance are many and include solving collective action 
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dilemmas, solving development coordination problems, and creating a better climate for 

contributors. As such, Markus (2007) assumed that OSS governance is best 

conceptualized as a multidimensional phenomenon that addresses a variety of goals. 

This led her to ask the following question: What are the dimensions of OSS governance, 

and how are they related? She proposed that, in accordance with the suggestions of 

various governance researchers (e.g., Greenwood and Hinings 1993; Meyer et al. 1993; 

Miller 1996; Oliver 1990), we should think of governance as a multidimensional 

phenomenon and in terms of configurations, and also pursue this line of reasoning with 

OSS governance research. 

 

 A first step toward viewing OSS governance in terms of configurations is to 

identify the different dimensions of OSS governance that might be present in any 

observed configuration. Markus’ (2007) review of the empirical research on OSS projects 

suggests that the elements of OSS governance could be grouped into at least six 

categories of formal and informal structures and rules: 

 

1. Ownership of assets: this category refers to intellectual property licenses 

 

2. Chartering the project: this term refers to statements of vision about the goals of 

the project, what the software product should look like, etc. 

 

3. Community management: this category involves rules about who can be 

members, how their identity will be verified, what roles they can play, how they 

can change roles, etc. 

 

4. Software development processes: this category refers to structures and rules that 
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address the important operational tasks of development, such as requirements 

elicitation, assignment of people to tasks, processes for managing software 

changes, release control, etc. 

 

5. Conflict resolution and rule changing: this category involves rules and procedures 

for resolving conflict and for creating new rules 

 

6. Use of information and tools: this category contains rules about how information 

will be communicated and managed and how tools and repositories will be used 

 

 These preliminary categories of rules and structures are offered as important 

elements for future research on OSS governance configurations (Markus 2007). As 

such, in this thesis, we further develop the above multidimensional view of OSS 

governance.  

 

 Specifically, we first refer to Markus’ (2007) review of the literature and 

identification of six governance dimensions as a starting point for the development of our 

framework. Second, we define the possible characteristics of each dimension and their 

subdimensions, along with their variables and their respective states via suggestions 

from the literature and logical argumentation. Third, we hypothesize how the different 

variables for each dimension and subdimension might fit together into meaningful 

configurations or profiles of open source project governance. 

 

 For each of the six dimensions suggested by Markus, based on our 

understanding of the literature and the context, subdimensions were identified (where 

appropriate). For each dimension/subdimension, variables are defined and explained. 
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How these variables may occur together to form profiles/configurations is then explored. 

In each of the following sections, a table summarizes the variables, followed by a second 

table that proposes governance profiles. 

 

 However, it is important to note that the identification of these constructs is 

tentative as they are not guaranteed a place in the resultant theoretical framework 

(Eisenhardt 1989). As such, a qualitative study was conducted in order to perform a 

preliminary validation of the framework (see Chapter 4). 

 

2.1 Ownership of Assets 

 

 Ownership of assets is a category that relates to intellectual property licenses. 

 

“This is intellectual property to be sure, but it is a concept of property configured around 

the right and responsibility to distribute, not to exclude” (Weber 2004, p. 86). 

 

 Open source collaboration is largely based on an intellectual property regime 

made explicit in a number of different licenses written in the language of standard legal 

documents (Weber 2004). However, the assumptions and objectives on which this 

regime is built on are different from those found in mainstream intellectual property rights 

thinking. One of the main goals of the open source intellectual property regime is to 

maximize the use, development, and distribution of open source software. In this 

context, pretecting the prerogatives of users therefore take precedence on on protecting 

the prerogatives of authors.  

 

 These various open source licenses provide guidelines as to the characteristics 
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and properties of open source software while defining how the software can be 

distributed. Founding members of a project chose the project’s software license. A 

defining characteristic of open source software is that the source code is accessible to 

anyone, open to study and modification, and offered for redistribution to others with few 

constraints, except the right to ensure that these freedoms are applied (Scacchi 2007). 

However, some of these copyright privileges or freedoms can be added or removed 

depending on which license was selected for a given project. Therefore, about it is useful 

to think of open source licenses is in terms of their degree of restrictiveness (Lerner and 

Tirole 2002; Scacchi 2004; Stewart et al. 2006b). For example, one of the most widely 

used open source license is GNU general public license (a.k.a., the GPL). The GPL has 

two restrictions that many other widely used licenses lack (e.g., the Berkeley Software 

Distribution). First, it requires that modified versions of the software also be open. This is 

referred to as a copyleft provision. Second, it requires that the code be combined only 

with other software distributed under licenses that share the first requirement. This is 

referred to as a viral provision. As such, the GPL and other similar licenses are 

characterized as more restrictive than other licenses that do not have these same 

restrictions (Stewart et al. 2006b). 

 

 The choice of a license is an important one since the degree of restrictiveness of 

OSS licenses can influence the success of a project in a number of ways. For example, 

when distributed, software licensed under the GPL requires that modified versions of the 

application also be open and that the program be combined only to software with a 

similar license. Although this requirement maintains the openness and accessibility of 

the code, it is also restrictive since it not only limits what developers can do with the 

source code but also limits the commercialization of OSS applications (Lerner and Tirole 

2005; West 2003). This can adversely affect an open source project since more 
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restrictive licenses have been shown to attract less user interest over those that use a 

less restrictive license (Stewart et al. 2006b). Indeed, among the potential users who aim 

to advance their commercial interests, many may find OSS applications with restrictive 

licenses less useful than others. 

 

 Therefore, the two license restrictions outlined above – the copyleft and the viral 

provisions – are used to characterize the license restrictiveness profiles as shown in the 

following tables. 

 
Table 4. Potential Licensing Restrictiveness Variables 

Variable State Definition 

Copyleft 
No 

Modified versions of the software must not 
necessarily be open 

Yes Modified versions of the software must be open 

Viral 

No 
The software’s code can be combined with other 
software distributed under licenses that do not 
share the copyleft requirement 

Yes 
The software’s code can be combined only with 
other software distributed under licenses that 
share the copyleft requirement 

 
 
 
 
 
Table 5. Potential License Restrictiveness Profiles 

Profile Copyleft Viral Example 

Nonrestrictive No No 
Berkeley Software 
Definition (BSD) 

Restrictive Yes No 
Lesser General Public 

License (LGPL) 

Highly restrictive Yes Yes 
General Public 
License (GPL) 
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2.2 Chartering the Project 

 

 Based on the literature review, this dimension of governance refers to statements 

of vision about the goals of the project and what the software product should ultimately 

look like (German 2003; Nakokoji et al. 2002; Scacchi 2002).  

 

 An open source software development project is typically started by an individual 

or a small group of individuals with an idea for a software product. The founders must 

decide what they want their project to be about and in what direction they want to take it. 

In addition to what the software will accomplish, they must also come to an agreement 

on its limitations and what it won’t do (Fogel 2005). They often write up a mission 

statement which is usually prominently placed on the front page of a project. For 

example, OpenOffice’s (www.openoffice.org) mission statement reads: “To create, as a 

community, the leading international office suite that will run on all major platforms and 

provide access to all functionality and data through open-component based APIs and an 

XML-based file format.” In this case, several key statements highlight the project’s goals. 

By stating “as a community”, the project signals that no one organization will influence 

development; “international” implies that the software is distributed in multiple languages 

and countries; “all major platforms” refers to product portability, meaning that the 

software is available for multiple operating systems like Mac, Windows, and Linux (Fogel 

2005).  

 

 When a project is founded, its initiators also generally come up with a number of 

ideas and develop a first rough draft of the code that outlines the planned functionalities 

and also provides an overall vision for the project (Latteman and Stieglitz 2005; Lerner 
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and Tirole 2002). The source code for this first version is then typically made publicly 

and freely available for download on the project’s web site. In order to facilitate 

coordination and communication among contributors to the project, project initiators also 

establish mailing lists so that those who are interested in contributing to the code can 

seek help, provide information, or suggest new code for others to discuss, review, and 

test. Indeed, at this stage it is very important to attract developers in order to make sure 

that a critical mass of contributors is reached to make the project sustainable. For 

example, the GNOME project (www.gnome.org) was founded in 1996 by Miguel de 

Icaza.  The project’s goal was to create a free collection of libraries and applications that 

could make Linux a viable alternative in the desktop market. The first version of GNOME 

was released in August 1997 and provided a single application and set of libraries 

(German 2003). Despite limited functionality and content, this first version provided 

potential contributors to the project with a clear indication of its envisioned functionalities 

and a general vision for GNOME as established by its founder, Icaza (1996). 

 

 A number of variables were identified in the literature as useful in describing open 

source project goals. When papers referred to project goals, the most frequently 

employed characteristics used to describe these goals were identified and are reported 

here as project goal variables. The specific states that these variables can take are also 

provided. These variables are: visibility, clarity, origin, and source. Visibility is defined as 

the degree to which a project goal is implicitly or explicitly stated. Clarity refers to the 

degree to which a project goal is vaguely or specifically stated. Origin identifies where 

the project goal comes from. In other words, it indicates whether a goal is offered by 

either a member of the project community or by a member of the project administration 

team. Finally, source is defined as the number of individuals that have offered project 

goals. Each one of these variables can take on a number of different values (referred to 
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here as states). These values are outlined and defined in the following table. 

 
Table 6. Potential Project Goals Variables 

Variable State Definition 

Visibility 

Nonexistent 
Goals are neither implicit nor explicit, but rather 
nonexistent 

Implicit 
Goals remain unwritten and unstated and are 
simply understood 

Explicit Goals appear in written form  

Clarity 

Invisible Goals are nonexistent  

Vague 
Goals are stated in general terms and remain 
imprecise or ambiguous 

Specific Goals are detailed and unambiguous 

Origin 

Bottom-up 
Goals stem from the project community only, not 
from project administrators  

Top-down 
Goals stem from project administrators only, not 
from the community 

Source 

One Goals are determined by a single individual 

Few 
Goals are determined by a small number of 
individuals 

Many 
Goals are determined by a large number of 
individuals 

Plasticity 
Flexible 

Goals are in a state of flux and evolve as work 
on the project unfolds 

Rigid Goals are largely static and remain unchanging 

 
 

 Based on the above variables and their various states, the following potential 

project goals profiles for the open source project goals dimension of open source project 

governance were developed. The first profile is labeled Organic Goals. A project is 

characterized by organic goals when its goal visibility is either implicit or explicit, its goal 

clarity is vague, its goal origin is bottom-up, its goal source is few or many, and its goal 

plasticity is flexible. In other words, these projects’ goals are offered in majority by a 

number of individuals from the project community as opposed to project administrators, 

are rather vague in nature, and can be modified or changed altogether over time, hence 
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the organic label. On the other hand, a project is characterized by Static Goals when its 

goals’ visibility is explicit, its goals’ clarity is specific, its goals’ origin is top-down, its 

goals’ source is one or few, and its goals’ plasticity is rigid. In other words, these projects’ 

goals are plainly visible, they are specifically stated, they largely stem from one or a 

small number of project administrators, and they remain unchanged over time. 

 
Table 7. Potential Project Goals Profiles 

Profile Visibility Clarity Origin Source Plasticity 

Organic goals Implicit/Explicit Vague Bottom-up Many Flexible 

Static goals Explicit Specific Top-down One or 
few 

Rigid 

 
 

2.3 Community Management 

 

 In reviewing the literature, it was determined that the Community Management 

category of formal and informal governance structures and rules consists of elements 

that can be grouped into the following categories: how decisions are made, rules about 

who can be members, how their identity can be verified, what roles they can play, and 

how they can change roles (Mockus et al. 2000; O'Mahony et al. 2007; von Krogh 2003). 

As such, the five categories of Community Management, namely decision-making, 

membership rules, identity verification, member roles, and role changes are covered in 

turn next. 

 

 Given its emphasis on project membership, a useful starting point for 

understanding Community Management is to examine the general pattern of activities 

individuals can follow when becoming part of OSS communities and how some 

community members change roles as they contribute to the project over time. New 
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project members often start as lurkers (von Krogh et al. 2003). A lurker is someone who 

subscribes to the mailing list but is only observing the activity in the community 

(Ducheneaut 2005; von Krogh et al. 2003). They are individuals who visit a project web 

site, but do not participate or only post to mailing lists very infrequently (Nonnecke et al. 

2004; Ridings et al. 2006). There are several reasons for this behavior. Lurkers may feel 

that they do not need to post, that the project does not fit with regard to their potential 

contributions, or simply that they want to find out more about the project before 

participating (Preece et al. 2004). Nevertheless, although lurkers are not visibile 

members of a project when compared to active members, the can have a tangible 

positive effect project by downloading and using the software and thus contributing to its 

popularity (Ridings et al. 2006). 

 

 The first act of posting, the opening post, signals the transition from a lurker to a 

participant to the project. This is often referred to as the “joining script” where individuals 

shift from passive players to active participants (von Krogh et al. 2003). Individuals who 

actively participate in a project can perform a number of different activities such as 

debugging, testing, and code reviewing. They can also gain access to a Version Control 

System (VCS) like the Concurrent Version System (CVS). The CVS is a popular 

configuration management tool for maintaining the source code of the software 

application. It allows multiple project members to work on the same source code with 

little need for coordination. VCS systems like the CSV provide a historical record of the 

development work and keep track of all changes made to the code in a set of files.1 

                                                
1
 Several developers may work on the same project concurrently, each one editing files within 

their own "working copy" of the project, and sending (or checking in) their modifications to the 
server. To avoid the possibility of people stepping on each other's toes, the server will only accept 
changes made to the most recent version of a file. Developers are therefore expected to keep 
their working copy up-to-date by incorporating other people's changes on a regular basis. This 
task is mostly handled automatically by a VCS, requiring manual intervention only when a conflict 
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While this privilege provides project members with access to the source code, they 

cannot commit (save) changes to the software code. However, a project member can 

then become a core developer when project administrators grant him the responsibility 

of an entiresoftware module in addition to the ability to commit (save) changes to the 

source code. 

 

 Making contributions is an important for advancing both technically and socially 

within an open source project. However, making contributions alone is not sufficient as 

one must also be recognized by other community members as having made substantive 

contributions (Fielding 1999). In order to obtain a decision-making position, a project 

member must often go through a process of vetting and quality control (Markus et al. 

2000). For example, while members work on a project, the quality of their contributions 

can be assessed and formal membership in the core development team conferred by a 

consensus vote by members of the core development team (Mockus et al. 2000). In 

such communities, there may also be a number of rules and norms that describe how a 

voting system works. For example, in some OSS projects, voting systems are structured 

such that only a subset of the community is involved in the decision-making process in 

which a minimum number of votes is required for each decision made(Sharma et al. 

2002). 

 

 As a consequence, project members often participate in different roles within 

OSS projects. While some projects members will fulfill the same role for an extended 

period of time (e.g., bug reporter), others will advance through different roles with the 

                                                                                                                                            
arises between a checked-in modification and the yet-unchecked local version of a file. If the 
check-in operation succeeds, then the version numbers of all files involved automatically 
increment, and the VCS-server writes a user-supplied description line, the date and the author's 
name to its log files. 
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hope of becoming part of the core development team. 

 

 In short, the five variables pertaining to Community Management – decision-

making, membership rules, identity verification, member roles, and role changes – as 

well as their different potential states and their definitions, are summarized in the 

following table. 

 
Table 8. Potential Community Management Variables 

Variable State Definition 

Decision-
making 

Decentralized 
Important project decisions are made by the larger 
community 

Split 
Decisions are made by both the larger community 
and by project administrators. 

Centralized 
Important project decisions are made by project 
administrators 

Membership 
rules 

None No membership rules are stated 

Vague 
Membership rules may be implied or vaguely 
referred to 

Specific Specific membership rules are stated and enforced 

Identity 
verification 

None No identity verification is carried out 

Relaxed Identity verification only sometimes takes place 

Enforced Identity verification takes place 

Member roles 

Self-selected 
Project members self-select into roles offered by 
the project 

Community-
determined 

Project members are specifically asked to fill 
certain roles 

Role changes 

Self-selected 
Project members freely decide by themselves if 
they wish to change roles. 

Community-
determined 

Project members are asked by other community 
members to take up a different role in the project. 

 
 

Based on the above Community Management variables and their respective potential 

states, there appear to be several community management profiles that could be 

possible in OSS projects. Specifically, we note three profiles and label them as follows: 
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Centralized Management, Shared Management, and Decentralized Management. Each 

of these profiles varies on the five community management variables as shown in the 

table below and explicated in the following sections.  

 

 
Table 9. Potential Community Management Profiles 

Profile Decision-
making 

Membership 
Rules 

Identity 
Verificatio
n 

Member 
Roles 

Roles 
Changes 

Centralized 
Management 

Centralized Specific Enforced Community-
determined 

Community-
determined 

Shared 
Management 

Split Vague Relaxed Self-
selected 

Self-
selected 

Decentralized 
Management 

Decentralized None/Self-
selected 

None/Self
-selected 

Self-
selected 

Self-
selected 

 

2.3.1 Centralized Management 

 

 In a Centralized Management profile, final decision-making authority is in the 

hands of either one person - generally referred to as a benevolent dictator - who is 

expected to use it wisely based on personality and experience, or with the project 

administrators. As such, this type of profile is the more centralized system when it comes 

to decision-making in OSS projects. While “benevolent dictator” is a commonly used 

term in the field of OSS development, some have suggested that it would be better to 

think of the role as “community-approved arbitrator” (Fogel 2005). The reason for this is 

that benevolent dictators typically don’t actually make all of the decisions in an OSS 

project because they don’t have the required expertise to consistently make good 

decisions in a wide variety or project areas. Therefore, benevolent dictators generally 

don’t make all of the decisions themselves. Instead, they often manage their projects 

through discussions with other project members and through experimentation. They may 
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also differ to others who have more expertise in a given area with discussing a particular 

issue. Therefore, while they make most of the decisions in their projects, they often 

encourage debated and discussions on important project decisions, and in some 

instances, they can also allow project members to make decisions.  

 

 In such projects, membership rules for those who want to become part of the 

community are detailed and unambiguous and identity verification is enforced. In 

addition, the roles that community members can adhere to are largely determined by 

project administrators. The same can also be said of role changes.  

 

2.3.2 Shared Management 

 

 More openly democratic decision-making systems also characterize many OSS 

projects. This is a more formal, group-based system and is also known as group based 

governance. While such systems may vary somewhat from one project to the next, they 

are often characterized by two common elements: the project members share decision-

making tasks or mostly work by consensus, and when group consensus is no possible 

there is also sometimes a formal voting mechanism available to members (Fogel 2005). 

A consensus is normally reached following a discussion on a given issue (e.g., how to fix 

a given bug or whether or not to add a new feature). Someone then summarizes the 

discussion and states what was decided in an explicit proposal of consensus. In the 

case of smaller decision which are often less controversial, proposals of consensus are 

implicit. For instance, when a project member commits a bug fix, this action in and of 

itself is a proposal of consensus on how to fix that particular bug (Fogel 2005). In the 

case where a commit is made in the absence of consensus, then a discussion on the 

topic can be carried out and the decision can be easily reversed via the version control 
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system. 

 

 When a consensus cannot be reached, a project characterized by Shared 

Management will sometimes resort to a vote. In this context, a clear set of choices must 

be available to voters. There are often one or two people who summarize the various 

arguments and post them to the project’s mailing lists. These individuals also keep a 

record of the various issues on which project members either agree or disagree. A 

discussion’s progress can therefore be recorded and track in using this process and 

issues that remain to be addressed can be easily identified and addressed. These 

records and summaries can also be useful in the case that a vote becomes necessary 

as key issues can be extracted on included on a ballot sheet (Fogel 2005). If a vote is 

required, votes are cast in public mailing lists in order to ensure full transparency. In 

other words, anyone can tally the results for himself. This also ensures that that the 

entire process  as well as the voting results are recorded in the project archives. 

Otherwise, decision-making is generally split between project community members and 

project administrators.  

 

 In a project characterized by Shared Management, membership rules are stated 

in rather general terms and remain imprecise or ambiguous in terms of what is meant by 

the rule. Identity verification is enforced. Also, project members self-select into roles and 

can decide whether to change roles as they contribute to the project over time. 

 

2.3.3 Decentralized Management 

 

 Project characterized by a Decentralized Management approach to community 

management are characterized by an absence of clear leadership or of a consensus-
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based system for making project decisions. Decision-making is decentralized meaning 

that anyone can decide to make and implement a given decision. Also, there are no 

clear rules for membership and no identity verification is carried out. Project members 

self-select into roles and can decide to change roles if so they choose.  

 

2.4 Software Development Processes 

 

 This category refers to structures and rules that address the important 

operational tasks of development which were organized into the following categories: 

requirements elicitation, assignment of people to tasks, processes for managing 

software changes, and release control (Jorgensen 2001; Shaikh et al. 2003; Yamauchi et 

al. 2000). 

 

2.4.1 Requirements Elicitation 

 

 Although many believe that the process of requirements elicitation is nonexistent 

in open source projects, some have found that that may not be the case. While formal 

requirements elicitation, analysis, and specification from the field of software engineering 

appear to be lacking, there are different – less formal – types of software requirements 

activities in OSS projects (Scacchi 2002). For example, open source software 

requirements are generally stated or implied within discussion threads that are posted to 

a project’s mailing lists where they can be reviewed, elaborated upon, rejected or refined 

(Scacchi 2002). A historical record of requirements is therefore maintained in project 

mailing list archives. System vision statements documenting who required what, where, 

when, why, and how are also accessible. This discourse represents a continually 

emerging source of OSS requirements that originates from current contributors or new 
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participants to a project. This discouse can also be viewed as a web of community 

narratives from which emerge both functional and non-functional OSS project 

requirements (Scacchi 2002). These narratives are not only found in project mailing lists, 

but are also present on project web pages, in email archives, or in other informal 

software descriptions that are posted to a project’s web site. 

 

 However, unlike proprietary software projects, once a requirement is posted in 

this manner, no further apparent actions are taken to document or formalize a software 

requirement. These requirements then become taken-for-granted by project members 

involved with software development (Scacchi 2002). As such, OSS requirements 

analysis includes little if any formal analysis. However, this does not prevent project 

members from understanding what the functional requirements are or from ensuring the 

ongoing development of the software. Although requirements are implied informally, it is 

possible to observe them in mailing list posts where project members are able to 

condense wide ranging software requirements into short and concise descriptions. 

 

 According to Scacchi (2002), in OSS projects, requirements engineering effort 

consists of “implied activities” that emerge as a by-product of community discourse 

regarding the underlying functionalities of the application. The functional and non-

functional requirements for OSS systems can be described as “software informalisms” 

that are elicited, analyzed, validated, and managed through a variety of descriptions. 

This is in opposition to more traditional approaches to software development where 

formal requirements notations (“formalisms”) are used. Also, it appears that no efforts 

are made to treat these informalisms as “informal software requirements” that should be 

transformed into formal software requirements (Scacchi 2002). Moreover, requirements 

engineering activities do not consist of a recognized task that is assigned to project 
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participants. Likewise, there are no specific software engineering tools at the disposal of 

project members to capture, define, and archive software requirements. As such, 

although requirements are very much a part of OSS projects, in order to find and 

recognize them, one must become familiar with the community and immerse himself in 

the various discussions that are taking place within it. 

 

 When the time comes to decide which requirements are adopted and actually 

make it into the software, senior members or core developers vote or decide to either 

include or not the asserted capability into the next software release (Fielding 1999; 

German 2003). Exactly how this is carried out depends on how decisions are made in 

the project. . 

 

 A number of variables were identified as useful in describing open source project 

requirements. As related to project requirements, these variables are: visibility, clarity, 

origin, and source. Visibility is defined as the degree to which a project requirement is 

implicitly or explicitly stated. Clarity refers to the degree to which a project requirement is 

vaguely or specifically stated. Origin identifies where the project requirement comes 

from. In other words, it indicates whether it is offered by either a member of the project 

community or by a member of the project administration team. Finally, source is defined 

as the number of individuals that have offered software requirements to the project. Each 

variable can take on a number of different values (referred to here as states). These 

values are outlined and defined in the following table. 
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Table 10. Potential Requirements Elicitation Variables 

Variable State Definition 

Visibility 

Nonexistent 
Requirements are neither implicit nor explicit, but 
rather nonexistent 

Implicit 
Requirements remain unwritten and unstated and 
are simply understood 

Explicit Requirements appear in written form  

Clarity 

Unclear Requirements are nonexistent or ambiguous 

Vague 
Requirements are stated in general terms and 
remain imprecise 

Specific Requirements are detailed and unambiguous 

Origin 

Bottom-up Requirements stem from the project community  

Entire 
community 

Requirements stem from both the project 
community and from the project 
founders/administrators 

Top-down 
Requirements stem from project founders or 
project administrators 

Source 

One Requirements are determined by a single individual 

Few 
Requirements are determined by a small number 
of individuals 

Many 
Requirements are determined by a large number of 
individuals 

Plasticity 

Flexible 
Requirements are in a state of flux and evolve as 
work on the project unfolds 

Rigid 
Requirements are largely static and remain 
unchanging throughout 

 
 

 Based on the above variables and their various states, the following potential 

Project Requirements profiles for the open source project goals dimension of open 

source project governance were developed. The first profile is labeled Emergent 

Requirements. A project is characterized by emergent requirements when its 

Requirement Visibility is either implicit or explicit, its Requirement Clarity is vague, its 

Requirement Origin is bottom-up, its Requirement Source is many, and its Requirement 

Plasticity is flexible. In other words, these projects’ requirements are offered in majority 
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by a number of individuals from the project community as opposed to project 

administrators, are rather vague in nature, and can be modified or changed altogether 

over time, hence the emergent label. On the other hand, a project is characterized by 

Fixed Requirements when its Requirements’ Visibility is explicit, its Requirements’ Clarity 

is specific, its Requirements’ Origin is top-down, its Requirements’ Source is one or few, 

and its Requirements’ Plasticity is rigid. In other words, these projects’ requirements are 

plainly visible, they are specifically stated, they largely stem from one or a small number 

of project administrators, and they remain unchanged over time. 

 
 
Table 11. Potential Requirements Elicitation Profiles 

Profile Visibility Clarity Origin Source Plasticity 

Emergent 
requirements 

Implicit or 
explicit 

Vague Bottom-up Many Flexible 

Fixed 
requirements 

Explicit Specific Top-down One or few Rigid 

 

2.4.2 Task Assignment 

 

The key element of the open source process, as an ideal type, is voluntary 

participation and voluntary selection of tasks. 

 

Weber (2004, p. 62) 

 

 In open source projects, each member is generally entirely free to choose what 

he wishes to work on or to contribute. Anyone who is willing to participate can usually 

become a member (Crowston et al. 2005c). Division of labor is not organized in any 

conscious manner nor is it enfirced. Project members are free to choose what to focus 

on instead of having work assigned to them (Sharma et al. 2002). In fact, the open 
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source development process is not compatible with the notion of division of labor (Weber 

2004). Given the large number of contributors in many OSS projects, labor is in fact 

distributed among project members so it is not really divided in the industrial sense of 

the term. 

 

 The selection of tasks to work on brings up the notion of project member roles or 

member groups. OSS projects combine heterogeneous member groups, who have work 

on different tasks. However, as their roles change, they may move from one group to 

another (Crowston et al. 2005a). It is useful to distinguish between the various groups 

within OSS projects (see Table 3). OSS project members can be classified into either the 

user group or the developer group (Xu 2003). Both passive users and active users make 

up the user group. Passive users do not make any direct contribution to the project. 

Instead, they represent a user base for the software. They simply download and use the 

software to fulfill a particular need. On the other hand, active users are involved in a 

number of different activities. For example, they identify and report bugs, suggest new 

features, and exchange information with other project members. They can do this by 

posting messages to project forums or mailing lists. The developer group is comprised of 

peripheral developers, central developers, core developers, and project leaders. 

Peripheral developers irregularly fix bugs, submit patches, add features to the software,  

provide support, write documents, and exchange information with others. Central 

developers more regularly fix bugs, submit patches, add features,  provide support, write 

documents, and exchange information with other members of the project. Core 

developers significantly contribute to projects, manage VCS releases, and also manage 

both peripheral and central developers. Finally, project leaders are involved in guiding 

the vision, goals, and direction of a project. A summary of the above classification is 

provided in Table 13. 
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Table 12. OSS Project Groups 

Project Group Definition 

Passive users Make no direct contributions to the project other than forming a 
user base for the software. 

Active users Identify and report bugs, suggest new features, and exchange 
information with other project members by posting messages to 
project forums or mailing lists. 

Peripheral 
developers 

Irregularly fix bugs, add features to the software, submit patches, 
provide support, write documents, and exchange information with 
others. 

Central 
developers 

More regularly fix bugs, add features, submit patches, provide 
support, write documents, and exchange information with other 
project members. 

Core developers Significantly contribute to projects, manage VCS releases, and 
also coordinate both peripheral and central developers. 

Project leaders Guide the vision, goals, and direction of a project. 

 
 

 Following Xu et al. (2005), we define OSS project development members as all 

of the above members with the exception of the passive user group. Since they do not 

directly contribute to a project, they are not considered to be part of the development 

team. 

 

 Also, as OSS projects grow and mature, they are frequently partitioned by the 

projects’ owners into more manageable units/modules that are then handled by 

individuals or teams while the coordination of the project as a whole remains the 

responsibility of the project owners. In larger projects, units/modules may be subdivided 

further. Official product releases and distribution in OSS communities are generally 

managed by an individual or a group of individuals (Sharma et al. 2002). 

 

 However, when it comes to the architecture and direction of development, it is a 

small group of core developers  who typically develop the vast majority of code released 
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by a project (Mockus et al. 2002; Scacchi et al. 2006). While project membership is 

usually open to anyone who is willing take part in a project, a process of vetting and 

quality control is often used for appointments to more responsible positions such as core 

developer (Markus et al. 2000). 

 

 There are two main types of task assignment carried out in open source projects. 

We label the first self-selected task assignment. These types of assignments occur when 

project members decide by themselves, which tasks they want to work on. On the other 

hand, community determined task assignment refers to tasks that are assigned to project 

members by project administrators. Both types of task assignment are summarized in 

the following table. 

 
Table 13. Potential Task Assignment Coding Scheme and Profiles 

Variable State/Profile Definition 

Task 
Assignment 

Self-selected 
Project members self-select into tasks offered 
by the project 

Community-
determined 

Project members are specifically asked to work 
on certain tasks 

 
 

 Three potential task assignment profiles are outlined: self-selected, mixed, and 

community-determined. While the self-selected and community-determined profiles 

correspond to the above definitions, a mixed project profile for task assignment simply 

denotes a project that is characterized by an almost equal number of self-selected and 

community-determined task assignments. 
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Table 14. Potential Task Assignment Profiles 

Variable State Definition 

Task 
Assignment 

Self-selected 
Project members always self-select into tasks 
offered by the project 

Mixed 
Project members self-select into tasks and are 
also sometimes asked to work on certain tasks. 

Community-
determined 

Project members are always specifically asked 
to work on certain tasks 

 

2.4.3 Processes for Managing Software Changes 

 

 VCSThe VCS is a popular configuration management tool for maintaining the 

source code of the software application. The first such system was the Revision Control 

System (RCS) written in the early 1980s. The first system that could handle entire 

projects was written in 1986 and eventually evolved into the most widely used versioning 

system, the open source Concurrent Versions System, commonly known as CVS (Deek 

et al. 2007). Systems like the CVS have become crucial to open source development 

since they allow distributed developers to not only access a shared repository of the 

source code, but also allow for concurrent changes to the code base while keeping track 

of every change made to the source code. Any previous version of a project is easily 

accessible meaning that a versioning system serves as a complete record of the history 

of all earlier versions of a project and all the changes made to a project’s source code. 

They also allow for a merging of changes into an updated version of a project on the 

repository. CVS software also monitors for potential conflicts that may occur because of 

the frequent simultaneous accesses to the source code. 

 

 CVS is a client-server system under which software projects are stored in a 

repository on a central server that serves content to remote clients. Multiple developers 

can remotely and concurrently check-out (download) the latest version of a project from 
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the repository using the client-side of a CVS. They can then udpate their local copy of 

the source code and then commit (save) any changes they have made to their working 

copy back to the central repository. This can be accomplished in a coordinated manner 

when developers have commit (save) privileges (Deek et al. 2007). This is also known 

as the copy-modify-merge development cycle. So that the master copy of the software 

remains as bug-free as possible, any changes are generally only committed after testing 

is complete.  

 

 Local copies of the software application (as opposed to the current live copy in 

the repository) can easily be modified and updated by developers. Only read access to 

the source code repository is required for these kinds of operations since the repository 

copy is unchanged by the developer, only referenced and/or checked-out (downloaded). 

On the other hand, the commit (save) command applies changes to the repository 

source code. Therefore, write access privileges to the repository are needed for a 

commit operation . In many open source projects, write access privileges are reserved to 

a limited number of core developers or project maintainers. Project members who want 

to contribute and submit changes to the repository must send them as patches first. A 

core developer or project maintainer then reviews and tested the patch and assesses 

whether is suitable for inclusion into the main code. If so, the developer/maintainer then 

has the option of committing the patch to the repository by using the commit command.  

 

 Version control systems (VCS), the more generic term used to refer to all 

different types of version control software, can help project administrator manage a 

project in a number of different ways. For example, they facilitate interdeveloper 

communications, bug management, and release management (Fogel 2005). This is 

made possible because these systems provide a central coordinating force that makes it 
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easier for multiple geographically dispersed project members to work toward common 

goals. As noted by Fogel and Bar (2003, p. 10): “CVS became the free software world’s 

first choice for revision control because there’s a close match…between the way CVS 

encourages a project to be run and the way free projects actually do run.”  

 

 The underlying feature of version control is change management. In other words, 

each and every modification that is made to the source code is identified and annotated 

with metadata that records when the change took place as well as who made the 

change. These systems are a form of communication mechanism where the basic unit of 

information is a change (Fogel 2005). 

 

 Newcomers that are granted a VCS access privilege can access to the source 

code, but they cannot apply changes to the final code. A newcomer becomes a core 

developer when the project administrator(s) give(s) him the responsibility of a full 

software module and the ability to commit (save) changes to the source code (Devan 

and Di Tullio 2008). 

 

 Therefore, processes for managing software changes revolve around access to 

the VCS. First, VCS commit access privileges can be granted to a small or a large 

number of project members. Second, the VCS commit access role can be either 

exclusive or not to project administrators. In other words, while many commit access 

rights can be granted in a given project, it is possible that these rights are only granted to 

project members that have been accepted as project administrators. Third, many – but 

not all – open source projects have VCS commit policies. These policies can be either 

vague in that they are largely imprecise or ambiguous, or specific when stated in a 

detailed and clear way. These three variables, along with their respective states and 
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state definitions are presented in the following table. 

 

Table 15. Potential Variables for Processes for Managing Software Changes 

Variable State Definition 

VCS commit 
access rights 

None No VCS access privilege is granted. 

Few 
VCS write access privileges are granted only to 
a small number of project members 

Many 
VCS write access privileges are granted to a 
large number of project members 

VCS commit 
access roles 

Exclusive to 
project 

administrators 

VCS write access privileges are limited to 
project administrators only 

Not exclusive to 
project 

administrators 

VCS write access privileges are not only limited 
to project administrators, but are also granted to 
other project members 

VCS commit 
policies 

None 
VCS policies for committing changes to the 
code repository are nonexistent. 

Vague 
VCS commit policies that are stated in general 
terms and that remain imprecise or ambiguous. 

Specific 
VCS commit policies that are detailed and 
unambiguous. 

 
 

Based on the above variables, two potential profiles for managing software 

changes are developed. The first project profile, labeled strict, is mainly characterized by 

VCS commit access roles that are exclusive to project administrators and by VCS 

commit policies that are specifically stated. On the other hand, the second project profile, 

labeled relaxed, is characterized by VCS commit access roles that are not exclusive to 

project administrators and by VCS policies that are either nonexistent or vague. Both 

profiles are summarized in the following table. 

 

Table 16. Potential Profiles of Processes for Managing Software Changes 

Profile VCS Commit 
Access Rights 

VCS Commit Access 
Roles 

VCS Commit 
Policies 
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Strict None/One/Few Exclusive to project 
administrators 

Specific 

Relaxed Few/Many Not exclusive to 
project 

administrators 

None/Vague 

 

2.4.4 Release Control 

 

 One of the major difference between open source projects and proprietary ones 

is the absence of centralized control over the development team in the former. This 

difference is especially pronounced when a new release is being prepared. In the 

context of a software development project carried out within an organization, 

management can decide to focus its entire development team on an upcoming release, 

forcing them to discard any new feature development and non-critical bug fixing until 

after the software release. On the other hand, this is not possible in a volunteer setting in 

which many open source projects operate. As such, different governance practices need 

to be considered for these projects (Fogel 2005). 

 

  

 

 The release manager is part of the core development group who is responsible 

for product releases. Part of his role is to identify any outstanding problems and take 

corrective actions where needed. The role is not necessarily limited to one individual, but 

can be transferred from one core developer to another (Sharma et al. 2002). For 

example, in the Apache project, when the product nears a release date, one of the 

members of the core development group volunteers to take on the role of release 

manager. If there are any roadblocks that can affect the release schedule, he must 

identify and address them. The release manager also acts as a gatekeeper to the code 
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repository. The goal is to prevent other developers from inadvertently changing things 

that should not be modified until after the software is released. The release manager 

must ensure that any outstanding items are identified and dealt withand that most loose 

ends are tied up (Mockus et al. 2002). 

 

 Software releases tend to take place when a sufficient number of features have 

been added since the last release of the software or when a sufficient number of bugs 

have been fixed. However, in some case, new versions of the software may be released 

for political reasons because it may bring public attention the project and the software 

product. It is the core developers’ task to decide on the precise moment of a new 

release. Release managers then commonly establish what is often referred to as a code 

freeze. A code freeze indicates that no significant new code is added to the software 

from that point on. However, it is still possible for developers to fix bugs. This means that 

code can be added or modified only if this is absolutely necessary to fix known bugs 

(Fogel et al. 2003). Other similar terms that are also used by release managers include 

soft freezes and hard freezes. The goal of soft freezes is to avoid destabilizing changes 

to the software. On the other hand, hard freezes allow only for code modifications that 

repair known and easily-handled bugs. 

 

 Pre-release freezes can bring about a number of restrictions to development . 

However, these can be mitigated when projects are split into a development branch and 

a stable branch, also known as project partitioning. The development branch consists of 

the main project trunk. When core developers decide to release anew version of the 

software, a branching of the project can be considered. At that point a release branch 

can be evolved until it stabilizes and developers can continue to work on a main 

development trunk which remains unaffected by the freeze (Deek et al. 2007). In 
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essence, the source code is isolated from development in order to get a release 

stabilized(Fogel 2005). Bugs that are identified and fixed on the release branch resulting 

from the pre-release freeze can then also be applied to the development branch. A beta 

release can also be considered prior to the release of the new software version. Beta 

versions of the product are characterized as being both fairly well-tested and relatively 

stable. After the new software version is release, development on the release branch is 

terminated and focused entirely once again on the main project trunk.   

 

 In some specific cases like the Linux project for example, the development truck 

and the release branch remain active at all times. They remain both publicly accessible 

and cater to different audiences. Those looking for stability and robustness focus on the 

release versions while the development branch is generally intended for those 

developers, early adopters, and users who want to use or test new features that have 

yet to be included in the stable release version (Deek et al. 2007). 

 

 Finally, while conventional software development projects rarely proceed without 

a clear idea of timetables for software releases, the situation is somewhat different in 

open source project. Indeed, while some projects clearly refer to explicit timetables and 

schedules for version releases, others release their software in an ad hoc, arbitrary 

manner. Also, some projects may release software on a regular basis despite the fact 

that they never explicitly refer to timetables. 

 

 The above discussion on release control underscores three important variables 

that need to be taken into account when considering this facet of open source projects: 

release manager role, project partitioning, and timetables for software releases. Each of 

these three variables is presented in the following table, along with their potential states 
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and related definitions. 

 

Table 17. Potential Release Control Variables 

Variable State Definition 

Release 
manager role 

None 
There is no release manager who oversees 
product releases 

Occasional 
A release manager is sometimes appointed to 
oversee product releases 

Enforced 
A release manager always oversees product 
releases 

Project 
partitioning 

No 
The project is not partitioned into a development 
branch and a stable branch 

Yes 
The project is partitioned into a development 
branch and a stable branch 

Timetables for 
software 
releases 

None 
The software is released in an arbitrary manner 
with no particular timetable 

Vague 
While no explicit timetable is referred to, the 
software is released on a regular basis 

Specific 
Explicit timetables are used for releasing the 
software 

 
 

 Three specific combinations of these variables indicate the potential for three 

release control profiles. The first of these profiles was labeled ad hoc releases. Projects 

characterized by ad hoc releases do not make use of release managers, do not partition 

their project into a development branch and a stable branch, and only vaguely refer to 

timetables for software releases. Projects characterized by controlled releases are 

different in that they resort to project partitioning. The last profile was labeled managed 

releases. These types of projects establish a release manager role, conduct project 

partitioning, and also specifically refer to the release of the software, with a specific 

reference to a date or timetable for releases. 

 
Table 18. Potential Release Control Profiles 

Profile Release Manager Project Partitioning Timetables for 
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Role Software Releases 

Ad hoc releases No No Vague 

Controlled 
releases 

No Yes Vague 

Managed 
releases 

Yes Yes Specific 

 

2.4.5 Software Development Processes Profiles 

 
Table 19. Potential Software Development Processes Profiles 

Profile Requirements 
Elicitation 

Task 
Assignment 

Processes for 
Managing Software 

Changes 

Release 
Control 

Undefined 
process 

Emergent Self-selected Relaxed Ad hoc  

Defined 
process 

Fixed Community-
determined 

Strict Controlled 

Managed 
process 

Fixed Community-
determined 

Strict Managed 

 
 

2.5 Conflict Resolution and Rule Changing 

 

 The elements pertaining the conflict resolution and rule changing dimension of 

governance were grouped into two major categories identified in the literature: rules and 

procedures for resolving conflict and rules for creating new rules (Jensen et al. 2005; 

Shaikh et al. 2003). 

 

2.5.1 Conflict Resolution  

 

 The word conflict is often associated with negative undertones. However, 

because deliberation is a valued principle of community behavior, it is not generally 

considered detrimental to open source projects (Markus et al. 2000). However, should 
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conflict escalate and have detrimental effects on the development process, conflict 

resolution mechanisms and sanctions are called upon as they are well-established in 

OSS projects. There are strong social pressures that take the form of norms against 

noncompliance with norms in open source communities. In the event of continued 

noncompliance, collective sanctions such as flaming (sending someone hostile, angry, or 

inflammatory e-mails), spamming (flooding someone with unsolicited e-mail), and 

shunning (deliberately refusing to respond or ignoring or ostracizing a member for 

misbehavior) can ensue (Sagers 2004). When faced with such actions, project members 

often leave the project on their own initiative. It is also important to note that core 

members of the development team and even project founders are not immune to 

sanctions from other project members. When project leaders are sanctioned, they often 

either comply with other project members and change their behavior or even leave the 

community altogether (Markus et al. 2000). Furthermore, since reputation is one of the 

prime motivators for OSS developers to join projects (Raymond 1999), many developers 

strive to maintain reputations levels by complying with group norms and making quality 

contributions to the project (Markus et al. 2000). 

 

 Two variables stand out when considering conflict resolution in open source 

projects: noncompliance norms and collective sanctions. Noncompliance norms are 

apparent social pressures in the form of accepted rules against noncompliance. These 

can be either referred to by project members or clearly stated in a project’s 

documentation. Collective sanctions are reprisals that are carried out in the event of 

continued noncompliance. Each variable along with its states and respective definitions 

are provided next. 
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Table 20. Potential Conflict Resolution Variables 

Variable State Definition 

Noncompliance 
norms 

None 
There are no apparent social pressures in the 
form of norms against noncompliance 

Few 
There are some social pressures in the form of 
norms against noncompliance 

Many 
There are many social pressures in the form of 
norms against noncompliance 

Collective 
sanctions 

None 
No collective sanctions are carried out in the 
event of continued noncompliance 

Few 
Some collective sanctions are carried out in the 
event of continued noncompliance 

Many 
Many collective sanctions are carried out in the 
event of continued noncompliance 

 
 

 Based on these two variables, three potential profiles were developed: 

unmanaged conflict, addressed conflict, and managed conflict. Unmanaged conflict 

occurs when a project does not have noncompliance norms and does not carry out 

collective sanctions. A project is characterized by addressed conflict when it refers to few 

noncompliance norms and when some collective sanctions are carried out. Finally, 

managed conflict occurs in projects where there are many noncompliance norms 

established and where many collective sanctions are carried out following 

noncompliance by community members. 

 

Table 21. Potential Conflict Resolution Profiles 

Profile Noncompliance Norms Collective Sanctions 

Unmanaged 
conflict 

None None 

Addressed 
conflict 

Few Few 

Managed conflict Many Many 
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2.5.2 Rules for Creating New Rules 

 

 Groups norms are the agreements, implicit or explicit, reached by members of a 

project, concerning what should or should not be done by its members and when it 

should or should not be done. In many ways, group norms consist of rules of conduct for 

project members and structure the entire development process in addition to group 

interactions (Deek et al. 2007). Norms for group interaction are sometimes referred to as 

social protocols and are defined by members of the group . They can consist of informal 

patterns of interaction are can take the form of explicit policies. For example, some open 

source projects often have highly detailed FAQs that contain social protocols (Deek et al. 

2007). Others establish developer guidelines that are social in nature in addition to 

technical. They outline how developers should interact with each other and with users of 

the software, and also explicate how work should be carried out in the project (Fogel 

2005). Developer guidelines can include some of the following: pointers to forums for 

interaction with other developers, instructions on how to report bugs and submit patches, 

and some indication of how development work is performed (Fogel 2005). For example, 

a social protocol or norm in the FreeDSB project (Committers’ guide, rule 10) requires 

that “a committer shall do pre-commit testing to prevent breaking the build in the 

development branch” (Jorgensen 2001). 

 

 Given the nature of open source projects, group norms or rules generally emerge 

and also evolve over time as the software is developed. When a project is very young, 

project administrators often have to establish guidelines in the absence of a long project 

history or extensive development experience to draw upon. Therefore, as the project 

matures, there may come a time when there is a disconnect between these guidelines 
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and how work is actually carried out in the project. As such, guidelines can be adjusted 

to reflect the way things are done at a specific point in time (Fogel 2005). The time can 

also come for establishing new rules or norms. When required, this process may itself be 

influenced and determined be rules that were previously established, in other words, 

rules for creating new rules. 

 

 Based on the above, three states were identified for the rules for creating new 

rules variables: none, few, and many. Definitions are provided next. 

 

Table 22. Potential Variables for Rules for Creating New Rules 

Variable State Definition 

Rules for 
new rules 

None 
The are no rules or guidelines for creating new rules 
established in the project 

Few 
The are some rules or guidelines for creating new rules 
established in the project 

Many 
There are rules or guidelines for creating new rules 
established in the project 

 
 

2.6 Use of Information and Tools 

 

 Use of information and tools is the sixth and final dimension of open source 

project governance. This dimensions refers to governance elements identified in the 

literature that can be grouped into two separate categories as the name of the dimension 

indicates: rules about how information will be communicated and managed (use of 

information) and rule about how technological tools and repositories will be used (use of 

tools) (Jorgensen 2001; Shaikh et al. 2003; Yamauchi et al. 2000). 
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2.6.1 Information Rules 

 

 How information should be used and managed is often made clear in open 

source projects. For example, it is often recommended that information be 

communicated publicly. In other words, all developers and users should be using public 

mailing lists or newsgroups to carry out their discussions. These discussions can include 

announcements, bug reports, problems and how to solve them, design and development 

issues, and proposals for future versions of the software. If developers carry out their 

work by exchanging private emails or by using closed internal meetings , then 

newcomers to the project or existing users of the software may very well get the 

impression that they are not really a part of the community. This may, in turn, lead them 

to not be inclined to participate as much as they would otherwise (Goldman et al. 2005). 

Also, conducting design and development work on public mailing lists makes it possible 

to preserve a historical record of the work accomplished in the form of mailing list 

archives. Since design and development decisions are rarely preserved in any kind of 

formal documentation, public mailing list archives are useful when new people join the 

project and need to understand why certain decisions were made the way they were.  

 

 As previously indicated, some open source projects often have highly detailed 

FAQs that underscore the social protocols that should be followed in a given project 

(Deek et al. 2007). Others establish developer guidelines that define how work should be 

performed in a project (Fogel 2005). These guidelines are social in addition to technical 

and can cover such things as pointers to forums for interaction with other developers, 

detailed instructions on how to report bugs and submit patches, and some indication of 

how development work is carried out in the project (Fogel 2005). 
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 Two variables are underscored below. Rule clarity refers to the degree of 

accuracy of stated rules in open source projects, which is described as either vague or 

specific. Also, rule enforcement is defined as the degree to which these rules are 

optional for project members, or mandatory. Both variables are described in turn below. 

 
Table 23. Potential Coding Scheme and Profiles for Information Rules 

Variable State/Profile Definition 

Rule clarity 

No rules 
Rules about the use and management of 
information are nonexistent 

Vague rules 
Rules about the use and management of 
information are vaguely referenced or implied 

Specific rules 
Rules about the use and management of 
information are specific and explicit 

Rule 
enforcement 

Optional rule 
Rules about the use and management of 
information are optional. 

Mandatory rule 
Rules about the use and management of 
information are mandatory. 

 
 

 Based on the rule clarity and rule enforcement variables and their respective 

states, four different profiles were identified and are each outlined in the following table. 

 

Table 24. Potential Information Rules Profiles 

Profile Rule Enforcement Rule Clarity 

Optional and 
Vague Rules 

Optional Vague 

Optional and 
Specific Rules 

Optional Specific 

Mandatory and 
Vague Rules 

Mandatory Vague 

Mandatory and 
Specific Rules 

Mandatory Specific 
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2.6.2 Tools Rules 

 

 In addition to the use of information, it is important to point out that information 

technology is the key enabler of open source projects. IT is used for both product 

development and support and for project coordination and support. A standard set of 

tools for managing information is typically offered in any open source project. Some 

examples include: a web site, mailing lists, version control software, and bug tracking 

software. Each of these tools addresses a particular software development need. 

However, their functions are interrelated (Fogel 2005).  

 

 This underlying communication technology makes visible the behavior of 

developers and contributors to the project, which in turn allows for the enforcement of 

the above rules (Markus et al. 2000). Furthermore, some rules are themselves hardwired 

into the technological tools that support OSS development. These rules are sometimes 

referred to as technological – as opposed to social – protocols (Deek et al. 2007). Many 

assumptions are made about the expected behavior of developers by OSS tools 

designed to support collaboration between software developers. These assumption are 

in fact embodied in the technical realization of these tools. 

 

 As for information rules, two variables were chosen to describe the use of 

technological tools. Rule clarity refers to the degree of accuracy of stated technological 

tools rules in open source projects, which is described as either vague or specific. Also, 

rule enforcement is defined as the degree to which these rules are optional for project 

members, or mandatory. Both variables are described in turn below. 
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Table 25. Potential Variables for Use of Technological Tools 

Variable State Definition 

Usage 
Optional The use of project tools is optional 

Mandatory The use of project tools is mandatory 

Rule clarity 

Vague 
Rules about the use of tools are vaguely 
referenced or implied 

Specific 
Rules about the use of tools are specific and 
explicit 

 
 

 Based on the rule clarity and rule enforcement variables and their respective 

states, four different profiles for technological tools rules were identified. Each is outlined 

in the following table. 

 
Table 26. Potential Technological Tools Rules Profiles 

Profile Rule Enforcement Rule Clarity 

Optional and 
Vague Rules 

Optional Vague 

Optional and 
Specific Rules 

Optional Specific 

Mandatory and 
Vague Rules 

Mandatory Vague 

Mandatory and 
Specific Rules 

Mandatory Specific 

 

2.6.3 Use of Information and Tools 

 

 Based on the above profiles, 16 different profiles for the use of information and 

tools dimensions of open source project governance were identified. Each are self-

explanatory based on the previous definitions provided and are outlined in the following 

table. 
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Table 27. Potential Use of Information and Tools Profiles 

Profile Information Rules Tools Rules 

Option and Vague and 
Optional and Vague 

Optional and Vague Rules Optional and Vague Rules 

Optional and vague and 
optional and specific 

Optional and Vague Rules Optional and Specific 
Rules 

Optional and vague and 
mandatory and vague 

Optional and Vague Rules Mandatory and Vague 
Rules 

Optional and vague and 
mandatory and specific 

Optional and Vague Rules Mandatory and Specific 
Rules 

Optional and specific and 
optional and specific 

Optional and Specific 
Rules 

Optional and Specific 
Rules 

Optional and specific and 
optional and vague 

Optional and Specific 
Rules 

Optional and Vague Rules 

Optional and specific and 
mandatory and vague 

Optional and Specific 
Rules 

Mandatory and Vague 
Rules 

Optional and specific and 
mandatory and specific 

Optional and Specific 
Rules 

Mandatory and Specific 
Rules 

Mandatory and Vague and 
Mandatory and Vague 

Mandatory and Vague 
Rules 

Mandatory and Vague 
Rules 

Mandatory and Vague and 
optional and Vague 

Mandatory and Vague 
Rules 

Optional and Vague Rules 

Mandatory and Vague and 
optional and specific 

Mandatory and Vague 
Rules 

Optional and Specific 
Rules 

Mandatory and Vague and 
Mandatory and specific 

Mandatory and Vague 
Rules 

Mandatory and Specific 
Rules 

Mandatory and Specific and 
Mandatory and Specific 

Mandatory and Specific 
Rules 

Mandatory and Specific 
Rules 

Mandatory and Specific and 
optional and vague 

Mandatory and Specific 
Rules 

Optional and Vague Rules 

Mandatory and Specific and 
optional and specific 

Mandatory and Specific 
Rules 

Optional and Specific 
Rules 

Mandatory and Specific and 
Mandatory and vague 

Mandatory and Specific 
Rules 

Mandatory and Vague 
Rules 

 
 

2.7 Validating the Governance Framework 

 

 Given the relative newness of the open source governance framework, we 
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carried out a qualitative study in order to perform a preliminary validation of the 

governance dimensions developed in Chapter 3 and determine the major configurations 

of the above dimensions of OSS project governance. In other words, the qualitative 

study not only allowed us to validate and improve the developed dimensions, but also to 

uncover a limited number of configurations of governance dimensions that represent a 

unique, tightly integrated set of governance dynamics. This study and its findings are 

reported in the next chapter. The findings set the groundwork for then leveraging the 

framework and using it to better understand (1) the relationship between the dimensions 

of OSS governance and the specific purposes that governance is hypothesized to serve, 

and (2) the influence of various configurations of governance dimensions on the 

performance of open source projects.  

 

 Ultimately, this thesis provides both researchers and practitioners with the first 

validation of a multi-dimensional open source governance framework along with the 

major configurations of open source project governance. In addition, the nomological 

validity of the framework will also be assessed by studying its relationship to the 

purposes that governance is hypothesized to serve in an open source context and by 

testing its relationship to the performance of open source projects. 

 
 



 

109 
 

Chapter 4 – Case Study 

 

 Given the relative newness of the open source governance framework, we 

decided to conduct a qualitative case study in order to accomplish a preliminary 

validation of the governance dimensions developed in Chapter 3. In other words, while 

Chapter 3 addressed our first research question: What is open source project 

governance and how can it be conceptualized?, this chapter seeks to validate the 

proposed conceptualization of governance so that we can have a firm grounding on 

which to undertake the subsequent quantitative survey where predictions are made 

about the relationships between the various configurations of open source project 

governance and the purposes and performance of open source projects. 

 

1. Research Method 

 

 Prior theorizing is an essential input in an explanatory case study design as 

proposed here (Lee 1989; Yin 2003). The use of case study research to test theory 

requires the specification of theoretical propositions derived from an existing theory 

(Cavaye 1996). As such, in Chapter 3, we laid out our orienting frame and clearly 

specified what factors (or constructs) we will be investigating. Since Klein and Meyers 

(1999) suggest that the principles or guidelines formulated by Lee (1989) and Yin (2003) 

have become the de facto standard in positivist case studies in the field of Management 

Information Systems (MIS), they were adopted here.2 

                                                
2
 Klein & Meyers (1999) published a paper in MISQ in which they propose a set of principles for conducting 

and evaluating interpretive research in information systems. In contrasting the interpretive and positivist 
approaches, they acknowledge Lee (1989) and Yin’s (2003) work as having become the standard in MIS 
positivist case study research. In fact, both Lee and Yin are among the most widely cited authors with regard 
to the positivist case study approach in MIS.  
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 We derived governance dimensions based on the theoretical lens we adopted 

(configuration theory) and then compared each dimension against the collected case 

data. These governance dimensions not only reflect important theoretical issues, but 

also begin to tell one where to look for relevant evidence. Hence, as emphasized by Lee 

(1989), rigorous explanatory case research presumes that the theory of interest is stated 

explicitly in the first place and that predictions following from the theory are also explicitly 

stated by the researchers. In addition, as underscored by Dubé and Paré (2003) in a 

review of positivist MIS case study research, all of the explanatory case studies they 

reviewed in the top journals of the field explicitly stated the theory of interest, while 94% 

of the studies stated the various predictions deducted from the theory itself. 

 

 Furthermore, an a priori specification of constructs can also help shape the initial 

design of the research (Eisenhardt 1989). If these constructs prove to be important as 

the study progresses, then we can have greater confidence in the theory adopted and 

the framework developed. As previously emphasized, several potentially important 

constructs from the literature were identified – here the OSS governance dimensions. 

These constructs were assessed in the pilot study. If they emerge as related to the 

governance of open source projects, then we will have strong concepts on which to 

ground subsequent phases of the thesis as outlined in Chapter 5.  

 

1.1 Data Collection 

 

 Eight open source projects were selected from SourceForge.net 

(www.sourceforge.net), also known as SourceForge. SourceForge is the world's largest 

open source software development web site. It offers open source developers a 
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centralized resource for managing projects, issues, communications, and code. 

SourceForge hosts over 100,000 projects and has over 1.5 million registered users. 

SourceForge’s mission is to enrich the open source community by providing a 

centralized infrastructure for developers to deploy and manage OSS projects. 

 

 A short description of each project is provided next. 

 

Project A: Cross-platform multi-traick software developed for editing and recording 

sounds. 

Project B: A groupware suite that includes email, address book, calendar, and a content 

management wiki, among other things. 

Project C: A system administration tool for Unix services and servers. 

Project D: Project that provides C++ libraries. 

Project E: Web-based artifact tracking and management system. 

Project F: Web-based bug-tracker to help with product bug tracking. 

Project G: Program aimed at monitoring and controlling the physical environment.  

Project H: Model-airplane flight simulation program. 

 

1.1.1 Data Source 

 

 The primary source of data consisted of projects’ public developer mailing lists, 

which are archived on SourceForge. While projects hosted on SourceForge often also 

use other mailing lists for communication purposes (e.g., user support, software release 

announcements, software translations, etc.), these were not selected for analysis since 

the development lists are the main place where significant project development 

discussion and coordination take place (Crowston et al. 2005c; von Krogh et al. 2003). 
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We imported all relevant mailing list postings for each project to Nvivo for data analysis. 

After having removed junk postings to the list, we were left with a total of approximately 

4,800 mailing list posts. 

 

 In order to increase the comparability of our analyses, we examined messages 

from similar periods in the development life cycle for each project. Two specific periods 

were analyzed: the period leading up to the first major software release and the period 

immediately following the foundation of the project. This was done for several reasons. 

First, we expected governance-related activities to occur more frequently around (and 

especially before) a major software release, so we analyzed the period leading up to the 

first open source release for each project (i.e., the release of version 1.0 of the 

software). A similar approach was adopted by Crowston et al. (Crowston et al. 2005c) in 

their study of open source project coordination mechanisms. Second, since many project 

details are often ironed out following the foundation of a project, the first months of 

project operation were also included for analysis. Indeed, it is often immediately 

following the foundation of a project that discussions take place on topics like project 

goals, software requirements, and policies for contributing to the project. We did not set 

a specific time frame for collecting developer mailing list posts prior to the first major 

open source release (e.g., the three months leading up to the first release) or following 

the foundation of a project since the number of posted messages varied from one project 

to the next. In other words, while one project may have had 200 posts in its first 3 

months, another may have had the same number of posts in its first 8 months. As such, 

we decided to collect a sufficient number of messages in order to reach theoretical 

saturation. Put differently, we stopped including mailing list posts for analysis when 

incremental learning was minimal (Eisenhardt 1989). After the analysis of the first three 

projects in the pilot study, we realized that theoretical saturation was reached at around 
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300 messages. Hence, this number was used when collecting mailing list posts for the 

remainder of the projects. 

 

1.1.2 Unit of Analysis 

 

 In selecting and making decisions about the appropriate unit of analysis, we 

specifically asked ourselves what we wanted to be able to explain at the end of the study 

(Patton 2002). Given that we are looking to explicate the governance of open source 

projects, the most appropriate unit of analysis was deemed the project level.  Focusing 

on the project level of analysis will best allow us to answer our research questions. 

 

 

1.1.3 Project Selection Criteria 

 

 Based on the above discussion, a number of criteria for project selection were 

fleshed out. First, projects that had not yet released a first major version of their software 

were not considered since governance-related activities occur more frequently around a 

major release (Crowston et al. 2005c). Second, only projects that used developer 

mailing lists to coordinate the development of the software were considered for case 

studies. This was necessary since developer mailing list communications were the 

primary data source for the pilot study. Developer mailing lists are an invaluable data 

source since they contain all of the pertinent development-related communications that 

take place within a project. Third, selected projects were required to have more than one 

developer. This may seem obvious when researching governance, but it is important to 

note that many projects hosted on SourceForge consist of single-developer endeavors. 

Fourth, since one of the goals of later phases of the thesis is to determine the 
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performance implications of various configurations of open source project governance, 

we were careful in selecting projects with varying levels of performance in order to 

ensure variance in this variable and associated governance characteristics. In other 

words, we used theoretical sampling (Glaser et al. 1967; Strauss et al. 1990) to select 

open source projects that varied in terms of project performance in order to study 

governance in depth. We expected richer findings from studying both low performance 

and high performance projects. SourceForge provides real-time statistics for tracking 

and trending project activity. Project statistics are the basis of project rankings, which 

allow for the activity and vitality of two projects to be compared head-to-head. Four 

indicators of performance were selected in order to provide a preliminary indication of 

the varying levels of performance of the selected projects: project ranking, number of 

software downloads, number of posts to the developer mailing list, and the number of 

project web hits. These statistics relate to all-time values for each project as of February 

2009. Software downloads refer to the number of times the software was downloaded. 

Developer posts is self-explanatory and indicates the number of messages posted to a 

project’s developer mailing list. Project web hits provide the total number of files served 

from the project’s web service, as per collected web server log data. Finally, while the 

ranking algorithm used to determine project rankings is not provided by SourceForge, it 

exists to provide a guideline of the activity of projects. The performance statistics for 

each project are provided in the table below. 
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Table 28. Project Performance Statistics 

Project Rank Downloads Developer Posts Project Web Hits 

Project A 157 119,544 1,810 5,136,040 

Project B 292 8,009 4,131 54,131 

Project C 326 28,097 21,046 260,327 

Project D 390 512,430 25,081 6,626,438 

Project E 1,780 651 6498 41,621 

Project F 4,953 85 623 7,062 

Project G 6,946 165 253 14,487 

Project H 6,973  603 1,578 18,316 

 
 

 As shown above, the selected projects show a large spread in variance for each 

performance metric. Specifically, rankings range from 157 to 6,973, downloads from 

512,430 to 85, developer posts from 25,081 to 253, and project web hits from 6,626,438 

to 7,062. As can be seen by the various indicators, the first four projects can be 

characterized as being relatively successful, whereas the bottom four are less 

successful. 

 

1.2 Operationalization of Governance Dimensions 

 

 Each governance dimension was operationalized based on the literature review 

reported in Chapter 3. These operationalizations are described in turn for each 

dimension, and summarized in descriptive tables. Examples from the data are also 

provided where applicable in order to provide the reader with examples of coded 

statements.  

 

 Specifically, for each governance dimension, variables and their various states as 

defined in Chapter 3 are operationalized through coding rules and codes. Coding rules 
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provide the operational definition of the various states of a given variable and specifically 

indicate when a statement should be coded as pertaining to one state or another. The 

specific codes used during the coding process are also provided. 

 

1.2.1 Ownership of Assets 

 

 Information on open source licenses is available on a project’s main 

SourceForge page, specifically in the “Details” tab, which is the default tab on the main 

page. 

 

 The following table provides the operationalization of the Ownership of Assets 

dimension of governance. 

 

Table 29. Potential Licensing Restrictiveness Coding Rules and Codes 

Variable State Coding Rules and Codes 

Copyleft 

No 
When an open source license does not require that modified 
versions of the software also be open, it is coded as 
“LicenseCopyleftNo”. 

Yes 
When an open source license requires that modified versions 
of the software also be open, it is coded as 
“LicenseCopyleftYes”. 

Viral 

No 
When the software code can be combined with any other type 
of software, it is coded as “LicenseViralNo”. 

Yes 
When the software code can be combined only with other 
software distributed under a license that shares the copyleft 
requirement, it is coded as LicenseViralYes”. 

 

1.2.2 Chartering the Project 

 

 Since open source project goals are often established early in the life of a project, 

mailing list posts made at the moment of the projects’ foundation were analyzed. In 
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addition, project documentation files, as well as the projects’ main SourceForge page, or 

any other stand-alone web sites, were also included in the analysis. 

 

 The following table provides the operationalization of the Chartering the Project 

dimension of governance as well as examples from the case studies conducted. 
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Table 30. Potential Project Goals Coding Rules, Codes, and Examples 

Variable State Coding Rules and Codes Example 

Visibility 

Implicit 

A statement that suggests an objective for the project is coded 
as “GoalImplicit”. When a majority of goals for the project are 
implicit, then goals for the project as a whole are coded as 
“GoalsImplicitProject”.  

“Our recommended stable will be the 
1.0 maybe finished end of October.”  
– Project C 

Explicit 

A statement that specifically refers to an objective for the project 
is coded as “GoalExplicit”. When a majority of goals for the 
project are explicit, then goals for the project as a whole are 
coded as “GoalsExplicitProject”. 

“- we want to focus on a user friendly 
interface (java-script) and more 
 on user demands” – Project C 

Clarity 

Vague 

A goal that is stated in general terms and that remains imprecise 
or ambiguous in terms of what is meant by the objective is 
coded as a “GoalVague”. When a majority of goals for the 
project are vague, then goals for the project as a whole are 
coded as “GoalsVagueProject”. 

“- more open development (wiki 
access, VCS access, ...)” – Project 
C 
 
“…the suite has all the right features, 
it just needs some clean-up and 
polish.” 
– Project C 

Specific 

A goal that is detailed and unambiguous, specifically explaining 
what is meant by the objective, is coded as a “GoalSpecific”. 
When a majority of goals for the project are specific, then goals 
for the project as a whole are coded as “GoalsSpecificProject”. 

“- relaxed license handling…we 
 want to have a LGPL'ed API which 
allows to import other tool-classes 
 with free licenses without 
relicensing / editing them” or “- we 
want 2-4 releases each year…”  
– Project C 

Origin 

Bottom-up 

When a goal is proposed by a project community member, 
rather than a project administrator, that goal is coded as 
“GoalBottomup”. When a majority of goals are proposed by 
community members, rather than project administrators, goals 
for the project are coded as “GoalsBottomupProject”. 

“Maybe in the future this mod can be 
merged with the main tree…”  
– community member from Project C 

Top-down 

When a goal is proposed by a project administrator, rather than 
a project community member, that goal is coded as 
“GoalTopdown”. When a majority of goals are posted by project 
administrators only, rather than community members, goals for 
the project are coded as “GoalsTopdownProject”. 

“- phpGW apps should be 
unchanged installable as long as 
possible”  
– a Project C project administrator 
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Potential Project Goals Coding Rules, Codes, and Examples (Continued) 

Variable State Coding Rules and Codes Example 

Source 

One 

The originator of each both bottom-up and top-down goal is 
identified. If there is a single originator for these goals, the 
source of goals for the entire project is coded as 
“GoalSourceOne”. A goal originator is coded as “GoalSource”. 
The total number of unique goals originators is coded as 
“GoalSourceUnique”. 

N/A 

Few 

The originator of each bottom-up and top-down goal is 
identified. If few originators for these goals are found by adding 
unique “GoalSource” codes, then the source of goals for the 
project is coded as “GoalSourceFew”. 

N/A 

Many 

The originator of each bottom-up and top-down goal is 
identified. If many originators for these goals are found by 
adding unique “GoalSource” codes, the source of goals for the 
entire project is coded as “GoalSourceMany”. 

N/A 
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1.2.3 Community Management 

 

 The following table provides the operationalization of the Community 

Management dimension of governance. Variables and their respective states, coding 

rules and codes, as well as examples are provided. 
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Table 31. Potential Community Management Coding Rules, Codes, and Examples 

Variable State Coding Rules and Codes Example 

Decision-
making 

Decentralized 

When a decision is made by a project community 
member, rather than a project administrator, that decision 
is coded as “DecisionDecentralized”.  
 
When a majority of decisions are made by community 
members, decision-making for the project is coded as 
“DecisionsDecentralizedProject”. 

N/A 

Centralized 

When a decision is made by a project administrator, 
rather than a project community member, that decision is 
coded as “DecisionCentralized”.  
 
When a majority of decisions are made by project 
administrators, decision-making for the project is coded 
as “DecisionsCentralizedProject”. 

N/A 

Split 

When decisions are evenly (or almost) evenly split 
between project administrators and community members, 
decision-making for the project is coded as 
DecisionsSplitProject”. 

N/A 

Membership 
rules 

None No membership rules are stated N/A 

Vague 

A membership rule that is stated in general terms and 
that remains imprecise or ambiguous in terms of what is 
meant by the rule is coded as a 
“MembershipRuleVague”.  
 
When a majority of membership rules for the project are 
vague, then rules for the project as a whole are coded as 
“MembershipRuleVagueProject”. 

“By the way, someone else will have to 
let you know about joining the dev team 
-- I just joined myself :-)”  
– Project C 

Specific 

A membership rule that is detailed and unambiguous, 
specifically explaining what is meant by the rule, is coded 
as a “MembershipRuleSpecific”.  
 
When a majority of membership rules for the project are 
specific, then rules for the project as a whole are coded 

“If you're interested in working on 
Audacity, please join the 
 audacity-devel mailing list and let us 
know what in particular you'd be 
interested in working on and what 
abilities and experiences you have that 
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Variable State Coding Rules and Codes Example 

as “MembershipRulesSpecificProject”. might be useful.”  
– Project D 

Identity 
verification 

None 

When a statement refers to the verification of a project 
member’s identity, it is coded as “IdentityVerification”. 
 
When no identity verification is carried out, the project is 
coded as “IdentityVerificationNone”. 

N/A 

Few 
When some identity verification is carried out, the project 
is coded as “IdentityVerificationsFew”. 

N/A 

Many 
When identity verification is often carried out, the project 
is coded as “IdentityVerificationsMany”. 

N/A 

Member roles 

Self-selected 

When a project member voluntarily offers to fill a given 
role by stating so or by outlining what kind of role he is 
qualified or ready to fill, that post is coded as 
“MemberRoleSelf”. A statement of someone who simply 
submits code without any reference to taking up a role 
would not be coded as such. 
 
When a majority of roles in the project are self-selected, 
member roles for the project are coded as 
“MemberRolesSelfProject” 

“Within the narrow confines of digital 
gain staging and word length reduction 
practices (and possibly compression 
and limiting, though I'm damned if I can 
figure how to implement a realtime 
lookahead limiter for you guys without 
sacrificing latency), I'd suggest that I'm 
the guy you should be talking to. Up to 
you...” 
– Project D 

Community-
determined 

When a project member is asked to fill a given role or if 
requests are put out for roles that need to be filled, those 
posts are coded as “MemberRoleCommunity”. When 
someone is simply asked to tackle a specific task, that 
statement is not coded as such, but is considered a task 
assignment instead. 
 
When a majority of member roles in the project are 
community-determined, member roles for the project are 
coded as “MemberRolesSelfProject”. 

“Volunteers to help maintain would be 
appreciated.” 
 
“Unfortunately we've not yet tested it in 
WebDAV. Most probably will not work 
yet, if you try. Any help here is very 
welcome in the effort or testing it or 
suggesting patches.” 
 
– Project C 
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 Variable State Coding Rules and Codes Example 

Role changes 

Self-determined 

When a project member voluntarily decides to take up a 
different role, that statement is coded as 
“RoleChangeSelf”.  
 
When a majority of role changes in the project are self-
determined, then role changes for the project are coded 
as “RoleChangesSelfProject”. 

“I would like to start addressing bugs in 
as well…” 
– Project C 

Community- 
determined 

When a project member is asked to take up a different 
role, that statement is coded as 
“RoleChangeCommunity”.  
 
When a majority of role changes in the project are 
community-determined, then role changes for the project 
are coded as “RoleChangesCommunityProject”. 

“We need more developers contributing 
to documentation.” 
– Project A 
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1.2.4 Software Development Processes 

 

Requirements Elicitation 

 

 Since open source project requirements are often established early in the life of a 

project, mailing list posts made at the moment of the projects’ foundation were 

particularly useful for this category. In addition, project documentation files, as well as 

the project’s main SourceForge page, or any other stand-alone web site, were also be 

included in the analysis. 

 

 The following table provides the operationalization of the Requirements Elicitation 

category of the Software Development Processes dimension of governance. Variables 

and their respective states, coding rules and codes, as well as examples are provided. 
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Table 32. Potential Requirements Elicitation Coding Rules, Codes, and Examples 

Variable State Coding Rules and Codes Example 

Visibility 

Nonexistent 
In the absence of either implicit or explicit requirements, 
requirements for the project are coded as 
“RequirementsVisibilityNonexistent” 

N/A 

Implicit 

A statement that suggests a requirement for, an 
improvement, or a potential addition or new feature to the 
software is coded as “RequirementImplicit”. When a 
majority of requirements for the project are implicit, then 
requirements for the project as a whole are coded as 
“RequirementsImplicitProject”. 

“From what I've seen thus far, the suite 
has all the right features, it just needs 
some clean-up and polish.” 
– Project C 

Explicit 

A statement that specifically refers to a new feature or a 
requirement for the software is coded as 
“RequirementExplicit”. When a majority of requirements 
for the project are explicit, then requirements for the 
project as a whole are coded as 
“RequirementsExplicitProject”. 

“The export from calendar is a start, but 
a sync using something standard like 
SyncML would be really great for PDA 
users…”  
– Project C 

Clarity 

N/A 
In the absence of either vague or specific requirements, 
requirements for the project as a whole are coded as 
“RequirementsClarityNonexistent”. 

N/A 

Vague 

A requirement that is stated in general terms and that 
remains imprecise or ambiguous in terms of its 
implications for the software is coded as a 
“RequirementVague”. When a majority of requirements for 
the software are vague, then requirements for the project 
as a whole are coded as “RequirementsVagueProject”. 

“From what I've seen thus far, the suite 
has all the right features, it just needs 
some clean-up and polish.” 
– Project C 

Specific 

A requirement that is detailed and unambiguous, 
specifically explaining what is meant by the software 
requirement or providing an example, is coded as a 
“RequirementSpecific”. When a majority of requirements 
for the software are specific, then requirements for the 
project as a whole are coded as 
“RequirementsSpecificProject”. 

“One question though, are there 
currently any development efforts 
towards synching the calendar, 
addressbook and infolog with hand-
helds? The export from calendar is a 
start, but a sync using something 
standard like SyncML would be really 
great for PDA users…”  
– Project C 
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Variable State Coding Rules and Codes Example 

Origin 

Bottom-up 

When a requirement is proposed by a project community 
member, rather than a project administrator, that 
requirement is coded as “RequirementBottomup”. When a 
majority of requirements are proposed by community 
members, rather than project administrators, requirements 
for the software are coded as 
“RequirementsBottomupProject”. 

“From what I've seen thus far, the suite 
has all the right features, it just needs 
some clean-up and polish.” 
 
– Project C community member 

Top-down 

When a requirement is proposed by a project 
administrator, rather than a project community member, 
that requirement is coded as “RequirementTopdown”. 
When a majority of requirements are posted by project 
administrators only, rather than community members, 
requirements for the software are coded as 
“RequirementsTopdownProject”. A requirement originator 
is coded as “RequirementSource”. 

“I would recommend replacing the two 
passwords, with one 
username/password combo. One 
password as subject to brute force 
attacks. So we can gain some security, 
if we switch to username/password 
combo and get rid of the two 
passwords.”  
– Project C project administrator  

Source 

One 

The originator of each bottom-up and top-down 
requirement is identified. If there is a single originator for 
these requirements, the source of requirements for the 
software is coded as “RequirementSourceOne”. A 
requirement originator is coded as “RequirementSource”. 
The total number of unique requirement originators is 
coded as “RequirementSourceUnique”. 

N/A 

Few 

The originator of each bottom-up and top-down 
requirement is identified. If there are few originators for 
these requirements, the source of requirements for the 
software is coded as “RequirementSourceFew”. 

N/A 

Many 

The originator of each bottom-up and top-down 
requirement is identified. If there are many originators for 
these requirements, the source of requirements for the 
software is coded as “RequirementSourceMany”. 

N/A 
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Task Assignment 

  

 For the task assignment profile, will analyze the period leading up to and 

immediately following the first open source release for each project. 

 

 The following table provides the operationalization of the Task Assignment 

category of the Software Development Processes dimension of governance. Variables 

and their respective states, coding rules and codes, as well as examples are provided. 
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Table 33. Potential Task Assignment Coding Rules, Codes, and Examples 

Variable State/Profile Coding Rules and Codes Example 

Task 
Assignment 

Self-selected 

When a project member voluntarily offers to work 
on a given task by stating so or by outlining what 
he is qualified or ready to work on, or by 
submitting his work to the project, that post is 
coded as “TaskAssignmentSelf”. When a majority 
of tasks in the project are self-selected, task 
assignment for the project is coded as 
“TaskAssignmentsSelfProject” 

“I´d like to known a way of contribute with the 
project. I’m studying php but I´not ready to 
start developing apps, but I´d like to help 
translating egroupware into Brasilian 
Portuguese. Where should I start?” 
– Project C 

Community-
determined 

When a project member is asked to work on a 
task or a project member asks for someone to 
take up a given task, that post is coded as 
“TaskAssignmentCommunity”. When a majority of 
tasks in the project are community-determined, 
task assignment for the project is coded as 
“TaskAssignmentsSelfProject”. 

“If you can test our releases, fix our broken 
englisch translations, ... :)”  
– Project C project administrator 
 
“can you please open a bug report?” 
– Project C  
 
“I’d appreciate it is you could all help answer 
questions on the mailing list. If there is a crisis, 
please do whatever needs to be done.” 
– Project D 
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Processes for Managing Software Changes 

 

 For the profiles for processes for managing software changes, will analyze the 

period leading up to and immediately following the first open source release for each 

project. 

 

 The following table provides the operationalization of the Managing Software 

Changes category of the Software Development Processes dimension of governance. 

Variables and their respective states, coding rules and codes, as well as examples are 

provided. 
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Table 34. Potential Coding Rules, Codes, and Examples for Processes for Managing Software Changes 

Variable State Coding Rules and Codes Example 

VCS commit 
access rights 

One 

When a VCS access privilege is granted to a project 
member, that statement is coded as 
“VCSCommitAccessRight”. 
 
When VCS write access privileges are not granted to any 
other project members, a project is coded as 
“VCSCommitAccessRightsOne”.  

“At the moment I see no need for a 
separate project. If it's Ok with Lars and 
Reiner I give you commit rights for our 
VCS repository. You have proven your 
usefullness with the iCal stuff ;-) Please 
send me your sf,net username.” 
– Project C 

Few 
When VCS write access privileges are granted to a small 
number of project members, a project is coded as 
“VCSCommitAccessRightsFew” 

N/A 

Many 
When VCS write access privileges are granted to a large 
number of project members, a project is coded as 
“VCSCommitAccessRightsMany” 

N/A 

VCS commit 
access roles 

Exclusive to 
project 

administrators 

When a statement refers to a project administrator’s 
commit access role, it is coded as 
“VCSCommitAccessRoleAdmin”. 
 
When VCS write access privileges are limited to project 
administrators only, a project is coded as 
“VCSCommitAccessRoleAdminProject”. 

“Only XYZ can commit to the code 
repository.” 
– Project C 

Not exclusive 
to project 

administrators 

When a statement refers to a project member’s commit 
access role, it is coded as 
“VCSCommitAccessRoleCommunity”. 
 
 
When VCS write access privileges are not limited to 
project administrators only, but are also granted to other 
project members, a project is coded as 
“VCSCommitAccessRoleCommunityProject”. 

“You can go ahead and commit the 
changes”. 
– Project C 
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Variable State Coding Rules and Codes Example 

VCS commit 
policies 

None 
VCS policies for committing changes to the code 
repository are nonexistent. 

N/A 

Vague 

A VCS commit policy that is stated in general terms and 
that remains imprecise or ambiguous in terms of what is 
meant by the policy is coded as a 
“VCSCommitPolicyVague”.  
 
When a majority of policies for the project are vague, 
then policies for the project as a whole are coded as 
“VCSCommitPoliciesVagueProject”. 

 

Specific 

A VCS commit policy that is detailed and unambiguous, 
specifically explaining what is meant by the policy, is 
coded as a “VCSCommitPolicySpecific”.  
 
When a majority of policies for the project are specific, 
then policies for the project as a whole are coded as 
“VCSCommitPoliciesSpecificProject”. 

I only ask you to consult with the 
maintainer of the concerned app before 
you commit something. If you need to 
change something radical in the API 
please talk it through with Lars or me 
before (eg. mail it as proposal to the 
developers list). 
– Project C 
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Release Control 

 

 The following table provides the operationalization of the Release Control 

category of the Software Development Processes dimension of governance. Variables 

and their respective states, coding rules and codes, as well as examples are provided. 
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Table 35. Potential Release Control Coding Rules, Codes, and Examples 

Variable State Coding Rules and Codes Example 

Release 
manager role 

No 

When a statement refers to the role of release manager, it is 
coded as “ReleaseManagerRole”. 
 
When there is no release manager who oversees product 
releases, the project is coded as “ReleaseManagerRoleNo”. 

N/A 

Yes 
When there is a release manager who oversees product 
releases, the project is coded as “ReleaseManagerRoleYes”. 

N/A 

Project 
partitioning 

No 
When a project is not partitioned into a development branch 
and a stable branch, it is coded as 
“ReleaseProjectPartitioningNo”. 

N/A 

Yes 
When a project is partitioned into a development branch and 
a stable branch, it is coded as 
“ReleaseProjectPartitioningYes”. 

“The released version (at the moment 
1.2.xxx) only receives bugfixes and 
new translations, new features always 
go into the development version aka 
trunk.” 
 – Project C web site 

Timetables for 
software 
releases 

None 
The software is released in an arbitrary manner with no 
particular timetable 

N/A 

Vague 

When a statement refers to the release of the software, 
without any mention of an established timetable for releases, 
that post is coded as “ReleaseTimetableVague”. 
 
When a majority of software release statements do not refer 
to any specific timetable for software releases, a project is 
coded as “ReleaseTimetablesVagueProject”. 

“There are many functionalities with we 
did no commit at this moment, the most 
relevant are company management, 
import/export functions and grid view. 
We have all this in alpha version and 
will release it soon.” 
– Project C 

Specific 

When a statement refers to the release of the software, with a 
specific reference to a date or timetable for releases, that 
post is coded as “ReleaseTimetableSpecific”. 
 
When a majority of software release statement refer to a 
specific timetable, a project is coded as 
“ReleaseTimetablesSpecificProject”. 

“- our first release will have the Version 
number 1.0 and will be released with 
the the announcement of the fork, 
probably on a big Linux Fair in 
Germany end of October 2003” 
– Project C 

 



 

134 
 

1.2.5 Conflict Resolution and Rule Changing 

 

Conflict Resolution 

 

 The following table provides the operationalization of the Conflict Resolution 

category of the Conflict Resolution and Rule Changing dimension of governance. 

Variables and their respective states, coding rules and codes, as well as examples are 

provided. 
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Table 36. Potential Conflict Resolution Coding Rules, Codes, and Examples 

Variable State Coding Rules and Codes Example 

Noncompliance 
norms 

None 

A statement that suggests a culturally established rule 
prescribing appropriate social behavior in reaction to 
noncompliance by a community member is coded as 
“ConflictNoncomplianceNorm”. 
 
When there are no apparent social pressures in the form 
of norms against noncompliance, the project is coded as 
“ConflictNoncomplianceNormsNone”. 

N/A 

Few 
If there are few statements referring to noncompliance 
norms identified in the project, the project is coded as 
“ConflictNoncomplianceNormsFew”. 

N/A 

Many 
If there are many statements referring to noncompliance 
norms identified in the project, the project is coded as 
“ConflictNoncomplianceNormsMany”. 

N/A 

Collective 
sanctions 

None 

A statement indicating that a collective sanction is being 
carried out following noncompliance by a community 
member is coded as “ConflictCollectiveSanction”. 
 
If no such statement are coded, the project is coded as 
“ConflictCollectiveSanctionsNone”. 

N/A 

Few 

A statement indicating that a collective sanction is being 
carried out following noncompliance by a community 
member is coded as “ConflictCollectiveSanction”. 
 
If few such statements are coded, the project is coded as 
“ConflictCollectiveSanctionsFew”. 

N/A 

Many 

A statement indicating that a collective sanction is being 
carried out following noncompliance by a community 
member is coded as “ConflictCollectiveSanction”. 
 
If many such statements are coded, the project is coded 
as “ConflictCollectiveSanctionsMany”. 

N/A 
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Rules for Creating New Rules 

 

 The following table provides the operationalization of the Rules for Creating New 

Rules of the Conflict Resolution and Rule Changing dimension of governance. Variables 

and their respective states, coding rules and codes, as well as examples are provided. 

 

 
Table 37. Potential Coding Rules, Codes, and Examples for Rules for Creating New 
Rules 

Variable State Coding Rules and Codes Example 

Rules for new 
rules 

None 

When there is a rule or 
guideline for creating new 
rules, it is coded as 
“RuleForNewRules”. 
 
When there are no rules or 
guidelines for creating new 
rules established in the 
project, the project is 
coded as 
“RulesForNewRulesNone” 

N/A 

Few 

If there are a small number 
of rules or guidelines for 
creating new rules 
established in the project, 
the project is coded as 
“RulesForNewRulesFew”. 

N/A 

Many 

If there are a large number 
of rules or guidelines for 
creating new rules 
established in the project, 
the project is coded as 
“RulesForNewRulesMany”. 

N/A 
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1.2.6 Use of Information and Tools 

 

Information Rules 

 

 The following table provides the operationalization of the Information Rules 

category of the Use of Information and Tools dimension of governance. Variables and 

their respective states, coding rules and codes, as well as examples are provided. 
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Table 38. Potential Coding Rules, Codes, and Examples for Information Rules 

Variable State/Profile Coding Rules and Codes Example 

Rule clarity 

No rules 
When there aren’t any rules about the use and 
management of information for the project, the 
project is coded as “InfoRulesNoneProject” 

N/A 

Vague rules 

When a rule about the use and management of 
information is vaguely referenced or implied, it is 
coded as “InfoRuleVague”.  
 
If a majority of information rules are vague, 
information rules for the project as a whole are 
coded as “InfoRulesVagueProject”. 

“STOP USING THE USER LIST FOR THIS AND 
GET TO WORK!” – Project C 

Specific rules 

When a rule about the use and management of 
information is specific and explicit, it is coded as 
“InfoRuleSpecific”.  
 
If a majority of information rules are specific, 
information rules for the project as a whole are 
coded as “InfoRulesSpecificProject”. 

“…today i setup a new list for users from egw. 
For this list users can 
 submit to inform about new releases and 
security updates.”  
– Project C  

Rule 
enforcement 

Optional 

When a post referring to information rules suggests 
or specifies that adhering to the rule is optional, 
that post is coded as “InfoRuleOptional”.  
 
When the majority of posts are coded as such, the 
entire project is coded as 
“InfoRulesOptionalProject”. 

“Feel free to email this list if you have any more 
questions.” 
– Project D 

Mandatory 

When a post referring to information rules suggests 
or specifies that adhering to the rule is mandatory, 
that post is coded as “InfoRuleMandatory”.  
 
When the majority of posts are coded as such, the 
entire project is coded as 
“InfoRulesMandatoryProject”. 

“STOP USING THE USER LIST FOR THIS AND 
GET TO WORK!” – Project C 
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Tools Rules 

 

 The following table provides the operationalization of the Tools Rules category of 

the Use of Information and Tools dimension of governance. Variables and their 

respective states, coding rules and codes, as well as examples are provided. 
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Table 39. Potential Coding Rules, Codes, and Examples for Use of Technological Tools 

Variable State Coding Rules and Codes Example 

Use 

Optional 

When a post referring to the use of technological tools 
specifies their optional usage, that post is coded as 
“TechToolsUseOptional”.  
 
When the majority of posts referring to the use of 
information and tools specifies their optional usage, the 
entire project is coded as “TechToolsUseOptionalProject”. 

“4) proposal by Lars: tag stable 
development steps (in HEAD) with a 
 stable tag. Eg. Tag the app you maintain 
before you start a bigger change (VCS 
rtag -F stable <app>) and only move the 
tag again if you reach a stable situation 
again.” – Project C 

Mandatory 

When a post on the use of technological tools refers to their 
mandatory usage or their mandatory use in a specific way, 
that post is coded as “TechToolsUseMandatory”.  
 
When the majority of posts referring to the use of 
technological tools specifies their mandatory usage, the 
entire project is coded as “TechToolsUseMandatoryProject”. 

“PS.: We really appriciate that you report 
bugs. We kindly ask you to report them 
via our bugtracker at our sf.net project-
page: https://sourceforge.net/…”  
– Project C 

Rule clarity 

Vague 

A rule about the use of technological tools that is stated in 
general terms and that remains imprecise, ambiguous, or 
implied and is not specifically referred to as a rule is coded 
as a “TechToolsRuleVague”.  
 
When a majority of technological tools rules are vague, 
information and tools rules for the project as a whole are 
coded as “TechToolsRulesVagueProject”. 

“We want to create eGroupWare different 
from how phpGW is setup today: - more 
open development (wiki access, VCS 
access, ...)” – Project C 
 

Specific 

When a rule about the use of technological tools is specific 
and explicit by notably offering a rationale, it is coded as 
“TechToolsRuleSpecific”.  
 
When a majority of technological tools rules are specific, 
technological tools rules for the project as a whole are 
coded as “TechToolsRulesSpecificProject”. 

“1) The development of eGW is done in 
HEAD (no branch tag) atm, til we have 
our first release candidate (propably to 
the linux fair in Giesen at the beginning 
of Oktober). Then we will create a new 
branch like usuall, I would suggest to 
name it release-1_0_0 with tags release-
1_0_0-{rc1|rc2|final} and release-1_0_0-
001 for the first bugfix release. We need 
a different name-schema from phpGW, if 
we want to track their repository in their 
original branches.” – Project C 
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2. Data Analysis 

 

 The specific form of analysis we used is analytic induction. This form of analysis 

begins deductively, by formulating concepts or frameworks, and then examines specific 

cases in depth to determine whether the findings from each case support the framework 

(Patton 2002, p. 94). If it fits, another case can be investigated. This approach fit well 

with this phase of the thesis as it allowed us to determine the extent to which the 

dimensions of governance that were previously conceptualized were reflected in data. 

 

 As per Miles and Huberman (1994, p. 4), we are looking for an underlying 

structure at the core of events that can be captured to provide a description of the 

governance forces at work. 

 

 The goal of the data analysis is to explicate the governance of open source 

projects. Specifically, governance will be assessed in terms of the six dimensions of 

governance previously developed. Using these theoretical constructs will allow us to “tie 

research questions or conceptual interests directly to the data” (Miles et al. 1994, p. 65) 

and determine whether there is support for the developed governance framework. 

Indeed, as underscored by Lee (1989, p. 40): “An MIS case study that performs its 

deductions with verbal propositions (i.e., qualitative analysis) only deprives itself of the 

conventions and rules of algebra; it does not deprive itself of the rules of formal logic, to 

which it may therefore still turn when carrying out the task of making controlled 

deductions.” 

 

 Nvivo was used for data analysis. For each project, mailing lists were imported 
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into Nvivo. Each email post was read and coded based on the coding scheme 

developed in Chapter 4. Two types of codes were used in the coding process: 

statement-level codes and project level codes. Let us take the Goal Clarity variable of 

the Project Goal dimension of governance as an example. In a given email post, when a 

project goal was stated in general terms and remained imprecise or ambiguous, it was 

coded as “GoalVague”. This is what we consider a statement-level code. At the end of 

the coding process, the total number of statement-level codes was calculated for each 

dimension. When a majority of goals for a given project were coded as vague, then 

goals for the project as a whole were coded as “GoalsVagueProject”. This is what we 

refer to as a project-level code. In other words, a first-level coding of individual 

statements was conducted followed by a project-level assessment of the variable. If the 

majority of stated goals for the project were coded as vague goals, then that project was 

coded as stating vague goals. The same process was used for the other variables in the 

governance framework. The only exception to this rule applied to variables that only had 

meaning at the project-level. The two concerned variables are the Copyleft and Viral 

variables of the Ownership of Assets dimension of governance. In other words, these 

variables describe a project as a whole (specifically a project’s software license), not 

individual statements made by project members. Finally, the project-level values of each 

variable allowed for the identification of project profiles for each governance dimension. 

In addition, we were also open to the emergence of new dimensions and concepts with 

respect to our governance framework given the fact that it is a newly developed 

framework. 

 

 



 

143 
 

3. Results and Discussion 

 

 In this section, we present the data analysis results with regards to the validation 

of the original open source project governance profiles presented and developed in 

Chapters 3 & 4, while also offering a discussion of the findings. This is part of the 

process of validating the dimensions of open source project governance based on 

observations of OSS projects, and for detecting and delineating combinatorial patterns of 

configurations of governance. 

 

 The structure of each of the following sections is as follows. First, a table 

showing the original profiles that were initially developed for each governance dimension 

is offered. Second, the data analysis results for each project are outlined in a table 

labeled “Results”. Specifically, the determined state (i.e., value) of each governance 

dimension variable is provided for each project. Third, the identified project profiles are 

provided along with any new profiles identified during data analysis in a table labeled 

“Identified and New Project Profiles”. In other words, new profiles not originally 

developed may also have been observed. Finally, the collapsed or unique project profiles 

are provided in the last table labeled “Collapsed and Final Profiles”. In other words, this 

is where two or more profiles that are quite similar to one another, varying only on minor 

variables but showing consistency in major variables, are combined into a collapsed, 

unique profile. These tables also include any profile originally developed but not 

necessarily identified in the data because, although some profiles may not have come 

up in the pilot study, they may still be identified in later stages of the thesis.  

 

 The ultimate goal of this exercise is to come up with a limited number of possible 
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values for each of the six open source project governance dimensions in order to 

develop configurations of governance dimensions, in other words, a single value for 

each of the six dimensions of governance that will configure into a manageable number 

of common, predictively useful types that can describe the governance of a large 

proportion of open source projects. It is these different configurations of governance 

dimensions that will make up open source project governance profiles. The six 

governance dimensions along with their subdimension are covered in turn next.  

 

3.1 Ownership of Assets 

 

3.1.1 Original Profiles 

 
Table 40. Potential License Restrictiveness Profiles 

Profile Copyleft Viral Example 

Nonrestrictive No No 
Berkeley Software 
Definition (BSD) 

Restrictive Yes No 
Lesser General Public 

License (LGPL) 

Highly restrictive Yes Yes 
General Public 
License (GPL) 
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3.1.2 Data Analysis Results 

 
Table 41. Results 

Project/Profile Copyleft Viral License 

Project A No No 
Berkeley Software 
Definition (BSD) 

Project C Yes Yes 
GNU General Public 

License (GPL) 

Project D Yes Yes 
GNU General Public 

License (GPL) 

Project G No No 
Qt Public License 

(QPL) 

Project F Yes Yes 
GNU General Public 

License (GPL) 

Project B Yes Yes 
GNU General Public 

License (GPL) 

Project E Yes Yes 
GNU General Public 

License (GPL) 

Project H Yes Yes 
GNU General Public 

License (GPL) 

 
Table 42. Identified and New Profiles 

Profile Copyleft Viral License 

Nonrestrictive No No 
Qt Public License 

(QPL) 

Highly restrictive Yes Yes 
GNU General Public 

License (GPL) 

 
Table 43. Collapsed and Final Profiles 

Profile Copyleft Viral License 

Nonrestrictive No No 
Qt Public License 

(QPL) 

Restrictive Yes No 
Lesser General Public 

License (LGPL) 

Highly restrictive Yes Yes 
GNU General Public 

License (GPL) 
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3.1.3 Discussion 

 

 Two profiles were identified: Nonrestrictive Licenses and Highly Restrictive 

Licenses. A Restrictive License profile has yet to be identified since none of the projects 

studied so far adopted a LGPL-type license. 

 

3.2 Chartering the Project 

 

3.2.1 Original Profiles 

 

Table 44. Potential Project Goals Profiles 

Profile Visibility Clarity Origin Source Plasticity 

Organic goals Implicit/Explicit Vague Bottom-up Few/Many Flexible 

Static goals Explicit Specific Top-down One or 
few 

Rigid 

 

3.2.2 Data Analysis Results 

 
 
Table 45. Results 

Project Visibility Clarity Origin Source Plasticity 

Project A Explicit Specific Top down Few None 

Project C Implicit Vague Top down Few None 

Project D Implicit Vague Top down Few None 

Project G Explicit Vague Top down Few None 

Project F Explicit Vague Top down Few None 

Project B Explicit Vague Top down Few None 

Project E Explicit Vague Top down Few None 

Project H Explicit Vague Bottom up Few None 
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Table 46. Identified and New Project Goals Profiles 

Profile Visibility Clarity Origin Source Plasticity 

Semi-static Goals Implicit Vague Top-down Few None 

Semi-static Goals Explicit Vague Top-down Few None 

Static Goals Explicit Specific Top-down Few None 

Organic Goals Explicit Vague Bottom-up Few None 

 
 
Table 47. Collapsed and Final Project Goals Profiles 

Profile Visibility Clarity Origin 

Static Goals Explicit Specific Top-down 

Semi-static Goals Implicit/Explicit Vague Top-down 

Organic Goals Explicit Vague Bottom-up 

 
 

3.2.3 Discussion 

 

 Two potential profiles for the Project Goals dimension of open source project 

governance were initially developed. The first profile was labeled Organic Goals. It was 

argued that a project is characterized by organic goals when its goal visibility is either 

implicit or explicit, its goal clarity is vague, its goal origin is bottom-up, its goal source is 

few or many, and its goal plasticity is flexible. In other words, these projects’ goals are 

offered in majority by a number of individuals from the project community as opposed to 

project administrators, are rather vague in nature, and can be modified or changed 

altogether over time, hence the organic label. The second profile was labeled Static 

Goals. A project is characterized by static goals when its goals’ visibility is explicit, its 

goals’ clarity is specific, its goals’ origin is top-down, its goals’ source is one or few, and 

its goals’ plasticity is rigid. In other words, these projects’ goals are plainly visible, they 

are specifically stated, they largely stem from one or a small number of project 

administrators, and they remain unchanged over time. 
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 Among the eight projects included in the pilot study, results indicate that one 

project is characterized by static goals, and another by organic goals. While the 

remaining six projects do not fit with the originally developed profiles, it was determined 

that they are characterized by a different profile that can be labeled semi-static goals. A 

project is characterized by semi-static goals when its goal visibility is either implicit or 

explicit, its goal clarity is vague, its goal origin is top-down, and its goal source is few. In 

other words, these projects’ goals are mainly offered by project administrators as 

opposed to project members, can be either implicit or explicit, and are rather vague in 

nature. 

 

 Finally, the Goal Plasticity and Source variables were dropped since goals were 

found to remain unmodified over time. As such, this variable was not useful in 

characterizing project goals. 

 

3.3 Community Management 

 
3.3.1 Original Profiles 

 

Table 48. Potential Community Management Profiles 

Profile Decision-
making 

Membership 
Rules 

Identity 
Verification 

Member 
Roles 

Roles 
Changes 

Centralized 
Management 

Centralized Specific Enforced Community-
determined 

Community-
determined 

Shared 
Management 

Split Vague Relaxed Self-
selected 

Self-
selected 

Decentralized 
Management 

Decentralized None/Self-
selected 

None None/Self-
selected 

None/Self-
selected 
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3.3.2 Data Analysis Results 

 
Table 49. Results Community Management Profiles 

Project Decision-
making 

Membership 
Rules 

Identity 
Verification 

Member 
Roles 

Roles 
Changes 

Project A Centralized None None Self-
selected 

None 

Project C Centralized Vague None Self-
selected 

Self-
selected 

Project D Split Specific None Self-
selected 

Self-
selected 

Project G Centralized None None None None 

Project F 
Decentralized None None Self-

selected 
Self-
selected 

Project B 
Centralized Vague None Self-

selected 
Self-
selected 

Project E Decentralized None None None None 

Project H 
Decentralized None None Self-

selected 
None 

 
 
Table 50. Indentified and New Community Management Profiles 

Profile Decision-
making 

Membership 
Rules 

Identity 
Verification 

Member 
Roles 

Roles 
Changes 

Centralized 
Management 

Centralized None None Self-
selected 

None 

Centralized 
Management 

Centralized Vague None Self-
selected 

Self-
selected 

Shared 
Management 

Split Specific None Self-
selected 

Self-
selected 

Centralized 
Management 

Centralized None None None None 

Decentralized 
Management 

Decentralized None None Self-
selected 

Self-
selected 

Decentralized 
Management 

Decentralized None None None None 

Decentralized 
Management 

Decentralized None None Self-
selected 

None 
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Table 51. Collapsed and Final Community Management Profiles 

Profile Decision-
making 

Membership 
Rules 

Member Roles Roles Changes 

Centralized 
Management 

Centralized None/Vague None/Self-
selected 

None/Self-
selected 

Shared 
Management 

Split Specific Self-selected Self-selected 

Decentralized 
Management 

Decentralized None None/Self-
selected 

None/Self-
selected 

 

3.3.3 Discussion 

 

 Since none of the projects conducted any identity verification whatsoever, we 

decided to drop this variable as it did not contribute any insight into the community 

management of projects. 

 

 Also, given the discrepancy between the developed profiles and the data analysis 

results, we decided to modify the community management profiles. We identified 

decision-making as the most important variable in distinguishing between the three 

profiles. In other words, a centralized decision-making process characterizes a 

centralized management profile, while a split decision-making process and a 

decentralized one characterize a shared management profile and a decentralized 

management profile, respectively.  

 

 However, when it comes to the other community management variables, some 

changes needed to be made in light of the findings. For one, for the benevolent 

dictatorship profile, membership rules were initially proposed to be specific. However, 

the results indicate that for projects that are characterized by a centralized decision-

making process, membership rules are either non-existent or vague. Therefore, the 
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possible values for the membership rules variable were changed to either none or vague 

for the benevolent dictatorship profile. The same situation occurred for both the member 

roles and roles changes variables. While we posited that these would both be 

community-determined for the benevolent dictatorship profile, results indicated that they 

were respectively self-selected and none/self-selected. In the case of the consensus-

based democracy profile, we initially posited that the membership rules variable would 

take on the value of vague. However, the data analysis results showed that projects 

characterized by this profile had specific membership rules. Therefore, based on this 

finding, the value for this variable was changed to specific in the revised version of the 

consensus-based democracy profile. As for the open community profile, the potential 

profile initially developed was reflected in the collected data. As such, no changes were 

required to the theoretically derived profile. 

 

3.4 Software Development Processes 

 

 Each of the four subdimensions of the software development processes 

dimension are addressed in turn next: requirements elicitation, task assignment, 

processes for managing software changes, and release control. The top-level software 

development processes profiles (or how the four subdimensions combine to form top-

level profiles) are covered last. 
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3.4.1 Requirements Elicitation 

 

Original Profiles 

 

Table 52. Potential Requirements Elicitation Profiles 

Profile Visibility Clarity Origin Source Plasticity 

Emergent 
requirements 

Implicit or 
explicit 

Vague Bottom-up Many Flexible 

Fixed 
requirements 

Explicit Specific Top-down One or few Rigid 

 
 
Data Analysis Results 
 

 

Table 53. Results Requirements Elicitation Profiles 

Project Visibility Clarity Origin Source Plasticity 

Project A Implicit Specific Bottom-up Many None 

Project C Explicit Specific Bottom-up Many None 

Project D Explicit Specific Bottom-up Few None 

Project G Explicit Specific Top-down Few (2) None 

Project F Explicit Split Bottom-up Few (5) None 

Project B Explicit Specific Bottom-up Many (23) None 

Project E Explicit Specific Top-down Few (3) None 

Project H Explicit Specific Bottom-up Few (8) None 

 
 
Table 54. Identified and New Requirements Elicitation Profiles 

Profile Visibility Clarity Origin Source Plasticity 

Emergent Implicit Specific Bottom-up Many None 

Emergent Explicit Specific Bottom-up Many None 

Emergent Explicit Specific Bottom-up Few None 

Fixed Explicit Specific Top-down Few (2) None 

Fixed 
requirements 

Explicit Specific Top-down Few (3) None 

Emergent Explicit Specific Bottom-up Few (8) None 
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Table 55. Collapsed and Final Requirements Elicitation Profiles 

Profile Visibility Clarity Origin 

Emergent 
requirements 

Implicit or Explicit Specific Bottom-up 

Fixed 
requirements 

Explicit Specific Top-down 

 

Discussion 

 

 Based on the above data analysis results, the variable values for the emergent 

requirements profile needed to be changed. Specifically, while we posited a vague value 

for the requirement clarity variable for the emergent requirements profile, the results 

indicate that projects characterized by an emergent requirements profile have largely 

specific software requirements. These observations were integrated into modified 

versions of the profiles as shown in the above table. The fixed requirements profile 

remains unchanged since the identified profiles were the same as the originally 

developed profile in terms of variable values. 

 

 Finally, the Goal Plasticity and Source variables were dropped since goals were 

found to remain unmodified over time. As such, this variable was not useful in 

characterizing project goals. 
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3.4.2 Task Assignment 

 

Original Profiles 

Table 56. Potential Task Assignment Profiles 

Variable State Definition 

Task 
Assignment 

Self-selected 
Project members always self-select into tasks 
offered by the project 

Mixed 
Project members self-select into tasks and are 
also sometimes asked to work on certain tasks. 

Community-
determined 

Project members are always specifically asked to 
work on certain tasks 

 
 
Data Analysis Results 
 
Table 57. Results Task Assignment Profiles 

Project Profile 

Project A Self-selected 

Project C Self-selected 

Project D Self-selected 

Project G Self-selected 

Project F Self-selected 

Project B Self-selected 

Project E Self-selected 

Project H Self-selected 

 
 
Table 58. Identified and New Task Assignment Profiles  

Profile Profile 

Self-selected Self-selected 

 
 
Table 59. Collapsed and Final Task Assignment Profiles  

Profile Profile 

Self-selected Self-selected 

Mixed Mixed 

Community-
determined 

Community-determined 
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Discussion 

 

 As of yet, there is no variability in the Task Assignment subdimension of the 

Software Development Processes profile since all projects included in the pilot study 

were coded as self-selected. In other words, they are all characterized by a larger 

proportion of project members who self-select into tasks rather than by project members 

who are asked to accomplish given tasks (community-determined tasks). It remains to 

be seen whether projects will be characterized as Mixed or Community-Determined 

when it comes to Task Assignment. However, since this remains a distinct possibility, 

these two profiles were kept in the framework.  

 

3.4.3 Processes for Managing Software Changes 

 

Original Profiles 

Table 60. Potential Profiles of Processes for Managing Software Changes 

Profile VCS Commit 
Access Rights 

VCS Commit Access 
Roles 

VCS Commit Policies 

Strict None/One/Few Exclusive to project 
administrators 

Specific 

Relaxed Few/Many Not exclusive to 
project 

administrators 

None/Vague 
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Data Analysis Results 
 

Table 61. Results Profiles of Processes for Managing Software Changes 

Project VCS Commit 
Access Rights 

VCS Commit 
Access Roles 

VCS Commit 
Policies 

Project A One Exclusive to project 
administrators 

Specific 

Project C Few Not exclusive to 
project 

administrators 

Vague 

Project D Few Not exclusive to 
project 

administrators 

Specific 

Project G 
None Exclusive to project 

administrators 
None 

Project F 
One Not exclusive to 

project 
administrators 

None 

Project B 
None Exclusive to project 

administrators 
Vague 

Project E 
None Exclusive to project 

administrators 
None 

Project H 
None Exclusive to project 

administrators 
Split 
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Table 62. Identified/New Profiles of Processes for Managing Software Changes 

Profile VCS Commit 
Access Rights 

VCS Commit 
Access Roles 

VCS Commit 
Policies 

Strict One Exclusive to project 
administrators 

Specific 

Relaxed Few Not exclusive to 
project 

administrators 

Vague 

Relaxed Few Not exclusive to 
project 

administrators 

Specific 

Strict 
None Exclusive to project 

administrators 
None 

Relaxed 
One Not exclusive to 

project 
administrators 

None 

Strict 
None Exclusive to project 

administrators 
Vague 

Strict 
None Exclusive to project 

administrators 
Split 

 
 
Table 63. Collapsed and Final Profiles of Processes for Managing Software 
Changes 

Profile VCS Commit Access Roles VCS Commit Policies 

Strict Exclusive to project 
administrators 

None/Vague/Specific/Split 

Relaxed Not exclusive to project 
administrators 

None/Vague/Specific 

 

Discussion 

 

 A key variable that needs to be taken into consideration in order to distinguish 

between Processes for Managing Software Changes profiles is the VCS commit access 

roles variable. In other words, strict profiles are characterized by VCS commit access 

roles that are exclusive to project administrators, whereas relaxed profiles are 

characterized by commit access roles that aren’t exclusive to project administrators. In 
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addition, projects that exhibit a strict profile can grant any number of access rights to the 

VCS, from none to many, while projects that are characterized by a relaxed profile can 

grant one to many access rights. Both types of profiles can exhibit VCS commit policies 

that are either nonexistent, vague, or specific. These values were adapted following data 

analysis since the values that we initially posited for these profile variables were not 

reflected in the data. 

 

 In order to determine the value of VCS Commit Access Roles, it is important to 

note that for each project, we identified each individual who was granted a VCS commit 

access right. We later determined whether these individuals were project administrators 

or project developers in order to determine whether the commit access roles were 

exclusive to project administrators. We also removed the “VCS Commit Access Rights” 

variable as it did not add any additional insights when it comes to process for managing 

software changes. 

 

3.4.4 Release Control 

 

Original Profiles 

 

Table 64. Potential Release Control Profiles 

Profile Release Manager 
Role 

Project Partitioning Timetables for 
Software Releases 

Ad hoc releases No No None/Vague 

Controlled 
releases 

No Yes Vague/Specific 

Managed 
releases 

Yes Yes Specific 
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Data Analysis Results 
 
 
Table 65. Results Release Control Profiles 

Project Release Manager 
Role 

Project Partitioning Timetables for 
Software Releases 

Project A No No Vague 

Project C No Yes Vague 

Project D No Yes Vague 

Project G No No Vague 

Project F No Yes Vague 

Project B No No Vague 

Project E No No None 

Project H No Yes Vague 

 
 
Table 66. Identified and New Release Control Profiles  

Profile Release Manager 
Role 

Project Partitioning Timetables for 
Software Releases 

Ad hoc No No Vague 

Controlled No Yes Vague 

 
 
Table 67. Collapsed and Final Release Control Profiles  

Profile Release Manager 
Role 

Project 
Partitioning 

Timetables for 
Software Releases 

Ad hoc No No None/Vague 

Controlled No Yes Vague 

Managed Yes Yes Specific 

 

Discussion 

 

 The results indicate that half of the projects included in the pilot study resort to 

project partitioning. In other words, they have two separate development branches for 

the software: one dedicated to releases, and the other to continued development. In 



 

160 
 

addition, none of the projects have designated release managers that oversea the 

release of the software. As such, only the Ad hoc Release and the Controlled Releases 

profiles were identified since the Managed Release profile requires the presence of a 

release manager. 

 

3.4.5 Software Development Processes Profiles 

 

Original Profiles 

Table 68. Potential Software Development Processes Profiles 

Profile Requirements 
Elicitation 

Task 
Assignment 

Processes for 
Managing 
Software 
Changes 

Release 
Control 

Undefined 
process 

Emergent Self-selected Relaxed Ad hoc  

Defined 
process 

Fixed Community-
determined 

Strict Controlled 

Managed 
process 

Fixed Community-
determined 

Strict Managed 

 
Data Analysis Results 
 
Table 69. Results Software Development Processes Profiles 

Project Requirements 
Elicitation 

Task 
Assignment 

Processes for 
Managing 
Software 
Changes 

Release 
Control 

Webmin Emergent Self-selected Strict Ad hoc 

Egroupware Emergent Self-selected Relaxed Controlled 

Project D Emergent Self-selected Relaxed Controlled 

Project G Fixed Self-selected Strict Ad hoc 

Project F Emergent Self-selected Relaxed Controlled 

Project B Emergent Self-selected Strict Ad hoc 

Project E Fixed Self-selected Strict Ad hoc 

Project H Emergent Self-selected Strict Controlled 
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Table 70. Identified and New Software Development Processes Profiles 

Profile Requirements 
Elicitation 

Task 
Assignment 

Processes for 
Managing 
Software 
Changes 

Release 
Control 

Undefined Emergent Self-selected Strict Ad hoc 

Undefined Emergent Self-selected Relaxed Controlled 

Defined Fixed Self-selected Strict Ad hoc 

Defined Emergent Self-selected Strict Controlled 

 
 
Table 71. Collapsed and Final Software Development Processes Profiles 

Profile Requirements 
Elicitation 

Task 
Assignment 

Processes for 
Managing 
Software 
Changes 

Release 
Control 

Undefined Emergent Self-selected Relaxed/Strict Ad 
hoc/Controlled 

Defined 
Emergent/Fixed Self-selected Strict Ad 

hoc/Controlled 

Managed 
process 

Fixed Community-
determined 

Strict Managed 

 

Discussion 

 

 Since none of the original profiles were identified during data analysis (i.e., there 

was no exact match between the original profiles and the ones identified in the data), 

new variable values were determined for each profile. Specifically, data analysis results 

indicate that undefined software development processes profiles are characterized by 

emergent requirements, self-selected task assignment, strict processes for managing 

software changes and ad hoc or controlled release control. In addition, defined 

processes were found to be characterized by fixed or emergent requirements, self-

selected task assignment, strict processes for managing software changes and ad hoc 

or controlled release control. A managed software development profile has yet to be 
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identified. 

 

3.5 Conflict Resolution 

 
3.5.1 Original Profiles 

 
Table 72. Potential Conflict Resolution Profiles 

Profile Noncompliance Norms Collective Sanctions 

Unmanaged 
conflict 

None None 

Addressed 
conflict 

Some Some 

Managed conflict Enforced Enforced 

 

3.5.2 Data Analysis Results 

 
 
Table 73. Results for Conflict Resolution Profiles 

Project Noncompliance Norms Collective Sanctions 

Webmin None None 

Egroupware None None 

Project D None None 

Project G None None 

Project F None None 

Project B  None None 

Project E None None 

Project H None None 

 

3.5.3 Discussion 

 

 None of the projects exhibited any conflict resolution in the form of either 

noncompliance norms or collective sanctions. However, these profiles will be still 

addressed in subsequent projects in the event the conflict should come up. 
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3.6 Use of Information and Tools 

 

3.6.1 Information Rules 

 

Original Profiles 

 

Table 74. Potential Information Rules Profiles 

Profile Rule Enforcement Rule Clarity 

Optional and 
Vague Rules 

Optional Vague 

Optional and 
Specific Rules 

Optional Specific 

Mandatory and 
Vague Rules 

Mandatory Vague 

Mandatory and 
Specific Rules 

Mandatory Specific 

 
 
Data Analysis Results 
 
 
Table 75. Results for Information Rules Profiles 

Project Rule Enforcement Rule Clarity 

Webmin Mandatory Specific 

Egroupware Mandatory Specific 

Project D Optional Specific 

Project G Mandatory Specific 

Project F Mandatory Specific 

Project B  Mandatory Specific 

Project E None None 

Project H Optional Specific 
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Table 76. Identified and New Information Rules Profiles 

Profile Rule Enforcement Rule Clarity 

Mandatory and 
specific 

Mandatory Specific 

Optional and 
specific 

Optional Specific 

None and None None None 

 
 
 
Table 77. Collapsed and Final Information Rules Profiles 

Profile Rule Enforcement Rule Clarity 

Mandatory and 
specific 

Mandatory Specific 

Optional and 
specific 

Optional Specific 

None and None None None 

Optional and 
Vague Rules 

Optional Vague 

Mandatory and 
Vague Rules 

Mandatory Vague 

 

Discussion 

 

 Both the originally developed Mandatory and Specific and the Optional and 

Specific profiles were identified in the data. In addition, a third profile labeled None and 

None was also added. As its name indicates, a project that is characterized by a None 

and None profile does not specify nor enforce any information rules.  

 

 The Optional and Vague as well as the Mandatory and Vague profiles did not 

come up. However, they will be kept for future analyses given their likelihood of being 

identified in later projects. 
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3.6.2 Technological Tools Rules 

 

Original Profiles 

 

Table 78. Potential Technological Tools Rules Profiles 

Profile Rule Enforcement Rule Clarity 

Optional and 
Vague Rules 

Optional Vague 

Optional and 
Specific Rules 

Optional Specific 

Mandatory and 
Vague Rules 

Mandatory Vague 

Mandatory and 
Specific Rules 

Mandatory Specific 

 
 
Data Analysis Results 

 
 

Table 79. Results Technological Tools Rules Profiles 

Project Rule Enforcement Rule Clarity 

Webmin Mandatory Specific 

Egroupware Mandatory Specific 

Project D Mandatory Specific 

Project G None None 

Project F Mandatory Specific 

Project B Mandatory Specific 

Project E Mandatory Specific 

Project H Optional Specific 

 
 
Table 80. Identified and New Technological Tools Rules Profiles 

Profile Rule Enforcement Rule Clarity 

Mandatory and 
specific 

Mandatory Specific 

None and None None None 

Optional and 
Specific 

Optional Specific 
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Table 81. Collapsed and Final Technological Tools Rules Profiles 

Profile Rule Enforcement Rule Clarity 

Mandatory and 
specific 

Mandatory Specific 

Optional and 
Specific 

Optional Specific 

None and None None None 

Mandatory and 
Vague Rules 

Mandatory Vague 

Optional and 
Vague Rules 

Optional Vague 

 

Discussion 

 

 Both the originally developed Mandatory and Specific and the Optional and 

Specific profiles were identified in the data. In addition, a third profile labeled None and 

None was also added. As its name indicates, a project that is characterized by a None 

and None profile does not specify nor enforce any technological tools rules. The 

Optional and Vague as well as the Mandatory and Vague profiles did not come up. 

However, they were kept for future analyses. 
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3.6.3 Use of Information and Tools Profiles 

Original Profiles 

 

Table 82. Potential Use of Information and Tools Profiles 

Profile Information Rules Tools Rules 

Optional and Vague and 
Optional and Vague 

Optional and Vague 
Rules 

Optional and Vague Rules 

Optional and vague and 
optional and specific 

Optional and Vague 
Rules 

Optional and Specific Rules 

Optional and vague and 
mandatory and vague 

Optional and Vague 
Rules 

Mandatory and Vague Rules 

Optional and vague and 
mandatory and specific 

Optional and Vague 
Rules 

Mandatory and Specific Rules 

Optional and specific and 
optional and specific 

Optional and Specific 
Rules 

Optional and Specific Rules 

Optional and specific and 
optional and vague 

Optional and Specific 
Rules 

Optional and Vague Rules 

Optional and specific and 
mandatory and vague 

Optional and Specific 
Rules 

Mandatory and Vague Rules 

Optional and specific and 
mandatory and specific 

Optional and Specific 
Rules 

Mandatory and Specific Rules 

Mandatory and Vague and 
Mandatory and Vague 

Mandatory and Vague 
Rules 

Mandatory and Vague Rules 

Mandatory and Vague and 
optional and Vague 

Mandatory and Vague 
Rules 

Optional and Vague Rules 

Mandatory and Vague and 
optional and specific 

Mandatory and Vague 
Rules 

Optional and Specific Rules 

Mandatory and Vague and 
Mandatory and specific 

Mandatory and Vague 
Rules 

Mandatory and Specific Rules 

Mandatory and Specific 
and Mandatory and 
Specific 

Mandatory and 
Specific Rules 

Mandatory and Specific Rules 

Mandatory and Specific 
and optional and vague 

Mandatory and 
Specific Rules 

Optional and Vague Rules 

Mandatory and Specific 
and optional and specific 

Mandatory and 
Specific Rules 

Optional and Specific Rules 

Mandatory and Specific 
and Mandatory and vague 

Mandatory and 
Specific Rules 

Mandatory and Vague Rules 
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Data Analysis Results 
 

 
Table 83. Results Use of Information and Tools Profiles 

Project Information Rules Tools Rules 

Wemin Mandatory and Specific Mandatory and Specific 

Egroupware Mandatory and Specific Mandatory and Specific 

Project D Optional and Specific Mandatory and Specific 

Project G Mandatory and Specific None and None 

Project F Mandatory and Specific Mandatory and Specific 

Project B Split and Specific Mandatory and Specific 

Project E None and None Mandatory and Specific 

Project H Optional and Specific Optional and Specific 

 
 
Table 84. Identified and New Use of Information and Tools Profiles 

Profile Information Rules Tools Rules 

Mandatory and specific 
and mandatory and 
specific 

Mandatory and Specific Mandatory and Specific 

Optional and Specific 
and Mandatory and 
Specific 

Optional and Specific Mandatory and Specific 

Mandatory and specific 
and None and none 

Mandatory and Specific None and None 

Split and Specific and 
Mandatory and specific 

Split and Specific Mandatory and Specific 

None and None and 
Mandatory and 
Specific 

None and None Mandatory and Specific 

Optional and Specific 
and optional and 
specific 

Optional and Specific Optional and Specific 
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Table 85. Collapsed and Final Use of Information and Tools Profiles 

Profile Information Rules Tools Rules 

Mandatory and specific 
and mandatory and 
specific 

Mandatory and Specific Mandatory and Specific 

Optional and Specific and 
Mandatory and Specific 

Optional and Specific Mandatory and Specific 

Mandatory and specific 
and None and none 

Mandatory and Specific None and None 

Split and Specific and 
Mandatory and specific 

Split and Specific Mandatory and specific 

None and None and 
Mandatory and Specific 

None and None Mandatory and Specific 

Optional and Specific and 
optional and specific 

Optional and Specific Optional and Specific 

Optional and Vague and 
Optional and Vague 

Optional and Vague Rules Optional and Vague Rules 

Optional and vague and 
optional and specific 

Optional and Vague Rules Optional and Specific Rules 

Optional and vague and 
mandatory and vague 

Optional and Vague Rules Mandatory and Vague Rules 

Optional and vague and 
mandatory and specific 

Optional and Vague Rules Mandatory and Specific 
Rules 

Optional and specific and 
optional and vague 

Optional and Specific 
Rules 

Optional and Vague Rules 

Optional and specific and 
mandatory and vague 

Optional and Specific 
Rules 

Mandatory and Vague Rules 

Mandatory and Vague 
and Mandatory and 
Vague 

Mandatory and Vague 
Rules 

Mandatory and Vague Rules 

Mandatory and Vague 
and optional and Vague 

Mandatory and Vague 
Rules 

Optional and Vague Rules 

Mandatory and Vague 
and optional and specific 

Mandatory and Vague 
Rules 

Optional and Specific Rules 

Mandatory and Specific 
and optional and vague 

Mandatory and Specific 
Rules 

Optional and Vague Rules 

Mandatory and Specific 
and optional and specific 

Mandatory and Specific 
Rules 

Optional and Specific Rules 

Mandatory and Specific 
and Mandatory and vague 

Mandatory and Specific 
Rules 

Mandatory and Vague Rules 
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Discussion 

 

 Given the various combinations of categories, 16 potential profiles were initially 

identified during the development of the framework. Of these 16 profiles, 5 of the 

originally developed profiles were identified during data analysis and 1 new profile was 

added.  

 

3.8 Open Source Project Governance Configurations 

 

 The following table outlines the eight different configurations of governance 

dimensions identified for each open source projects studied. In other words, for each 

project, the value identified for each of the six governance dimensions is provided. The 

different combinations of these values correspond to a governance configuration. The 

first table provides each unique configuration, whereas the second table collapses 

similar configuration together. The framework seems to have captured all of the 

governance-related issues we saw in the data. A discussion of each collapsed 

configuration follows. 
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Table 86. Identified Configurations of Open Source Project Governance Dimensions 

Project/ 
Configuration 
Profile 

Assets Goals 
Community 
Management 

Software 
Development 
Processes 

Conflict 
Resolution 

Use of Information and 
Tools 

Project A / 
Benevolent 
Dictatorship 

Nonrestrictive Static 
Centralized 
management 

Undefined None 
Mandatory and specific 
and Mandatory and 
specific 

Project C / 
Benevolent 
Dictatorship 

Highly 
restrictive 

Semi-static 
Centralized 
management 

Undefined None 
Mandatory and specific 
and Mandatory and 
specific 

Project D / 
Consensus-Based 
Democracy 

Highly 
restrictive 

Semi-static 
Shared 
management 

Undefined None 
Optional and specific 
and Mandatory and 
specific 

Project G / 
Benevolent 
Dictatorship 

Nonrestrictive Semi-static 
Centralized 
management 

Undefined None 
Mandatory and specific 
and none and none 

Project F / 
Open Community 

Highly 
restrictive 

Semi-static 
Decentralized 
management 

Undefined None 
Mandatory and specific 
and Mandatory and 
specific 

Project B / 
Benevolent 
Dictatorship 

Highly 
restrictive 

Semi-static 
Centralized 
management 

Defined None 
Mandatory and specific 
and Mandatory and 
specific 

Project E / 
Open Community 

Highly 
restrictive 

Semi-static 
Decentralized 
management 

Defined None 
None and none and 
Mandatory and specific 

Project H / 
Open Community 

Highly 
restrictive 

Organic 
Decentralized 
management 

Defined None 
Optional and specific 
and Optional and 
specific 
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Table 87. Collapsed and Final Configurations of Open Source Project Governance Dimensions 

Governance 
Configuration 

Assets Goals 
Community 
Management 

Software 
Development 
Processes 

Conflict 
Resolution 

Use of Information and 
Tools 

Benevolent 
Dictatorship 

Nonrestrictive/Highly 
restrictive 

Semi-
static/Static 

Centralized 
management 

Undefined/Defined 
None 
(Managed 
conflict) 

Mandatory and specific 
and None and 
none/Mandatory and 
specific 

Consensus-
Based 
Democracy 

Highly restrictive Semi-static 
Shared 
management 

Undefined 
None 
(Addressed 
conflict) 

Optional and specific 
and Mandatory and 
specific 

Open 
Community 

Highly restrictive 
Semi-
static/Organic 

Decentralized 
management 

Undefined/Defined 
None 
(Unmanaged 
conflict) 

None and 
None/Optional and 
specific/Mandatory and 
specific and Optional 
and specific/Mandatory 
and specific 
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3.8.1 Benevolent Dictatorship Governance Configuration 

 

 The benevolent dictatorship governance configuration was the first type of 

configuration identified. In addition to displaying a value of centralized management for 

the community management dimension, this configuration also has the following values 

for the other five governance dimensions: nonrestrictive to highly restrictive assets, 

semi-static to static goals, undefined or defined software development processes, no 

conflict resolution mechanisms, and mandatory and specific and none and none or 

mandatory and specific use of information and tools. 

 

 In an OSS project governed by a benevolent dictator, final decision-making 

authority rests with project administrators, who are expected to use it wisely based on 

their experience. As such, a benevolent dictatorship is the most centralized system when 

it comes to decision-making in OSS projects. While “benevolent dictator” is a commonly 

used term in the field of OSS development, some believe that they should be viewed as 

“community-approved arbitrator” (Fogel 2005). The reason for this is that benevolent 

dictators typically don’t actually make all of the decisions in an OSS project. Projects can 

quickly become very complex, making it is highly unlikely that a single individual has 

enough expertise to consistently make good decisions. Therefore, benevolent dictators 

generally don’t make all of the decisions themselves. Instead, they often handle most of 

the key decisions but also let project members offer their expertise and make some 

decisions. If a given issue is beyond their level or expertise, project administrators can 

also participate in discussions as regular developers, differing to others who have more 

expertise on a given topic. For example, the may delegate some decision-making 

authority to other project administrators or even members of the project if they feel that it 

is called for. Therefore, while they make most of the decisions in their projects, they often 
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encourage discussion on important project decisions, and can also allow decisions to be 

made by other project members.  

 

 In addition, given the more centralized nature of these communities, project goals 

are either semi-static or static. In other words, project goals in these types of 

communities largely originate from a small number of project administrators and are 

mostly explicitly and specifically communicated to project members. Software 

development processes are either defined or undefined and the use of information and 

tools are mandatory and specific. 

 

 Moreover, information rules, or how information should be used and managed is 

specifically stated in benevolent dictatorships. Since design and development decisions 

are rarely preserved in any kind of formal documentation, public mailing list archives are 

useful when new people join the project and need to understand why certain decisions 

were made the way they were.  This helps a project to release quality code. Specifically, 

some open source projects often have highly detailed FAQs that underscore the social 

protocols that should be followed in a given project (Deek et al. 2007). Others establish 

developer guidelines that define how work should be performed in a project (Fogel 

2005). These guidelines are social in addition to technical and can cover such things as 

pointers to forums for interaction with other developers, detailed instructions on how to 

report bugs and submit patches, and some indication of how development work is 

carried out in the project (Fogel 2005). In addition, benevolent dictatorship configurations 

are characterized by mandatory information rules. In other words, the above guidelines 

are not suggested to newcomers or current project members, but instead are 

communicated to them in such a way as to make their use mandatory. This avoids any 

confusion on the part of project members when it comes to the use and management of 
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information pertaining to the project. The same can be said of rules about the use of 

technological tools like mailing lists, VCS systems, and project wikis. Particularly, when 

asserted, such rules are specifically stated to project members. For example, in one 

project, a project administrator stated the following: “The development of eGW is done in 

HEAD (no branch tag) atm, til we have our first release candidate (propably to the linux 

fair in Giesen at the beginning of Oktober). Then we will create a new branch like 

usuall…” The use of technological tools is also mandatory. For example: “We really 

appriciate that you report bugs. We kindly ask you to report them via our bugtracker at 

our sf.net project-page: https://sourceforge.net/…” Given the mandatory and specific 

nature of both information rules and technological tools rules, project members benefit 

from a clear understanding of rules with regard to information tools. Confusion or debate 

is lessened given that there is a clear understanding of what is expected of current or 

new project members in terms of how information is communicated and managed and 

how technological tools should be used. 

 

3.8.2 Consensus-Based Democracy Governance Configuration 

 

 Consensus-based democracy is the second type of configuration identified. In 

addition to displaying a value of shared management for the community management 

dimension, this configuration also has the following values for the other five dimensions: 

highly restrictive assets, semi-static goals, undefined for software development 

processes, no conflict resolution, and optional and specific and mandatory and specific 

use of information and tools. 

 

 These types of open source projects are characterized by more openly 

democratic decision-making systems when compared to benevolent dictatorships. Also 
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termed group-based governance, this is a more formal, group-based system. While such 

systems may vary somewhat from one project to another, project members work by 

consensus for the most part (Fogel 2005). The pilot study showed that for these types of 

projects, decision-making is usually roughly evenly split between project administrators 

and project members. Moreover, in the context of a discussion on a given issue, a 

consensus can also also evolve (e.g., how to fix a given bug or whether or not to add a 

new feature).There is often a consensus of what should be done when the end of a 

discussion is reached. Someone then summarizes the discussion and states what was 

decided in an explicit proposal of consensus. In the case of smaller decision which are 

often less controversial, proposals of consensus are implicit. For instance, when a 

project member commits a bug fix, this action in and of itself is a proposal of consensus 

on how to fix that particular bug (Fogel 2005). In the case where a commit is made in the 

absence of consensus, then a discussion on the topic can be carried out and the 

decision can be easily reversed via the version control system. 

 

 When a consensus cannot be reached, a project characterized by Shared 

Management will sometimes resort to a vote. In this context, a clear set of choices must 

be available to voters. There are often one or two people who summarize the various 

arguments and post them to the project’s mailing lists. These individuals also keep a 

record of the various issues on which project members either agree or disagree. A 

discussion’s progress can therefore be recorded and track in using this process and 

issues that remain to be addressed can be easily identified and addressed. These 

records and summaries can also be useful in the case that a vote becomes necessary 

as key issues can be extracted on included on a ballot sheet (Fogel 2005). If a vote is 

required, votes are cast in public mailing lists in order to ensure full transparency. In 

other words, anyone can tally the results for himself. This also ensures that that the 
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entire process  as well as the voting results are recorded in the project archives. 

Otherwise, decision-making is generally split between project community members and 

project administrators.   

 

 A consensus-based democracy configuration of OSS project governance is also 

characterized by semi-static goals. In other words, these projects’ goals are mainly 

offered by project administrators as opposed to project members, can be either implicit 

or explicit, and are rather vague in nature. This is consistent with the more decentralized 

nature of these projects, in which decision-making is roughly evenly split between project 

administrators and project members. In addition, software development processes 

remain undefined, meaning that requirements are emergent and task assigned is self-

selected, whereas in benevolent dictatorships, development processes can also be 

defined given their more centralized decision-making structure.  

 

 Also, these types of projects were found to have rather specific rules – that are 

either mandatory or optional – about how information and tools should be used and 

managed in the course of a project.  

 

3.8.3 Open Community Governance Configuration  

 

 Open community is the third type of configuration identified when it comes to the 

governance of open source projects. In addition to displaying a value of decentralized 

management for the community management dimension, this configuration also has the 

following values for the other five dimensions: highly restrictive assets, semi-static to 

organic goals, undefined or defined software development processes, no conflict 

resolution, and from none and none and mandatory and specific to optional and specific 
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and mandatory and specific.  

 

 Open communities are characterized by an absence of a clear centralized 

leadership structure or of a consensus-based system for making project decisions. 

Decision-making is decentralized, meaning that anyone can decide to make or 

implement a given decision. Also, consistent with a decentralized approach to decision-

making, these types of projects are characterized by semi-static or organic goals. In 

other words, goals originate either from the project administrators or from project 

members and are stated in a manner that is somewhat vague; this as opposed to static 

goals which originate from the project administrators and are stated in an explicit and 

specific manner. Software development processes can be either undefined or defined. 

Finally, the use of information can vary from none and none, split and specific, optional 

and specific, and mandatory and specific and the use of tools, from optional and specific 

to mandatory and specific.  
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Chapter 5 – Research Hypotheses and Model 
Development 

 

 This section offers research hypotheses aimed at answering the following 

research questions: What is the relationship between OSS governance configurations 

and the specific purposes that governance is hypothesized to serve in open source 

projects? How do the major configurations of governance dimensions affect the 

performance of open source projects? We will leverage the framework that we previously 

developed in order to develop these hypotheses. 

  

 In short, the thesis that underlies the following hypothesese can be summarized 

as follows: Younger and smaller projects benefit from more control, structure, and 

centralization while older and larger projects benefit from more open, decentralized 

governance profiles. 

  

1. The Purposes of OSS Project Governance 

 

 What is the relationship between OSS governance configurations and the 

specific purposes that governance is hypothesized to serve in open source projects? 

Identifying and providing explanations for such relationships could support better policy 

guidance to those who set up and lead OSS projects. 

 

 In this chapter, we develop specific propositions with respect to the relationships 

between governance purposes and governance configurations, immediately followed by 

testable research hypotheses. Such propositions and testable hypotheses will allow for 

the development of general explanations and theoretical mechanisms as to the 
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relationships between OSS governance configurations and the specific purposes that 

they are argued to serve. 

 

 The three specific purposes that governance is hypothesized to serve in open 

source projects, namely (1) solve collective action dilemmas, (2) solve coordination 

problems, and (3) create a climate for contributors (Markus 2007) are each addressed in 

turn next in terms of their relationships to OSS governance configurations.  

 

1.1 Solving Collective Action Dilemmas 

 

 Collective action, or the pursuit of a goal or set of goals by more than one 

person, is a major issue when one considers contributions to OSS development projects 

because it raises the question of why developers are motivated to contribute their time 

and coordinate their efforts “for free” in these kinds of projects, hence the term “collective 

action dilemmas”. When the development team is geographically dispersed as in OSS 

projects collective action problems are enhanced. Despite these challenges, OSS 

development teams have had a lot of success in overcoming the various challenges of 

distributed software development. They have managed to achieve effective collective 

action through sustained development activity. Indeed, development activity is very 

useful in measuring collective action since it represents one of the major outcomes of 

the collective activities undertaken by multiple developers in open source projects. As 

such, it can be used as a proxy for assessing collective action within a project. 

 

 A key distinguishing dimension of open source project governance configurations 

is the community management profile. Three distinct community management profiles 

where identified in the pilot study and were labeled as follows: centralized management, 
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shared management, and decentralized management. While each profile has its 

particularities when it comes to community management, they each provide a specific 

governance structure that prevents a chaotic development process that would 

completely hinder collective development efforts. Therefore, we propose the following: 

 

Proposition 1 (P1): OSS project governance helps solve collective action dilemmas by 

potentially providing a specific governance structure that prevents a chaotic 

development process that would completely hinder collective development efforts. 

 

 The following section will specifically highlight how OSS governance 

configurations address the purpose of solving collective action dilemmas. 

 

1.1.1 Benevolent Dictatorships and Collective Action Dilemmas 

 

 Benevolent dictatorships were found to be more centralized projects, with project 

goals being either semi-static or static. In other words, project goals in these types of 

communities largely originate from a small number of project administrators and are 

mostly explicitly and specifically communicated to project members. Software 

development processes are either defined or undefined and the use of information and 

tools is mandatory and specific. 

 

 Moreover, information rules, or how information should be used and managed is 

specifically stated in benevolent dictatorships. Since design and development decisions 

are rarely preserved in any kind of formal documentation, public mailing list archives are 

useful when new people join the project and need to understand why certain decisions 

were made the way they were.  This helps a project to release quality code. Specifically, 
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some open source projects often have highly detailed FAQs that underscore the social 

protocols that should be followed in a given project (Deek et al. 2007). Others establish 

developer guidelines that define how work should be performed in a project (Fogel 

2005). These guidelines are social in addition to technical and can cover such things as 

pointers to forums for interaction with other developers, detailed instructions on how to 

report bugs and submit patches, and some indication of how development development 

work is carried out in the project (Fogel 2005).   

 

 In addition, benevolent dictatorship configurations are characterized by 

mandatory information rules. In other words, the above guidelines are not suggested to 

newcomers or current project members, but instead are communicated to them in such a 

way as to make their use mandatory. This avoids any confusion on the part of project 

members when it comes to the use and management of information pertaining to the 

project. The same can be said of rules about the use of technological tools like mailing 

lists, VCS systems, and project wikis. Particularly, when asserted, such rules are 

specifically stated to project members. For example, in one project, a project 

administrator stated the following: “The development of eGW is done in HEAD (no 

branch tag) atm, til we have our first release candidate (propably to the linux fair in 

Giesen at the beginning of Oktober). Then we will create a new branch like usuall…” The 

use of technological tools is also mandatory. For example: “We really appreciate that you 

report bugs. We kindly ask you to report them via our bugtracker at our sf.net project-

page: https://sourceforge.net/…” Given the mandatory and specific nature of both 

information rules and technological tools rules, project members benefit from a clear 

understanding of rules with regard to information tools. Confusion or debate is lessened 

given that there is a clear understanding of what is expected of current or new project 

members in terms of how information is communicated and managed and how 
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technological tools should be used. 

 

 While some believe that open source projects lack any kind of management 

processes, such is not the case. For one, decision-making processes vary from one 

project to the next, with some projects characterized by centralized decision-making 

where it is up to the project administrators to largely make decisions on key software 

development issues. This community management profile was labeled “centralized 

management”. Other projects adopt a more decentralized approach to decision-making 

where decisions are largely made by community members without the intervention of 

project administrators. This community management profile was labeled “decentralized 

management”. In addition, membership into a project, or access to the project 

administrator role can be clearly defined and enforced in OSS projects. This also applies 

to more general member roles like bug fixer, documenter, or software developer, which 

can be determined by the community or decided by an individual. 

 

 As such, while more informal and less defined than in conventional software 

development projects, community management, through decision-making, membership 

rules, member roles, and roles changes does take place in OSS projects and contributes 

to creating an environment in which voluntary collaboration is facilitated, albeit to a 

varying degree as argued next. 

 

 Indeed, the degree of involvement of the management team (here, the project 

administration team) is believed the influence work team effectiveness (Hackman 1985). 

Many scholars suggest that the behavior of project managers within a team is directly 

related to increased performance (e.g., see (Vroom et al. 1988)). Managerial 

involvement by project managers is defined as the relative importance of a project 
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manager’s formal leadership role. This kind of leadership behavior is based on the 

theoretical argument that the project manager is perceived by the group as a leader, in 

other words as an individual  who has more influence than other team members given 

his stature on the team. As such, this person performs particular leader functions that 

cannot necessarily be taken up by others (Yukl 1989). Therefore, managerial 

involvement consists of a process whereby the project manager exerts his influence by 

being more directive, hands-on, and involved in the day-to-day workings of the team. 

 

 In an OSS project governed by a benevolent dictator, final decision-making 

authority rests with project administrators, who by virtue of personality and experience 

are expected to use it wisely. As such, a benevolent dictatorship is the most centralized 

system when it comes to decision-making in OSS projects. While “benevolent dictator” is 

a commonly used term in the field of OSS development, some believe that they should 

be viewed as “community-approved arbitrator” (Fogel 2005). The reason for this is that 

benevolent dictators typically don’t actually make all of the decisions in an OSS project. 

Projects can quickly become very complex, making it is highly unlikely that a single 

individual has enough expertise to consistently make good decisions. Therefore, 

benevolent dictators generally don’t make all of the decisions themselves. Instead, they 

often handle most of the key decisions but also let project members offer their expertise 

and make some decisions. If a given issue is beyond their level or expertise, project 

administrators can also participate in discussions as regular developers, differing to 

others who have more expertise on a given topic. For example, the may delegate some 

decision-making authority to other project administrators or even members of the project 

if they feel that it is called for. Therefore, while they make most of the decisions in their 

projects, they often encourage discussion on important project decisions, and can also 

allow decisions to be made by other project members. 
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 In the context of open source projects, we posit that because of the complexity 

inherent in the development of software (Kraut et al. 1995), the lack of structure in 

problem-solving (Vitalari 1981), and the role ambiguity experienced by developers 

(Baroudi 1985), a strong presence by the project administration team is required, 

especially following the foundation of a project when behavioral norms and values that 

can help guide the development process have yet to emerge. Indeed, it is reasonable to 

assume that a more involved project administration team is more likely to influence the 

development process given its implication in the day-to-day operations. As emphasized 

by Yukl (1989), an involved manager – and by extension, a more involved project 

administration team – is more “part” of the team, more involved in its work, and therefore 

more likely to influence development activities. This can lead to a more coherent 

development process that facilitates contributions to the project while attracting new 

contributors.  

 

 As such, we argue that projects that adopt centralized management, which are 

characterized by more involved project administrators and a more centralized decision-

making process, benefit from a more coherent and sustained development effort at 

earlier stages of development than those that adopt other types of community 

management profiles. In addition, in these types of projects, what is expected of 

contributors to the project is influenced by the highly visible actions taken and the 

decisions made by project administrators. This provides project members with a clear 

understanding of what is expected of them in terms of contributions to the project – an 

important outcome in younger projects that lack established norms – thus making it 

easier for current and future project members to contribute to the project. 
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 Therefore, the following hypothesis is offered: 

 

Hypothesis 1a (H1a): In younger projects, benevolent dictatorships will attract 

significantly greater development activity than consensus-based democracies or open 

communities. 

 

 Project size must also be considered as an important contextual factor that can 

moderate the above relationship. Specifically, larger open source projects were found to 

be more modular and decentralized. In other words, the degree of centralization was 

found to negatively correlate with project size {Crowston, 2005 #151}. Therefore, a more 

decentralized – or open – approach to governance will ensure a greater alignment 

between a project’s level of modularity and its governance configuration, thus facilitating 

the development process and stimulating development activity.  

 

Hypothesis 1b (H1b): In the case of larger projects, benevolent dictatorships will attract 

significantly less development activity than open communities. 

 

1.1.2 Consensus-based Democracies and Collective Action Dilemmas 

 

 In addition to displaying a value of shared management for the community 

management dimension, consensus-based democracies also have the following values 

for the other five governance dimensions: highly restrictive assets, semi-static goals, 

undefined for software development processes, no conflict resolution, and optional and 

specific and mandatory and specific use of information and tools. 

 

 These types of open source projects are characterized by more openly 
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democratic decision-making systems when compared to benevolent dictatorships. Also 

known as group-based governance, this is a more formal, group-based system. While 

such systems may vary somewhat from one project to the next, project members 

generally work by consensus (Fogel 2005). The pilot study showed that for these types 

of projects, decision-making is usually roughly evenly split between project 

administrators and project members. Moreover, a consensus is normally reached 

following a discussion on a given issue (e.g., how to fix a given bug or whether or not to 

add a new feature). Someone then summarizes the discussion and states what was 

decided in an explicit proposal of consensus. In the case of smaller decision which are 

often less controversial, proposals of consensus are implicit. For instance, when a 

project member commits a bug fix, this action in and of itself is a proposal of consensus 

on how to fix that particular bug (Fogel 2005). In the case where a commit is made in the 

absence of consensus, then a discussion on the topic can be carried out and the 

decision can be easily reversed via the version control system. 

 

 

 In the event that there is no consensus on a given issue, a consensus-based 

democracy will sometimes resort to a vote. In this context, a clear set of choices must be 

available to voters. There are often one or two people who summarize the various 

arguments and post them to the project’s mailing lists. These individuals also keep a 

record of the various issues on which project members either agree or disagree. A 

discussion’s progress can therefore be recorded and track in using this process and 

issues that remain to be addressed can be easily identified and addressed. These 

records and summaries can also be useful in the case that a vote becomes necessary 

as key issues can be extracted on included on a ballot sheet (Fogel 2005). If a vote is 

required, votes are cast in public mailing lists in order to ensure full transparency. In 
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other words, anyone can tally the results for himself. This also ensures that that the 

entire process  as well as the voting results are recorded in the project archives. 

Otherwise, decision-making is generally split between project community members and 

project administrators.  

 

 Consensus-based democracies are also characterized by semi-static goals. In 

other words, project goals are mainly offered by project administrators as opposed to 

project members, can be either implicit or explicit, and are rather vague in nature. This is 

consistent with the more decentralized nature of these projects, in which decision-

making is roughly evenly split between project administrators and project members. In 

addition, software development processes remain undefined, meaning that requirements 

are emergent and task assigned is self-selected, whereas in benevolent dictatorships, 

development processes can also be defined given their more centralized decision-

making structure.  

 

 As such, based on the above, we argue that projects that are characterized by a 

consensus-based democracy configuration, which is defined by a shared management 

approach to community management, less involved project administrators, and a less 

centralized decision-making process, will show a less coherent and less sustained 

development effort that those that adopt a benevolent dictatorship configuration 

specifically in the case of younger open source projects. However, given the absence of 

established norms and values following the foundation of a project, we expect them to 

fare better than open communities. 

 

Hypothesis 2a (H2a): In younger projects, consensus-based democracies will attract 

significantly greater development activity than open communities. 
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 Again, project size must also be considered as an important contextual factor. 

Specifically, given the modular and decentralized nature of larger projects a more 

decentralized – or open – approach to governance will ensure a greater alignment 

between a project’s level of modularity and its governance configuration, thus facilitating 

the development process and stimulating development activity.  

 

Hypothesis 2b (H2b): In the case of larger projects, consensus-based democracies will 

attract significantly less development activity than open communities. 

 

1.1.3 Open Communities and Collective Action Dilemmas 

 

 Open communities display a value of decentralized management for the 

community management dimension. Projects characterized by this governance 

configuration also have the following values for the other five dimensions: highly 

restrictive assets, semi-static to organic goals, undefined or defined software 

development processes, no conflict resolution, and from none and none and mandatory 

and specific to optional and specific and mandatory and specific.  

 

 Open communities are characterized by an absence of a clear centralized 

leadership structure or of a consensus-based system for making project decisions. 

Decision-making is decentralized, meaning that anyone can decide to make or 

implement a given decision.  

 

 Also, consistent with a decentralized approach to decision-making, these types of 

projects are characterized by semi-static or organic goals. In other words, goals originate 
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either from the project administrators or from project members and are stated in a 

manner that is somewhat vague; this as opposed to static goals, which originate from 

project administrators and are stated in an explicit and specific manner. A useful way to 

attract potential contributors to a project is to have a convincing project vision This can 

also serve to coordinate the contributions of current developers and to align them with a 

common goal (Luthiger 2005). Although project goals are also important in conventional 

software development projects, in this context a project manager has the formal authority 

for directing the majority of the development work. The monetary incentives that a firm 

can establish makes such formal authority possible. On the other hand, such formal 

authority is seldom present in open source projects where paid contributions are rare. 

Instead, behavioral norms and values play a much bigger role in aligning the work of a 

large number of project participants (Luthiger 2005). The lack of such norms and values 

in younger projects may lead to the eventual decline of a project through forking or 

project abandonment (Lattemann et al. 2005), to which open communities are more 

exposed. As such, as previously discussed, we expect a lesser degree of development 

activity in such projects. 

 

Hypothesis 3a (H3a): In younger projects, open communities will attract significantly 

less development activity than either benevolent dictatorships or consensus-based 

democracies. 

 

Hypothesis 3b (H3b): In the case of larger projects, open communities will attract 

significantly more development activity than either benevolent dictatorships or 

consensus-based democracies. 
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1.2 Solving Development Coordination Problems 

 

 Consistent with the research literature on coordination theory, we define 

coordination as “the effective management of dependencies among sub-tasks, 

resources (e.g., equipment, tools, etc.), and people” ((Malone et al. 1994), p. 1994). 

Here, coordination is viewed as an outcome (i.e., state of coordination), as opposed to a 

process (i.e., coordinating). Coordination as an outcome (i.e., state of coordination or 

coordination success) can be defined as the degree to which dependencies have been 

effectively handled (Espinosa 2002).  

 

 Coordination is a significant concern in any type of software development project 

and and more so when development is geographically distributed and conducted in an 

asynchronous, often voluntary manner, as in open source projects (Crowston et al. 

2005c). In open source projects, developers contribute from around the world, rarely if 

ever meet face-to-face, and use the Internet to coordinate their work (Weber 2004). OSS 

governance can be considered a solution to the many challenges of coordinating 

interdependence in accomplishing OSS development work. The following section 

provides an explanation of the theoretical mechanisms that underlie this relationship. 

 

 The pilot study showed that open source communities leverage a number of 

governance mechanisms. Even in the case of projects characterized by decentralized 

management, which we found were the most lax in terms of structured rules and 

governance mechanisms with organic goals and decentralized decision-making, informal 

guidance is offered. OSS communities are not anarchic bazaars. At first glance, 

discussion lists that developers use to share ideas and discuss the development process 

do have a chaotic feel to them. However, upon closer examination, one notices that 
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there are established norms for the conduct of these discussions that indicate what kind 

of behaviors are considered legitimate in the context of a given project (Weber 2004). 

For example, there are strong social pressures against noncompliance with norms. 

Continued noncompliance can even result in flame wars, where angry or hostile emails 

will be exchanged between offenders and other project members (Markus et al. 2000). 

Moreover, in more unstructured, open communities, leadership can also be established 

informally. Studies have persistently shown that a minority of developers (about 20%) 

actually produces most of the code (about 80%) included in software releases. This 

enables the highest performing programmers to guide the software development effort 

and thereby establish themselves as informal leaders of the community(Muller 2006). 

 

 When it comes to coordination, traditional organization theories suggest that 

coordination is accomplished by organizing (i.e., programming) tasks and by 

communicating (March et al. 1958; Van de Ven et al. 1976). Research also suggests that 

coordination is facilitated by expected patterns of behavior like group norms (Ghosh et 

al. 2004). As project members interact over time and develop familiarity with the 

development task, community norms are collectively shaped (Devan et al. 2008). 

Collaborators have been found to manage member and task interdependencies more 

easily in the presence of shared norms, thus positively affecting coordination (Ghosh et 

al. 2004). For instance, norms allow project members to avoid inter-personal problems, 

and to engage in socially coherent behavior. This helps them structure and coordinate 

their activities so that they are aligned with community expectations, and (Feldman 

1984). 

 

 Moreover, the presence of shared norms and membership rules can help create 

an environment where project members are better socialized into the community (Devan 
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et al. 2008) and where they can form shared mental models of the software development 

task and of the development community, which were shown to positively influence 

coordination in large-scale, geographically distributed software development teams 

(Espinosa 2002).  

 

Accordingly, we offer the following proposition: 

 

Proposition 2 (P2): OSS governance helps solve collective coordination problems. 

 

1.2.1 Benevolent Dictatorships and Coordination Problems 

 

 Benevolent dictatorships are characterized by a centralized management form of 

community management. In these projects, the relative importance of the formal 

leadership role of project administrators is greater than in other types of projects. Project 

administrators in these types of projects demonstrate a higher level of influence by being 

more directive, hands-on, and involved in the day-to-day activities of the project. As 

such, project administrators are more likely to make decisions and enforce rules and 

norms that facilitate project coordination given their influence on the development 

processes and day-to-day operations of the project. Because of their stature on the 

team, project administrators also have more influence than other team members. 

Therefore, the more involved the project administration team, the more likely it will 

influence not only the development process, but also the interaction norms aimed at 

streamlining the software development process and improving overall team coordination. 

Project administrators lead the community by supporting it from operational and 

organizational points of view, by fostering communication and collaboration, and by 

ensuring effective coordination of new members to the project. 
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 Furthermore, much like what takes place in communities of practice with 

community coordinators {Wenger, 2007 #368}, the role of project administrators in an 

OSS project is crucial for launching the project and make the community grow. They are 

the ones who propose overall goals and targets, deploy project tools, communicate with 

the external stakeholders, make connections between project members, and foster 

participation – all of which are contributing factors to effective project coordination at 

early stages following the foundation of a project. 

 

Hypothesis 4a (H4a): In younger projects, benevolent dictatorships will have a 

significantly greater positive effect on team coordination than consensus-based 

democracies or open communities. 

 

 Project size must also be considered as an important contextual factor that can 

moderate the above relationship. Specifically, larger open source projects were found to 

be more modular and decentralized. In other words, the degree of centralization was 

found to be negatively correlated to project size {Crowston, 2005 #151}. Therefore, a 

more decentralized – or open – approach to governance will ensure a greater alignment 

between a project’s level of modularity and its governance configuration, thus facilitating 

the coordination of development activities.  

 

Hypothesis 4b (H4b): In the case of larger projects, benevolent dictatorships will have a 

significantly smaller positive effect on team coordination than open communities. 
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1.2.2 Consensus-based Democracies and Coordination Problems 

 

 Consensus-based democracies are characterized by a shared management 

approach to community management, less involved project administrators, and a less 

centralized decision-making process. As such, we argue that they will show a less 

coherent and coordinated development effort than those that adopt a benevolent 

dictatorship configuration, but fare better than open communities, which are the least 

structured when it comes to managing the activities of a community. 

 

 In the first phase of the thesis, we found that in these types of projects, decision-

making is usually roughly evenly split between project administrators and project 

members. A consensus can also evolve in the context of a discussion on a given issue 

(e.g., how to fix a given bug or whether or not to add a new feature). When the end of a 

discussion is reached, there is often a consensus of what should be done with one 

person in particular summarizing the discussion and stating what has been decided in an 

explicit proposal of consensus. In younger projects, this entails greater coordination 

given the absence of well-established behavioral norms and values.  

 

 However, we expect consensus-based democracies to perform less well than 

benevolent dictatorships when it comes to project coordination in younger projects given 

the presence of directive and hands-on project administrators in benevolent 

dictatorships, which are better equipped to foster collaboration and communication in 

projects that lack established norms and values that can facilitate project coordination. 

However, we do expect them to perform better than open communities in this context, 

following the same logic outlined in the previous section. 
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Hypothesis 5a (H5a): In younger projects, consensus-based democracies will have a 

significantly greater positive effect on team coordination than open communities. 

 

 Here again, project size must also be considered as an important contextual 

factor here. Specifically, given the modular and decentralized nature of larger projects, a 

more decentralized – or open – approach to governance will ensure a greater alignment 

between a project’s level of modularity and its governance configuration, thus facilitating 

project coordination.  

 

Hypothesis 5b (H5b): In the case of larger projects, consensus-based democracies will 

have a significantly smaller positive effect on team coordination than open communities. 

 

1.2.3 Open Communities and Coordination Problems 

 

 Without a consensus-based system for making project decisions, open 

communities will demonstrate less coordination than more structured projects like 

consensus-based democracies and benevolent dictatorships.  

 

 Open communities are characterized by semi-static or organic goals. In other 

words, goals originate either from the project administrators or from project members; 

this as opposed to static goals, which originate from project administrators and are 

stated in an explicit and specific manner. As such, we expect that this greater flexibility in 

project goals in open communities will render project coordination less difficult in larger 

projects when compared to more static and unchanging goals which are less adapted to 

the modular nature of large projects. 
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 Furthermore, open communities are characterized by decentralized management 

when it comes to the community management dimension. These types of projects are 

characterized by that lack of a clear centralized leadership structure or of a consensus-

based system for making project decisions. This makes open communities more aligned 

with the modular structure of large projects where each module is almost an 

independently managed project in and of itself. Decision-making is decentralized, 

meaning that individuals working on any one module can implement a given decision, 

thus directly addressing the specific needs of that module and facilitating overall 

coordination between project participants at the module level. 

 

Hypothesis 6 (H6): In the case of larger projects, open communities will have a 

significantly greater positive effect on team coordination than either benevolent 

dictatorships or consensus-based democracies. 

 

1.3 Creating a Better Climate for Contributors 

 

 Given the absence of financial incentives, the overall climate of open source 

projects must be considered as an important element in convincing developers to join 

and continue to contribute to the development effort. Team climate is an important factor 

that needs to be considered in order to ensure team effectiveness (Loo 2003).  

 

 However, when considering team climate, we noted that, as per Schneider and 

Reichers’ (1983) argument, it is meaningless to apply the concept of climate without a 

particular referent (e.g., climate for change, climate for quality, climate for innovation, 

etc.). Rousseau (1988) proposes similar arguments and supports the study of ‘facet-

specific climates’. As such, given that open source projects are considered as innovation 
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communities {von Hippel, 2003 #34}, we will focus on climate for innovation. Specifically, 

West (1990) proposed a model of group-level innovation that suggests that four main 

climate factors are likely to create a climate of innovation within a group setting: vision, 

participative safety, task orientation, and support for innovation.  

 

 Open source communities, from those characterized by centralized management 

to those characterized by decentralized management, have a number of norms that 

prescribe community behavior. Social and cognitive norms develop within open source 

projects, which in turn govern their actions in addition to their interpretation of 

events(Enkel 2002). Project members’ behavior can be guided by operative norms . This 

can then allow for behaviors of community members to be better managed. There are 

also other kinds of norms that provide an indication of the types of behaviors that are 

considered legitimate in the context of a given project (Weber 2004). A collective identity, 

made up of shared values and knowledge, is established between members of open 

source projects as they become involved in their mutual work and work on solving 

common problems(Brown and Duguid 1991). The process of institutionalization, which is 

extensively covered in institutional theory, provides an explanation as to how social 

processes or obligations eventually acquire a rule-like status. 

 

 In open source projects, developers depend on a network of interdependencies 

that goes beyond the software’s source code. In developing complex software, open 

source developers often need development and implementation advice on how to 

integrate a developed piece of code to the project’s existing code base. It is therefore 

critical that shared behavioral norms and informal governance structures and rules be 

agreed upon and established in order to facilitate the development of quality software by 

fostering a positive team climate for innovation.  
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Proposition 3 (P3): OSS governance helps create a team climate for group 

innovativeness by guiding the behavior of community members through social processes 

and behavioral norms which facilitate the establishment of a better support for 

innovation. 

 

1.3.1 Benevolent Dictatorships and Climate for Contributors 

 

 Although community management can improve the overall community climate, 

we expect that different governance configurations will exert a varying degree of 

influence. 

 

 First, let us consider the benevolent dictatorship governance configuration. We’ve 

seen how this type of configuration is the most centralized system when it comes to 

decision-making in OSS projects. The actions taken and the decisions made by project 

administrators greatly influences what is expected of project participants. For example, 

decisions with regard to what types of features should be included in the software or how 

development should be carried out largely originate from the project administrators and 

mostly remain unchanged throughout the life of a project. In the absence of a formal 

authority structure as is the case in newly founded projects, OSS projects characterized 

by centralized community management can benefit from an informal authority structure 

that guides the development effort and establishes clear behavioral norms through 

centralized decision-making. These norms not only help streamline the development 

process, but also help to establish a positive team climate in which innovation is 

facilitated. 
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As such, we expect that: 

 

Hypothesis 7a (H7a): In younger projects, benevolent dictatorships will demonstrate a 

significantly better team climate for innovation than consensus-based democracies or 

open communities. 

 

 Also, 

 

Hypothesis 7b (H7b): In the case of larger projects, benevolent dictatorships will 

demonstrate significantly less positive team climate for innovation than open 

communities. 

 

1.3.2 Consensus-based Democracies and Climate for Contributors 

 

 Second, OSS projects characterized by a consensus-based democracy 

governance configuration differ from those that adopt benevolent dictatorship 

configuration in that decision-making is carried out by both project administrators and 

community members. Therefore, decision-making is less centralized, meaning that 

community norms, while still very much present, are more subject to interpretation and 

second-guessing than in more centralized projects where decision-making rests in the 

hands a few (generally project administrators). This can contribute to a more unstable 

climate in terms of what is expected of contributors to the project and confusion as to 

what are considered accepted behavioral norms especially following the foundation of a 

project when such norms and values have yet to be fully established. The establishment 

of goals and behavioral norms can then facilitate a climate for innovation by making it 

easier for project members to develop new ideas. These ideas can in turn by evaluated 
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with greater accuracy than if project objectives are unclear. Also, if team objectives are 

to facilitate innovation, project participants must also be committed to the goals of the 

project in the face of adversity. This can be much more difficult in younger projects 

characterized by a consensus-based democracy governance approach in which 

community norms and project goals are more subject to interpretation and second-

guessing. 

 

 Therefore, we expect that: 

 

Hypothesis 8a (H8a): In younger projects, consensus-based democracies will 

demonstrate a significantly better team climate for innovation than those characterized 

by an open community governance configuration. 

 

 In addition, we’ve seen how larger open source projects were found to be more 

modular and decentralized. In other words, the degree of centralization was found to be 

negatively correlated to project size {Crowston, 2005 #151}. Therefore, a more 

decentralized – or open – approach to governance will ensure a greater alignment 

between a project’s level of modularity and its governance configuration, thus facilitating 

the development process and stimulating overall team innovativeness. 

 

Hypothesis 8b (H8b): In the case of larger projects, open communities will demonstrate 

a significantly better team climate for innovation than those characterized by a 

benevolent dictatorship or a consensus-based democracy governance configuration. 
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2. OSS Project Governance and Project Performance 

 

 In the third phase of the research program, the refined OSS governance 

framework will be used for answering questions about the relationship between OSS 

governance and OSS project performance. Do the observed variations in OSS project 

governance configurations matter? That is, are these variations systematically related to 

the success or failure of OSS projects? If so, how do they contribute to performance, 

and which governance configurations and mechanisms are more effective than others? 

Also, are certain configurations of OSS governance dimensions more successful than 

others in terms of their impact on project performance? 

 

 Based on the findings obtained in the first two phases, hypotheses were 

developed as to the relationships between OSS governance configurations and OSS 

project performance. A more detailed description of the third phase is offered in the 

following sections. 

 

2.1 Open Source Project Governance Configurations and Project Performance 

 

 Do the observed variations in OSS project governance configurations matter? 

That is, are these variations systematically related to the success or failure of OSS 

projects? These are important questions that are addressed in the third phase of our 

thesis. Specifically, this is where we set out to argue, and subsequently test, why certain 

types of configurations are likely to be more effective for open source projects.  

 

 This section is divided into a number of subsections that address how the 
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different types of project governance configurations influence the performance of open 

source projects and also under which conditions they do so. A useful starting point in 

understanding how the three identified configurations of governance influence the 

performance of projects is to refer back to the performance statistics table presented in 

Chapter 4 (see below). In this section we modified the table by adding a column labeled 

“Governance Configurations”. This column shows the governance configuration for each 

project included in the pilot study.  

 

Table 88. Project Performance Statistics 

Project 
Governance 
Configuration 

Rank Downloads 
Developer 
Posts 

Project Web 
Hits 

Project A 
Benevolent 
Dictatorship 

157 119,544 1,810 5,136,040 

Project B 
Benevolent 
Dictatorship 

292 8,009 4,131 54,131 

Project C  
Benevolent 
Dictatorship 

326 28,097 21,046 260,327 

Project D 
Consensus-
Based 
Democracy 

390 512,430 25,081 6,626,438 

Project E 
Open 
Community 

1,780 651 6498 41,621 

Project F 
Open 
Community 

4,953 85 623 7,062 

Project G 
Benevolent 
Dictatorship 

6,946 165 253 14,487 

Project H 
Open 
Community 

6,973  603 1,578 18,316 

 

  

 As shown above, the eight projects show a large spread in variance for each 

performance metric. Specifically, project rankings range from 157 to 6,973, downloads 

from 512,430 to 85, developer posts from 25,081 to 253, and project web hits from 
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6,626,438 to 7,062. As can be seen by these various indicators, the first four projects 

can be characterized as being relatively successful, whereas the bottom four are clearly 

less successful. Interestingly, when we consider the governance configurations, we note 

that among the top four projects, across all indicators of performance provided by 

SourceForge, the top three are characterized by a benevolent dictatorship configuration 

and the fourth by a consensus-based democracy configuration. Also, among the bottom 

four projects, three are characterized by an open community configuration, and one by a 

benevolent dictatorship configuration. 

 

 While the above indicators provide preliminary evidence as to the performance 

implications of adopting one type of governance configuration over another in open 

source projects, a more in-depth analysis of this relationship is offered in the next 

sections. The following outlines this relationship through theoretical arguments that 

highlight the importance of context, as well as through support from the extent open 

source literature. 

 

2.1.1 Benevolent Dictatorship Configuration 

 

 One of the key findings from the pilot study is that the process of developing 

open source software is not an anarchic bazaar. Governance mechanisms are needed 

to make complex production processes work (Weber 2004). In open source projects, 

there are indeed norms for the conduct of project members that allow one to assess the 

legitimacy of different types of behaviors (Deek et al. 2007). While occupational 

communities and communities of practice operate within a preexisting authority structure 

that can  enforce behavioral expectations, open source communities cannot do this 

through the same means. However, they can draw on a number of elements that 
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together contribute to a coherent and somewhat disciplined development process. In this 

thesis, we have outlined three specific governance approaches to open source projects: 

benevolent dictatorships, consensus-based democracies, and open communities. 

 

 Benevolent dictatorships are the first type of governance approach. Project goals 

in these types of projects are either static or semi-static and thus largely originate from 

project administrators and mostly remain unchanged throughout the life of a project. As 

such, project goals are largely determined and explicitly stated by a small number of 

projects administrators and are relatively fixed and act as reliable objectives to be 

attained by the development team. While these goals can be slightly modified over time, 

they are rarely completely changed and therefore offer important milestones.  

 

 In addition to project goals being largely determined by project administrators, 

decision-making is also centralized. As opposed to an open community governance 

approach, final decision-making on development issues rests on members of the core 

development team, thus corresponding to a centralized community management profile. 

 

 Moreover, information rules, or how information should be used and managed is 

specifically stated in benevolent dictatorships. Since design and development decisions 

are rarely preserved in any kind of formal documentation, public mailing list archives are 

useful when new people join the project and need to understand why certain decisions 

were made the way they were.  This helps a project to release quality code. Some open 

source projects also often have highly detailed FAQs that define the social protocols that 

are established in a given project (Deek et al. 2007). Others have developer guidelines 

that outline how development work should be carried out (Fogel 2005). These guidelines 

are social in addition to technical and can cover such things as pointers to forums for 
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interaction with other developers, detailed instructions on how to report bugs and submit 

patches, and some indication of how development work is carried out in the project 

(Fogel 2005). In addition, benevolent dictatorship configurations are characterized by 

mandatory information rules. In other words, the above guidelines are not suggested to 

newcomers or current project members, but instead are communicated to them in such a 

way as to make their use mandatory. This avoids any confusion on the part of project 

members when it comes to the use and management of information pertaining to the 

project. The same can be said of rules about the use of technological tools like mailing 

lists, VCS systems, and project wikis. Particularly, when asserted, such rules are 

specifically stated to project members. For example, in one project, a project 

administrator stated the following: “The development of eGW is done in HEAD (no 

branch tag) atm, til we have our first release candidate (propably to the linux fair in 

Giesen at the beginning of Oktober). Then we will create a new branch like usuall…” The 

use of technological tools is also mandatory. For example: “We really appriciate that you 

report bugs. We kindly ask you to report them via our bugtracker at our sf.net project-

page: https://sourceforge.net/…” Given the mandatory and specific nature of both 

information rules and technological tools rules, project members benefit from a clear 

understanding of rules with regard to information tools. Confusion or debate is lessened 

given that there is a clear understanding of what is expected of current or new project 

members in terms of how information is communicated and managed and how 

technological tools should be used. 

 

 Therefore, it appears that the presence of a certain level of structure and rules 

that govern the development process is beneficial in granting projects a certain basis of 

authority  as many collectivist groups have failed in the absence of authority (Coleman 

1980). This is especially true in younger open source projects that haven’t yet developed 
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effective norms that can guide the development process. As such, younger project that 

adopt a benevolent dictatorship approach to governance use a basis of authority to 

reinforce emerging behavioral norms that can encourage certain types of behaviors and 

that can contribute to a more effective development process. In fact, successful open 

source projects have been found to often display strong leadership (Mockus et al. 2002; 

Moon et al. 2002), which is one of the characteristics of benevolent dictatorships. Also, 

organizations with more democratic forms of participation do not easily scale and are 

known for having a difficult time managing complexity and decision-making. A basis of 

governance and authority is made more pressing in a fast-paced development 

environment given the need to coordinate interdependent member activities and 

integrate the multiple contributions of project members. This is especially important 

following the foundation of a project given the lack of established norms and values that 

can help guide the project and facilitate the development process. 

 

 As such, we propose the following. 

 

Hypothesis 9a (H9a): In the case of younger projects, benevolent dictatorships will 

demonstrate significantly higher levels of performance than consensus-based 

democracies or open communities. (Younger open source projects that adopt a 

benevolent dictatorship governance configuration will attract significantly more 

development activity than those characterized by a consensus-based democracy or an 

open community configuration.) 

 

 However, a different scenario is likely to play out in the case of larger projects. 

Specifically, larger open source projects were found to be more modular and 

decentralized. In other words, the degree of centralization was found to be negatively 
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correlated to project size {Crowston, 2005 #151}. Therefore, a more decentralized – or 

open – approach to governance will ensure a greater alignment between a project’s level 

of modularity and its governance configuration. 

 

Hypothesis 9b (H9b): In the case of larger projects, open communities will demonstrate 

significantly higher levels of performance than benevolent dictatorships. 

 

2.1.2 Consensus-Based Democracy Configuration 

 

 In the pilot study, it was found that a consensus-based democracy-type 

governance configuration exhibits a more openly democratic decision-making system, 

labeled shared decision-making, when compared to benevolent dictatorships. In other 

words, while decisions can be made by members of the project administration team, a 

roughly equal amount of decisions are also made by members of the development 

community. This is a more formal, group-based system and is also known as group 

based governance. While such systems may vary somewhat from one project to the 

next, they are often characterized by two common elements: the project members share 

decision-making tasks or mostly work by consensus, and when group consensus is no 

possible there is also sometimes a formal voting mechanism available to members 

(Fogel 2005). A consensus is normally reached following a discussion on a given issue 

(e.g., how to fix a given bug or whether or not to add a new feature). Someone then 

summarizes the discussion and states what was decided in an explicit proposal of 

consensus. In the case of smaller decision which are often less controversial, proposals 

of consensus are implicit. For instance, when a project member commits a bug fix, this 

action in and of itself is a proposal of consensus on how to fix that particular bug (Fogel 

2005). In the case where a commit is made in the absence of consensus, then a 



 

209 
 

discussion on the topic can be carried out and the decision can be easily reversed via 

the version control system. In addition, membership rules are not very specific when 

compared to benevolent dictatorship configurations. Instead, they are rather vague in 

nature. Also, members self-select themselves into the roles of their choice and freely 

decide to either stay in the same role of take on a different one over time. 

 

 Based on the pilot study findings, we also determined that a consensus-based 

democracy governance configuration is characterized by semi-static goals, in other 

words, goals that are less explicit and more vague when compared to those of a 

benevolent dictatorship.  

 

 Also, these types of projects were found to have rather specific rules – that are 

either mandatory or optional – about how information and tools should be used and 

managed in the course of a project.  

 

 In order to keep members committed to a given project, a form of authority must 

preserve a certain degree of democracy for project members (Chen et al. 2007). This is 

what takes place in open source projects characterized by consensus-based democracy 

configurations. Specifically, Adler (Adler 2001), p. 228 argued that “community forms of 

knowledge creating are likely to grow only if community norms are balanced by 

hierarchical rules to ensure stability and equity”. This suggests that community forms 

should not establish fully open system of governance, but instead must combine 

participatory and democratic mechanisms with authority, in order to be successful. The 

governance systems of open source projects can also adapt more easily when more 

democratic, consensus-based mechanisms are employed as new members learn how to 

interpret authority in a community context (O'Mahony et al. 2007). It is the interests of 
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the community that are represented when democratic mechanisms are used. This 

provides community members with a certain level of centralized decision-making, which 

is not the case in open communities. 

 

 However, much like the argumentation previously provided, certain contexts are 

believed to be more appropriate for consensus-based democracies. Specifically, younger 

projects are likely to benefit from the more structured approach provided by consensus-

based democracies when compared to open communities given the lack of established 

norms on how work in the project should be carried out and how project members are 

expected to contribute to the project.  

 

Hypothesis 10a (H10a): In the case of younger projects, consensus-based 

democracies will demonstrate significantly higher levels of performance than open 

communities. (Younger open source projects that adopt a consensus-based democracy 

governance configuration will attract significantly more development activity than those 

characterized by a an open community configuration.) 

 

 Project size must also be considered in this context. Given the greater degree of 

decentralization found in larger open source projects, it is likely that open communities 

will have an advantage over consensus-based democracies since the later – much like 

benevolent dictatorships – are characterized by a more centralized governance 

approach. As such, an open community governance configuration is more in line with the 

higher level of modularization and decentralization found in larger open source projects. 

 

Hypothesis 10b (H10b): In the case of larger projects, open communities will 

demonstrate significantly higher levels of performance than consensus-based 
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democracies. 

 

2.1.3 Open Community Configuration 

 

 Open communities are characterized by an absence of a clear centralized 

leadership structure or of a consensus-based system for making project decisions. 

Decision-making is decentralized, meaning that anyone, from project administrators to 

developers or users of the software, can make a decision regarding the development of 

the software product. There are no membership rules when it comes to who can become 

part of the project administration team and project members are free to self-select into 

roles of their choice. It is also up to them to decide whether they wish to stay in the same 

role for an extended period of time of change role when desired. Also, project goals are 

often organic, specifically coming from members of the project rather than project 

administrators, and are rather vague in nature.  

 

 In the case of newly established projects in which behavioral norms have yet to 

be established, this type of governance configuration may not only confuse newcomers 

to the project but may also slow down the development of the software given the lack of 

a certain level of centralized management. It appears that the absence of a certain level 

of structure and rules that govern the development process during early stages of the 

project can be detrimental in granting projects a certain basis of authority that can guide 

the development effort. 

 

Hypothesis 11a (H11a): In the case of younger projects, open communities will 

demonstrate significantly lower levels of performance than benevolent dictatorships or 

consensus-based democracies. (Younger open source projects that adopt an open 
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community governance configuration will attract significantly less development activity 

than those characterized by a benevolent dictatorship or a consensus-based democracy 

configuration.) 

 

 Finally, as previously argued, an open community governance configuration is 

more in line with the higher level of modularization and decentralization found in larger 

open source projects. 

 

Hypothesis 11b (H11b): In the case of larger projects, open communities will 

demonstrate significantly higher levels of performance than consensus-based 

democracies. 

 

 The research model is provided on the following page (see Figure 2). 
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Chapter 6 – Preparation of the Questionnaires (Card 
Sort, Pretest, and Pilot Study) 

 

 

The following sections detail the research methodology for the quantitative 

survey. First, we focus on how the constructs for the study were developed and 

measured. As such, we outline scale development and the card sorting exercise that 

was conducted to provide an initial validation of the constructs used. We then describe 

the pre-test as well as the pilot study that were carried out to validate the survey 

instrument. The pre-test of the survey was performed with the help of MIS faculty as well 

as graduate students from Queen’s School of Business, in addition to open source 

practitioners, to further validate and refine the measurement instrument. The pilot study 

was then accomplished using respondents from actual open source projects. These 

respondents came from a subset of the sample of projects drawn from SourceForge for 

the full-scale study. Finally, the full-scale survey of open source projects is described.  

 

1. Construct Measurement 

 

Whenever possible, existing scales were used or adapted to enhance validity. 

Where necessary, we modified the wording of some questions to suit the context of this 

study. Otherwise, new questions were developed based on the qualitative phase of the 

research. In other words, the qualitative data collected during the first phase of the thesis 

was used to develop the wording of some of the items that were included in the survey 

to assess OSS governance dimensions. We then asked MIS researchers and graduate 

students to review the scales and share their concerns with us through a card sorting 

exercise. After incorporating their observations, the questionnaire was pilot-tested by a 
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number of undergraduate commerce students. Their comments helped improve the 

reliability and face validity of the scales. A second pilot study was subsequently carried 

out. Here, we used a subset of the sample of projects drawn from SourceForge in order 

to assess the measurement scales using actual open source project members in order 

to ensure scale validity based on target respondents from the full-scale study. 

 

The literature review was limited to published articles and conference 

proceedings that appear in academic databases. The effort to identify previously 

developed scales that were shown to be valid and reliable was carried out in a three-

pronged approach. In conducting a literature search, an initial keyword search of 

prominent databases was accomplished. Databases utilized for paper retrieval included 

ABI/INFORM, the ACM Digital Library, IEEE Xplore, Science Direct, and Web of 

Science. Google Scholar was also considered in searching for academic papers.   

 

Search strings included the following keywords: “open source”, “open source 

software”, “open source software development”, “goal visibility”, “goal clarity”, “goal 

origin”, goal source”, “software requirements”, “task assignment”, “conflict resolution”, 

“behavioral norms”. Following a first identification of relevant papers, this first group of 

articles was supplemented with other open source-related papers using backward and 

forward citation searches. Also, the reference lists of these articles were also reviewed in 

an effort to identify other related papers that may have been missed during the initial 

search. This yielded an additional set of articles not identified in a first search effort.  

Following these two rounds of paper searches, each article was then visually screened 

for specific open source software development content. When given articles specifically 

addressed open source software development, they were then included in the review. 
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Section 2 covers each construct in turn. For each construct, we provide a 

conceptual definition and an operational definition – explaining in what way the 

operational definition suites the context of OSS project governance. We also specify how 

we measured the construct, how we developed the measure, and provide any 

psychometric information on the measures we adopted from the literature. We also 

explain how we established the reliability and construct validity for each measure. 

 

2. Scale Development 

 

For each construct for which we weren’t able to find valid and reliable measures 

in the literature, we generated an item pool based on the qualitative data collected in the 

first phase of the thesis. The primary goal was to begin formally converting the 

constructs into measurable scales. Then, items considered too narrow in focus and 

applicable only in particular situations were removed. Once this was done, new items 

were created where it was felt that all dimensions of the construct has not been covered. 

This left us with items that tended to be a statement to which respondents were asked to 

indicate their level of agreement. Once item pools were created for each construct, each 

item was reassessed to eliminate those that appeared ambiguous or redundant – in 

other words, those that might load onto more than one factor. The steps and techniques 

chosen in this phase of the research were based on the procedures followed by Davis 

(1989), Moore and Benbasat (1991), and Smith (1996). 

 

The constructs used in this research are listed below along with their origin. 
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Table 89. Constructs 

Dimension Construct Origin 

Chartering the project 

Goal visibility New construct 

Goal clarity New construct 

Goal origin New construct 

Community 
management 

Decision-making New construct 

Rule clarity New construct 

Roles New construct 

Role changes New construct 

Software development 
processes 

Software requirements 
visibility 

New construct 

Software requirements 
clarity 

New construct 

Software requirements 
origin 

New construct 

Task assignment New construct 

VCS roles New construct 

VCS clarity New construct 

Release manager role New construct 

Partitioning New construct 

Timetables New construct 

Conflict resolution 
Noncompliance norms New construct 

Collective sanctions New construct 

Use of information and 
tools 

Use of information rule 
clarity 

New construct 

Use of information rule 
enforcement 

New construct 

Use of tools rule clarity New construct 

Use of tools rule 
enforcement 

New construct 

N/A 
Coordination 
effectiveness 

{Yuan, 2009 #378} 

N/A 
Climate for project 
excellence 

{Eisenbeiss, 2008 #377} 

N/A Performance Wallace et al. (2004) 
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3. Card Sorting 
 

 

Two goals were pursued at this stage: assess the construct validity of the various 

scales being developed, and to attempt to identify specific items that may still have been 

ambiguous. In order to accomplish these goals, judges were asked to sort the various 

items into categories representing each construct considered. If an item was consistently 

placed within a given category, then it was considered to show convergent validity with 

the related construct, and discriminant validity with the other constructs. Each item was 

randomly listed in an Excel spreadsheet for presentation to the judges. Each judge was 

asked to sort the items into categories associated with the items listed and discard items 

that did not seem to fit into any specific category. 

 

The overall methodology of the card was as follows. Several judges were given 

the items in a random order, along with the names of the constructs and their definitions 

where required. The judges were asked to sort the items (independent of other judges) 

into groups. These groups were based on the construct names provided, along with two 

additional groups: “Does not fit any” and “Ambiguous or confusing”. The “Does not fit 

any” category consisted of the group in which the items did not appear to fir with any of 

the given constructs, but made sense, whereas the “Ambiguous or confusing” category 

allowed the judges to separate items that were confusing or used terminology with which 

they were not familiar with. Therefore, even if the judges were given the construct names 

(groups), they were not forced to place items into these constructs. Two groups were 

used for the confirmatory card sort because of the number of items to be sorted. There 

were a number of five judges per group per round for a total of 10 judges per round (20 

judges for both rounds). 
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Judges were first trained on the card sort methodology with a trial card sort. The 

trial card sort involved three constructs: efficiency, appearance, and price as they relate 

to an automobile. Judges were asked to categorize items such as: “I was describe the 

car as unsightly”, “This car is not affordable”, and The car has good gas mileage”. 

 

Upon completion of the trial card sort, the judges then moved on to the 

confirmatory card sort. The items were listed in random order (determined by Excel 

using the rand() function and Data Sort based on the random numbers functions). The 

categories were labeled and defined on the subsequent worksheets within the Excel 

spreadsheets (one category per worksheet). The judges were asked to cut and pasted 

the items into the different worksheets. Once the items were categorized, the judges 

returned the newly organized items to the researcher for inter-rater reliability 

calculations. 

 

A total of two rounds were performed. The judges for the first round consisted 

mostly of graduate students in MIS from Queen’s School of Business with the addition of 

professors from the MIS department. The judges for the second round consisted 

professional working in the market research field.  

 

3.1 Round 1 

 

 The analysis of the card sort involved calculating the Cohen’s Kappa inter-rater 

reliability score. Once the judges returned the sorted items, these were coded in 

accordance to the group that the judges had placed them in. The Cohen’s Kappa was 

calculated using Excel, and the following were calculated: 
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1. The frequency by which each rater put an item into a category; 

2. Agreement of each rater pair (P0); 

3. The probability of random similar assignment (Pe), which is the frequency for 

rater_i * frequency for rater_j / number of items^2; 

4. The parwise Kappa (pairwise Kappa = (P0-pe)/(1-pe)); 

5. The overall Kappa (Kappa = average Kappa for each pair). 

 

 In the first round, for group 1, Cohen’s Kappa was 0.6658 and thus met the 

minimum requirement of 0.65. For group 2, Cohen’s Kappa was 0.8434. Both of these 

values were equal to or above the suggested 0.65 threshold. 

 

 An examination of the resulting “factor structure” showed high agreement among 

the judges for most constructs with the exception of the following – Chartering the 

project dimension: goal visibility and goal origin; Software Development Process 

dimension: software requirements visibility; and the Team climate for innovativeness 

governance purpose: vision, participatory safety, task orientation and support for 

innovation. An analysis of how the items for these constructs were categorized allowed 

us to identify problematic items. 

 

 Items that were miscategorized by 3 judges or more per group were updated. In 

other words, their wording was updated to improve their convergence. Items that were 

miscategorized by 4 judges or more were dropped. This exception to this was the Team 

Climate for Innovativeness governance purpose for which the items for all 4 constructs 

(vision, participatory safety, task orientation, and support for innovation) were mostly 

miscategorized by all 5 judges. We quickly realized that this construct proved to be very 
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problematic with most items included in one of the following categories: “Does not fit 

any” or “Ambiguous or confusing”. It was therefore decided to drop the Team Climate for 

Innovation construct and go back to the research literature to identify a measure of 

innovation that would hopefully prove to be a better fit in this context. We therefore 

decided to drop these constructs and replaced them with the Climate for Project 

Excellence construct. 

 

3.2 Round 2 

 

 In the second sorting round, a different set of judges was used. In addition, as 

previously noted, we identified a replacement construct in the leadership literature. The 

construct, called Climate for excellence, is defined as shared group norms about 

“excellence of quality of task performance” {West, 1990 #381} p. 313. This is apparent in 

things like team members’ commitment to high quality standards, critical appraisals, and 

established performance criteria. These norms reflect a general concern with excellence 

as it relates to task performance, and do not specifically relate to innovation {Anderson, 

1998 #380}. This definition was considered more in line with the focus of our research as 

it focused more specifically on group norms, which underlie open source projects. 

Eisenbeiss et al. (2008) {Eisenbeiss, 2008 #377} assessed climate for excellence using 

a seven-item scale from the TCI developed by Anderson and West (1998). The overall 

methodology followed for the second card sort round was the same as for the first round. 

 

 In the first round, for group 1, Cohen’s Kappa was 0.8035 and thus met the 

minimum requirement of 0.65. For group 2, Cohen’s Kappa was 0.6735. Both of these 

values were equal to or above the suggested 0.65 threshold. 

 



 

222 
 

 An examination of the resulting “factor structure” showed high agreement among 

the judges for most constructs with the exception of the following – Chartering the 

project dimension: goal visibility; Software Development Process dimension: software 

requirements visibility; and coordination effectiveness. An analysis of how the items for 

these constructs were categorized allowed us to identify problematic items. These items 

were either updated or dropped from the instrument. 

 

 Overall, the items were generally being placed as they were intended. As such, 

at the end of the second card sort round, it was concluded that the development process 

had resulted in scales that demonstrated construct validity, with a high potential for very 

good reliability coefficients. 

 

 Appendix A contains a detailed account of the items that were updated, and the 

ones that were dropped in the card sort exercise.  

 

4. Pretest of the Questionnaires 

 

 Following the card sort exercise, we performed an initial pre-test test of the 

questionnaires. The questionnaires were created by grouping the items (questions) from 

each construct into different sections based on common underlying themes. This was 

accomplished so as to not create sections that included items belonging to one construct 

only in order to provide a better test of the measures’ performance (i.e., reliability and 

validity). Within each of these sections, items were randomly sorted. 

 

 The pre-test was performed with the help of MIS faculty and graduate students at 
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Queen’s School of Business, in addition to open source practitioners, to further validate 

and refine the measurement instrument. Specifically, 3 academics for the MIS 

department at Queen’s School Business, 5 PhD students in MIS, as well as 3 

practitioners participated in the pre-test. 3 practitioners then also provided their 

feedback. 

 

 Feedback received from all participants was considered and amendments to the 

questionnaires were made in accordance. The results of each phase of the 

questionnaire pretests introduced many changes to the surveys. Appendix B provides a 

summary of the results of each stage of the pretest. The major changes that were made 

to the questionnaires are discussed here. 

 

 During the first round of pretests with MIS faculty from Queen’s School of 

Business, feedback was obtained with regard to the overall clarity of the various 

construct items. Changes to several items were made based on participants’ understand 

of the items. In addition, some terms were defined in introductory sections of the survey 

in order to clarity the meaning of some concepts. Other changes were also made based 

on the comments provided. For example, verb tenses were made consistent throughout 

the survey, and demographic questions in addition to open-ended questions were added 

at the end of the survey. 

 

 An updated version of both questionnaires was provided to PhD students in MIS 

at Queen’s School of Business. Similarly to some of the comments provided by faculty, 

several items were updated in order to make them easier to understand. In addition, 

“N/A” tags were added to other items. Examples were also added to some of the 

questions. 
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 Finally, a final version of the questionnaires, which included revisions from the 

first two rounds, was provided to open source practitioners. Comments were made as to 

the appropriateness of some of the more technical terms used. For example, it was 

suggested that we replace “VCS” with “Source code management systems” in the instructions, 

introductory texts, and questionnaire items as this term is the one most often used by users of 

SourceForge.net. 

 

 After each of these rounds, update versions of the questionnaires were given to 

the thesis supervisor for confirmation that the changes made were in accordance with 

the comments provided and relevant in the context of this research. The final versions of 

both questionnaires were deemed ready for the pilot study by the thesis supervisor. The 

pilot study is covered in the next section. 

 

5. Pilot Study of the Questionnaires 

 

 This stage consisted of a pilot test of the questionnaires using a sample of open 

source software projects. The aim was to ensure that the various scales demonstrated 

the appropriate levels of reliability, while at the same time making sure that respondents 

– actual members of open source projects – did not face any difficulties in completing the 

questionnaires. 

 

5.1 Sample 

 

 One of the goals of this thesis was to collect data on a larger set of projects that 

are representative of the wider population of open source development efforts (i.e., the 
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target population). In order to accomplish this, the list of projects hosted on 

SourceForge.net (www.sourceforge.net) was compiled. SourceForge.net is the world's 

largest open Source software development web site, hosting more than 100,000 projects 

and thousands of registered users with a centralized resource for managing projects, 

issues, communications, and code.  In addition to hosting a large segment of the 

population of OSS projects, SourceForge also provides projects with a standard 

technology toolset, thereby reducing variance in team effectiveness that may be due to 

differences in technology used to support such things as workflow, code distribution, and 

versioning. 

 

 More specifically, two groups were targeted for the pilot study: project members 

and project administrators (see below for a thorough explanation as to why 2 different 

respondents were selected). The pilot study respondents came from a random subset of 

the projects hosted on SourceForge. This sub-sample consisted of a random selection of 

5% of the total number of SourceForge projects comprised of 6 members or more. This 

resulted in questionnaires being distributed to a sample of 523 project administrators 

and 1,761 project members. The main goal of the pilot study was to carry out an initial 

reliability assessment of the scales. Participants were also asked to comment on the 

questionnaire so that we could further improve it for the main study. 

 

 The unit of analysis was an OSS development project. There are a number of 

approaches for measuring project-level constructs, notably assessing individual 

perceptions as a representation of team beliefs (e.g., (Crocker et al. 1990)) or the 

aggregation of individual assessments (Guzzo et al. 1993). Unfortunately, none of these 

approaches are ideal for measuring team-level attributes {Bar-Tal, 2000 #372; Gibson, 

2000 #373}. Specifically, in the context of OSS projects, none of thee approaches are 
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ideal for assessing project-level attributes given that many project members are difficult 

to identify, only sometimes contribute to the project, or may have left the project 

altogether.  

 

 Therefore, given the practical difficulty of accessing all members of OSS teams, 

we used a key informant approach {Seidler, 1974 #374}. This was combined with the 

collection of publicly available project data from the SourceForge website, as per Stewart 

et al. (Stewart et al. 2006a). Using key informants to collect data about larger social 

entities is common in organizational research. Key informants are individuals who 

possess special qualifications that are pertinent to the research such as status, 

experience, or specialized knowledge {Segars, 1998 #369}. Project-level data from 

project managers is typically collected in research on the effectiveness of software 

development projects (e.g., {Ethiraj, 2005 #370; Gopal, 2003 #371}). In the open source 

domain, project administrators represent an equivalent role that is best suited to 

providing details of a project. Organizational scholars commonly resort to key informants 

to collect data about larger social entities (e.g., (Capron et al. 1999; Nelson et al. 1996; 

Sparrowe et al. 2001)). In using this method, it is important to survey respondents that 

possess particular qualifications that are pertinent to the research such as experience or 

specialized knowledge. In the context of OSS communities, project administrators are 

the most suited to providing detailed information on their community. They are generally 

experienced OSS developers with a deep knowledge of their community’s internal 

dynamics, activities, and accomplishments (Stewart et al. 2006a). Also, since key 

leaders and founders shape organizations (Hofstede et al. 1990), such individuals may 

be better suited to report on the governance of their projects than other individual 

members. They were therefore be contacted by e-mail and invited to participate in an 

online survey. 
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 However, given the nature of some of the variables included in our study, an 

additional respondent per project was required. Indeed, while some variables like project 

performance and decision-making can be best assessed by project administrators, other 

variables like goal clarity and software requirements visibility are likely best assessed by 

project members who are more likely to provide unbiased answers to questions about 

the quality of project goals and software requirements. As such, using two respondents 

per projects ensured that the questions were answered in a valid way. This essentially 

consists of a matched survey design. Matched surveys help to limit common method 

bias and also allow researchers to develop survey items that are more aligned with each 

respondent’s experience and expertise (Tallon and Pinsonneault 2011). 

 

 Thus we targeted both project administrators and project developers, as they are 

best positioned to be most familiar with a team’s internal dynamics, activities, and 

accomplishments. Project administrators were asked to answer questions about the 

constructs belonging to the following dimensions: climate for project excellence, software 

development processes, conflict resolution, conflict resolution, coordination 

effectiveness, and software product performance. Project developers were required to 

answers questions about the constructs belonging to the following dimensions: 

chartering the project, community management, and use of information and tools. Both 

categories of respondents answered questions pertaining to project performance. 

 

 Potential respondents were identified on project websites, which provide the 

contact information (email addresses) of project members as well as project 

administrators. Respondents were instructed to respond with reference to the software 

project they were involved with.  
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5.2 Methodology 

 

 A list of all projects with 4 members or more was extracted from 

SourceForge.net. To accomplish this, we were granted access to the University of Notre 

Dame’s SourceForge.net research data. SourceForge has shared certain 

SourceForge.net data with the University of Notre Dame for the sole purpose of 

supporting academic and scholarly research on the Free/Open Source Software 

phenomenon. The site has given Notre Dame permission to in turn share this data with 

other academic researchers studying the Free/Open Source Software 

phenomenon. Portions of the data that may support such research, was made available 

to academic or scholarly researchers.  

 

 SourceForge.net uses relational databases to store project management activity 

and statistics. There are over 100 relations (tables) in the data dumps provided to Notre 

Dame. Some of the data have been removed for security and privacy reasons. 

SourceForge.net cleanses the data of personal information and strips out all specific and 

site functionality specific information. On a monthly basis, a complete dump of the 

databases (minus the data dropped for privacy and security reasons) is shared with 

Notre Dame. The Notre Dame researchers have built a data warehouse comprised of 

these monthly dumps, with each stored in a separate schema. Thus, each monthly dump 

is a snapshot of the status of all the SourceForge.net projects at that point in time. 

 

 We queried the database to obtain a list of all projects with 4 members or more, 

along with the list of individuals that contribute to these projects. This generated a list of 

20,008 projects. Using this list, we then conducted a 2-phased identification process. 
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The first phase involved accessing each project website individually to determine 

whether each project listed was suitable for inclusion in the sample by (1) still being 

active and by (2) including at least one project member and one project administrator. 

Project activity was defined as a project that had at least 1 mailing list post within the last 

3 months. The inclusion of at least 1 project member and 1 project administrator was 

required in order to survey both roles. During this phase, we noted that there were 

almost no projects with 4 or 5 members that met these criteria. Therefore, projects with 

either 4 or 5 members were excluded and we were left with 9,338 projects. The second 

phase involved only projects that made it through the screening process. Here, we 

accessed each website individually in order to determine whether each of the individuals 

listed as contributors were either project members (PM) or project administrators (PA). 

This information is listed on project websites, with contributors to a project identified as 

either project administrators or as project members. Once this final list was compiled, 

identified individuals were invited to participate in the research via email. Both 

questionnaires were hosted online. Project members were sent an invitation to the 

project members questionnaire and project administrators were provided with an 

invitation to the project administrators questionnaire. A letter of information & consent 

describing the study and its purpose was included in the questionnaires. Upon giving 

consent, participants completed the questionnaires that included all related measures for 

the main survey study, in addition to a number of demographic variables. 

 

 Some of the major concerns regarding web survey design as underscored by 

Dillman (2001) were not applicable in this specific context. For example, given that open 

source developers are ultimately the target respondents, issues of access to the Web or 

concerns about computer literacy were clearly not needed. However, other important 

concerns raised by Dillman (2001) did apply in order to ensure the design of an effective 
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survey. For example, the following recommendations were considered when sending out 

the survey to the target population: personalize all e-mail contacts, send personalized 

reminders, limit the column width of the questionnaire, and keep web pages brief to 

avoid excessive scrolling. 

 

 At the end of both questionnaires, participants were asked for feedback regarding 

the questionnaire (i.e., make any comments they wished). They were also welcomed to 

enter into a draw to win an iPad, and were thanked for their time and effort. The draw 

was conducted at the end of the main study. 

 

 The first recruitment email was sent on February 22nd, 2011 and the reminder 

was sent on March 3rd, 2011. The final sample of the pilot study, with incomplete 

responses removed, consisted of 95 project members and 55 project administrators. 

Response rates for this data set consisted of 5.40% for project members and 10.52% for 

project administrators. The total sample consisted of 131 males (87.3%) males, 17 

females (11.3%), and 2 participants who did not provide any demographic information. 

Participants were mostly aged 25-44 (60.0%) and 45-64 (23.3%). The majority of 

respondents had substantial experience contributing to open source projects with 61.3% 

indicating having contributed for more than 4 years, followed by 17.3% having 

contributed for 1-2 years. Finally, when it comes to tenure, 54.7% indicated that they 

have been involved in the project they were providing answers about for more than 2 

years, which gives us a high level of confidence in their knowledge of the project. This 

was followed by 18.0% of respondents telling us that they have been involved in the 

project for 13-24 months. 
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5.3 Control Variables 

 

 A number of the measurements made are likely to be a function of several 

variables not included in the framework. This is why a number of variables were 

captured as control variables (contextual variables). 

 

 Team size can also affect the performance of a project. Projects that can 

leverage a very large number of developers are more likely to produce more code and 

release more versions of the software than projects of a smaller size. Similarly, projects 

that have a larger number of project administrators are likely to benefit from greater team 

effort simply because of larger numbers. 

 

 How long a project has been in existence can serve as a proxy for several factors 

that could be important to project success, including the experience of the development 

team in working together and the status of the project (Stewart et al. 2006). For example, 

as projects get older and reach a stable development status, the level of development 

activity may decrease. Also, projects in earlier stages may not yet have had the time to 

establish a particular governance approach when compared to projects at later stages. 

Therefore, age, which we measured as the number of months since project inception on 

Sourceforge at the time of data collection, was also used as a control variable. 

 

5.4 Analytical Techniques 

 

 In order to assess the measures’ psychometric properties, several analyses were 

performed. Specifically, reliability and validity assessment were conducted.  
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 The measures were tested for reliability indicators. First, Cronbach’s alpha was 

calculated for each of the measures since a minimum sample size of 30 was reached for 

both the project administrator questionnaire as well as the project member 

questionnaire, so the results of this analysis are valid (Tabachnik and Fidell 2001). 

Initially, the original measures’ alpha was calculated and then the alpha for the refined 

measures was also calculated using SPSS. A minimum alpha of 0.70 was sought for 

each of the measures (Churchill 1979). 

 

 An exploratory factor analysis was also performed with all posited scales 

included so as to ensure the test of external consistency of the measures (Gerbong and 

Anderson 1988).  

 

5.5 Results 

 

 In this section, the results of the analyses described above are presented. 

 

 For the most part, the measures performed well in terms of Cronbach’s alpha. 

The measures in the following table met the minimum requirement for Cronbach’s alpha, 

and were not altered for the main study. 
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Table 90. Measures with Acceptable Performance in Reliability 

Measure Source Cronbach’s Alpha 

Goal Origin New 0.799 

Decision-making New 0.867 

Information Rule 
Enforcement 

New 0.708 

Climate for Project 
Excellence 

Eisenbeiss (2008) 0.852 

Coordination Effectiveness Yuan (2009) 0.776 

Software Requirements 
Origin 

New 0.816 

VCS Roles New 0.659 

Project Partitioning New 0.783 

Performance Wallace et al. (2004) 0.795 

 

 For all other constructs, changes were made in order to shorten the 

questionnaires. When possible, we tried to limit the number of items per construct to 

approximately 3 to 4 items. Items that exhibited substantial overlap in meaning were 

identified and one of them removed. Appendix C provides a detailed account of reliability 

scores for each construct in addition to scores for the constructs when specific items 

were deleted. In addition, dropped items are also marked and wording changes are 

provided. The performance of reliability scores for revised measures is provided in the 

following table. 
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Table 91. Performance in Reliability for Revised Measures 

Measure Source Cronbach’s Alpha 

Goal Visibility New 0.830 

Goal Clarity New 0.849 

Rule Clarity New 0.805 

Information Rule Clarity New 0.807 

Tools Clarity New 0.763 

Tools Enforcement New 0.807 

Software Requirements 
Visibility 

New 0.806 

Software Requirements 
Clarity 

New 0.776 

Task Assignment New 0.834 

VCS Clarity New 0.871 

Timetables for Software 
Releases 

New 0.817 

Noncompliance Norms New 0.888 

Collective Sanctions New 0.835 

 

 Despite low alpha scores for both the Member Roles and the Member Role 

Changes constructs (see next table), we decided to keep all of their respective items.  

 

Table 92. Performance in Reliability for Other Measures 

Measure Source Cronbach’s Alpha 

Member Roles New 0.586 

Member Role Changes New 0.627 

 
 
 The reason for this is that it appeared that similarly worded items in both cases 

were the source of the problem. In the case of the Member Roles construct, the item 

was: “Other members of this project specifically ask project members to fill certain roles.” 

The “Cronbach’s Alpha if item deleted” value for this item was 0.859. We noted that the 

wording for this item was fairly different from the other items of the same construct, 

which seemed to explain its poor performance. As such, instead of simply dropping this 
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item, we decided to change its wording so that it was closer to that of the other items. 

The same was noted in the case of the Member Role Changes construct. Here, the 

problematic item read: “Other members of this project ask project members to assume 

specific roles in this project.” The “Cronbach’s Alpha if item deleted” value for this item 

was 0.797. The reworded items are shown in the following table. A slight wording change 

was also made to an item from the Task Assignment construct. 

 
Table 93. Changes to the Questionnaires 

Construct Item Updated Item 

Member Roles Other members of this project 
specifically ask project 
members to fill certain roles. 

Project members are 
suggested to fill certain 
roles. 

Member Role Changes Other members of this project 
ask project members to 
assume specific roles in this 
project.  

Project members are 
suggested to assume 
specific roles in this 
project. 

Task Assignment 
 

Project members are 
specifically asked to work on 
certain tasks. 

Project members are 
suggested to work on 
certain tasks. 

 

 For detailed results of the reliability analyses, please refer to Appendix C. 

 

5.6 Discussion 

 

 The purpose of this chapter was to present the card sort of the questionnaire 

items, their pretest, as well as the pilot study in which the methodology of distributing the 

questionnaires (i.e., the web-based surveys), the timing of the questionnaires, and the 

psychometric properties of the measures within this research context were tested. In this 

discussion, the performance of the measures will be summarized, and then the 

methodology of the main study will be outlined. 
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5.6.1 Summary of the Performance of Measures 

 

 Overall, the measures performed well during the preparation of the 

questionnaires. Any construct that did not perform well during this phase of the research 

was improved based on the findings obtained in order to ensure the use of a sound 

measurement instrument in the main study.  

 

 The card sort allowed us to conclude that the “factor structure” for a majority of 

construct showed high agreement among the judges. Following changes to the scales 

based on the feedback collected in the first round, a second round was performed. At the 

end of the second card sort round, it was concluded that the development process had 

resulted in scales that demonstrated construct validity, with a high potential for very good 

reliability coefficients. 

 

 During the pretest, we collected feedback from both academics and practitioners 

on the overall content, flow, and length of the questionnaires. Qualitative feedback was 

thus obtained and used to improve the surveys.  

 

 Finally, in the pilot study, strong reliability coefficients were obtained for a majority 

of constructs. Factor analysis also allowed us to identified more problematic items that 

could be removed from the questionnaires. This allows us to streamline the 

questionnaires for the main study.  

 

5.6.2 Observations on the Methodology 

 

 Apart from standard issues like the identification of problematic items, one of the 
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most important issues that came up during the pilot study had to do with the repetitive 

nature of some of the items. In the open-ended feedback, we noted that many 

commented on the fact that they felt like they were answering the same questions over 

and over. This likely had a negative effect on completion rates. As such, this was 

addressed by limiting the number of similar items in the questionnaires. In other words, 

following the pilot study, we removed construct items that were very similar in meaning in 

order to avoid repetition and also to shorten the surveys. In addition, within the 

questionnaires, we added a note to participants explaining that some of the items were 

similar to one another in some cases, but that was required given the nature of the 

research. 

 

 The next section provides a discussion of the methodology, sample, analyses, 

and results of the main survey study. 
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Chapter 7 – Survey Study 

 

 The revised versions of the questionnaires were used for the main study. The 

purpose of the main study was to first validate the governance configurations developed 

in the case study and to then answer the research questions by testing the proposed 

research model and its associated hypotheses.  

 

 The research questions for this study were as follows: 

 

1. What is open source project governance and how can it be conceptualized? 

 

2. What is the relationship between OSS governance and the specific purposes that 

governance is hypothesized to serve in open source projects? 

 

3. How do the major configurations of governance dimensions affect the 

performance of open source projects? 

 

 The first part of this chapter will seek to provide an answer to the first question 

while the second part will focus on providing answers to questions 2 & 3. In addition to 

these research questions, we reexamined the reliabilities and validities of the measures 

which needed to be completed prior to testing the above research questions. The 

following sections describe the methodology, sampling and analytical techniques that 

were used for this study. 
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1. Methodology 

 

 The same methodology as the one used for the pilot study was used for the main 

study. In the pilot study, respondents came from a subset of projects that were identified 

on SourceForge for the main study. Specifically, 5% of projects identified for the full-scale 

study were randomly selected to participate in the pilot study. In the main study, the full 

list of projects that was previously compiled was used. From this list, we removed any 

project that took part in the pilot study. The final list of projects therefore consisted of all 

active projects registered on SourceForge.net (i.e., projects that had at least 1 mailing 

list post within the last 3 months) that were comprised of at least 6 project members, and 

that included at least one project administrator and one project member. 

 

 Data for the main study were collected using two online surveys. One was sent to 

project administrators and the other to project members of SourceForge projects, in line 

with the matched survey design used in the pilot study. A cross-sectional survey design 

was selected for a number of reasons. First, this type of design lent itself readily to 

operationalizing and measuring the key constructs of this study. Second, this design was 

suitable for testing the theoretical formulation of the research questions in the form of 

research hypotheses. And finally, a cross-sectional survey facilitated a generalizability of 

the findings to the population of open source software development projects. 

Personalized invitations were sent to project administrators and project members 

soliciting their participation.  

 

 Participants were offered a chance to win an iPad as well as an opportunity to be 

informed of the research findings.  We did not use a particular sampling method as we 
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invited all individuals in the study population (sampling frame) to participate in the 

research. In order to generate a list of all projects to be included in the target population, 

we used a number of criteria as described in the pilot study section.  

 

 We only included projects with at least 6 developers given the focus on project 

governance. Indeed, following Stewart and Gosain (2006), because this research is 

concerned with team processes and dynamics as they relate to project governance, 

projects were required to have at least four members to be eligible for inclusion in the 

sample (projects with at least 6 members were finally included for analysis for reasons 

that were previously described). Second, projects were required to have at least 1 

project administrator and 1 project member – the two key informants. Finally, we verified 

that the projects had been active in the last 3 months. Project activity was defined as a 

project that had at least 1 mailing list post within the last 3 months. This was 

accomplished by looking for any posts made to the project websites in the past 3 months 

so as to ensure that only active projects were included in the research. 

 

 The study population was identified by querying the SourceForge.net project 

database. The University of Notre-Dame provides academics access to monthly data 

dumps of data pertaining to these projects. These queries were specifically written so as 

to exclude projects that did not match the criteria described above. Key contacts (both 

project administrators and project members) for project that were included in the sample 

were then identified on each project website. This list of contacts generated was then 

used to invite potential respondents to take the survey. Only projects for which both one 

project administrator and one project member responded were kept for analysis as we 

required completed surveys from both respondents for a complete dataset. 
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2. Sample 

 

 We removed duplicates contained in the list of contacts generated from the list of 

projects that made it through the project screening phase. In other words, since 

individuals can contribute to more than one projects, the “Username” column contained 

several duplicate records for anyone who took part in multiple projects. As such, only the 

first record for any duplicate was kept. A total of 4,256 individuals were identified as 

contributing to more than 1 project. After removal of duplicates, we were left with a list of 

34,364 individuals from a total of 2,678 projects. These individuals were invited to 

participate in the research on May 4, 2011. Of these, 8,107 were project administrators, 

and 26,257 were project members. 

 

3. Analytical Techniques 

 

 Prior to assessing the measures’ psychometric properties, we needed to address 

projects for which we collected multiple responses from either project administrators or 

project members. In these cases, we needed to justify the aggregation of responses so 

that we could have 1 data point per project. In order to accomplish this, we assessed the 

agreement within specific groups (i.e., projects) by using the rwg procedure. The rwg 

procedure compares the within-group variability to the within-unit variability that is 

expected from a hypothetical random distribution (i.e., an expected variance) (Klein et al. 

2000). More specifically, we calculated the rwg(j) indices for each project with multiple 

respondents. The rwg(j) function is nearly identical to the use of rwg. The only difference is 

that rwg(j) takes into account constructs with multiple items (Bliese 2009). We used the R 

software (version 2.13.0) from the R Foundation for Statistical Computing to assess 
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these values. 

 

 Subsequently, in order to assess the measures’ psychometric properties, several 

analyses were performed. Specifically, reliability and validity assessment were 

conducted. The measures were tested for reliability indicators. First, Cronbach’s alpha 

was calculated for each of the measures. A minimum alpha of 0.70 was sought for each 

of the measures (Churchill 1979). An exploratory factor analysis was also performed with 

all posited scales included. This was performed to test of external consistency of the 

measures (Gerbong and Anderson 1988). Subsequently, a confirmatory factor analysis 

using structural equation modeling was accomplished in order to validate the model. 

 

4. Assessment of the Measurement Model 

 

 In this section, first the results of the rwg(j) analysis are presented and discussed. 

Then, the measures’ psychometric properties are determined. 

 

4.1 Addressing Projects with Multiple PA or PM Respondents 

 

 Using the R software, we ran an rwg(j) analysis to determine reliability within 

each group of multiple respondents per project. In other words, the level of agreement 

between respondents of projects for which we received more than 1 completed survey 

from either a PA or a PM was assessed (see Appendix D for results). Results indicated 

that there was not a sufficient level of agreement across constructs between multiple 

respondents in either the PA or the PM groups to warrant aggregation. 
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 Therefore, with the objective of creating one response/record per project (made 

up of responses from PA and PM), we decided to identify and select one PA and one PM 

to use per project for projects with multiple responses in either category. Since there are 

a number of options for doing this, we had to formulate a rationale as to how to select 

these respondents. Two alternatives were possible: (1) pick respondents based on a 

given decision criteria, e.g., experience on a project (based on the assumption that more 

experience/history with the project would put one in a better position to answer the 

questions accurately), and (2) pick respondents based on random selection. We decided 

on a random selection for a number of reasons. Since we eventually combined projects 

that had multiple responses with the 100 or so projects without multiple responses, we 

needed to make sure that it would be valid to combine these two sets of responses. In 

other words, if we picked "experienced" individuals for the multiple response projects, we 

needed to determine whether this would create a different set of projects - i.e., a set of 

projects that would likely have less variance in the experience of respondents. 

 Assuming that the 100 projects with no multiple responses had wide variation in 

the level of experience of the respondents, then one could argue it would be more valid 

to choose our respondents for the multiple response projects randomly (because we 

would end up with a more similar range). As such, we ran an analysis on the projects 

with a single respondent versus those with multiple respondents and looked at the 

various demographic variables that we could potentially use for selection. We obtained 

measures of central tendency as well as frequency tables. 

 Specifically, subsamples of each dataset were created to allow for these 

comparisons. The following 4 tables provide descriptive statistics for the tenure, 

experience, age, and gender variables across these subsamples. 
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Table 94. Project Administrators – Dataset with Multiple Respondents per Project 

 N Minimum Maximum Mean Std. Deviation Variance 

TENURE 74 3 5 4.91 .338 .114 

EXP 73 1 4 3.68 .664 .441 

AGE 74 2 5 3.19 .488 .238 

GENDER 73 1 2 1.99 .117 .014 

Valid N (listwise) 72      

 
 
Table 95. Project Administrators – Dataset with Single Respondent per Project 

 N Minimum Maximum Mean Std. Deviation Variance 

TENURE 146 1 5 4.85 .567 .322 

EXP 146 1 4 3.78 .544 .296 

AGE 146 2 5 3.12 .537 .288 

GENDER 143 1 2 1.95 .217 .047 

Valid N (listwise) 143      

 
 
Table 96. Project Members – Dataset with Multiple Respondents per Project 

 N Minimum Maximum Mean Std. Deviation Variance 

TENURE 201 1 5 4.39 1.019 1.039 

EXP 201 1 4 3.29 .920 .846 

AGE 200 2 4 3.09 .468 .219 

GENDER 196 1 2 1.97 .173 .030 

Valid N (listwise) 196      

 
 
Table 97. Project Members – Dataset with Single Respondent per Project 

 N Minimum Maximum Mean Std. Deviation Variance 

TENURE 108 1 5 4.47 .942 .887 

EXP 108 1 4 3.32 .965 .931 

AGE 108 2 5 3.13 .597 .357 

GENDER 108 1 2 1.93 .263 .069 

Valid N (listwise) 108      

 
 

 The subsamples seem very similar on all 4 demographic variables. As such, we 
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determined that the most appropriate one to use for selection was experience on the 

project (tenure). In order to ensure there were no statistical differences on this measure 

across datasets (single respondent datasets vs. multiple respondent datasets for both 

PAs and PMs), we ran Chi-square analyses. Results are reported in the following tables. 

 
Table 98. Descriptive Stats – PA Dataset with Single Respondent per Project 

    Respondents 
Total 

    
Single 
Respondent 

Multiple 
Respondents 

TENURE 

Less than 3 months 1 0 1 

3 to 6 months 1 0 1 

7 to 12 months 5 1 6 

13 to 24 months 5 5 10 

More than 24 
months 

134 68 202 

Total 146 74 220 

 

 

Table 99. Chi-Square Test – PA Dataset with Single Respondent per Project 

  Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 2.987
a
 4 .560 

Likelihood Ratio 3.646 4 .456 

Linear-by-Linear Association .613 1 .434 

N of Valid Cases 220     

 

 

Table 100. Descriptive Stats – PM Dataset with Single Respondent per Project 

    Respondents 

Total 
    

Single 
Respondent 

Multiple 
Respondents 

TENURE 

Less than 3 months 2 6 8 

3 to 6 months 5 9 14 

7 to 12 months 7 17 24 

13 to 24 months 20 38 58 

More than 24 
months 

74 131 205 

Total 108 201 309 
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Table 101. Chi-Square Test – PM Dataset with Single Respondent per Project 

  Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square .829
a
 4 .934 

Likelihood Ratio .859 4 .930 

Linear-by-Linear Association .506 1 .477 

N of Valid Cases 309     

 

 The Chi-Square tests comparing the samples with single vs. multiple 

respondents for both the PA and PM datasets showed no significant differences when it 

came to tenure for these subgroups. Therefore, these results supported random 

selection. Random selection was accomplished by using the RAND() function in Excel. 

We then selected respondents with the highest random value within each project. 

 

4.2 Addressing Performance Constructs 

 

 We collected performance data from both project administrators and project 

members. The concerned constructs were: climate for project excellence, coordination 

effectiveness, and project performance. As such, we needed to determine whether these 

scores could be aggregated so that we could have a single score per project. Rwg(j) 

analyses were performed against each project to determine the level of agreement 

between the project administrator respondent and project member respondent. Detailed 

results are provided in Appendix E. In short, the results supported the case for 

aggregation with mean rwg(j) values for each construct being greater than 0.70. 
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Table 102. Rwg(j) – Performance Constructs 

 
Climate for Project 
Excellence 

Coordination 
Effectiveness 

Project 
Performance 

Mean 0.8349 0.7603 0.8430 

 

 Therefore, aggregated mean scores were calculated for each performance 

construct: climate for project excellence, coordination effectiveness, and project 

performance. These new values were then used in all analyses moving forward. 

 

4.3 Reliability Analyses 

 

 A statistically reliable scale provides consistent and stable measures of a 

construct. Cronbach’s alpha estimates of internal consistency reliability for each 

dimension were assessed. Estimates greater than 0.7 are generally considered to meet 

the criteria for reliability (Nunally et al. 1978). 

 

 All measures performed well in terms of Cronbach’s alpha. All measures with the 

exception of Information Rule Enforcement met the minimum requirement for 

Cronbach’s alpha. However, given an alpha value of 0.65, we decided not to alter this 

construct for the main study. 

 

 Appendix F provides a detailed account of reliability scores for each construct. 

The performance of reliability scores for revised measures is provided in the following 

table. 
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Table 103. Measures with Acceptable Performance in Reliability 

Measure Source Cronbach’s Alpha 

Goal Visibility New 0.763 

Goal Clarity New 0.845 

Goal Origin New 0.765 

Decision-Making New 0.904 

Rule Clarity New 0.782 

Member Roles New 0.709 

Member Role Changes New 0.707 

Information Rule Clarity New 0.743 

Information Rule Enforcement New 0.645 

Tools Clarity New 0.783 

Tools Enforcement New 0.761 

Climate for Project Excellence Eisenbeiss (2008) 0.846 

Coordination Effectiveness Yuan (2009) 0.835 

Software Requirements Visibility New 0.819 

Software Requirements Clarity New 0.777 

Software Requirements Origin New 0.733 

Task Assignment New 0.706 

VCS Roles New 0.761 

VCS Clarity New 0.755 

Release Manager Role New 0.727 

Project Partitioning New 0.874 

Timetables for Software Releases New 0.797 

Noncompliance Norms New 0.812 

Collective Sanctions New 0.921 

Performance Wallace et al. 
(2004) 

0.810 

 

4.4 Exploratory Factor Analysis 

 

 In assessing each of the measurement scales, we conducted an exploratory 

factor analysis of all items included in the measurement instruments. SPSS was used to 

perform the factor analysis, using principal components and a direct oblimin rotation, an 

oblique rotation, given that there was a good theoretical reason to suppose that the 
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factors should be related. We followed Stevens (1992) recommendations when it came 

to deciding on an appropriate cut-off value for factor loadings. Steven recommends a 

cut-off value of 0.512 for a sample size of 100 and 0.364 for a sample of 200. Given our 

final sample size of 184, we selected 0.364 as a cut-off. “N/A” values were left in as 

missing values. 

 

 The correlation matrix generated indicated that many items correlate fairly well 

with other items but not too well as none of the correlation coefficients are particularly 

large (e.g., greater than 0.9). This suggested that multicollinearity was not a problem. 

 

 21 factors were extracted based on Kaiser's criterion (eigenvalues > 1). The 

scree plot was somewhat difficult to interpret. There are some clear points of inflection 

and it appeared to tail off after 10 factors. However, it clearly stabilized after 20 factors 

suggesting that the extraction of 21 factors is fairly accurate. 

 

 A detailed assessment of the factor loadings showed that the independent 

variables were fairly distinct from dependent variables. This was an important finding 

given that we would eventually test relationships between governance configurations 

(made of independent variables) and performance variables (the dependent variables). 

However, we did take note of several items that cross-loaded on other constructs. As 

such, we decided to perform a confirmatory factors analysis to test the model because 

some of the constructs did not come out as hypothesized. In other words, we attempted 

to construct alternative models to determine whether they should be conceptualized in 

different ways. The pattern matrix that provides the factors loadings can be found in 

Appendix G. 
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4.5 Confirmatory Factor Analysis 

 

 To ensure the robustness of the factor solution, a confirmatory factor analysis 

(CFA) was subsequently performed. We tried to confirm how each dimension was 

modelled. In other words, given that some constructs were found to be problematic in 

the exploratory factor analysis, we decided to determine how well they fitted the data, 

and how well alternate models responded to model fitting. Each dimension of 

governance was assessed in turn. Models were drawn as originally conceptualized. In 

the presence of poor fit, the models were modified for improvement in model fit. To 

conduct these analyses, we used AMOS version 18. AMOS is a comprehensive 

structural equation modelling (SEM) and CFA software application similar in design to 

LISREL and EQS. Since SEM does not tolerate missing values, these were replaced by 

means scores.  

 

4.6 Confirmatory Factor Analysis Results 

 

 CFA tests how well the proposed factor structure fits the data, as measured 

through the maximum likelihood (ML) function. Fit is evaluated using a number of 

different fit indices. The ones that were used in this context follow. Appropriate values for 

chi square/df should exceed 1 and be less than 5 (Salisbury et al. 2002, Chin et al. 

1997). GFI and AGFI scores of 0.90 and above indicate a good fit. GFI > 0.85 and AGFI 

> 0.8 are also acceptable (Hadjistavropoulos et al. 1999 and Hair et al. 1998). 

Suggested values for NFI are > 0.90 (Salisbury et al. 2002); values > 0.8 are also 

acceptable (Hair et al. 1998, Hadjistavropoulos et al. 1999). CFI should be > 0.90 

(Bentler and Bonnet 1980, Salisbury et al. 2002). RMR values below 0.1 represent good 

fit (Salisbury et al. 2002). Recommended values of IFI and RFI for good fit are > 0.90 
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(Bollen 1989, Salisbury et al. 2002). Suggested values of TLI (or NNFI) are > 0.90 

(Salisbury et al. 2002) as well as 0.8 (Hair et al. 1998, Hadjistavropoulos et al. 1999).  

When it comes to the development of new models and theories, the more liberal values 

are considered appropriate (Vassend and Skrondal 1997). It is also important to note 

that CFI and Bollen IFI fit indices report the relative fit of the model versus the null model 

and are therefore preferred over absolute fit indices. RMSEA penalizes lack of model 

parsimony, thus making it a robust index. RMSEA should be between 0.05 and 0.08 to 

indicate good fit (Bentler 1990). Results for each governance dimension are presented in 

turn next. 

4.6.1 Chartering the Project Dimension 

 

 The original model for the Chartering the Project dimension demonstrated 

relatively good fit with the exception of three fit indices: RMSEA, RMR, and RFI. In 

addition, we found that the Goal Visibility and Goal Clarity constructs were highly 

correlated at 0.93. This underscored the similarity between these two constructs and 

what their respective items were measuring.  
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Figure 3. Original Model 

 

 
 

 
 
Table 104. Original Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

91.1 24 3.795 0.894 0.801 0.124 0.914 0.888 0.191 0.915 0.832 0.871 

 

 As such, we decided to merge these two constructs together and rerun the 

analysis. After dropping a few problematic items with low loading scores, it was 

determined that the revised model outperformed the original model in terms of both fit 

indices and factor loadings. Therefore, this model was retained. The newly formed 

construct was labelled “Goal Visibility and Goal Clarity” to reflect the two original 

constructs. 
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Figure 4. Revised Model 

 

 
 

 
 
Table 105. Revised Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

31.9 13 2.454 0.952 0.896 0.089 0.967 0.947 0.144 0.968 0.914 0.947 
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4.6.2 Community Management Dimension 

 

 The original Community Management model showed poor model fit indices 

overall. Upon closer inspection, we also found items with poor loadings, in addition to a 

very high correlation between the Roles and Role Changes constructs. 
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Figure 5. Original Model 

 
 
 

 
 
Table 106. Original Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

280.5 71 3.95 0.819 0.732 0.127 0.855 0.817 0.244 0.857 0.766 0.814 
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 Therefore, the first change we made was to merge the Roles and Role Changes 

constructs into one construct that would assess how project members decide which 

roles they would like to assume and how they change roles within the project. The new 

model still showed poor fit indices. Problematic items with low loadings were therefore 

dropped. This greatly improve model fit with all but one fit index (RMR), being in the 

recommended range of values. 

Figure 6. Revised Model 
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Table 107. Revised Model: Fit Indices from SEM Analysis 

X
2
 df X

2
/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

114.0 51 2.235 0.905 0.854 0.082 0.951 0.916 0.139 0.952 0.891 0.937 

 

4.6.3 Software Development Processes Dimension 

 

 The Software Development Processes dimension exhibited good model fit after 

the initial SEM run. There weren’t any high correlations between any of the constructs 

and item loadings were generally good for each construct. Not surprisingly, model fit was 

also deemed acceptable. 

 

Figure 7. Original Model 
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Table 108. Original Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

468.5 288 1.627 0.844 0.796 0.059 0.911 0.803 0.205 0.914 0.76 0.892 

 

 Given these strong results, the only changes that were made consisted of the 

removal of items with lower loading scores.  

 

Figure 8. Revised Model 

 

 

 
 
Table 109. Revised Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

462.1 271 1.705 0.842 0.796 0.062 0.903 0.799 0.204 0.906 0.759 0.884 
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4.6.4 Conflict Resolution Dimension 

 

 The original Conflict Resolution model had relatively good model fit indices. One 

of the items for the Noncompliance Norms constructs had a low loading value of 0.59. 

This item specifically referred to sanctions in the form of social pressures: “Accepted 

rules against noncompliance by project members are applied via social pressure from 

other project members.” This may have contributed to its low performance on the 

Noncompliance Norms construct. This item was therefore dropped. 

 

Figure 9. Original Model 

 
 
 

 
 
Table 110. Original Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

12.4 8 1.545 0.979 0.944 0.055 0.993 0.817 0.244 0.857 0.766 0.814 
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 The revised model showed good excellent fit indices in addition to strong factor 

loadings. 

 

Figure 10. Revised Model 

 
 
 

 
 
Table 111. Revised Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

9.7 4 2.425 0.981 0.927 0.088 0.990 0.984 0.059 0.990 0.960 0.976 
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4.6.5 Use of Information and Tools Dimension 

  

 Use of Information and Tools was the most problematic model. The original 

model shown below had poor fit indices across the board. There were also high 

correlations between some of the constructs and items that did not load very well onto 

their respective construct.  
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Figure 11. Original Model 

 

 
 

 
 
 
Table 112. Original Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

276.4 48 5.758 0.766 0.620 0.161 0.783 0.753 0.321 0.787 0.661 0.702 

 

 Several attempts were made to address this issue. For example, the Information 

Rule Clarity and the Tools Clarity constructs were modelled as one construct given the 
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similarity of their respective items. The same logic was applied to Information Rule 

Enforcement and Tools Enforcement. This new model did not fit the data with all fit 

indices being below or above the recommended thresholds. We therefore decided to 

break this dimension out into two separate dimensions. Use of Information was modelled 

separately from Use of Tools. After refining each model by dropping problematic items 

and correlating error terms, the new models achieved satisfactory fit as shown below. 

 

Figure 12. Revised Model: Use of Information Dimension 

 
 
 

 
 
Table 113. Revised Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

6.1 2 3.050 0.983 0.917 0.106 0.979 0.970 0.094 0.979 0.909 0.937 
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Figure 13. Revised Model: Use of Tools Dimension 

 

 
 

 
 
Table 114. Revised Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

4.0 3 1.333 0.993 0.949 0.042 0.998 0.991 0.062 0.998 0.954 0.988 

 

4.6.6 Performance Constructs 

 

 The performance constructs demonstrated good model fit from the start and did 

not required any change. 
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Figure 14. Original and Final Model 

 

 

 
 
Table 115. Original and Final Model: Fit Indices from SEM Analysis 

X2 df X2/df GFI AGFI RMSEA CFI NFI RMR IFI RFI TLI 

254.5 116 2.194 0.859 0.814 0.081 0.902 0.836 0.069 0.904 0.808 0.886 

 



 

266 
 

5. Determining Governance Configurations Using Cluster Analysis 

 

 We then validated the major configurations of governance dimensions using the 

fit as gestalts approach. This implies the identification of gestalts, which is defined in 

terms of the degree of internal coherence among a set of theoretical attributes. In other 

words, we determined the major configurations of the governance dimensions through 

appropriate statistical tests (e.g., cluster analysis) and assessed them against the 

theoretical configurations developed in the qualitative study. If some projects’ 

configurations do not correspond to the three configurations developed during the pilot 

study, we then considered adding additional configurations or argued for why they 

should be labeled as one of the three existing configurations. We were then able to 

determine the extent to which adopting any one of the identified governance 

configurations is related to governance purposes and affects the performance of OSS 

projects. 

 

5.1 Analytical Techniques 

 

 Cluster analysis is a statistical technique for the grouping of entities (in this study, 

open source projects) into groups so that the variation within groups is similar when 

compared to the variation across groups (Aldenderfer and Blashfield 1984). A number of 

researchers have used cluster analysis techniques to study various phenomena in 

Information Systems (e.g., Bensaou and Venkatrman 1995, Jain et al. 1998, Malhotra et 

al. 2005). Experts recommend a two-stage procedure (Ketchen and Shook 1995, 

Merchant 2000). In the first stage, we followed Bensaou and Venkatrman’s (1995) 

recommendations for cluster analysis: (1) we standardized the aggregate scores for 
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each of the constructs used in the analysis, (2) squared Euclidean distances were used 

as a similarity measure, and (3) Ward’s minimum variance method was used for cluster 

formation. When using Ward’s method, cluster membership is determined by calculating 

the total sum of squared deviations from the cluster mean. The criterion for fusion is that 

it should produce the smallest possible increase in the error sum of squares. 

 

 In order to determine the number of clusters, as suggested by Aldenderfer and 

Blashfield (1984), we inspected the dendogram produced by Ward’s method using 

Euclidean distances and the amalgamation coefficient (numerical value at which various 

cases merge to form a cluster). It is important to note that sample size affects the 

accuracy of cluster analysis (Gong and Richman 1995). Compared to other clustering 

methods, Ward’s hierarchical method as well as the K-means algorithm achieve higher 

accuracy with small sample sizes (Gong and Richman 1995). Due to a relatively small 

sample size of 184, we used these two methods in our two-stage process.   

 

 There are a number of ways to group cases based on their similarity coefficients. 

Most of these methods such as the one outlined above are performed in a hierarchical 

way. The underlying principle behind each method is similar in that it begins with each 

case being considered as a cluster in its own right. Clusters are then merged based on a 

criterion specific to the method chosen. As such, in all methods, at the start of the 

process there as many clusters as there are cases and at the end there is just one 

cluster containing all cases included in the analysis. It is then possible to isolate clusters 

of cases with high similarity by inspecting the progression of cluster merging. This can 

be accomplished by referring to the dendogram as well as the amalgamation 

coefficients. 
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5.2 Cluster Analysis Results 

 

 The following table shows the changes in the agglomeration coefficients as the 

number of clusters increase. This coefficient represents the change in the squared 

Euclidean distance between the two most dissimilar members in clusters being 

combined at a particular stage. Small changes indicate that fairly homogeneous 

clusters are being combined. Large changes indicate that heterogeneous clusters are 

being merged. The optimal number of clusters is indicated by a large increase in 

agglomeration coefficient. One must look for large increases in the value, similar to the 

Scree Test in factor analysis. 

 

 The last two columns, titled “Change” and “Difference in Change”, enable us to 

determine the optimal number of clusters. In this case, it appears that a 3-cluster 

solution is optimal as subsequent clustering adds much less to distinguishing between 

cases. This is apparent in the largest drop in the value of the agglomeration coefficients 

which takes place when we move from a 3-cluster solution to a 4-cluster solution, which 

underscores the selection of the 3-factor solution. 
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Table 116. Agglomeration Table 

Number of 
Clusters 

Agglomeration 
Coefficient 
Last Step 

Agglomeration 
Coefficients 

This Step 
Change 

Difference in 
Change 

2 3111.000 2850.190 260.810 N/A 

3 2850.190 2643.207 206.983 2-3: 53.827 

4 2643.207 2517.956 125.251 3-4: 81.732 

5 2517.956 2400.290 117.666 4-5: 7.585 

6 2400.290 2296.563 103.727 5-6: 13.939 

7 2296.563 2196.662 99.900 6-7: 3.827 

8 2196.662 2114.242 82.420 7-8: 17.480 

9 2114.242 2046.140 68.102 8-9: 14.318 

 
 
Table 117. Agglomeration Table: Percentage Changes 

Number of 
Clusters 

Agglomeration 
Coefficients 

This Step 

Percentage change in 
coefficient to next 

level 

9 2046.140 3.33% 

8 2114.242 3.90% 

7 2196.662 4.55% 

6 2296.563 4.52% 

5 2400.290 4.90% 

4 2517.956 4.97% 

3 2643.207 7.83% 

2 2850.190 - 

 

 Deciding the number of clusters can also be aided by looking at the dendrogram 

produced by the cluster analysis. The dendogram provides three key pieces of 

information: 

 

• Weight: The rough percentage of all individuals that fall within each cluster. 

• Compactness: How similar to one another the elements of a cluster are. 

• Distinctness: How different one cluster is from its closest neighbor. 
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 The weight of each cluster is represented by the number of leaves that that 

branch of the dendrogram leads to. Because each leaf is equally spaced along the Y-

axis of the dendrogram, the weight of a cluster is its percentage of the total height of the 

dendrogram (see Appendix J for Dendrogram). 

 

 The compactness of a cluster consists of the minimum distance at which the 

cluster comes into existence. The distance between clusters is measured by the 

horizontal axis of the dendrogram. If a cluster contains only one observation, its 

compactness is 0. This is the reason why all the leaves line up on the left-hand side of 

the dendrogram. The relative compactness of each cluster can be determined by looking 

at the point at which all of its branches merge together, as well as the relative distance of 

that point from the left-hand side of the dendrogram. 

 

 The distinctness of a cluster consists of the distance along the X-axis from the 

point at which it comes into existence to the point at which it is merged into a larger 

cluster. Distinctness can be assessed on the dendrogram as the length of a branch 

along the horizontal axis. 

 

 When choosing a classification, the researcher will want to choose clusters that 

are as compact and distinct as possible. In this case, there appear to be three very 

distinct clusters based on these three pieces of information (see next table). 
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Table 118. Agglomeration Table 

Cluster Weight Compactness Distinctness 

Cluster 1 53.26% 5 15 

Cluster 2 31.52% 10 10 

Cluster 3 15.22% 10 15 

 

 We could have chosen to break Cluster 2 into two underlying components, which 

are both fairly distinct clusters as well, and are more compact. However, the 

Agglomeration Coefficients clearly pointed to a 3-factor solution. 

 

 Indeed, since our research is exploratory in nature, we also tested the 

robustness of the 3-factor solution suggested by the hierarchical procedure. Specifically, 

in the second stage, we used the K-means algorithm to generate four-, and five-cluster 

solutions (in addition to validating the 3-factor solution using the K-means algorithm) 

(see Appendix K, Appendix L, and Appendix M). K-means clustering is a form of cluster 

analysis which aims to partition the observations into a number of predefined clusters. 

This was done to ensure that the constructs’ discriminatory power was greater for the 3-

factor solution that initially emerged.  

 

 Based on the robustness of the 3-factor solution, we present the results based on 

the 3-factor solution obtained from the hierarchical procedure. We present the means 

and standard deviations for each of the cluster variates (constructs used to determine 

the clusters) across each of the clusters identified using the hierarchical procedure. We 

also outline a series of one-way analyses of variance across the cluster variates (the 

constructs that were used to determine the clusters) between each of the 3 clusters. This 

was done to determine which cluster variates were significantly different between the 

clusters. To evaluate the distinctiveness of each derived cluster, equality of variable 
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means across the clusters was tested using the F-test. The last column lists the pairs of 

clusters where the construct means are significantly different. Post-Hoc Tukey tests were 

conducted to test for differences. There are many types of post hoc tests all based on 

different assumptions and for different purposes. Tukey's HSD is a versatile technique 

that allows one to determine how clusters differ from one another on each of the cluster 

variates. This allowed us to determine the extent to which each cluster varied in terms of 

each governance construct, thereby allowing us to establish governance profiles. 
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Table 119. Cluster Analysis of Open Source Software Project Governance: 3-Cluster Solution (Hierarchical)a 

Governance 
Constructs 

Mean (S.D.) of Cluster Groups 

Significant Contrast Values Cluster 1 
(n = 98) 

Cluster 2 
(n = 58) 

Cluster 3 
(n = 28) 

Fb 

Copyleft 
0.77 

(0.426) 
0.77 

(0.426) 
0.70 

(0.465) 
0.243 None 

Viral 
0.53 

(0.502) 
0.59 

(0.496) 
0.52 

(0.509) 
0.285 None 

Goal Vis + Cla 
5.41 

(1.04) 
3.85 

(1.35) 
4.63 

(1.22) 
32.95*** 1-2***, 1-3**, 2-3* 

Goal Origin 
5.50 

(0.92) 
4.58 

(1.53) 
5.29 

(1.03) 
11.75*** 1-2***, 2-3* 

Decision-making 
5.59 

(1.15) 
4.72 

(1.53) 
5.73 

(0.88) 
10.46*** 1-2***, 2-3** 

Rule Clarity 
4.98 

(1.12) 
3.06 

(1.11) 
4.15 

(1.22) 
52.22*** 1-2***, 1-3**, 2-3*** 

Roles + Rol Ch 
5.42 

(1.21) 
5.20 

(1.36) 
5.52 

(0.96) 
0.905 None 

Software 
Requirements 
Visibility + Clarity 

4.16 
(1.40) 

4.01 
(1.48) 

5.35 
(1.07) 

9.84*** 1-3***, 2-3*** 

Software 
Requirements 
Origin 

5.26 
(1.35) 

5.35 
(1.13) 

5.45 
(1.07) 

0.306 None 

Task Assignment 
5.35 

(1.14) 
5.36 

(0.96) 
4.73 

(1.16) 
3.895* 1-3*, 2-3* 
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Governance 
Constructs 

Mean (S.D.) of Cluster Groups 

Significant Contrast Values Cluster 1 
(n = 98) 

Cluster 2 
(n = 58) 

Cluster 3 
(n = 28) 

Fb 

VCS Roles 
2.35 

(1.61) 
2.03 

(1.31) 
1.82 

(1.00) 
1.869 None 

VCS Clarity 
4.30 

(1.53) 
4.37 

(1.41) 
6.08 

(1.13) 
17.69*** 1-3***, 2-3*** 

Release Manager 
Role 

5.62 
(1.52) 

6.17 
(1.00) 

6.50 
(0.62) 

6.85*** 1-2*, 1-3** 

Project Partitioning 
4.20 

(2.04) 
4.47 

(1.98) 
6.35 

(1.17) 
13.93*** 1-3***, 2-3*** 

Timetables for 
Software Releases 

2.69 
(1.44) 

2.72 
(1.55) 

3.83 
(1.78) 

6.478** 1-3**, 2-3** 

Noncompliance 
Norms 

2.89 
(1.49) 

2.95 
(1.19) 

5.19 
(1.44) 

31.65*** 1-3***, 2-3*** 

Collective 
Sanctions 

2.78 
(1.34) 

3.05 
(1.16) 

5.02 
(1.33) 

33.72*** 1-3***, 2-3*** 

Use of Information 
4.27 

(1.18) 
2.74 

(0.98) 
4.03 

(1.11) 
35.96*** 1-2***, 2-3*** 

Use of Tools 
4.44 

(1.04) 
3.00 

(0.97) 
3.92 

(1.14) 
35.76*** 1-2***, 1-3*, 2-3*** 

a
Cluster groups derived from hierarchical procedure using SPSS (K-means procedure was also conducted to confirm results). 

b
Test of significant differences across cluster groups using one-way ANOVA. 

***p < 0.001; **p < 0.01; *p < 0.05  
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5.3 Categorization of Cluster Means 

 

 The group means for cluster variates were categorized as High, Medium, or Low. 

This was accomplished so that we could then validate the governance configurations 

that were originally developed in the first phase of the thesis by comparing them to the 

ones identified via cluster analysis. Two different categorization schemes were used and 

then compared in terms of their effectiveness in discriminating between the 3 clusters 

(see Appendix N for categories developed). In the first scheme, Medium was defined as 

one or more standard deviations lower than High, and Low was defined as one or more 

standard deviations lower than Medium. For example, for the Rule Clarity construct, 

since Cluster 1 had the highest value (4.89), High was defined as values ranging from 

4.98 to 4.42 (i.e., 4.98 minus half of 1.12 - the standard deviation for Cluster 1 - equals 

4.42), Medium from 4.41 to 3.85, and Low from 3.84 or lower.  In the second scheme, 

half of a standard deviation was used so that Medium was defined as one or more half 

standard deviations lower than High, and Low was defined as one or more half standard 

deviations lower than Medium. 

 

 We found that half a standard deviation was more effective in discriminating 

between clusters. Therefore, this categorization scheme was adopted for defining the 

clusters in terms of High, Medium, and Low across each governance construct (see 

Appendix N for the categorization scheme when using half of a standard deviation and 

the categorization scheme when using 1 standard deviation).  
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Table 120. Characterization of Clusters (1/2 Standard Deviation) 

 
Cluster 1 
(n = 98) 

Cluster 2 
(n = 58) 

Cluster 3 
(n = 28) 

Copyleft High High High 

Viral High High High 

Goal Vis + Cla* High Low Medium 

Goal Origin* High Medium High 

Decision-making High Low High 

Rule Clarity* High Low Medium 

Roles + Rol Ch High High High 

Software Requirements Visibility + Clarity Low Low High 

Software Requirements Origin High High High 

Task Assignment* High High Medium 

VCS Roles High High High 

VCS Clarity Low Low High 

Release Manager Role* Low Medium High 

Project Partitioning Low Low High 

Timetables for Software Releases* Medium Medium High 

Noncompliance Norms Low Low High 

Collective Sanctions Low Low High 

Use of Information High Low High 

Use of Tools High Low High 

*Construct for which a half standard deviation difference in mean scores yielded more categorizations than a full standard deviation.
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5.4 Validating the Governance Profiles & Configurations 

 

 We then validated the governance configurations that were originally developed 

in the first phase of the thesis by comparing the profiles that were originally developed 

for each dimension to the ones identified via cluster analysis. This was performed for 

each dimension individually, and then for governance in general (configuration of 

dimensions for each of the 3 identified clusters). 

 

 The original profiles are identified in the headers of the first table. These profiles 

names are also displayed in the second table’s header whenever matching or similar 

profiles came up in the cluster analysis. New profile names were also developed based 

on findings from the cluster analysis or following changes made to the original profiles 

because of modifications made to the measurement instrument (e.g., merging of 

constructs). 
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5.4.1 Ownership of Assets 

 
Table 121. Ownership of Assets: Original Profiles (Clusters) 

Governance 
Constructs 

Nonrestrictive Restrictive Highly Restrictive 

Copyleft No Yes Yes 

Viral No No Yes 

 
 
Table 122. Chartering the Project Dimension: Results from Cluster Analysis 

Governance 
Constructs 

Cluster 1 
Community Goals 
(n = 98) 

Cluster 2 
Project Goals 
(n = 58) 

Cluster 3 
Community Goals 
 (n = 28) 

Copyleft High High High 

Viral High High High 

 

5.4.2 Chartering the Project 

 
 
Table 123. Chartering the Project Dimension: Original Profiles (Clusters) 

Governance 
Constructs 

Static Goals Semi-static Goals Organic Goals 

Goal Visibility 
High  
(Explicit) 

High/Low  
(Implicit/Explicit) 

High  
(Explicit) 

Goal Clarity 
High  
(Specific) 

Low  
(Vague) 

Low  
(Vague) 

Goal Origin 
Low  
(Top-down) 

Low  
(Top-down) 

High  
(Bottom-up) 

 
 
Table 124. Chartering the Project Dimension: Results from Cluster Analysis 

Governance 
Constructs 

Cluster 1 
Community Goals 
(n = 98) 

Cluster 2 
Project Goals 
(n = 58) 

Cluster 3 
Community Goals 
 (n = 28) 

Goal Vis + Cla 
High 
(Explicit/Specific) 

Low 
(Implicit/Vague) 

Medium 
(Split) 

Goal Origin 
High 
(Bottom-up) 

Medium 
(Split) 

High 
(Bottom-up) 

 

 We made changes to the constructs that belong to this dimensions following the 
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confirmatory factor analysis using SEM. Specifically, the Goal Visibility and the Goal 

Clarity constructs were merged because of the high correlation between them and 

because of improved model fit after the combination. As such, we were left with two 

constructs for this dimension. 

 

 Using these two constructs, two distinct profiles were identified following cluster 

analysis: Community Goals and Project Goals. These profiles are somewhat different 

from the profiles that were originally developed as changes were made to the 

measurement instrument following the pilot study and the main survey. Therefore, the 

labels for these constructs were also updated to reflect these changes. The Goal 

Visibility and Goal Clarity constructs were merged into one construct. In addition, only 

two different profiles were identified in the survey study. Community Goals are defined 

by goals that are mostly proposed by the community as opposed to the project 

administrators. On the other hand, Project Goals are defined as goals that are proposed 

evenly by both community members and project administrators.  

 

 It is interesting to note that there were no Low values for Goal Origin (i.e., top-

down goals that are determined by project administrators). While this is not surprising 

given the participative nature of open source projects, this doesn’t mean that top-down 

goals do not occur in these types of projects. There may be cases where goals are 

determined by project administrators so this remains a possibility. 
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5.4.3 Community Management 

 
 
Table 125. Community Management Dimension: Original Profiles (Clusters) 

Governance 
Constructs 

Centralized 
Management 

Shared 
Management 

Decentralized 
Management 

Decision-making 
Low 
(Centralized) 

Medium 
(Split) 

High 
(Decentralized) 

Membership rules 
Low 
(None/Vague) 

High 
(Specific) 

Low 
(None) 

Membership roles 
High 
(None/Self-
selected) 

High 
(Self-selected) 

High 
(None/Self-
selected) 

Role changes 
High 
(None/Self-
selected) 

High 
(Self-selected) 

High 
(None/Self-
selected) 

 
 
Table 126. Community Management Dimension: Results from Cluster Analysis 

Governance 
Constructs 

Cluster 1 
Decentralized 
Management 
(n = 98) 

Cluster 2 
Centralized 
Management 
(n = 58) 

Cluster 3 
Decentralized 
Management 
(n = 28) 

Decision-making 
High 
(Decentralized) 

Low 
(Centralized) 

High 
(Decentralized) 

Membership rules 
High 
(Specific) 

Low 
(None/Vague) 

Medium 
(Split) 

Roles + Rol Ch 
High 
(Self-selected) 

High 
(Self-selected) 

High 
(Self-selected) 

 

 Similar to what was done for the Chartering the Project dimension, the profiles for 

the Community Management dimension were updated to reflect the changes that were 

made to the measurement instrument and to take into account the results that were 

obtained in the survey study.  

 

 The Membership Roles and the Role Changes constructs were merged into one 

construct. In addition, the Shared Management profile did not come up in the survey 
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study. As such, we were left with two profiles: Decentralized Management and 

Centralized Management. Decentralized Management is characterized by bottom-up 

decision making. In these projects, project members participate in the decision-making 

process. This is different from projects characterized by Centralized Management where 

decisions are mostly made by project administrators.  

 

 Much like what we found in the Chartering the Project dimension, in this case, 

there were no Low values for the Roles + Role Changes construct, meaning that the 

choice of roles within these projects mainly rests in the hands of project members, as 

opposed to being offered or forced by project administrators.  

 

5.4.4 Software Development Processes 

 

 The Software Development Processes dimension is made up of four 

subdimensions: Requirement Elicitation, Task Assignment, Processes for Managing 

Software Changes, and Release Control. Each is covered in turn next. 

 

Requirements Elicitation 

 

Table 127. Requirements Elicitation Subdimension: Original Profiles (Clusters) 

Governance 
Constructs 

Emergent 
requirements 

Fixed 
requirements 

Visibility 
Low/High 
(Implicit or Explicit) 

High 
(Explicit) 

Clarity 
High 
(Specific) 

High 
(Specific) 

Origin 
High 
(Bottom-up) 

Low 
(Top-down) 
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Table 128. Requirements Elicitation Subdimension: Results from Cluster Analysis 

Governance 
Constructs 

Cluster 1 
Implicit 
Requirements 
 (n = 98) 

Cluster 2 
Implicit 
Requirements 
 (n = 58) 

Cluster 3 
Explicit 
Requirements 
(n = 28) 

Visibility + Clarity 
Low 
(Implicit and vague) 

Low 
(Implicit and 
vague) 

High 
(Explicit and 
specific) 

Origin 
High 
(Bottom-up) 

High 
(Bottom-up) 

High 
(Bottom-up) 

 

 

 Following the assessment of the measurement model using SEM, the Visibility 

and Clarity constructs were merged into one construct. This was also performed for 

consistency with what was done with other similar constructs in other dimensions (e.g., 

the merging of Goal Visibility and Goal Clarity in the Chartering the Project dimension). 

Given this new combination, changes were also made to the labels of the profiles that 

were originally conceived. Two profiles were identified when assessing the results from 

the survey study: Implicit Requirements and Explicit Requirements. Implicit 

Requirements are characterized by software requirements that are difficult to locate and 

that are imprecise. On the other hand, Explicit Requirements are easily located and well 

defined. 
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Task Assignment 

 
Table 129. Task Assignement Subdimension: Original Profiles (Clusters) 

Governance 
Constructs 

Self-selected Mixed 
Community-
determined 

Task Assignment 
High 
(Self-selected) 

Medium 
(Mixed) 

Low 
(Community-
determined) 

 
 
Table 130. Task Assignment Subdimension: Results from Cluster Analysis 

Governance 
Constructs 

Cluster 1 
Self-selected 
 (n = 98) 

Cluster 2 
Self-selected 
 (n = 58) 

Cluster 3 
Self-selected & 
Community-determined 
 (n = 28) 

Task Assignment 
High 
(Self-selected) 

High 
(Self-selected) 

Medium 
(Mixed) 

 

 Two profiles were identified for the Task Assignment subdimension: Self-selected 

and Self-selected & Community Determined. Self-selected task assignment means that 

project members get to decide what tasks they would like to work on. Self-selected and 

Community Determined is somewhat self-explanatory. In these projects, members can 

self-select into tasks of their choice or can be asked by project administrators to focus on 

specific pre-selected tasks. 

 

 There weren’t any Low values for this construct. This means that top-down task 

assignment was not present in the projects included in the sample. This may have to do 

with the nature of open source projects which are often designed to let individuals freely 

join and decide which task they would like to work on. However, there may still be some 

projects that use a top-down approach to task assignment, asking contributors to work 

on specific tasks. 
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Processes for Managing Software Changes 

 

Table 131. Processes for Managing Software Changes Subdimension: Original 
Profiles (Clusters) 

Governance 
Constructs 

Strict Relaxed 

VCS Commit 
Access Roles 

High 
(Exclusive to project 
administrators) 

Low 
(Not exclusive to project 
administrators) 

VCS Commit 
Policies 

High/Medium/Low 
(None/Vague/Specific/Split) 

High/Medium/Low 
(None/Vague/Specific) 

 
 
 
Table 132. Processes for Managing Software Changes Subdimension: Results 
from Cluster Analysis 

Governance 
Constructs 

Cluster 1 
Vague Processes 
 (n = 98) 

Cluster 2 
Vague Processes 
 (n = 58) 

Cluster 3 
Specific Processes 
(n = 28) 

VCS Commit 
Access Roles 

High 
(Exclusive to project 
administrators) 

High 
(Exclusive to project 
administrators) 

High 
(Exclusive to project 
administrators) 

VCS Commit 
Policies 

Low 
(Vague) 

Low 
(Vague) 

High 
(Specific) 

 

 Processes for Managing Software Changes refer to VCS commit access roles & 

policies. Given that there were no differences across the three clusters on the VCS 

Commit Access Roles construct, two profiles were identified based on the VCS Commit 

Policies construct: Vague Processes and Specific Processes. Vague Processes are 

characterized by imprecise procedures for committing (saving) changes to the source 

code version control system. Conversely, Specific Processes refer to detailed commit 

procedures for the source code version control system. 

 

 Based on these results, it appears that VCS commit access roles are mostly 

limited to project administrators across all three clusters. It remains to be seen whether 
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other projects allow project members to take part in saving changes to the source code. 

 

Release Control 

 
Table 133. Release Control Subdimension: Original Profiles (Clusters) 

Governance 
Constructs 

Ad hoc Controlled Managed 

Release Manager 
Role 

Low 
(No) 

Low 
(No) 

High 
(Yes) 

Project Partitioning Low 
(No) 

High 
(Yes) 

High 
(Yes) 

Timetables for 
Software Releases 

Low/Medium 
(None/Vague) 

Medium 
(Vague) 

High 
(Specific) 

 
 
Table 134. Release Control Subdimension: Results from Clusters Analysis 

Governance 
Constructs 

Cluster 1 
Ad hoc 
(n = 98) 

Cluster 2 
Controlled 
(n = 58) 

Cluster 3 
Managed 
(n = 28) 

Release Manager 
Role 

Low 
(Rarely) 

Medium 
(Sometimes) 

High 
(Frequently) 

Project Partitioning 
Low 

(Rarely) 
Low 

(Sometimes) 
High 

(Frequently) 

Timetables for 
Software Releases 

Medium 
(Standard) 

Medium 
(Standard) 

High 
(Specific) 

 
 

 Release Control has to do with how the release of the software is managed 

within an open source project. The three constructs that were originally developed and 

validated in the case study were also identified in the survey study: Ad hoc, Controlled, 

and Managed.  

 

 In an Ad hoc project, there is rarely anyone tasked with the role of release 

manager who oversees software releases. There is seldom any project partitioning that 

takes place, meaning that the project is not partitioned into one or multiple development 
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branch(es) and stable branch(es), and there is sometimes some ambiguity when it 

comes to the project's timetables for software releases. This is what the Medium 

category refers to. It means that timetables that describe software release dates provide 

just enough information, without being too precise or too vague. In a Controlled project, 

there are sometimes individuals that take on the role of release manager. Finally, in a 

Managed project, not only is there often a dedicated release manager, but project 

partitioning is also frequently carried out, and timetables for software releases are well 

defined and understood. 

 

Software Development Processes Profiles 

 
Table 135. Software Development Processes Dimension: Original Profiles 
(Clusters) 

Governance 
Constructs 

Undefined 
Process 

Defined 
Process 

Managed 
Process 

Requirements 
Elicitation 

Emergent Emergent/Fixed Fixed 

Task Assignment Self-selected Self-selected 
Community-
determined 

Processes for 
Managing Software 
Changes 

Relaxed/Strict Strict Strict 

Release Control 
Ad 

hoc/Controlled 
Ad 

hoc/Controlled 
Managed 
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Table 136. Software Development Processes Dimension: Results from Cluster 
Analysis 

Software 
Development 
Processes 
Subdimension 

Cluster 1 
Undefined Process 

(n = 98) 

Cluster 2 
Defined Process 

(n = 58) 

Cluster 3 
Managed Process 

(n = 28) 

Requirements 
Elicitation 

Implicit 
Requirements 

Implicit 
Requirements 

Explicit 
Requirements 

Task Assignment Self-selected Self-selected 
Self-selected and 

Community-
determined 

Processes for 
Managing Software 
Changes 

Vague Processes 
Vague 

Processes 
Specific Processes 

Release Control Ad hoc Controlled Managed 

 

 Based on these four subdimensions, three profiles were identified in the Software 

Development Processes dimension of open source project governance: Undefined 

Process, Defined Process, and Managed Process.  

 

 By definition, a Managed Process is characterized by a more controlled 

environment, one in which software requirements are explicitly stated, processes for 

managing software changes are specific, and software releases are overseen by a 

release manager. On the other end, there are projects with Undefined Processes. These 

projects are defined by implicit software requirements, vague processes for managing 

software changes, and ad hoc release control policies. Projects characterized by a 

Defined software development process are somewhat in between, with implicit software 

requirements, vague processes for software changes, and controlled software release 

control where the role of release manager is only seldom taken up by a project member. 
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5.4.5 Conflict Resolution 

 

Table 137. Conflict Resolution Dimension: Original Profiles (Clusters) 

Governance 
Construct 

Unmanaged conflict Addressed conflict Managed conflict 

Noncompliance 
Norms 

Low 
(None) 

Medium 
(Some) 

High 
(Enforced) 

Collective 
Sanctions 

Low 
(None) 

Medium 
(Some) 

High 
(Enforced) 

 
 
Table 138. Conflict Resolution Dimension: Results from Cluster Analysis 

Governance 
Construct 

Cluster 1 
Unmanaged Conflict 

(n = 98) 

Cluster 2 
Unmanaged Conflict 

(n = 58) 

Cluster 3 
Managed Conflict 

(n = 28) 

Noncompliance 
Norms 

Low 
(None) 

Low 
(None) 

High 
(Enforced) 

Collective 
Sanctions 

Low 
(None) 

Low 
(None) 

High 
(Enforced) 

 

 While three profiles were originally identified for the Conflict Resolution 

dimension, only two came up in the survey study: Unmanaged Conflict and Managed 

Conflict.  

 

 Unmanaged Conflict is characterized the near absence of group norms about 

what happens to project members when they fail to comply (e.g., when a given project 

member refuses to contribute code that meets the design objectives for the software). 

Moreover, in these projects, there is also a lack of collective sanctions that are carried 

out in the event of continued noncompliance with group norms. Conversely, in projects 

characterized by Managed Conflict, group norms are established in order to safeguard 

the project against noncompliance (e.g., when project members fail to adhere to agreed 

upon software development plans). Reprisals are also carried out when project members 
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continually refuse to comply with group norms. 

 

 Addressed conflict which was originally conceptualized as projects in which 

conflict is sometimes - but not always - dealt with, did not come up in any of the clusters. 

It therefore seems that projects either deal with conflict through noncompliance norms 

and collective sanctions, or don’t bother at all. 

 

5.4.6 Use of Information 

 

Table 139. Use of Information Dimension: Revised Profiles (Clusters) 

Governance 
Construct 

Clear and enforced Split 
Unclear and not 

enforced 

Information rule 
cl + 

enforcement 

High 
(Clear and enforced) 

Medium 
(Optional) 

Low 
(Unclear and not 

enforced) 

 
 
Table 140. Use of Information Dimension: Results from Cluster Analysis 

Governance 
Construct 

Cluster 1 
Clear and Enforced 

(n = 98) 

Cluster 2 
Unclear and Not 

Enforced 
 (n = 58) 

Cluster 3 
Clear and Enforced 

 (n = 28) 

Information rule 
cl + 

enforcement 

High 
(Clear and enforced) 

Low 
(Unclear and not 

enforced) 

High 
(Clear and enforced) 

 

 Use of Information and Tools was originally developed as a single dimension of 

open source project governance. However, this conceptualization did not materialize 

when we assessed the measurement model. As such, we decided to split this dimension 

into two separate ones: Use of Information and Use of Tools. In addition, within these 

two new dimensions, the two constructs that measured the clarity of rules as well as the 

enforcement of rules were merged based on the high correlation coefficient between 

them. 
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 Two profiles were identified using cluster analysis: Clear and Enforced, and 

Unclear and Not Enforced. Projects characterized by Clear and Enforced use of project 

information have well defined rules about how project information should be shared and 

project members are obliged to communicate project information in prescribed ways 

according to established rules. On the other hand, in projects characterized by Unclear 

and Not Enforced use of information, there aren’t any well defined rules about how 

members are expected to share information among themselves and there is no 

obligation for project members to share this information in any way. 

 

5.4.7 Use of Tools 

 

Table 141. Use of Tools Dimension: Revised Profiles (Clusters) 

Governance 
Construct 

Clear and enforced Split 
Unclear and not 

enforced 

Tools rule cl + 
enforcement 

High 
(Clear and enforced) 

Medium 
(Optional) 

Low 
(Unclear and not 

enforced) 

 
 

Table 142. Use of Tools Dimension: Results from Cluster Analysis 

Governance 
Construct 

Cluster 1 
Clear and Enforced 

(n = 98) 

Cluster 2 
Unclear and Not 

Enforced 
 (n = 58) 

Cluster 3 
Clear and Enforced 

 (n = 28) 

Tools rule cl + 
enforcement 

High 
(Clear and enforced) 

Low 
(Unclear and not 

enforced) 

High 
(Clear and enforced) 

 

 In much the same way as in the Use of Information dimension, two profiles were 

identified for the Use of Tools dimension: Clear and Enforced, and Unclear and Not 

Enforced. Projects characterized by Clear and Enforced use of project tools have clearly 

sated rules about how technical tools should be utilized and project members are 
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obliged to use technical tools in prescribed ways according to established rules. On the 

other hand, in projects characterized by Unclear and Not Enforced use of tools, there is 

ambiguity about how technical tools should be used and project members are free to 

decide whether to follow established rules regarding the use of technical tools. 

 

5.4.8 Open Source Governance Configuration Profiles 

 

 The following tables show the originally developed open source governance 

configurations based on the original six dimensions of governance, followed by the 

revised configurations based on the splitting of the Use of Information and Tools into two 

separate dimensions: Use of Information and Use of Tools. The last table shows the 

configurations that resulted from the cluster analysis and the validation of the 

governance dimensions. The three governance configurations were relabeled as follows: 

Open Community, Managed Community, and Defined Community. We decided to relabel 

the dimensions based on the findings from the cluster analysis. In other words, the new 

labels better represent the underlying configurations of governance dimensions for each 

cluster identified. 
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Table 143. Open Source Project Governance Configurations: Original Profiles (Clusters) 

Governance 
Configuration 

Benevolent Dictatorship Consensus-Based Democracy Open Community 

Assets Nonrestrictive/Highly restrictive Highly restrictive Highly restrictive 

Chartering the Project Semi-static/Static Semi-static Semi-static/Organic 

Community 
Management 

Centralized management Shared management Decentralized management 

Software Development 
Processes 

Undefined/Defined Undefined Undefined/Defined 

Conflict Resolution 
None 
(Managed conflict) 

None 
(Addressed conflict) 

None 
(Unmanaged conflict) 

Use of Information and 
Tools 

Mandatory and specific and None 
and none/Mandatory and specific 

Optional and specific and 
Mandatory and specific 

None and None/Optional and 
specific/Mandatory and specific and 
Optional and specific/Mandatory and 
specific 

 

Table 144. Open Source Project Governance Configurations: Revised Profiles based on 7 Dimensions (Clusters) 

Governance 
Configuration 

Benevolent Dictatorship Consensus-Based Democracy Open Community 

Assets Nonrestrictive/Highly restrictive Highly restrictive Highly restrictive 

Chartering the Project Semi-static/Static Semi-static Semi-static/Organic 

Community 
Management 

Centralized management Shared management Decentralized management 

Software Development 
Processes 

Undefined/Defined Undefined Undefined/Defined 

Conflict Resolution 
None 
(Managed conflict) 

None 
(Addressed conflict) 

None 
(Unmanaged conflict) 

Use of Information Clear and enforced Split Unclear and not enforced 

Use of Tools Clear and enforced Split Unclear and not enforced 
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Table 145. Open Source Project Governance Configurations: Results from Cluster Analysis 

Governance Dimensions 

Cluster 1 
Open Community 

(Open Community) 
(n = 98) 

Cluster 2 
Managed Community  

(Benevolent Dictatorship) 
(n = 58) 

Cluster 3 
Defined Community 
(Consensus-based 

Democracy) 
 (n = 28) 

Ownership of Assets Highly restrictive Highly restrictive Highly restrictive 

Chartering the Project Community Goals Project Goals Community Goals 

Community Management Decentralized Management Centralized Management Decentralized Management 

Software Development 
Processes 

Undefined Process Defined Process Managed Process 

Conflict Resolution Unmanaged Conflict Unmanaged Conflict Managed Conflict 

Use of Information Clear and Enforced Unclear and Not Enforced Clear and Enforced 

Use of Tools Clear and Enforced Unclear and Not Enforced Clear and Enforced 
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 Projects that are defined as an Open Community have bottom-up community 

goals that are mostly suggested by project members. Decision-making is also largely in 

the hands of project members, as opposed to project administrators. In addition, 

software development processes are undefined, with explicit software requirements and 

vague processes for managing software changes, among other things. In the event of 

conflict, there are seldom any norms against noncompliance and when there are, they 

are rarely enforced. How project information as well as technical tools should be used 

and managed is clear and these rules are enforced within the project. 

 

 A Defined Community differs from an Open Community, in that these projects are 

characterized by a somewhat more managed overall process. While these projects still 

largely have bottom-up goals (Community Goals) and decentralized management, their 

software development process is managed, instead of undefined, meaning that software 

release are supervised by release managers. In addition, conflict is addressed and 

attended to when required. The use of information in addition to the use of technical 

tools are clear and enforced. 

 

 A Managed Community is characterized by Project Goals, which means that 

goals are generally proposed equally by both project members and project 

administrators. This is also the only type of project with Centralized Management. In 

other words, decision-making is mostly carried out by project administrators as opposed 

to project members. The software development process is defined but conflict within the 

project is unmanaged. Finally, the use of information and the use of technical tools 

remain unclear and is not enforced. 

 

 In the next section, we report on the results from hypothesis testing. This is 
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followed by a discussion of the overall implications of these three different types of open 

source project governance configurations.  

 

6. Testing the Research Hypotheses 

 

 With the governance configurations validated, we then conducted factorial 

ANOVA analyses aimed at testing the research hypotheses. We determined how each 

cluster differs on outcome variables such as development activity, climate for project 

excellence, coordination effectiveness, and software project performance based on the 

hypothesized moderating effects of project age and project size. 

 

6.1 Descriptive Statistics 

 

 Some descriptive statistics are offered before testing the research hypotheses. 

The number of contributors refers to the total number of individuals involved in the 

project (Project Administrators and Project Members). 
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Table 146. Descriptive Statistics 

 

Cluster 1 
Open 

Community 
(n = 98) 

Cluster 2 
Managed 

Community  
(n = 58) 

Cluster 3 
Defined 

Community 
(n = 28) 

Total 
Sample 

Means  

Project Size 
(Number of 

Contributors) 
17.5 33.0 25.3 26.48 

Project Age 
(Years) 

6.5 6.9 7.3 6.93 

Standard Deviations  

Project Size 
(Number of 

Contributors) 
12.39 53.85 27.57 38.69 

Project Age 
(Years) 

2.46 2.60 2.93 2.69 

Minimum  

Project Size 
(Number of 

Contributors) 
6 6 6 423 

Project Age 
(Years) 

2 2 1 12 

Maximum  

Project Size 
(Number of 

Contributors) 
66 423 164 6 

Project Age 
(Years) 

11 12 12 1 

 

 We are also providing some additional descriptive statistics based on various 

splits we performed on the project age and project size variables when testing the 

hypotheses. More specifically, in order to run Factorial ANOVAS, we needed to create 

dummy variables to categorize the moderating variables: project age and project size. In 

addition to the dummy variables, we also categorized these variables in quartiles so as 

to run more fine-grained analyses in order to have more robust results with which to 

either support or reject the hypotheses. No follow-up planned comparison tests were 
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performed in the absence of a statistically significant interaction effect (e.g., interaction 

between Clusters and Project Age). These tests were also performed by adding 

covariates as control variables (e.g., including Age or Size as covariates in the form of a 

continuous variable). This did not change the results that are reported in the following 

pages. 

 

Table 147. Project Age - Total Sample 

Project Age 
(Years) 

Frequency Percent Cumulative Percent 

1 1 0.5 0.5 

2 7 3.8 4.3 

3 15 8.2 12.5 

4 12 6.5 19.0 

5 25 13.6 32.6 

6 28 15.2 47.8 

7 15 8.2 56.0 

8 24 13.0 69.0 

9 20 10.9 79.9 

10 12 6.5 86.4 

11 22 12.0 98.4 

12 3 1.6 100.0 

 
 
Table 148. Project Size - Total Sample 

Project Size 
(Number of 
Contributors) 

Frequency Percent Cumulative Percent 

6 10 5.4 5.4 

7 8 4.3 9.8 

8 13 7.1 16.8 

9 14 7.6 24.5 

10 11 6.0 30.4 

11 12 6.5 37.0 
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Project Size 
(Number of 
Contributors) 

Frequency Percent Cumulative Percent 

12 8 4.3 41.3 

13 4 2.2 43.5 

14 5 2.7 46.2 

15 6 3.3 49.5 

16 6 3.3 52.7 

17 4 2.2 54.9 

18 3 1.6 56.5 

19 2 1.1 57.6 

20 4 2.2 59.8 

21 3 1.6 61.4 

22 4 2.2 63.6 

23 4 2.2 65.8 

24 5 2.7 68.5 

25 3 1.6 70.1 

26 3 1.6 71.7 

27 2 1.1 72.8 

28 4 2.2 75.0 

29 3 1.6 76.6 

30 3 1.6 78.3 

31 1 0.5 78.8 

32 1 0.5 79.3 

34 4 2.2 81.5 

35 1 0.5 82.1 

36 2 1.1 83.2 

37 1 0.5 83.7 

38 2 1.1 84.8 

41 1 0.5 85.3 
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Project Size 
(Number of 
Contributors) 

Frequency Percent Cumulative Percent 

43 1 0.5 85.9 

46 1 0.5 86.4 

47 2 1.1 87.5 

48 2 1.1 88.6 

50 3 1.6 90.2 

52 1 0.5 90.8 

57 1 0.5 91.3 

58 1 0.5 91.8 

60 1 0.5 92.4 

63 1 0.5 92.9 

65 1 0.5 93.5 

66 1 0.5 94.0 

67 1 0.5 94.6 

68 1 0.5 95.1 

72 1 0.5 95.7 

75 1 0.5 96.2 

82 1 0.5 96.7 

92 1 0.5 97.3 

130 2 1.1 98.4 

164 1 0.5 98.9 

469 1 0.5 99.5 

423 1 0.5 100.0 

 



 

300 
 

Table 149. Age Variable - Means and Standard Deviations for Mean Splits 

Clusters 
Small 

(<6.93) 
Large 

(>=6.93) 
n 

Cluster 1 
Open 
Community 

4.51 
(1.27) 
n=41 

9.30 
(1.49) 
n=57 

98 

Cluster 2 
Managed 
Community 

4.45 
(1.48) 
n=29 

8.72 
(1.36) 
n=29 

58 

Cluster 3 
Defined 
Community 

4.83 
(1.42) 
n=18 

9.20 
(1.75) 
n=10 

28 

 
 
Table 150. Age Variable - Means and Standard Deviations for Quartile Splits 

Clusters 
Quartile 1 

(0-4) 
Quartile 2 

(5-6) 
Quartile 3 

(7-8) 
Quartile 4 

(9-12) 
n 

Cluster 1 
Open 
Community 

3.13 
(0.99) 
n=15 

5.31 
(0.47) 
n=26 

7.56 
(0.51) 
n=18 

10.10 
(1.02) 
n=39 

98 

Cluster 2 
Managed 
Community 

3.00 
(0.82) 
n=13 

5.63 
(0.50) 
n=16 

7.69 
(0.48) 
n=16 

10.00 
(0.91) 
n=13 

58 

Cluster 3 
Defined 
Community 

3.14 
(0.38) 
n=7 

5.91 
(0.30) 
n=11 

7.60 
(0.55) 
n=5 

10.80 
(0.45) 
n=5 

28 

 
 
Table 151. Size Variable - Means and Standard Deviations for Mean Splits 

Clusters 
Small 

(<26.48) 
Large 

(>=26.48) 
n 

Cluster 1 
Open 
Community 

13.36 
(5.79) 
n=69 

52.79 
(33.84) 
n=29 

98 

Cluster 2 
Managed 
Community 

12.57 
(5.61) 
n=47 

73.45 
(116.66) 

n=11 
58 

Cluster 3 
Defined 
Community 

14.69 
(6.53) 
n=16 

65.50 
(37.66) 
n=12 

28 
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Table 152. Size Variable - Means and Standard Deviations for Quartile Splits 

Clusters 
Quartile 1 

(0-9) 
Quartile 2 
(10-15) 

Quartile 3 
(16-28.74) 

Quartile 4 
(28.75-423) 

n 

Cluster 1 
Open 
Community 

7.91 
(1.04) 
n=23 

12.04 
(1.57) 
n=25 

22.00 
(4.26) 
n=25 

56.80 
(34.86) 
n=25 

98 

Cluster 2 
Managed 
Community 

7.35 
(1.27) 
n=17 

11.63 
(1.96) 
n=16 

20.53 
(3.52) 
n=15 

78.00 
(121.94) 

n=10 
58 

Cluster 3 
Defined 
Community 

7.80 
(1.10) 
n=5 

12.60 
(1.82) 
n=5 

22.86 
(2.79) 
n=7 

69.00 
(37.40) 
n=11 

28 

 

 The following table provides an overview of the research hypotheses developed 

in Chapter 5 in addition to the research results as reported in detail in the following 

pages. As previously noted, since we relabeled the names of the three governance 

configurations based on the results from the cluster analysis, these new labels were 

added to the hypotheses. We found that these new labels aligned more closely with the 

research results. The configuration labels that were used in the theory building section 

and that come closest to the new labels that were applied appear in parentheses next to 

the new labels for reference. 
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Table 153. Research Hypotheses & Results 

# Hypothesis 

Solving Collective Action Dilemmas (Project Activity - VCS Reads/Writes) 

H1a In younger projects, managed communities (benevolent dictatorships) will 
attract significantly greater development activity than defined communities 
(consensus-based democracies) or open communities.  
 
Result: Not supported (no statistically significant interaction effect). 

H1b In the case of larger projects, managed communities (benevolent 
dictatorships) will attract significantly less development activity than open 
communities.  
 
Result: Not supported (no statistically significant interaction effect). 

H2a In younger projects, defined communities (consensus-based democracies) will 
attract significantly greater development activity than open communities.  
 
Result: Not supported (no statistically significant interaction effect). 

H2b In the case of larger projects, defined communities (consensus-based 
democracies) will attract significantly less development activity than open 
communities.  
 
Result: Not supported (no statistically significant interaction effect). 

H3a In younger projects, open communities will attract significantly less 
development activity than either managed communities (benevolent 
dictatorships) or defined communities (consensus-based democracies).  
 
Result: Not supported (no statistically significant interaction effect). 

H3b In the case of larger projects, open communities will attract significantly more 
development activity than either managed communities (benevolent 
dictatorships) or defined communities (consensus-based democracies). 
 
Result: Not supported (no statistically significant interaction effect). 

Solving Coordination Problems (Coordination Effectiveness) 

H4a In younger projects, managed communities (benevolent dictatorships) will 
have a significantly greater positive effect on team coordination than defined 
communities (consensus-based democracies) or open communities. 
 
Result: Not supported (no statistically significant interaction effect). 

H4b In the case of larger projects, managed communities (benevolent 
dictatorships) will have a significantly smaller positive effect on team 
coordination than open communities. 
 
Result: Not supported (no statistically significant interaction effect). 
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H5a In younger projects, defined communities (consensus-based democracies) will 
have a significantly greater positive effect on team coordination than open 
communities.  
 
Result: Not supported (no statistically significant interaction effect). 

H5b In the case of larger projects, defined communities (consensus-based 
democracies) will have a significantly smaller positive effect on team 
coordination than open communities. 
 
Result: Not supported (no statistically significant interaction effect). 

H6 In the case of larger projects, open communities will have a significantly 
greater positive effect on team coordination than either managed communities 
(benevolent dictatorships) or defined communities (consensus-based 
democracies). 
 
Result: Not supported (no statistically significant interaction effect). 

Creating a Better Climate for Contributors (Climate for Project Excellence) 

H7a In younger projects, managed communities (benevolent dictatorships) will 
demonstrate a significantly better climate for project excellence than defined 
communities (consensus-based democracies) or open communities. 
 
Result: Not supported (no statistically significant interaction effect). 

H7b In the case of larger projects, managed communities (benevolent 
dictatorships) will demonstrate significantly less positive climate for project 
excellence than open communities. 
 
Result: Not supported (no statistically significant interaction effect). 

H8a In younger projects, defined communities (consensus-based democracies) will 
demonstrate a significantly better climate for project excellence than those 
characterized by an open community governance configuration. 
 
Result: Not supported (no statistically significant interaction effect). 

H8b In the case of larger projects, open communities will demonstrate a 
significantly better climate for project excellence than those characterized by 
managed communities (benevolent dictatorships) or defined communities 
(consensus-based democracies). 
 
Result: Not supported (no statistically significant interaction effect). 

Governance Configurations and Project Performance (Performance) 
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H9a In the case of younger projects, managed communities (benevolent 
dictatorships) will demonstrate significantly higher levels of performance than 
defined communities (consensus-based democracies) or open communities. 
(Younger open source projects that adopt a managed community (benevolent 
dictatorship) governance configuration will demonstrate significantly higher 
levels of performance than those characterized by a defined community 
(consensus-based democracy) or an open community configuration.) 
 
Result: Not supported (no statistically significant interaction effect). 

H9b In the case of larger projects, open communities will demonstrate significantly 
higher levels of performance than managed communities (benevolent 
dictatorships). 
 
Result: Not supported (no statistically significant interaction effect). 

H10a In the case of younger projects, defined communities (consensus-based 
democracies) will demonstrate significantly higher levels of performance than 
open communities. (Younger open source projects that adopt a defined 
community (consensus-based democracy) governance configuration will 
attract significantly more development activity than those characterized by an 
open community configuration.) 
 
Result: Not supported (no statistically significant interaction effect). 

H10b In the case of larger projects, open communities will demonstrate significantly 
higher levels of performance than defined communities (consensus-based 
democracies). 
 
Result: Not supported (no statistically significant interaction effect). 

H11a In the case of younger projects, open communities will demonstrate 
significantly lower levels of performance than managed communities 
(benevolent dictatorships) or defined communities (consensus-based 
democracies). (Younger open source projects that adopt an open community 
governance configuration will attract significantly less development activity 
than those characterized by a managed community (benevolent dictatorship) 
or a defined community (consensus-based democracy) configuration.  
 
Result: Not supported (no statistically significant interaction effect). 

H11b In the case of larger projects, open communities will demonstrate significantly 
higher levels of performance than defined communities (consensus-based 
democracies).  
 
Result: Not supported (no statistically significant interaction effect). 
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6.2 Solving Collective Action Dilemmas 

 

 Prior to testing the hypotheses (which included moderating effects from the 

Project Age and Project Size variables) using planned comparisons, we first performed 

factorial ANOVAs to determine whether there were any statistically significant interaction 

effects. We used Version Control System (VCS) Reads/Writes to assess the overall 

development activity of a project. VCS Read/Writes capture the number of times project 

developers either read or wrote to the project’s version control system. We tested 

whether development activity depended on the interplay between governance 

configuration and project age, as well as project size. 

 

 Projects were classified as young or old depending on the number of years that 

elapsed from the project’s foundation to June 1st 2011, date at which the secondary 

performance data for these projects was collected. The mean age of the projects, 6.93 

years, was used as the cut-off point. Moreover, projects were classified as “Large” or 

“Small” based on the number of project members and projects administrators. The mean 

number of total members for these projects was 26.48 members. This value was used as 

the cut-off point for classifying projects into “Large” or “Small” categories. As previously 

noted, in addition to the dummy variables, we also categorized these variables in 

quartiles in order to run more fine-grained analyses in order to have more robust results 

with which to either support or reject the hypotheses. As such, analyses using mean 

splits, quartile splits, and quartile 1 vs. quartile 4 for both the project age and project size 

variables are provided below. Descriptive statistics were provided above. 
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Table 154. Factorial ANOVA - Clusters, Age, and Development Activity (Mean Split) 
 

Tests of Between-Subjects Effects 

Dependent Variable:DevelopmentActivity 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 4.955E10 5 9.909E9 .946 .454 

Intercept 1.673E11 1 1.673E11 15.978 .000 

CLUSTERS3 1.382E10 2 6.911E9 .660 .519 

AgeMeanSplit 2.014E10 1 2.014E10 1.923 .168 

CLUSTERS3 * AgeMeanSplit 2.818E10 2 1.409E10 1.346 .264 

Error 1.309E12 125 1.047E10   

Total 1.531E12 131    

Corrected Total 1.359E12 130    

a. R Squared = .036 (Adjusted R Squared = -.002) 
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Table 155. Factorial ANOVA - Clusters, Age, and Development Activity (Quartile 
Split) 

 

Tests of Between-Subjects Effects 

Dependent Variable:DevelopmentActivity 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 9.625E10 11 8.750E9 .825 .615 

Intercept 1.648E11 1 1.648E11 15.538 .000 

CLUSTERS3 1.235E10 2 6.177E9 .582 .560 

AgeQuartileSplit 2.722E10 3 9.073E9 .855 .466 

CLUSTERS3 * 

AgeQuartileSplit 

6.527E10 6 1.088E10 1.025 .412 

Error 1.262E12 119 1.061E10   

Total 1.531E12 131    

Corrected Total 1.359E12 130    

a. R Squared = .071 (Adjusted R Squared = -.015) 

 

 
Table 156. Factorial ANOVA - Clusters, Age, and Development Activity (Quartile 1 
vs. Quartile 4) 
 

Tests of Between-Subjects Effects 

Dependent Variable:DevelopmentActivity 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 4.840E10 5 9.680E9 .580 .715 

Intercept 8.199E10 1 8.199E10 4.915 .031 

CLUSTERS3 2.680E10 2 1.340E10 .803 .453 

AgeQuartile1vs4 2.206E9 1 2.206E9 .132 .717 

CLUSTERS3 * 

AgeQuartile1vs4 

2.588E10 2 1.294E10 .776 .465 

Error 9.508E11 57 1.668E10   

Total 1.107E12 63    

Corrected Total 9.992E11 62    

a. R Squared = .048 (Adjusted R Squared = -.035) 
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Table 157. Factorial ANOVA - Clusters, Size, and Development Activity (Mean 
Split) 

 

Tests of Between-Subjects Effects 

Dependent Variable:DevelopmentActivity 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 1.538E10 5 3.076E9 .286 .920 

Intercept 1.428E11 1 1.428E11 13.286 .000 

CLUSTERS3 4.506E9 2 2.253E9 .210 .811 

SizeMeanSplit 7.098E9 1 7.098E9 .661 .418 

CLUSTERS3 * SizeMeanSplit 1.956E9 2 9.782E8 .091 .913 

Error 1.343E12 125 1.075E10   

Total 1.531E12 131    

Corrected Total 1.359E12 130    

a. R Squared = .011 (Adjusted R Squared = -.028) 

 
Table 158. Factorial ANOVA - Clusters, Size, and Development Activity (Quartile Split) 

 

Tests of Between-Subjects Effects 

Dependent Variable:DevelopmentActivity 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 8.352E10 11 7.593E9 .709 .728 

Intercept 9.182E10 1 9.182E10 8.570 .004 

CLUSTERS3 3.714E9 2 1.857E9 .173 .841 

SizeQuartileSplit 3.351E10 3 1.117E10 1.042 .376 

CLUSTERS3 * 

SizeQuartileSplit 

1.450E10 6 2.417E9 .226 .968 

Error 1.275E12 119 1.071E10   

Total 1.531E12 131    

Corrected Total 1.359E12 130    

a. R Squared = .061 (Adjusted R Squared = -.025) 
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Table 159. Factorial ANOVA - Clusters, Size, and Development Activity (Quartile 1 vs. 
Quartile 4) 
 

Tests of Between-Subjects Effects 

Dependent Variable:DevelopmentActivity 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 3.140E10 5 6.280E9 1.327 .265 

Intercept 3.671E10 1 3.671E10 7.756 .007 

CLUSTERS3 2.183E9 2 1.092E9 .231 .795 

SizeQuartile1vs4 1.869E10 1 1.869E10 3.948 .051 

CLUSTERS3 * 

SizeQuartile1vs4 

8.418E8 2 4.209E8 .089 .915 

Error 2.887E11 61 4.733E9   

Total 3.883E11 67    

Corrected Total 3.201E11 66    

a. R Squared = .098 (Adjusted R Squared = .024) 

 

 Based on the above results, it was clear that age and size did not moderate the 

relationship between the type of governance configuration and development activity as 

measured by VCS Reads/Writes. 

 

6.2.1 Managed Communities (Benevolent Dictatorships) and Collective Action 

Dilemmas 

 

 Given the finding that there was no moderation at play, both hypotheses H1b and 

H1b were not supported. In other words, there was no indication that in younger 

projects, managed communities (benevolent dictatorships) attract significantly greater 

development activity than defined communities (consensus-based democracies) or open 

communities, or that in the case of larger projects, managed communities (benevolent 
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dictatorships) attract significantly less development activity than open communities. 

Therefore, planned comparisons were not done since none of the relationships differed 

significantly from zero. 

 

Hypothesis 1a (H1a): In younger projects, managed communities (benevolent 

dictatorships) will attract significantly greater development activity than defined 

communities (consensus-based democracies) or open communities. 

 

Hypothesis 1b (H1b): In the case of larger projects, managed communities (benevolent 

dictatorships) will attract significantly less development activity than open communities. 

 

6.2.2 Defined Communities (Consensus-based Democracies) and Collective Action 

Dilemmas 

 

 Similarly, hypotheses H2a and H2b were not supported. Project age and project 

size were not found to moderate this relationship. We did not find that younger defined 

communities (consensus-based democracies) attract significantly greater development 

activity than open communities, or that larger defined communities (consensus-based 

democracies) attract significantly less development activity than open communities. 

 

Hypothesis 2a (H2a): In younger projects, defined communities (consensus-based 

democracies) will attract significantly greater development activity than open 

communities. 

 

Hypothesis 2b (H2b): In the case of larger projects, defined communities (consensus-

based democracies) will attract significantly less development activity than open 
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communities. 

 

6.2.3 Open Communities and Collective Action Dilemmas 

 

Hypothesis 3a (H3a): In younger projects, open communities will attract significantly 

less development activity than either managed communities (benevolent dictatorships) 

or defined communities (consensus-based democracies). 

 

Hypothesis 3b (H3b): In the case of larger projects, open communities will attract 

significantly more development activity than either managed communities (benevolent 

dictatorships) or defined communities (consensus-based democracies). 

 

 Finally, hypotheses H3a and H3b were not supported either. These hypotheses 

had to do with open communities and how project age and project size would affect the 

relationship between governance configuration and development activity. The absence 

of a significant p-value indicated a lack of support for the hypothesis that in younger 

projects, open communities attract significantly less development activity than either 

managed communities (benevolent dictatorships) or defined communities (consensus-

based democracies), or that in the case of larger projects, open communities attract 

significantly more development activity than either managed communities (benevolent 

dictatorships) or defined communities (consensus-based democracies). 
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6.3 Solving Development Coordination Problems 

 

 In order to assess the next set of hypotheses, we ran factorial ANOVAs using 

Coordination Effectiveness as the outcome variable. Again, we first determined whether 

there were any interaction effects prior to carrying out any planned comparisons. 

 

Table 160. Factorial ANOVA - Clusters, Age, and Coordination Effectiveness (Mean 
Split) 

Tests of Between-Subjects Effects 

Dependent Variable:GPCOORD 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 12.411
a
 5 2.482 4.001 .002 

Intercept 3792.269 1 3792.269 6112.044 .000 

CLUSTERS 8.945 2 4.473 7.208 .001 

Age .752 1 .752 1.213 .272 

CLUSTERS * Age 1.411 2 .705 1.137 .323 

Error 110.442 178 .620   

Total 5178.591 184    

Corrected Total 122.852 183    

a. R Squared = .101 (Adjusted R Squared = .076) 

 

 While there was a statistically significant effect of Clusters on Coordination 

Effectiveness (p<=0.001), there was no significant interaction effect between Clusters 

and Project Age as measured in years since the foundation of the project (p=0.323 > 

0.01).  
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Table 161. Factorial ANOVA - Clusters, Age, and Coordination Effectiveness 
(Quartile Split) 

 

Tests of Between-Subjects Effects 

Dependent Variable:GPCOORD 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 14.221
a
 11 1.293 2.047 .027 

Intercept 3689.427 1 3689.427 5841.625 .000 

CLUSTERS 9.376 2 4.688 7.422 .001 

AgeQuartileSplit .951 3 .317 .502 .682 

CLUSTER * AgeQuartileSplit 2.973 6 .495 .785 .583 

Error 108.631 172 .632   

Total 5178.591 184    

Corrected Total 122.852 183    

a. R Squared = .116 (Adjusted R Squared = .059) 

 
 
Table 162. Factorial ANOVA - Clusters, Age, and Coordination Effectiveness 
(Quartile 1 vs. Quartile 4) 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:GPCOORD 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 8.038
a
 5 1.608 2.301 .052 

Intercept 1697.837 1 1697.837 2430.478 .000 

CLUSTERS 4.552 2 2.276 3.258 .043 

AgeQuartile1vs4 .586 1 .586 .839 .362 

CLUSTER3 * AgeQuartile1vs4 2.951 2 1.475 2.112 .127 

Error 60.076 86 .699   

Total 2554.731 92    

Corrected Total 68.114 91    

a. R Squared = .118 (Adjusted R Squared = .067) 
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Table 163. Factorial ANOVA - Clusters, Size, and Coordination Effectiveness (Mean 
Split) 

Tests of Between-Subjects Effects 

Dependent Variable:GPCOORD 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 16.768
a
 5 3.354 5.627 .000 

Intercept 3239.907 1 3239.907 5436.278 .000 

CLUSTERS 7.902 2 3.951 6.630 .002 

Size 3.086 1 3.086 5.178 .024 

CLUSTERS * Size 1.344 2 .672 1.128 .326 

Error 106.084 178 .596   

Total 5178.591 184    

Corrected Total 122.852 183    

a. R Squared = .136 (Adjusted R Squared = .112) 

 
 
Table 164. Factorial ANOVA - Clusters, Size, and Coordination Effectiveness 
(Quartile Split) 

Tests of Between-Subjects Effects 

Dependent Variable:GPCOORD 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 23.179
a
 11 2.107 3.636 .000 

Intercept 3771.472 1 3771.472 6508.209 .000 

CLUSTERS 12.122 2 6.061 10.459 .000 

SizeQuartileSplit 6.388 3 2.129 3.674 .013 

CLUSTER3*SizeQuartileSplit 3.554 6 .592 1.022 .412 

Error 99.673 172 .579   

Total 5178.591 184    

Corrected Total 122.852 183    

a. R Squared = .189 (Adjusted R Squared = .137) 
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Table 165. Factorial ANOVA - Clusters, Size, and Coordination Effectiveness 
(Quartile 1 vs. Quartile 4) 

Tests of Between-Subjects Effects 

Dependent Variable:GPCOORD 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 9.811
a
 5 1.962 2.941 .017 

Intercept 1901.929 1 1901.929 2851.046 .000 

CLUSTERS 4.939 2 2.470 3.702 .029 

SizeQuartile1vs4 5.602 1 5.602 8.397 .005 

CLUSTERS * SizeQuartile1vs4 .173 2 .086 .129 .879 

Error 56.703 85 .667   

Total 2528.171 91    

Corrected Total 66.514 90    

a. R Squared = .148 (Adjusted R Squared = .097) 

 

 Similarly, there was no significant interaction effect between Clusters and Project 

Size as measured by the total number of individuals working on the project (p=0.326 > 

0.01). As such, planned comparisons could not be performed given the lack of a 

moderating effect from either Project Age or Project Size. 

 

6.3.1 Managed Communities (Benevolent Dictatorships) and Coordination 

Problems 

 

 The lack of any statistically significant interaction effects between the 3 Clusters 

and either Project Age or Project Size meant that the following hypotheses that had to do 

with coordination problems (H4a, H4b, H5a, H5b, H6) were not supported. 

 

Hypothesis 4a (H4a): In younger projects, managed communities (benevolent 

dictatorships) will have a significantly greater positive effect on team coordination than 
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defined communities (consensus-based democracies) or open communities. 

 

Hypothesis 4b (H4b): In the case of larger projects, managed communities (benevolent 

dictatorships) will have a significantly smaller positive effect on team coordination than 

open communities. 

 

 In other words, no statistically significant evidence was found to support the 

assertion that in younger projects, managed communities (benevolent dictatorships) 

have a significantly greater positive effect on team coordination than defined 

communities (consensus-based democracies) or open communities, or that in the case 

of larger projects, managed communities (benevolent dictatorships) have a significantly 

smaller positive effect on team coordination than open communities. 

 

6.3.2 Defined Communities (Consensus-based Democracies) and Coordination 

Problems 

 

Hypothesis 5a (H5a): In younger projects, defined communities (consensus-based 

democracies) will have a significantly greater positive effect on team coordination than 

open communities. 

 

Hypothesis 5b (H5b): In the case of larger projects, defined communities (consensus-

based democracies) will have a significantly smaller positive effect on team coordination 

than open communities. 

 

             The same can be said of defined communities (consensus-based democracies). 

No support was found for the hypotheses that in younger projects, defined communities 
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(consensus-based democracies) have a significantly greater positive effect on team 

coordination than open communities, or that in the case of larger projects, defined 

communities (consensus-based democracies) have a significantly smaller positive effect 

on team coordination than open communities. 

 

6.3.3 Open Communities and Coordination Problems 

 

Hypothesis 6 (H6): In the case of larger projects, open communities will have a 

significantly greater positive effect on team coordination than either managed 

communities (benevolent dictatorships) or defined communities (consensus-based 

democracies). 

 

            Finally, the argument that larger open communities have a significantly greater 

positive effect on team coordination than either managed communities (benevolent 

dictatorships) or defined communities (consensus-based democracies), was not 

supported by the findings 

 

6.4 Creating a Better Climate for Contributors 

 

 The next outcome variable that we assessed was Climate for Project Excellence. 

The objective was to determine whether the type of governance approach adopted by 

projects had a varying degree of influence on overall climate for excellence based on the 

age and size of a project. 

 

 For example, it was argued that in the absence of a formal authority structure as 

is the case in newly founded projects, OSS projects characterized by centralized 
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community management can benefit from an informal authority structure that guides the 

project and establishes clear behavioral norms through centralized decision-making – 

norms which help streamline the development process and help favor a positive team 

climate in which innovation is facilitated. 

 

Table 166. Factorial ANOVA - Clusters, Age, and Climate for Project Excellence 
(Mean Split) 

Tests of Between-Subjects Effects 

Dependent Variable:GPEXCEL 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 17.501
a
 5 3.500 7.321 .000 

Intercept 3961.966 1 3961.966 8287.476 .000 

Age 1.116 1 1.116 2.335 .128 

CLUSTERS 16.539 2 8.270 17.298 .000 

Age * CLUSTERS 1.570 2 .785 1.642 .196 

Error 85.096 178 .478   

Total 5297.683 184    

Corrected Total 102.597 183    

a. R Squared = .171 (Adjusted R Squared = .147) 

 

 The results indicated a lack of a statistically significant interaction effect between 

governance configurations and project age (p=0.196 >0.01).  
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Table 167. Factorial ANOVA - Clusters, Age, and Climate for Project Excellence 
(Quartile Split) 

Tests of Between-Subjects Effects 

Dependent Variable:GPEXCEL 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 19.185
a
 11 1.744 3.596 .000 

Intercept 3847.138 1 3847.138 7933.060 .000 

CLUSTERS 16.746 2 8.373 17.266 .000 

AgeQuartileSplit 1.308 3 .436 .899 .443 

CLUSTERS*AgeQuartileSplit 2.864 6 .477 .984 .438 

Error 83.411 172 .485   

Total 5297.683 184    

Corrected Total 102.597 183    

a. R Squared = .187 (Adjusted R Squared = .135) 

 
Table 168. Factorial ANOVA - Clusters, Age, and Climate for Project Excellence 
(Quartile 1 vs. Quartile 4) 

 

Tests of Between-Subjects Effects 

Dependent Variable:GPEXCEL 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 10.740
a
 5 2.148 4.336 .001 

Intercept 1785.312 1 1785.312 3603.710 .000 

CLUSTERS 8.598 2 4.299 8.678 .000 

AgeQuartile1vs4 .974 1 .974 1.966 .164 

CLUSTERS * AgeQuartile1vs4 1.584 2 .792 1.599 .208 

Error 42.605 86 .495   

Total 2627.014 92    

Corrected Total 53.345 91    

a. R Squared = .201 (Adjusted R Squared = .155) 
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Table 169. Factorial ANOVA - Clusters, Size, and Climate for Project Excellence 
(Mean Split) 

Tests of Between-Subjects Effects 

Dependent Variable:GPEXCEL 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 18.414
a
 5 3.683 7.787 .000 

Intercept 3413.355 1 3413.355 7217.343 .000 

CLUSTERS 9.734 2 4.867 10.291 .000 

Size .445 1 .445 .942 .333 

CLUSTERS * Size 2.028 2 1.014 2.144 .120 

Error 84.183 178 .473   

Total 5297.683 184    

Corrected Total 102.597 183    

a. R Squared = .179 (Adjusted R Squared = .156) 

 
 
Table 170. Factorial ANOVA - Clusters, Size, and Climate for Project Excellence 
(Quartile Split) 

Tests of Between-Subjects Effects 

Dependent Variable:GPEXCEL 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 20.277
a
 11 1.843 3.852 .000 

Intercept 3893.018 1 3893.018 8134.114 .000 

CLUSTERS 15.385 2 7.692 16.073 .000 

SizeQuartileSplit 1.441 3 .480 1.004 .393 

CLUSTERS*SizeQuartileSplit 3.115 6 .519 1.085 .373 

Error 82.320 172 .479   

Total 5297.683 184    

Corrected Total 102.597 183    

a. R Squared = .198 (Adjusted R Squared = .146) 
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Table 171. Factorial ANOVA - Clusters, Size, and Climate for Project Excellence 
(Quartile 1 vs. Quartile 4) 

Tests of Between-Subjects Effects 

Dependent Variable:GPEXCEL 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 3.933
a
 5 .787 1.588 .172 

Intercept 1964.475 1 1964.475 3967.420 .000 

CLUSTERS 3.546 2 1.773 3.581 .032 

SizeQuartile1vs4 .482 1 .482 .973 .327 

CLUSTERS * SizeQuartile1vs4 .300 2 .150 .303 .740 

Error 42.088 85 .495   

Total 2619.784 91    

Corrected Total 46.021 90    

a. R Squared = .085 (Adjusted R Squared = .032) 

 

 In a similar fashion, the above results on project size showed a lack of a 

statistically significant interaction effect between governance configurations and project 

size (p=0.120 >0.01).  

 

 These results entail a lack of support for the hypotheses developed around the 

notion of Climate for Project Excellence (H7a, H7b, H8a, H8b). 

 

6.4.1 Managed Communities (Benevolent Dictatorships) and Climate for 

Contributors 

 

Hypothesis 7a (H7a): In younger projects, managed communities (benevolent 

dictatorships) will demonstrate a significantly better climate for project excellence than 

defined communities (consensus-based democracies) or open communities. 
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Hypothesis 7b (H7b): In the case of larger projects, managed communities (benevolent 

dictatorships) will demonstrate significantly less positive climate for project excellence 

than open communities. 

 

 No support was found to the effect that in younger projects, managed 

communities (benevolent dictatorships) demonstrate a significantly better climate for 

project excellence than defined communities (consensus-based democracies) or open 

communities, or that in the case of larger projects, managed communities (benevolent 

dictatorships) demonstrate significantly less positive climate for project excellence than 

open communities. 

 

6.4.2 Consensus-based Democracies and Climate for Contributors 

 

Hypothesis 8a (H8a): In younger projects, defined communities (consensus-based 

democracies) will demonstrate a significantly better climate for project excellence than 

those characterized by an open community governance configuration. 

 

Hypothesis 8b (H8b): In the case of larger projects, open communities will demonstrate 

a significantly better climate for project excellence than those characterized by managed 

communities (benevolent dictatorships) or defined communities (consensus-based 

democracies). 

 

 Finally, given the lack of statistically significant interaction effects between the 3 

clusters and either project age or project size, there was also a lack of support for the 

defined communities (consensus-based democracies) configuration. We could not 
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support the claim that in younger projects, defined communities (consensus-based 

democracies) demonstrate a significantly better climate for project excellence than those 

characterized by an open community governance configuration, or that in the case of 

larger projects, open communities demonstrate a significantly better climate for project 

excellence than those characterized by a managed community (benevolent dictatorship) 

or an open community governance configuration. 

 

6.5 OSS Project Governance Configurations and Project Performance 

 

 Project performance was also assessed in the questionnaires by both project 

members and project administrators. Here also, we tested for the presence of interaction 

effects between governance configurations and project age as well as project size. 

 

Table 172. Factorial ANOVA - Clusters, Age, and Software Project Performance 
(Mean Split) 

Tests of Between-Subjects Effects 

Dependent Variable:PERFORM 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 3.477
a
 5 .695 1.446 .210 

Intercept 4175.904 1 4175.904 8680.861 .000 

CLUSTERS 2.284 2 1.142 2.373 .096 

Age .002 1 .002 .004 .947 

CLUSTERS * Age .904 2 .452 .939 .393 

Error 85.626 178 .481   

Total 5691.727 184    

Corrected Total 89.103 183    

a. R Squared = .039 (Adjusted R Squared = .012) 

 
  



 

324 
 

 Factorial ANOVAs revealed the absence of any statistically significant interaction 

effect between Clusters and Project Age (p=0.393 > 0.01). 

 
Table 173. Factorial ANOVA - Clusters, Age, and Software Project Performance 
(Quartile Split) 

Tests of Between-Subjects Effects 

Dependent Variable:PERFORM 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 4.272
a
 11 .388 .787 .652 

Intercept 4054.681 1 4054.681 8221.032 .000 

CLUSTERS 2.387 2 1.194 2.420 .092 

AgeQuartileSplit .025 3 .008 .017 .997 

CLUSTERS*AgeQuartileSplit 1.603 6 .267 .542 .776 

Error 84.832 172 .493   

Total 5691.727 184    

Corrected Total 89.103 183    

a. R Squared = .048 (Adjusted R Squared = -.013) 

 
Table 174. Factorial ANOVA - Clusters, Age, and Software Project Performance 
(Quartile 1 vs. Quartile 4) 

Tests of Between-Subjects Effects 

Dependent Variable:PERFORM 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 2.204
a
 5 .441 .935 .463 

Intercept 1890.503 1 1890.503 4009.135 .000 

CLUSTERS 1.359 2 .680 1.441 .242 

AgeQuartile1vs4 .015 1 .015 .031 .860 

CLUSTERS * AgeQuartile1vs4 .578 2 .289 .613 .544 

Error 40.553 86 .472   

Total 2818.545 92    

Corrected Total 42.758 91    

a. R Squared = .052 (Adjusted R Squared = -.004) 
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Table 175. Factorial ANOVA - Clusters, Size, and Software Project Performance 
(Mean Split) 

Tests of Between-Subjects Effects 

Dependent Variable:PERFORM 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 6.052
a
 5 1.210 2.594 .027 

Intercept 3585.214 1 3585.214 7684.026 .000 

CLUSTERS 1.972 2 .986 2.113 .124 

Size 1.890 1 1.890 4.050 .046 

CLUSTERS * Size 1.021 2 .510 1.094 .337 

Error 83.051 178 .467   

Total 5691.727 184    

Corrected Total 89.103 183    

a. R Squared = .068 (Adjusted R Squared = .042) 

 
 
Table 176. Factorial ANOVA - Clusters, Size, and Software Project Performance 
(Quartile Split) 

Tests of Between-Subjects Effects 

Dependent Variable:PERFORM 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 7.801
a
 11 .709 1.500 .135 

Intercept 4129.562 1 4129.562 8736.283 .000 

CLUSTERS 3.208 2 1.604 3.393 .036 

SizeQuartileSplit 1.981 3 .660 1.397 .246 

CLUSTER3*SizeQuartileSplit 2.318 6 .386 .817 .558 

Error 81.303 172 .473   

Total 5691.727 184    

Corrected Total 89.103 183    

a. R Squared = .088 (Adjusted R Squared = .029) 
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Table 177. Factorial ANOVA - Clusters, Size, and Software Project Performance 
(Quartile 1 vs. Quartile 4) 

Tests of Between-Subjects Effects 

Dependent Variable:PERFORM 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 2.131
a
 5 .426 .847 .520 

Intercept 2043.768 1 2043.768 4062.038 .000 

CLUSTERS .094 2 .047 .094 .911 

SizeQuartile1vs4 .899 1 .899 1.787 .185 

CLUSTERS * SizeQuartile1vs4 .303 2 .152 .301 .741 

Error 42.767 85 .503   

Total 2796.450 91    

Corrected Total 44.898 90    

a. R Squared = .047 (Adjusted R Squared = -.009) 

 

 There was also no statistically significant interaction effect between Clusters and 

Project Size (p=0.337 > 0.01). This led us to conclude that the hypotheses that have to 

do with software project performance were not supported (H9a, H9b, H10a, H10b, H11a, 

H11b). 

 

6.5.1 Benevolent Dictatorship Configuration 

 

Hypothesis 9a (H9a): In the case of younger projects, managed communities 

(benevolent dictatorships) will demonstrate significantly higher levels of performance 

than defined communities (consensus-based democracies) or open communities. 

(Younger open source projects that adopt a managed community (benevolent 

dictatorship) governance configuration will attract significantly more development activity 

than those characterized by a defined community (consensus-based democracy) or an 
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open community configuration.) 

 

Hypothesis 9b (H9b): In the case of larger projects, open communities will demonstrate 

significantly higher levels of performance than managed communities (benevolent 

dictatorships). 

 

 There was no support for the hypothesis that in the case of younger projects, 

managed communities (benevolent dictatorships) demonstrate significantly higher levels 

of performance than defined communities (consensus-based democracies) or open 

communities, or that in the case of larger projects, open communities demonstrate 

significantly higher levels of performance than managed communities (benevolent 

dictatorships). 

 

6.5.2 Consensus-Based Democracy Configuration 

 

Hypothesis 10a (H10a): In the case of younger projects, defined communities 

(consensus-based democracies) will demonstrate significantly higher levels of 

performance than open communities. (Younger open source projects that adopt a 

defined community (consensus-based democracy) governance configuration will attract 

significantly more development activity than those characterized by a an open 

community configuration.) 

 

Hypothesis 10b (H10b): In the case of larger projects, open communities will 

demonstrate significantly higher levels of performance than defined communities 

(consensus-based democracies). 
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 The lack of any statistically significant interaction effect between configurations 

and project age and project size also meant that we could not support the argument that 

in the case of younger projects, defined communities (consensus-based democracies) 

will demonstrate significantly higher levels of performance than open communities, or 

that in the case of larger projects, open communities demonstrate significantly higher 

levels of performance than defined communities (consensus-based democracies). 

 

6.5.3 Open Community Configuration 

 

Hypothesis 11a (H11a): In the case of younger projects, open communities will 

demonstrate significantly lower levels of performance than managed communities 

(benevolent dictatorships) or defined communities (consensus-based democracies). 

(Younger open source projects that adopt an open community governance configuration 

will attract significantly less development activity than those characterized by a managed 

community (benevolent dictatorship) or a defined community (consensus-based 

democracy) configuration. 

 

Hypothesis 11b (H11b): In the case of larger projects, open communities will 

demonstrate significantly higher levels of performance than defined communities 

(consensus-based democracies). 

 

 The above conclusions also apply to the Open Community governance 

configuration. In other words, there is no support for the statement that younger projects 

open communities demonstrate significantly lower levels of performance than managed 

communities (benevolent dictatorships) or consensus-based democracies, or that larger 

open communities demonstrate significantly higher levels of performance than defined 
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communities (consensus-based democracies). 

 

6.6 Results from Hypotheses Testing 

 

 From the above results, it is clear that both Project Age and Project Size do not 

play a role in moderating the relationship between the type of governance configuration 

adopted by an open source project and key project outcomes like project activity, 

coordination effectiveness, climate for project excellence, and project performance. As 

such, additional analyses are performed in the next section in order to determine exactly 

how the adoption of a particular governance configuration influences key project 

outcomes. 

 

7. Additional Analyses 

 

 Given the lack of support for the research hypotheses, we set out to generate 

insights from additional analyses. We ran one-way ANOVAs to determine if there were 

any differences across the three clusters in terms of the outcome variables (see next 

table). A discussion of the results is also offered. 
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Table 178. One-Way ANOVA  Analyses Across 3 Cluster Groups for Outcome Variables 

       

Constructs 

Mean of Cluster Groups 

Significant Contrast Values 
Cluster 1 

Open 
Community 

(n = 98) 

Cluster 2 
Managed 

Community 
(n = 58) 

Cluster 3 
Defined 

Community 
(n = 28) 

F (d.f./sig) 

Software Project 
Performance (1 to 7 
scale) 

5.52 5.40 5.76 2.68† 2-3† 

Climate for Project 
Excellence (1 to 7 
scale) 

5.37 4.96 5.86 16.18*** 1-2**, 1-3**, 2-3*** 

Coordination 
Effectiveness (1 to 
7 scale) 

5.29 4.96 5.68 8.15*** 1-2*, 1-3†, 2-3*** 

Development 
Activity (Number of 
VCS Reads/Writes) 

30,056.36 40,936.00 50,223.94 0.339 None 

***p < 0.001; **p < 0.01; *p < 0.05; †p < 0.1 

 
4- and 5-cluster solutions did not perform as well as the 3-factor solution on Project Performance when running ANOVAs. However, 
similar results were obtained for Climate for Project Excellence, Coordination Effectiveness, and Development Activity. This bolsters 
the case for a 3-factor solution as it shows greater discriminatory power when considering these outcome measures. 
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 Based on the above results, it is clear that Cluster 3, or Defined Communities, 

are most successful when it comes to outcomes measures like software project 

performance, climate for project excellence, and coordination effectiveness. The only 

outcome measure for which Cluster 3 did not outperform the other two by a statistically 

significant margin is development activity (VCS Reads/Writes). Despite a lack of 

statistical significant for development activity, projects that belong to Cluster 3 (Defined 

Communities) did show roughly 10,000 more reads/writes to the VCS than those that 

belong to Cluster 2 (Managed Communities), and 20,000 more than those that belong to 

Cluster 1 (Open Communities). Therefore, it appears that across the majority of outcome 

measures, Defined Communities are most successful both in term of the purposes of 

open source governance and when it comes to project performance. An interpretation of 

these findings is offered in the next chapter. 
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Chapter 8 - Discussion of the Research Findings 

 

 Before delving into a discussion of the performance implications of the adoption 

of each governance configuration, it is worthwhile to take a moment to expand on the 

application of ‘why’ configurations form in the first place. Although it was beyond the 

scope of this thesis to address this specific research question, there are theoretical 

reasons for anticipating why projects develop structures and systems consistent with a 

single approach to project governance. A number of authors have suggested numerous 

forces capable of causing organizational attributes to cluster systematically. 

Environmental selection for competitive fitness within ecological niches is one example 

of forces that are exogenous to organizations and likely to engender configurations 

(Hannan and Freeman 1989). Other forces at play include mimetic, coercive, and 

normative diffusion of strategies and structures that come from the demands of powerful 

institutional actors (DiMaggio and Powell 1983). Forces that are endogenous to 

organizations must also be considered as important factors that lead to uniform 

configurations. These forces include the functional relationship among organizational 

components (Miller 1987) and the replication of long-established practices via social 

construction (Berger and Luckmann 1967). Configurations can also stem from cognitive 

and sociocognitive processes. For example, organizational configurations can be 

generated and shaped by individuals’ ideologies and shared interpretive schemes 

(Hinings and Greenwood 1988, Meyer 1982).  

 

 By extending this notion to an open source context, we argue that open source 

projects evolve toward a coherent set of governance practices, or different types of 

governance configurations, through both exogenous and endogenous factors. Projects 
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that adopt configurational approaches that are not sustainable in the long run may be 

weeded out by  environmental selection for competitive fitness. The adoption of a limited 

number of governance configurations can also be influenced by mimetic, coercive, and 

normative diffusion of strategies and structures . For example, project administrators 

may take heed of other successful projects and decide to emulate many of the practices 

they adopt, thereby ending up with very similar governance configurations for their own 

project. When it comes to endogenous pressures, the functional relationship among 

project components can also shed light on the adoption of specific practices within a 

project. Some components or practices may work well only in the presence of other 

components or practices. This may encourage the adoption of specific management 

practices. Finally, project members’ shared interpretive schemes and ideologies are also 

likely to generate and shape project governance configurations. This is likely the case 

very early on in a project’s history, when project administrators set the foundations for a 

project based on their shared ideologies and beliefs. Further discussion of the source of 

configurations and why they differ from one another is provided in the section on future 

research directions. 

 

 The rest of this chapter provides a thorough discussion of the research findings. 

The limitations of this research are explored, and a discussion of the implications for 

research and practice follow. Suggestions for future research are also provided with 

concluding thoughts offered last. 

 

 Across the majority of outcome measures, the projects that adopt a Defined 

Community configuration of governance were found to be the most successful ones both 

in terms of the purposes of open source governance and when it comes to project 

performance. In this chapter, we explicate this phenomenon by interpreting why this may 
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be the case. This is accomplished by highlighting key differences in governance 

practices adopted across these projects, and by explaining how different configurations 

of these practices affect key outcomes like project performance. Supporting literature is 

also leveraged to shed light on our findings and to enhance our theoretical contributions. 

 

 The first part of this chapter begins with an in-depth look at the success of the 

Defined Community governance configuration. A closer examination of the individual 

dimensions of this cluster is offered in addition to an interpretation of how these 

dimensions are configured, and why these elements may very well explain the success 

of this approach. The second section covers Open Communities. Our findings revealed 

that this second approach to governance was not as successful as the first but was 

better suited for success than projects characterized by a Managed Community 

approach to governance. The inner workings of Open Communities are also explained, 

with an emphasis on key differences between this type of configuration and the more 

successful Defined Communities. Finally, the least successful approach to governance, 

a Managed Community governance configuration, is covered last. The focus in this final 

section is placed on understanding why these projects were found to be the least 

successful ones when compared to those that adopt the two other approached to 

governance.  

 

 Throughout this chapter, theoretical explanations are provided in an effort to 

expand our understanding of the influence of governance practices on key outcomes of 

open source projects. Where needed, existing theory is also leveraged in order to 

contribute additional insights into the inner workings of project governance. Finally, in an 

effort to better understand the dynamics of open source governance, the performance of 

these three configurations is also assessed based on project size and project age. In 
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other words, while some configurations may show higher levels of overall performance 

than others, this may not necessarily be the case across projects of different sizes or 

different ages. 

  

1. The Success of the Defined Community Governance Configuration 

 

 Projects that adopt a Defined Community configuration of governance are the 

most successful ones both in terms of the purposes of open source governance and 

when it comes to project performance. When looking more closely at these types of 

projects, we observed that those that adopted a Defined Community governance 

configuration were the only ones that combined a tightly managed software development 

process (Managed Process) with a decentralized community management structure 

(Decentralized Management), in addition to bottom-up community goals (F = 11.75, p < 

0.001; C13-C2, p < 0.001; C2-C3, p < 0.01) and managed conflict (noncompliance 

norms: F = 31.65, p < 0.001; C1-C3, p < 0.001; C2-C3, p < 0.001; collective sanctions: F 

= 33.72, p < 0.001; C1-C3, p < 0.001; C2-C3, p < 0.001). This is a very interesting 

finding in and of itself since Defined Communities are not the most open and 

unstructured open source projects (i.e. Open Communities), nor are they the most tightly 

controlled and managed ones (i.e. Managed Communities). Instead, they lie somewhere 

in between, as evidenced by the presence of decentralized decision-making, but also by 

the existence of a well laid-out and specific software development process. As such, it 

appears that these findings support the argument that the quality of open source 

software does not come from its management per se, but from its openness coupled with 

a well defined development process. Openness in these types of projects is defined by 

                                                
3
 C1: Cluster 1; C2: Cluster2; C3: Cluster 3 
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participative decision-making, or the freedom of community members to make their own 

decisions as opposed to decisions that are imposed onto the project by project 

administrators. Also, as an example of an established development process, we found 

that Defined Communities were the only types of projects that had very specific VCS 

commit policies (F = 17.69, p < 0.001; C1-C3, p < 0.001; C2-C3, p < 0.001). For 

example, within these projects, developers must conform to certain quality standards 

and their contributions may not be included in a release unless they are formally 

accepted via a rigorous quality control process. Suggestions may be made to 

contributors to change the code or be simply rejected. 

 

 Support for the effectiveness of Defined Communities can also be found in extent 

literature on the balance between anarchy and control in open source projects (Holck 

and Jorgensen 2005). In a study of two successful open source projects, Mozilla and 

FreeBSD, Holck and Jorgensen (2005) investigated the tension between anarchy 

(allegedly required for attracting and keeping developers) and control (supposedly 

needed for the effective production of high-quality software). Their results showed that 

the Mozilla and FreeBSD projects rely on self-management, but also provide elements of 

formal hierarchy and bureaucracy, including release management. The committing 

process represented the only area of control where all contributions were reviewed by 

someone responsible for committing changes to the source code before being integrated 

in a software release. Our research is in line with these findings since projects that were 

categorized as Defined Communities were not only found to be the only ones that truly 

embraced self-management through decentralized decision-making, but also the only 

ones that exhibited a managed release control process as well as specific and well-

defined processes for managing changes to the software. Therefore, finding the right 

balance between anarchy and control appears to be a crucial factor in sustaining 
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successful open source projects. Our results support this view. 

 

 Moreover, projects that are characterized by a Defined Community governance 

configuration are the only ones that consistently manage conflict when it arises. They do 

this with the help of established noncompliance norms (F = 31.65, p < 0.001; C1-C3, p < 

0.001; C2-C3, p < 0.001) and the application of collective sanctions (F = 33.72, p < 0.01; 

C1-C3, p < 0.001; C2-C3, p < 0.001) to stem conflict when required. Conflict is a valued 

principle of community behavior (Markus et al. 2000). However, should conflict escalate 

and have detrimental effects on the development process, conflict resolution 

mechanisms and sanctions need to be leveraged to avoid negative effects on open 

source projects. For example, strong social pressures can take the form of norms 

against noncompliance within open source communities. When continued 

noncompliance takes place in Defined Communities, collective sanctions such as 

flaming (sending someone angry or inflammatory e-mails), spamming (flooding someone 

with unsolicited e-mail), and shunning (ignoring or ostracizing a member for 

misbehavior) can ensue in order to reestablish order. When faced with such actions, 

members of these projects will often leave the project on their own initiative. Also, core 

members of the development team and even project founders are not immune to 

sanctions from other project members. Sanctions against project leaders often result in 

them either complying with other project members and changing their behavior or even 

leaving the community.  

 

 The presence and functioning of noncompliance norms and collective sanctions 

in projects that are characterized by a Defined Community governance configuration can 

be explained by the use of concertive control to monitor others’ behavior. Tompkins and 

Cheney (1985) coined the term “concertive control” to represent the type of control that 
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arises in decentralized, participative, and more democratic systems of control, which 

clearly applies to open source projects. In an experiment carried out by Barker (1993), it 

was determined that workers developed their own system of value-based normative 

rules that had a greater degree of influence and control on their behaviour than the 

management it replaced. This created a combination of rational rules and peer pressure 

that led to a new iron cage that regulated workers’ behaviour. Group consensus about 

values and the degree of self-management by members of a group underlies this type of 

concertive control (Barker 1993, Tompkins and Cheney 1985). As described by Barker 

(1993, p. 412), “this negotiated consensus creates and recreates a value-based 

discourse that individuals use to infer “proper” behavioural premises: ideas, norms, or 

rules” that enable them to act in ways that are functional to the group. In the context of a 

Defined Community governance approach, concertive control may become manifest as 

project members act within the boundaries and the parameters of these value systems 

and the discourse they themselves create. These collaboratively created norms then 

become the supervisory force, or in this case the noncompliance norms, that guide 

behaviours and activity within the project (i.e., the concertive control system). Project 

members achieve concertive control by reaching an agreed-upon consensus on how to 

shape their behavior based on a set of core values. As was highlighted in the case study 

we first conducted as part of this research, this consensus is reached through public 

conversations that take place on project mailing lists. As opposed to both an Open 

Community governance configuration and a Managed Community configuration, which 

do not manage conflict as frequently and as consistently, a Defined Community 

configuration therefore benefits from a concertive control system that regulates conflict 

within the project. 

 

 A Defined Community configuration is also characterized by community goals 
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which are defined as goals that generally stem from project members as opposed to 

project administrators. Project members get an opportunity to participate in goal setting 

and provide direction to the project. While an Open Community is also characterized by 

Community Goals, a Defined Community can also take advantage of a Managed 

software development process, which is more likely to translate project goals into actual 

deliverables. Indeed, a well-managed software development process is more likely to 

enhance both the process and product quality of the project (Di Tullio and Bahli 2005), 

thereby reinforcing the quality of the teamwork. It has also been demonstrated that for 

teams with innovative projects (e.g., developing software), the quality of the actual 

collaborative process used to develop the software product influences the effectiveness 

of goal setting (Hoegl and Parboteeah 2003). There is often some degree of ambiguity 

and uncertainty in innovative projects (Sicotte and Langley 2000). In these types of 

projects, future events are largely unknown and there is a lack of knowledge when it 

comes to the outcomes of specific decisions and actions (Daft and Lengel 1986). 

Therefore, achieving goals in more innovative projects can be more difficult than in more 

routine ones. However, it appears that if a team has a higher degree of teamwork quality 

and process performance, achieved through a tightly-managed software development 

process (Di Tullio and Bahli 2005), it is more likely to have the ability to deal with 

uncertainty and unpredictability, and thus have a higher chance of successfully attaining 

set goals. A well-defined software development process also helps in setting project 

milestones and deadlines. This makes team members more aware of their progress and 

helps in overall planning (Hoegl and Parboteeah 2003). 

 

 Many of the practices adopted in Defined Communities can be explained by 

McGregor’s (1985) Theory Y, which also provides a theoretical lens through which the 

varying levels of performance of the three governance configurations can be explained. 
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Theory Y suggests that achievement, control, and continuous improvement can be 

attained by enabling, giving responsibility, and empowering employees. In many ways, 

this is exactly how projects characterized by a Defined Community approach to 

governance are run via a decentralized community management structure that 

encourages decentralization, delegation, participative management, and job 

enlargement. Through decentralization and delegation, project administrators in these 

types of projects delegate responsibility and decision-making authority to project 

members. Allowing project members to take part in the decision-making process not only 

provides them with a level of control over their work environment, but also taps their 

creative capacity. Job enlargement entails expanding the scope of a project member’s 

job which adds variety and opportunities. Job enlargement in Defined Communities is 

achieved through self-selected task assignment where project members are entirely free 

to decide the type of task they would like to tackle within a project as well as through the 

ability to change roles as they see fit. According to McGregor, these factors contribute to 

fulfilling the higher level esteem needs of employees (here, project members), and 

allowing them to move toward self actualization in their work. This can results in very 

high levels of motivation, with project members working ever harder on a project as their 

personal needs evolve and their job develops to satisfy them. 

 

 In summary, it therefore appears that open source projects that are characterized 

as Defined Communities are generally better suited to succeed. The combination of a 

tightly managed software development process with a decentralized community 

management structure creates a balance between anarchy and control that allows 

projects to benefit from one of the underlying characteristics of open source projects - 

the open contribution and participation of a wide variety of talented developers - while 

avoiding the pitfalls of an uncontrolled and scattered development process. 
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2. The Open Community Approach to Governance 

 

 On the other hand, Open Communities are characterized by an undefined 

software development process as well as by unmanaged conflict. This may help explain 

the lower scores obtained across most of the outcome measures for these types of 

projects. Specifically, while there was no statistically significant difference in software 

project performance when comparing this governance approach to the others (F = 2.68, 

p < 0.1) an undefined software development process may help explain the marginally 

significant difference in coordination effectiveness scores between Open Communities 

and Defined Communities (F = 8.15, p < 0.001; C1-C3, p < 0.1). Indeed, in these types 

of projects, the lack of a well-establish process for managing the development of the 

software product (Undefined Process) may hinder the ability of project members to 

coordinate their work. Related processes and activities within these projects are less 

likely to be well coordinated with each other and there may very well be numerous 

duplicated and overlapping activities carried out at the same time. Coordination is a 

significant concern in any type of software development project and is made even more 

important when development is geographically distributed and conducted in an 

asynchronous, voluntary manner, as in open source projects (Crowston et al. 2005c). In 

these projects, developers contribute from around the world and rarely meet face-to-face 

if at all (Weber 2004). This exacerbates the need for a more defined software 

development process.  

 

 Projects that adopt an Open Community approach to governance may also lack 

well-established community norms that can help streamline coordination within the 
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community when compared to Managed & Defined Communities. Indeed, Open 

Communities showed the lowest scores in terms of both noncompliance norms (F = 

31.65, p < 0.001; C1-C3, p < 0.001, C2-C3, p < 0.001) and collective sanctions (F = 

33.72, p < 0.001; C1-C3, p < 0.001, C2-C3, p < 0.001) compared to the two other 

governance profiles, with significant differences noted between Open Communities and 

Defined Communities. In many cases, as project members interact over time and 

develop familiarity with the development task, community norms are collectively shaped 

(Devan et al. 2008). These shared norms have been found to have a positive influence 

on coordination by helping collaborators manage task and member interdependencies 

more effectively (Ghosh et al. 2004). Moreover, the presence of shared norms and 

membership rules can help create an environment where project members are better 

socialized into the community (Devan et al. 2008) and where they can form shared 

mental models of the software development task and of the development community, 

which were shown to positively influence coordination in large-scale, geographically 

distributed software development teams (Espinosa 2002).  

 

 In addition, there is also a significant difference in climate for project excellence 

scores between Defined and Open Communities (F = 16.18, p < 0.001; C1-C3, p < 

0.01). This can likely be attributed in part to the dearth of conflict resolution mechanisms 

in Open Communities (noncompliance norms: F = 31.65, p < 0.001; C1-C3, p < 0.001, 

C2-C3, p < 0.001; collective sanctions: F = 33.72, p < 0.001; C1-C3, p < 0.001, C2-C3, p 

< 0.001). A project which is plagued by conflict is much less likely to establish a positive 

climate in which project members can collaborate with one another and build on each 

other's ideas in order to accomplish high quality work (Behfar et al. 2008). Climate for 

project excellence refers to shared group norms for excellence. In a project 

characterized by a high level of team climate for excellence, team members are 
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concerned with continuously coming up with new and useful ideas (Eisenbeiss et al. 

2008). In addition, members in these projects are more likely to put in the extra effort and 

perform their work to the maximum of their ability (West 1990). However, in projects that 

are plagued by conflict, project members are less likely to share a genuine concern with 

overall project excellence. Instead they are more likely to be distracted by disputes and 

focus on each other instead of the work that needs to be accomplished. This may very 

well lead to conflict-related stress and emotions that largely prevent any type of 

productive analytical thinking (Wall and Callister 1995). Also, in these projects, a smaller 

support for innovation is less likely to lead to the development and adoption of high-

quality ideas that can lead to innovative outcomes in the software product. Empirical 

research has also consistently supported the negative relationship between conflict and 

team productivity and the satisfaction of team members (e.g., see meta-analysis by De 

Dreu and Weingart 2003). 

 

3. The Lower Success of the Managed Community Governance 

Configuration 

 

 Finally, projects that were characterized by a Managed Community project 

governance configuration were noted to be the least successful type of projects across 

most outcome measures, most notably software project performance (F = 2.68, p < 0.1; 

C2-C3, p < 0.1), climate for project excellence (F = 16.18, p < 0.001; C1-C2, p < 0.01, 

C1-C3, p < 0.01, C2-C3, p < 0.001), and coordination effectiveness (F = 8.15, p < 0.001; 

C1-C2, p < 0.05, C1-C3, p < 0.1, C2-C3, p < 0.001).  

 

 It is interesting to note that the projects characterized by a Managed Community 
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approach to governance adopt an almost opposite approach to governance than Defined 

Communities, the most successful types of projects. Indeed, Managed Communities 

were the only ones that combined a more loosely managed software development 

process (Undefined Process) with a centralized community management structure 

(Centralized Management), as opposed to a tightly managed software development 

process (Managed Process) with a decentralized community management structure 

(Decentralized Management) for Defined Communities. Looking more closely at the 

actual dimensions of governance, one notes that Managed Communities are the only 

ones that use a Centralized Management approach to Community Management in 

addition to top-down Project Goals (F = 11.75, p < 0.001; C1-C2, p < 0.001, C2-C3, p < 

0.01) for chartering the project which characterize a more controlled & centralized 

management approach. In these types of projects, project administrators have a much 

greater say in the overall direction of the project and its day-to-day management, with 

much less input from the community. Moreover, the more loosely managed software 

development process is characterized by a less managed software development 

process (Defined Process) and unclear and unenforced rules for sharing project 

information and for using technical tools. In fact, when looking at scores for the Use of 

Information and the Use of Tools dimensions, we noticed that Managed Communities 

showed the lowest scores among the three governance configurations (Use of 

Information: F = 35.96, p < 0.001; C1-C2, p < 0.001, C2-C3, p < 0.001; Use of Tools: (F 

= 35.76, p < 0.001; C1-C2, p < 0.001, C1-C3, p < 0.05, C2-C3, p < 0.001). These 

findings appear to reinforce the argument for a more open management structure 

coupled with a tightly managed software development process in order to achieve more 

successful project outcomes. The fact that Managed Communities were the least 

successful of the three types of projects appears to indicate that centralized decision 

making and goal setting in the context of open source projects can stifle the contribution 
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and participation of project members, limiting who can make decisions and set goals to 

only a few project administrators. Indeed, apart from a marginally significant difference 

for software project performance (F = 2.68, p < 0.1; C2-C3, p < 0.1) and development 

activity (F = 2.86, p < 0.1; C1-3, p < 0.1), significant differences were found with respect 

to climate for project excellence (F = 16.18, p < 0.001; C1-C2, p < 0.01, C1-C3, p < 0.01, 

C2-C3, p < 0.001) and coordination effectiveness (F = 8.15, p < 0.001; C1-C2, p < 0.05, 

C1-C3, p < 0.1, C2-C3, p < 0.001), where these projects had the lowest scores among 

the 3 clusters identified. 

 

 Moreover, like Open Communities, Managed Communities seldom manage 

conflict when it arises within the project, with statistically significant difference noted 

between Managed & Defined Communities for both noncompliance norms and collective 

sanctions (noncompliance norms: F = 31.65, p < 0.001; C1-C3, p < 0.001, C2-C3, p < 

0.001; collective sanctions: F = 33.72, p < 0.001; C1-C3, p < 0.001, C2-C3, p < 0.001). 

However, unlike both Open Communities and Defined Communities, Managed 

Communities do not have as clear and enforced rules for sharing project information and 

using technical tools for getting work done (Use of Information: F = 35.96, p < 0.001; C1-

C2, p < 0.001, C2-C3, p < 0.001; Use of Tools: (F = 35.76, p < 0.001; C1-C2, p < 0.001, 

C1-C3, p < 0.05, C2-C3, p < 0.001). Given the absence of conflict management in 

addition to the lack of rules for sharing information and using project tools, it may be 

posited that the presence of conflict within these projects has a more significant negative 

impact on outcomes than in either Open or Defined Communities, in which there are 

clear indications of how project members should communicate among themselves. 

These rules can help mitigate the negative effects of conflict by structuring conversations 

and information exchange, thereby facilitating constructive conversations that can help 

resolve conflict when it appears. However, the absence of such rules in Managed 
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Communities coupled with the near absence of conflict resolution norms and values is 

likely to engender prolonged conflict within a project.  

 

 In short, these findings suggest that open source projects that are characterized 

by a Defined Community approach to governance are generally better suited to succeed. 

The combination of a tightly managed software development process with a 

decentralized community management structure creates a balance between anarchy 

and control that allows projects to benefit from one of the virtues of open source 

development - the open contribution and participation of a wide variety of talented 

developers - while avoiding the pitfalls of an uncontrolled and scattered development 

process. 

 

 Despite these findings, it is important to revisit the lack of support for the 

research hypotheses. In the following section, we will investigate what may be the 

underlying reasons as to why both Project Age and Project Size did not play a role in 

moderating the relationship between the type of governance configuration adopted by an 

open source project and key project outcomes like project activity, coordination 

effectiveness, climate for project excellence, and project performance.  

 

4. The Lack of Support for the Research Hypotheses 

 

 The above highlighted the keys findings of this research. However, despite these 

contributions, it is also important to work through the reasons why the main hypotheses 

of the research were not supported. It was apparent from the results that there were no 

statistically significant interaction effects between project age, project size, and project 
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governance configurations. The meaning and implications of these results are discussed 

in this section. 

 

 The major underlying argument that was made in developing the research 

hypotheses was that a more centralized project in terms of decision-making, 

membership rules, member roles, and role changes would be better suited to younger 

open source projects. We had argued that projects that adopt a more centralized 

management structure, in other words one that is characterized by more involved project 

administrators and a more centralized decision-making process, would benefit from a 

more coherent and sustained development effort, better cooperation, better overall 

climate, and higher performance at earlier stages of development than projects that 

adopt other less centralized types of community management profiles. It was argued that 

less mature projects would benefit from this kind of centralization given their lack of 

structure in early stages in their lifecycle. In addition, in these types of projects, what is 

expected of contributors to the project is influenced by the highly visible actions taken 

and the decisions made by project administrators. We had emphasized that this would 

provide project members with a clear understanding of what is expected of them in terms 

of contributions to the project – an important outcome in younger projects that lack 

established norms – thus making it easier for current and future project members to 

contribute to the project. When it comes to project size, we had posited that in larger 

projects which were found to be more modular and decentralized (Crowston 2005), a 

more open, decentralized approach to governance would be advantageous because it 

would ensure a greater alignment between a project’s level of modularity and its 

governance configuration, thus facilitating the development process and stimulating 

development activity. 
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 In short, we had argued that younger and smaller projects would benefit from 

more control, structure, and centralization while older, larger projects would benefit from 

more open, decentralized governance profiles. However, the picture that emerged was 

different and much more nuanced. Instead of finding that greater overall centralization or 

decentralization benefited some types of projects, we found that a decentralized 

community management structure coupled with a tightly managed software development 

process was best suited to all projects of different ages and sizes. 

 

 Naturally, this leads to the question of why this was the case. It is possible that 

the underlying argumentation that was used in developing the research hypotheses was 

flawed in this context. In other words, irrespective of project age or project size, open 

source projects may need to adopt a Defined Community approach to governance in 

order to benefit from a higher level of performance. It is possible that the nature of open 

source projects requires such an approach to governance to ensure a certain level of 

success. In projects that are characterized by a Defined Community approach to 

governance, the combination of a decentralized community management structure with 

a tightly managed software development process creates a balance between control and 

anarchy that allows projects to benefit from one of the virtues of open source 

development - the open contribution and participation of a wide variety of talented 

developers - while avoiding the pitfalls of an uncontrolled and scattered development 

process. This dynamic between a certain level of control and the tolerance of anarchy 

creates a system of governance in which participation is voluntary, open, and 

encouraged, but where the software development process is closely monitored and 

scrutinised. This dynamic may help explain the success of the Defined Community 

approach to governance as it leverages one of the strengths of open source 

development - contributions from a large and diverse group of skilled contributors - while 
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downplaying a significant potential weakness - the difficulty inherent in a large-scale, 

decentralized software development effort.  

  

 However, despite that absence of any statistically significant interaction effect 

between Project Age, Project Size, and governance configuration, it is still worthwhile to 

investigate to what extent the outcomes variables vary across different levels of age and 

size. The next section explores this issue. 

 

4. Project Size and Project Age Revisited 

 

 Based on the above discussion, it is clear that projects that are characterized by 

a Defined Community governance configuration outperform other types of projects. 

However, the question of whether one configuration is better suited for a particular 

context is one worth exploring. In order to do so, we decided to assess the performance 

of each type of configuration against project size and project age by dividing projects into 

quartiles based on these two variables and by assessing the variability of the outcome 

measures across the three types of governance configurations. The goal was to 

determine whether there are any patterns in the data despite the lack of statistically 

significant interaction effects.  

 

4.1 Software Project Performance 

 

 Plotting the values for each governance configuration based on project age and 

project size revealed interesting patterns in the data. 
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Figure 15. Software Project Performance by Cluster and by Project Size (Quartiles) 

 

 
 
 

 More specifically, the above figure tells us that project performance peeks for 

Defined Communities in the second and third quartiles for project size (projects that 

have between 10 and 29 contributors). However, only slight differences in project 

performance were noted for both small (less than 10 contributors) and large (more than 

29 contributors) projects. While Defined Communities were shown to outperform both 

Open and Managed Communities overall, this analysis offers a more nuanced view of 

this relationship, with mid-size projects (i.e., projects that have between 10 and 29 

contributors) clearly benefiting more from a Defined Community approach to project 

governance.  

 

 In interpreting these findings, it appears that as projects expand in size, so does 
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the need to establish more specific practices to better manage the software development 

process, as per one of the cornerstones of a Defined Community governance profile. A 

well laid-out and specific software development process is likely to help a growing 

project by providing development guidelines to an expanding base of contributors. When 

this is coupled to decentralized decision-making that can more easily leverage the 

contributions of an increasing number of project members, successful project outcomes 

like a reliable software product that meets intended functional requirements are more 

likely to ensue.  

 

Figure 16. Software Project Performance by Cluster and by Project Age (Quartiles) 

 
 

 Plotting the values for each governance configuration based on project age also 

revealed interesting patterns in the data. The most important difference in project 

performance scores is for projects with an age between 0 and 4 years (1st quartile). Less 

mature projects may need more well-defined development processes to get the project 

off the group and headed in the right direction. This need may subside over time, as 

project members settle into their roles and gain a shared understanding of the 
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requirements for the software product and better grasp the overall direction of the 

project.   

 

4.2 Climate for Project Excellence 
 
Figure 17. Climate for Project Excellence by Cluster and by Project Size (Quartiles) 

 

 
 
 

 When it comes to climate for project excellence, there were no clear patterns 

across projects of different sizes. For each quartile, projects that were characterized by a 

Defined Community approach to project governance outperformed all other types of 

projects. 
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Figure 18. Climate for Project Excellence by Cluster and by Project Age (Quartiles) 

 

 
 
 

 Older projects clearly benefit more from a Defined Community approach to 

governance. The above graph underscores that this is the case for projects that are over 

7 years old (3rd quartile and above). Interestingly, projects that are characterized by a 

Managed Community configuration do very poorly when young (between 0 and 4 years) 

but improve somewhat when older (more than 7 years). Managed Communities are the 

only ones with a centralized community management structure which means that 

decisions are mostly made by project administrators. This centralized approach to 

decision-making may hinder the overall climate for project excellence because in 

younger projects, there is likely a greater need for project members to express their 

opinion as to the future direction of the project since overall goals or still relatively fluid 

and likely to change in early stages of development. Stifling this need may have an 
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adverse effect on overall team climate. On the other hand, both Open and Defined 

Communities emphasize a decentralized decision-making approach which is more likely 

to benefit overall team climate in younger projects. However, once again, irrespective of 

age, Defined Communities outperform both Open and Managed Communities when it 

comes to climate for project excellence.  

 

4.3 Coordination Effectiveness 
 
 
Figure 19. Coordination Effectiveness by Cluster and by Project Size (Quartiles) 

 

 
 
 

 When looking at coordination effectiveness by project size, Defined Communities 

clearly outperform all other types of projects, irrespective of project size.  
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Figure 20. Coordination Effectiveness by Cluster and by Project Age (Quartiles) 

 

 
 
 

 Similarly, when looking at coordination effectiveness by project age, Defined 

Communities outperform all other types of projects, irrespective of project age.  
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4.4 Development Activity 
 
Figure 21. Development Activity by Cluster and by Project Size (Quartiles) 
 

 
 

 Interestingly, when looking at the development activity outcome variable (number 

of version control system reads/writes), we noticed several differences when compared 

to the other variables previously covered. Specifically, there are clear differences in 

scores for this variable across both project size and project age. While for most other 

variables, Defined Communities outperformed other types of projects, this is not 

necessarily the case here. For project size, a clear difference is noted in the third quartile 

(projects that gave between 16 and 29 contributors). In this case, Managed 

Communities were found to attract the greatest number of contributions from members 

of projects. However, an overall upward trend is clearly discernable, with larger projects 

benefiting from a greater level of development activity. In other words, more project 

members are likely to contribute a greater number of VCS reads/writes. 
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Figure 22. Development Activity by Cluster and by Project Age (Quartiles) 

 

 
 

 For project age, there is a clear difference in the first quartile (projects between 0 

and 4 years of age), with other quartiles showing more consistent findings with the other 

outcome variables covered (i.e., Defined Communities outperforming Open and 

Managed Communities). 

 

 As such, when considering some of the outcome variables, despite the lack of 

any statistically significant interaction effect between project age, project size, and 

governance configurations, there are some interesting patterns in the data. For example, 

when examining software project performance by cluster and by project size, one 

notices that project performance peeks for Defined Communities in the second and third 

quartiles for project size (projects that have between 10 and 29 contributors). Therefore, 

it appears that as projects expand in size, so does the need to establish more specific 

practices to better manage the software development process, as per one of the 

cornerstones of a Defined Community governance profile. In the case of project age, the 
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most important difference in project performance scores was for projects with an age 

between 0 and 4 years (1st quartile). Less mature projects may need more well-defined 

development processes to get the project off the group and headed in the right direction. 

This need may subside over time, as project members settle into their roles and gain a 

shared understanding of the requirements for the software product and better grasp the 

overall direction of the project. 

 

 Another important element to consider is the connection between the concepts of 

age and size. In other words, younger projects are probably smaller as well so there may 

be an overlap between the concepts of age and size. In future research, it may be 

worthwhile to determine the extent to which these variables overlap so as to take this 

into consideration in future analyses. 

 

5. Limitations of the Research 

 

 As with any research, there are limitations to consider from the two studies 

discussed. For the case study, one must keep in mind that the absence of findings does 

not necessarily mean that a particular phenomenon was not taking place. It simply 

means that it was not detected in the mailing list discussions that were used for data 

analysis. For the survey study, one of the limitations was the fact that the data were 

collected using a cross-sectional survey. As such, we only obtained a snapshot picture of 

the governance practices of open source projects. We were not able to assess the ways 

in which governance practices change over time as projects mature. While this would 

undoubtedly be interesting to study, it will need to be covered in future research. 
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 The appropriateness of the survey sample may also be considered a limitation. 

As with all positivist research, external validity to the population is a concern such that 

the results should be generalizable to the target population. The participants in the 

survey sample were limited to projects hosted on SourceForge.net. While this was done 

deliberately so as to control for things like technological tools and underlying project 

infrastructure, it also limits the generalizability of the research findings. 

 

 Another limitation of this study has to do with its internal validity. In other words, 

causality cannot be determined due to the methodology used. To support causality, 

manipulation is required with baseline and subsequent measures. Within this research 

context, there is only theoretical reasoning to support the direction of the relationship 

between open source project governance configurations and project performance. The 

relationship could be due to an unknown extraneous variable that was not included in 

the model. As such, longitudinal studies could help shed light on this issue. 

 

 One must also keep in mind that all of the projects included in the sample were 

active by definition. In other words, the sample did not contain any abandoned or failed 

project. As such, they are all successful to some extent. In order to learn more about 

governance, future research should address failed projects and how they were 

governed. This may help shed light on what to avoid when considering open source 

project governance and provide more insight into what types of governance practices fail 

and in what context. 

 

 Finally, while most of the projects in the sample were volunteer projects (70.7%), 

it is important to note that some were organization-sponsored (27.7%). The analysis was 

done for the entire sample since the majority of the projects were volunteer efforts. 
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However, there could be differences between pure volunteer projects and organization-

sponsored ones. This needs to be addressed in future research. 

 

6. Implications for Research and Theory 

 

 Researcher now recognize community forms of organizations as an alternative to 

both hierarchical and markets forms of production and organization (Adler 2001; 

Bradach et al. 1989; Ouchi 1980). However, much work remains to be accomplished to 

clearly understand how communities organized around production govern themselves 

(O'Mahony et al. 2007). Collective forms of production vary when it comes to their goals. 

Nevertheless, they are generally characterized by more open and democratic 

participation in both production and management. Research on such communities has 

remained scarce in both MIS and organizational theory (O'Mahony et al. 2007). 

 

 However, that’s not to say that research on communities is nonexistent. In fact, 

communities that engage in learning and knowledge sharing have received their fair 

share of attention lately. For instance, researchers have studied how members of 

occupational communities of practice operating within firms cooperate in order to solve 

problems, learn from one another, and develop their skills (Brown et al. 1991; Brown et 

al. 2001; Lave et al. 1991; Wenger 2003). Although communities of practice can extend 

beyond the boundaries of an organization (Van Maanen et al. 1984), the focus of this 

research has largely revolved around  how individuals manage their work and interact 

with others inside a given organization (Bechky 2003; Orr et al. 1996). These types of 

communities of practice allow individuals to achieve a number of goals. For example, 

community members can acquire practical knowledge with regard to their work 
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environment by interacting with other community members. However, these learning 

goals are accomplished within the context of an organization’s objectives where 

community members are engaged in managing production not for its own sake, but for 

the benefits of their firm (O'Mahony et al. 2007). They are therefore constrained in the 

extent to which they can govern the production process they are involved with. 

Occupational communities and communities of practice operate and evolve within a 

preexisting authority structure. Therefore, the various ways in which such collective 

forms of production govern themselves has not been addressed in this line of research.  

 

 Some researchers have addressed how online communities that can also be 

outside the boundaries of a given firm collaborate and share information (e.g., (Van 

Maanen et al. 1984)). However, few scholars have studied how these communities 

manage the production process. Modern production communities are characterized by 

contributors who, often independently of their work context, collaborate voluntarily with 

the objective of create goods or services for either public or private benefit (von Hippel et 

al. 2003). Members of these communities typically never meet face-to-face, are 

geographically dispersed, and use the Internet as a communication and coordination 

platform. Lately, online production communities have produced general knowledge (e.g., 

Wikipedia), scientific knowledge, and software in the case of open source software 

communities. However, there has been little research on how these types of 

communities manage production (O'Mahony et al. 2007). In modern production 

communities, contributors, voluntarily collaborate to create goods or services for either 

public or private benefits, independently of their employment context (von Hippel et al. 

2003). Members are generally located around the world and rely upon the Internet as a 

communication and coordination platform. 
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 A typical example of online communities is open source communities. These 

production communities are considered increasingly important to a knowledge-based 

economy by both scholars and practitioners alike (Armstrong et al. 1996; Sawhney et al. 

2000; Williams et al. 2001). O’Mahony and Ferraro (2007) provide three reasons why 

production communities are different from other forms of communities that have 

previously been studied. These three reasons not only make them distinct from a 

theoretical standpoint, but also make them excellent candidates for research. First, 

production communities are not necessarily associated with a single organization or 

employer like communities of practice or occupational communities. Second, production 

communities must integrate the contributions made by each individual into a common 

pool. This can increase interdependencies and the need to establish coordination 

mechanisms. Third, production communities often “own” the result of their work (here, a 

software product), and project members work together to attain collective goals often 

outside of the scope of their employment (O’Mahony 2003). Based on these three 

theoretical distinctions, it seems that production communities need a way to manage 

their interdependence in order to achieve common goals. The work performed by online 

production communities must be achieved in the absence of contractual or hierarchical 

reinforcement. A focus on governance allowed us to explore just how open source 

community members actually coordinate and perform their work to achieve collective 

goals. This allowed us to contribute to theory on the governance of community-managed 

open source projects. 

 

 As such, through its focus on the governance of volunteer open source 

communities, this thesis provided a number of distinct theoretical contributions. We 

conceptualized and clarified the governance dimensions of open source communities 

and found evidence of 3 specific open source project governance configurations: Open 
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Community, Managed Community, and Defined Community. These findings provided 

explanations and insights as to how dimensions of governance fall into coherent patterns 

based on a number of attributes that are in fact interdependent and that change only 

discretely and intermittently. We also explicated the relationship between these 

governance configurations and key outcomes metrics like project performance, 

coordination effectiveness, and climate for project excellence. More specifically, we were 

able to find that open source projects that adopt a Defined Community approach to 

governance were the most successful. The combination of a tightly managed software 

development process with a decentralized community management structure in these 

types of projects creates a balance between anarchy and control that allows projects to 

benefit from one of the virtues of open source development, the open contribution and 

participation of a wide variety of talented developers, while avoiding the pitfalls of an 

uncontrolled and scattered development process. These findings not only addressed the 

call for research on how online volunteer communities manage their production process 

(Markus 2007; O'Mahony et al. 2007), but also provided a sound theoretical base on 

which future research on open source governance can build on. 

 

 In short, the major contributions of this thesis can be summarized as follows: 

 

• Using configuration theory, we conceptualized how dimensions of OSS project 

governance fall into coherent patterns based on a number of attributes that are 

interdependent and that change only discretely and intermittently over time. 

 

• We developed and validated 20 new constructs for measuring different aspects 

of open source project governance.   
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• We found evidence of 3 specific open source project governance configurations: 

Open Community, Managed Community, and Defined Community. 

 

• We explicated the relationship between these governance configurations and key 

outcomes metrics like project performance, coordination effectiveness, and 

climate for project excellence, and identified Defined Community as the most 

successful type of governance configuration.    
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7. Implications for Practitioners 

 

 Our findings also have implications for practice. For one, when it comes to the 

governance of open source projects, the identification of configurations of governance 

dimensions has provided open source project administrators with a better understanding 

of the structures, rules, norms, and overall governance mechanisms that play a part in 

influencing the performance of their projects. We have provided the first detailed 

description of the mechanisms and practices that need to be implemented in order to 

achieve greater success in this context.  

 

 In addition, we identified Defined Communities as the ones that are generally 

better suited to succeed. The combination of a tightly managed software development 

process with a decentralized community management structure creates a balance 

between anarchy and control that allows projects to benefit from the open contribution 

and participation of a wide variety of talented developers while avoiding an uncontrolled 

and scattered development process.  

 

 Based on the fluctuations in project performance that we observed as projects 

grow in size, there are specific recommendations that can be made to practitioners. For 

instance, while only small differences in performance were observed in smaller and in 

larger projects, those ones that were characterized by a Defined Community approach to 

governance showed greater performance scores in the mid-range, i.e. projects that have 

between 10 and 29 contributors. Project leaders should therefore monitor the size of 

their projects and adjust their governance practices accordingly. While adopting different 

types of governance configurations may not make a great deal of a difference in smaller 
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projects, as projects grow in size governance approaches matter much more. This is 

likely because as projects expand in size, so does the need to establish more specific 

practices to better manage the software development process. In other words, in order 

to grow a project successfully, project administrators need to be aware of the fact that 

the establishment of specific governance practices can make a difference in key project 

outcomes. A well laid-out and specific software development process can facilitate the 

growing pains of a project by providing development guidance to an expanding base of 

contributors. When this is coupled to decentralized decision-making that can more easily 

leverage the contributions of an increasing number of project members, successful 

project outcomes like a reliable software product that meets intended functional 

requirements are more likely to ensue.  

 

 Establishing a Defined Community approach to governance as a project grows in 

size can be accomplished in a number of ways. Project administrators need to realize 

that despite the popular belief that members of open source projects self-organize and 

auto-manage themselves, there are specific management practices that can be adopted 

to ensure adequate governance in an effort to maximize project performance. For 

example, the establishment of a managed software development process, one of the 

cornerstones of a Defined Community governance configuration should not be 

overlooked in the growth phase. Explicit software requirements need to be established in 

addition to precise processes for managing software changes. How software versions 

are released also needs to be managed by attributing the task to a release manager. 

Conflict is also more likely to emerge in projects that find themselves in a growth phase. 

As projects attract more contributors, there are likely a greater number of project 

members that will have divergent viewpoints on a number of different issues. This can 

create conflict within a project and hinder the overall quality of the product. This is why it 
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is important for project administrators to establish conflict resolution mechanisms. 

Should conflict escalate and have detrimental effects on the development process, 

conflict resolution mechanisms and sanctions need to be leveraged to avoid negative 

effects on open source projects. This can also improve the overall climate within projects 

that are within the mid-range in terms of the number of contributors. 

 

 Project members also need to adapt to the changing practices adopted by an 

expanding open source project. For example, in a project that strives to align more 

closely with a Defined Community approach to project governance as it grows, project 

members must take advantage of a decentralized decision-making structure by taking 

part in the decision-making process. This means taking initiative when required in order 

to contribute expertise and knowledge in an effort to steer the project in the right 

direction. Without such initiatives, these projects would likely drift in the absence of a 

centralized decision-making structure. Participative decision-making on the part of 

project members coupled with the adherence to a more defined development process 

can come a long way into helping a project adopt a Defined Community approach as it 

attracts a greater number of developers.  

 

 Hierarchical systems have also been increasingly “giving way to more 

decentralized and horizontal systems, particularly among organizations in the newer 

industries” (Scott 2004, p. 12). Therefore, as information and knowledge are increasingly 

distributed, it becomes more and more likely that open source-type governance 

approaches will be adopted. As such, our findings also have implications beyond open 

source projects as open source-type governance approaches are increasingly adopted 

in a wide variety of industries. 
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8. Future Research Directions 

 

 These findings provided explanations and insights as to how dimensions of 

governance fall into coherent patterns based on a number of attributes that are in fact 

interdependent. The next logical step in this research would be to determine the extent 

to which these patterns change discretely and intermittently as predicted by theory that 

explains that configurations are characterized by considerable temporal stability (Miller 

1987). A longitudinal study could help shed light on this issue by helping to determine the 

dynamics of governance practices as these are likely to be fluid and evolved and change 

over time. 

 

 A closer look at the performance of specific governance practices could also be 

beneficial to our understanding of this phenomenon. Now that we have laid the 

groundwork for studying open source project governance, it has become possible to 

delve more specifically into each governance dimension to assess how specific practices 

interact with one another and influence key project outcomes. 

 

 Also, as previously noted, all projects included in the sample are successful to 

some extent. Therefore, future research should focus on studying failed projects as well. 

This could provide very insightful findings on what lead to project failure in terms of 

project governance. Such research would complement the findings of this thesis by 

providing a richer perspective of open source project governance and useful findings 

and lessons learned for practitioners.  

 

 The issue of how governance configurations in open source project form is also a 
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fertile ground for future research. In discussing the research findings, we hinted at some 

promising theoretical explanations as to how this process unfolds through both 

endogenous and exogenous factors. However, this remains to be tested. Various 

perspectives and theories could provide useful means through which this phenomenon 

could be investigated. Institutional theory (DiMaggio and Powell 1983), for one, could be 

used to explore the various mimetic and coercive forces at work in the open source 

project context. At the individual level, project members shared interpretive schemes and 

ideologies could also be explored as potential factors that shape governance 

configurations. 

 

9. Summary 

 

 In summary, this thesis sought to explicate the governance of open source 

software development projects. It did so through two studies, an exploratory qualitative 

study, and a quantitative survey.  

 

 Several research questions were asked at the start of this thesis: 

 

1. What is open source project governance and how can it be conceptualized? 

 

2. What is the relationship between OSS governance and the specific purposes that 

governance is hypothesized to serve in open source projects? 

 

3. How do the major configurations of governance dimensions affect the 

performance of open source projects? 
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 The following is a summation of the major contributions of this research based on 

these questions. 

 

1. What is open source project governance and how can it be conceptualized? 

 

 OSS governance was defined as “the means of achieving the direction, control, 

and coordination of wholly or partially autonomous individuals and organizations on 

behalf of an OSS development project to which they jointly contribute”. In order to meet 

the objective of conceptualizing open source project governance, we proposed an 

approach that is grounded in the configurational theory of organizations in order to 

capture the multidimensional nature of open source project governance. A first step 

toward viewing OSS governance in terms of configurations was to identify the 

dimensions of OSS governance that might be involved in any observed configuration. 

Markus’ (2007) review of the empirical research on OSS projects suggested that the 

elements of OSS governance could be grouped into at least six categories of formal and 

informal structures and rules: ownership of assets, chartering the project, community 

management, software development processes, conflict resolution and rule changing, 

and the use of project information and technical tools. We first referred to Markus’ (2007) 

review of the literature and her identification of these six governance dimensions as a 

starting point for the development of our framework. Second, we defined the possible 

characteristics of each dimension and their subdimensions, along with their variables 

and their respective states via suggestions from the literature and logical argumentation. 

Third, we hypothesized how the different variables for each dimension and 

subdimension might fit together into meaningful configurations or profiles of open source 

project governance. 
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 Given the relative newness of the open source governance framework, we 

decided to conduct a qualitative case study in order to accomplish a preliminary 

validation of the governance dimensions. We validated the proposed conceptualization 

of governance so that we could have a firm grounding on which to undertake the 

subsequent quantitative survey where predictions were made about the relationships 

between the various configurations of open source project governance and the purposes 

and project performance. Projects were selected from SourceForge.net. The primary 

source of data consisted of projects’ public developer mailing lists. Each governance 

dimension was operationalized based on the literature review. The specific form of 

analysis we used was analytic induction. This approach fit well with this phase of the 

thesis as it allowed us to determine the extent to which the dimensions of governance 

that were previously conceptualized were reflected in data. 

 

 Three governance configurations were identified from the case study: benevolent 

dictatorship (characterized by more centralized decision making), consensus-based 

democracy (characterized by more openly democratic decision-making systems), and 

open community (characterized by an absence of a clear centralized leadership 

structure). The results of the case study provided us with a better understanding and 

operationalization of the various dimensions and constructs of open source project 

governance, as well as a preliminary understanding of how these dimensions configure 

to create distinct configuration of project governance. 

 

2. What is the relationship between OSS governance and the specific purposes that 

governance is hypothesized to serve in open source projects? 
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 Following the preparation of the questionnaires, which involved a card sort, 

pretest, and pilot study, we conducted a cross-sectional survey in order to answer the 

other research questions. Data for the main study were collected using online surveys. 

The measures’ psychometric properties were assessed and the measurement 

instrument refined prior to testing the research hypotheses. We also validated the major 

configurations of governance dimensions using the fit as gestalts approach. This implied 

the identification of gestalts, which were defined in terms of the degree of internal 

coherence among a set of theoretical attributes. In other words, we determined the 

major configurations of the governance dimensions through a cluster analysis of the 

survey data and assessed them against the theoretical configurations developed in the 

qualitative study. A 3-factor solution emerged from the data analysis. Governance 

configurations were then determined by categorizing the group means for each cluster 

variate as High, Medium, or Low. This was accomplished so that we could then validate 

the governance configurations that were originally developed in the first phase of the 

thesis by comparing them to the ones identified via cluster analysis. New profile names 

were also developed based on findings from the cluster analysis. 

 

 The three governance configurations that came out of the data analysis were as 

follows: Open Communities (have bottom-up community goals that are mostly suggested 

by project members while decision-making is also largely in the hands of project 

members, as opposed to project administrators); Defined Communities (differ from an 

Open Community as these projects are characterized by decentralized management but 

a managed software development process); and Managed Communities (characterized 

by centralized management whereas decision-making is mostly carried out by project 

administrators as opposed to project members). 
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 With the governance configurations validated, we then conducted factorial 

ANOVA analyses in order to test the research hypotheses. We determined how each 

cluster differed on outcome variables such as development activity, climate for project 

excellence, coordination effectiveness, and software project performance based on the 

hypothesized moderating effects of project age and project size. The hypotheses were 

not supported given the absence of any statistically significant interaction effects.  

 

3. How do the major configurations of governance dimensions affect the performance of 

open source projects? 

 

 As such, we set out to generate insights by running one-way ANOVAs to 

determine if there were any differences across the three clusters in terms of the outcome 

variables. Based on these results, it was apparent that Defined Communities were the 

most successful when it comes to outcomes measures like software project 

performance, climate for project excellence, and coordination effectiveness. The 

combination of a tightly managed software development process with a decentralized 

community management structure in these types of projects creates a balance between 

anarchy and control that allows projects to benefit from one of the virtues of open source 

development, the open contribution and participation of a wide variety of talented 

developers, while avoiding the pitfalls of an uncontrolled and scattered development 

process. Theory Y (McGregor 1985) suggests that achievement, control, and continuous 

improvement can be attained by enabling, giving responsibility, and empowering 

employees. This helps explain our findings as in many ways, this is exactly how projects 

characterized by a Defined Community approach to governance are run via a 

decentralized community management structure that encourages decentralization, 

delegation, participative management, and job enlargement. 
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Appendix A – Card Sort 4 
 

1. Ownership of Assets 
 
Ownership of Assets is the only dimension comprised of variables that were directly 
assessed by the researcher. Their values were determined by accessing project web 
sites and determining whether the software licenses for projects are either copyleft or 
viral. 

2. Chartering the Project 
 
2.1 Goal Visibility 
 
Goal visibility assesses the degree to which a project’s goals are either implicit or are 
explicitly stated to others as projects goals. In other words, its defines the extent to which 
goals are easily perceived or obvious to members of the project. This construct was 
developed with the following items, which were drawn from the literature review: 
 

• Project goals are not directly expressed by project members. 

• Project goals are assumed by members of the project. 

• Project goals are suggested to project members. 

• Project goals are explicitly stated to others as project goals. 

• Project goals are readily observable by project members. 

2.1.1 Card Sort Round 1  

 
The following item categorization matrix shows how the judges categorized each of the 
items during the first round of the card sorting exercise. Throughout this section, a “1” 
indicates a correct categorization as was intended by the researcher whereas a “0” 
indicates a miscategorization. The next table then shows the decisions that were made 
with respect to each item based on how it was categorized. 
 

                                                
4 While the term CVS (Concurrent Version System) is used in the Appendix (as this is the term 

used in the questionnaires), this term was updated to the more generic term VCS (Version 
Control System) in the thesis. 
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Table 179. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project goals are not directly 
expressed by project 
members. 

1 1 1 1 1 

Project goals are assumed by 
members of the project. 

0 0 0 0 0 

Project goals are suggested to 
project members. 

0 0 0 0 0 

Project goals are explicitly 
stated to others as project 
goals. 

0 1 0 1 0 

Project goals are readily 
observable by project 
members. 

0 1 1 1 1 

 
Based on how the judges categorized some of these items, it appears that there wasn’t 
enough emphasis placed on the observable aspect of goals. As a result, it was decided 
to drop some of the items and replace them with statements that further underscore this 
aspect of the construct as summarized in the following table. 
 
Table 180. Results 

Original Item Decision New Item 

Project goals are not directly 
expressed by project members. 

Keep N/A 

Project goals are assumed by 
members of the project. 

Drop & 
replace 

Project goals are easily perceived 

Project goals are suggested to 
project members. 

Drop & 
replace 

Project goals are discernable 

Project goals are explicitly stated to 
others as project goals. 

Drop & 
replace 

Project goals are not easily 
noticeable 

Project goals are readily observable 
by project members. 

Keep N/A 
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2.1.2 Card Sort Round 2  
 
Table 181. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project goals are not directly 
expressed by project 
members. 

1 0 1 0 0 

Project goals are easily 
perceived 

0 1 1 1 1 

Project goals are discernable 0 1 0 0 0 

Project goals are not easily 
noticeable 

1 1 1 1 1 

Project goals are readily 
observable by project 
members. 

1 1 1 1 1 

 
The second round also revealed some problematic items. One item was update while 
another was dropped from the construct as indicated below. 
 
Table 182. Results 

Original Item Decision New Item 

Project goals are not directly 
expressed by project members. 

Update Project goals are not very apparent. 

Project goals are easily perceived. Keep N/A 

Project goals are discernable. Drop N/A 

Project goals are not easily 
noticeable. 

Keep N/A 

Project goals are readily observable 
by project members. 

Keep N/A 

 
Final list of items for Goal Visibility: 
 

• Project goals are not very apparent. 

• Project goals are easily perceived. 

• Project goals are not easily noticeable. 

• Project goals are readily observable by project members. 
 
2.2 Goal Clarity 
 
Goal clarity is defined as the extent to which the goals and objectives of the project are 
clearly stated and well defined {Sawyer, 1992 #340}. 
 
A number of authors have assessed goal visibility or goal specificity in the organizational 
behavior literature. For example, Sawyer (1992) assessed goal clarity, which he defined 
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as the extent to which the outcome goals and objectives of the job are clearly stated and 
well defined. While we considered adopting this goal in the context of open source 
project, a closer examination of its items indicated that these related more to the tasks 
and responsibilities of the manager as opposed to actual goals in and of themselves 
(e.g., “my duties and responsibilities”, and “the expected results of my work”). Similarly, 
scales used by Lee et al. (1991) and Arvey et al (1976), goal specificity and goal clarity 
respectively are, also more focused on an individual’s role and tasks.  
 
As such, we opted to develop a goal visibility scale based on the qualitative data 
collected during the first phase of the thesis. 
 
Five items were developed based on our findings: 
 

• Project goals are stated in general terms. 

• Project goals are imprecise. 

• Project goals are ambiguous. 

• Project goals are well defined. 

• Project goals are clearly stated. 
 
Table 183. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project goals are stated in 
general terms. 

1 1 1 1 1 

Project goals are imprecise. 1 1 1 1 1 

Project goals are ambiguous. 1 1 1 1 0 

Project goals are well defined. 1 1 1 1 0 

Project goals are clearly 
stated. 

1 1 1 1 1 

 
Most judges correctly categorized all items. It was therefore decided to keep all items for 
the second round. 
 
Table 184. Results 

Original Item Decision New Item 

Project goals are stated in general 
terms. 

Keep N/A 

Project goals are imprecise. Keep N/A 

Project goals are ambiguous. Keep N/A 

Project goals are well defined. Keep N/A 

Project goals are clearly stated. Keep N/A 

 



 

395 
 

2.2.1 Card Sort Round 2  
 
Table 185. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project goals are stated in 
general terms. 

1 1 1 1 1 

Project goals are imprecise. 1 1 1 1 1 

Project goals are ambiguous. 1 1 1 1 1 

Project goals are well defined. 1 1 1 1 1 

Project goals are clearly 
stated. 

1 1 1 1 1 

 
In the second round, all judges correctly included all Goal Clarity items into this 
construct. 
 
Table 186. Results 

Original Item Decision New Item 

Project goals are stated in general 
terms. 

Keep N/A 

Project goals are imprecise. Keep N/A 

Project goals are ambiguous. Keep N/A 

Project goals are well defined. Keep N/A 

Project goals are clearly stated. Keep N/A 

 
Final list of items for Goal Clarity: 
 

• Project goals are stated in general terms. 

• Project goals are imprecise. 

• Project goals are ambiguous. 

• Project goals are well defined. 

• Project goals are clearly stated. 
 
2.3 Goal Origin 
 
Goal origin is defined as the extent to which project goals are participatively set by 
project members or defined by project administrators {Locke, 1988 #365; Locke, 1990 
#366; O'Leary-Kelly, 1994 #367}. In other words, it indicates whether a goal is offered by 
either a member of the project community or by a member of the project administration 
team. 
 
In developing this scale, we noted the similarity between goal setting and participative 
decision making scales. Specifically, De Dreu and West (2001) developed and validated 
a 3-item scale for participative decision-making that we adapted to the context of goal 
setting in open source projects. Wording was slightly changed so that each items 
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referred to “goal setting” instead of “decision making” and “team” was changed to 
“project”. 
 

• As a member in this project, I have a real say in setting the project’s goals. 

• Most members in this project get a chance to participate in goal setting. 

• This project is designed to let everyone participate in determining the project’s 
goals. 

 
Table 187. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

As a member in this project, I 
have a real say in setting the 
project’s goals. 

0 0 0 1 1 

Most members in this project 
get a chance to participate in 
goal setting. 

1 1 1 1 1 

This project is designed to let 
everyone participate in 
determining the project’s 
goals. 

0 0 0 1 1 

 
Similar to what was found for the visibility construct, some of the items had to be 
dropped and replaced in order to place more emphasis on the origin of goals. 
 
Table 188. Results 

Original Item Decision New Item 

As a member in this project, I have 
a real say in setting the project’s 
goals. 

Drop & 
replace 

Project goals often come from 
project members. 

Most members in this project get a 
chance to participate in goal setting. 

Keep N/A 

This project is designed to let 
everyone participate in determining 
the project’s goals. 

Update 
This project is designed so as to 
allow project goals to originate from 
project members. 
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2.3.1 Card Sort Round 2  
 
Table 189. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project goals often come from 
project members. 

1 1 1 1 1 

Most members in this project 
get a chance to participate in 
goal setting. 

1 1 1 1 1 

This project is designed so as 
to allow project goals to 
originate from project 
members. 

1 1 1 1 1 

 
The new and updated items that were introduced following the first round seemed to be 
very effective as they were correctly categorized by all judges in the second card sort 
round. 
 
Table 190. Results 

Original Item Decision New Item 

Project goals often come from 
project members. 

Keep N/A 

Most members in this project get a 
chance to participate in goal setting. 

Keep N/A 

This project is designed so as to 
allow project goals to originate from 
project members. 

Keep N/A 

 
Final list of items for Goal Origin: 
 

• Project goals often come from project members. 

• Most members in this project get a chance to participate in goal setting. 

• This project is designed so as to allow project goals to originate from project 
members. 

3. Community Management 
 
3.1 Decision-making 
 
In assessing decision-making, we are looking to measure the degree to which decisions 
are made by community members (decentralized) vs. project administrators 
(centralized). 
 
In looking for a valid scale to assess this construct, we reviewed the decision-making 
literature – specifically participative decision-making – and identified the participation in 
decision-making scale developed by De Dreu and West (2001). The only changes made 
to the items’ wording pertain to the word “team” which was replaced with “project”. 
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• As a member of this project, I have a real say in how the team carries out its 
work. 

• Most members of this project get a chance to participate in decision making. 

• This project is designed to let everyone participate in decision making. 
 
Table 191. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

As a member of this project, I 
have a real say in how the 
team carries out its work. 

0 0 0 0 0 

Most members of this project 
get a chance to participate in 
decision making. 

1 1 1 1 1 

This project is designed to let 
everyone participate in 
decision making. 

1 1 1 1 1 

 
Since the first item was not correctly categorized by all judges, it was dropped and 
replaced by a new item that further emphasize the decision making nature of the 
construct. 
 
Table 192. Results 

Original Item Decision New Item 

As a member of this project, I have 
a real say in how the team carries 
out its work. 

Drop & 
replace 

As a member of this project, I can 
make my own decisions. 

Most members of this project get a 
chance to participate in decision 
making. 

Keep N/A 

This project is designed to let 
everyone participate in decision 
making. 

Keep N/A 
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3.1.1 Card Sort Round 2  
 
Table 193. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

As a member of this project, I 
can make my own decisions. 

1 1 1 1 1 

Most members in this project 
get a chance to participate in 
goal setting. 

0 1 1 1 1 

This project is designed to let 
everyone participate in 
determining the project’s 
goals. 

0 1 1 1 1 

 
The updated item was correctly included in this construct by all judges in the second 
round. 
 
Table 194. Results 

Original Item Decision New Item 

As a member of this project, I can 
make my own decisions. 

Keep N/A 

Most members of this project get a 
chance to participate in decision 
making. 

Keep N/A 

This project is designed to let 
everyone participate in decision 
making. 

Keep N/A 

 
Final list of items for Decision Making: 
 

• As a member of this project, I can make my own decisions. 

• Most members of this project get a chance to participate in decision making. 

• This project is designed to let everyone participate in decision making. 
 
3.2 Membership Rule Clarity 
 
Membership rules are principles or conditions that govern who can be part of an OSS 
development project. Membership rule clarity is defined as the extent to which the goals 
and objectives of the project are clearly stated and well defined 
 
This construct assesses the degree to which membership rules are either stated in 
general terms and remain imprecise/ambiguous (vague) or are detailed and 
unambiguous (specific). 
 

• Project membership rules are stated in general terms. 

• Project membership rules are imprecise. 
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• Project membership rules are ambiguous. 

• Project membership rules are well defined. 

• Project membership rules are clearly stated. 
 
Table 195. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project membership rules are 
stated in general terms. 

1 1 1 1 1 

Project membership rules are 
imprecise. 

1 1 1 1 1 

Project membership rules are 
ambiguous. 

1 1 1 1 1 

Project membership rules are 
well defined. 

1 1 1 1 1 

Project membership rules are 
clearly stated. 

1 1 1 1 1 

 
Since all items were correctly categorized, no change was made to the se items. 
 
Table 196. Results 

Original Item Decision New Item 

Project membership rules are stated 
in general terms. 

Keep N/A 

Project membership rules are 
imprecise. 

Keep N/A 

Project membership rules are 
ambiguous. 

Keep N/A 

Project membership rules are well 
defined. 

Keep N/A 

Project membership rules are 
clearly stated. 

Keep N/A 
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3.2.1 Card Sort Round 2  
 
Table 197. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project membership rules are 
stated in general terms. 

1 1 1 1 1 

Project membership rules are 
imprecise. 

1 1 1 1 1 

Project membership rules are 
ambiguous. 

1 1 1 1 1 

Project membership rules are 
well defined. 

1 1 1 1 1 

Project membership rules are 
clearly stated. 

1 1 1 1 1 

 
In the second round, all judges again correctly categorized all items. As such, we did not 
make any change to the construct. 
 
Table 198. Results 

Original Item Decision New Item 

Project membership rules are stated 
in general terms. 

Keep N/A 

Project membership rules are 
imprecise. 

Keep N/A 

Project membership rules are 
ambiguous. 

Keep N/A 

Project membership rules are well 
defined. 

Keep N/A 

Project membership rules are 
clearly stated. 

Keep N/A 

 
Final list of items for Rule Clarity: 
 

• Project membership rules are stated in general terms. 

• Project membership rules are imprecise. 

• Project membership rules are ambiguous. 

• Project membership rules are well defined. 

• Project membership rules are clearly stated. 
 
3.3 Member Roles 
 
Member roles refer to specific actions or activities that are assigned to, or taken up by, 
project members. 
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In assessing this construct, we are measuring the degree to which project members self-
select into roles offered by the project (self-selected) or to which they are specifically 
asked to fill certain roles (community-determined). 
 

• Project members self-select into roles offered by the project. 

• Project members decide which roles they would like to take up. 

• Project members are encouraged to take up roles of their choice. 

• Project members are specifically asked to fill certain roles by other project 
members. 

 
Table 199. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project members self-select 
into roles offered by the 
project. 

1 1 1 1 1 

Project members decide which 
roles they would like to take 
up. 

1 1 1 1 1 

Project members are 
encouraged to take up roles of 
their choice. 

1 1 1 1 1 

Project members are 
specifically asked to fill certain 
roles by other project 
members. 

1 1 1 1 1 

 
Table 200. Results 

Original Item Decision New Item 

Project members self-select into 
roles offered by the project. 

Keep N/A 

Project members decide which roles 
they would like to take up. 

Keep N/A 

Project members are encouraged to 
take up roles of their choice. 

Keep N/A 

Project members are specifically 
asked to fill certain roles by other 
project members. 

Keep N/A 
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3.3.1 Card Sort Round 2  
 
Table 201. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project members self-select 
into roles offered by the 
project. 

0 1 1 1 1 

Project members decide which 
roles they would like to take 
up. 

0 1 1 1 1 

Project members are 
encouraged to take up roles of 
their choice. 

1 1 1 1 1 

Project members are 
specifically asked to fill certain 
roles by other project 
members. 

1 1 1 0 1 

 
 
Table 202. Results 

Original Item Decision New Item 

Project members self-select into 
roles offered by the project. 

Keep N/A 

Project members decide which roles 
they would like to take up. 

Keep N/A 

Project members are encouraged to 
take up roles of their choice. 

Keep N/A 

Project members are specifically 
asked to fill certain roles by other 
project members. 

Keep N/A 

 
Final list of items for Member Roles: 
 

• Project members self-select into roles offered by the project. 

• Project members decide which roles they would like to take up. 

• Project members are encouraged to take up roles of their choice. 

• Project members are specifically asked to fill certain roles by other project 
members. 

 
3.4 Role Changes 
 
Member role changes refer to the act of changing roles within a project. 
 
This is measured by the degree to which project members freely decide by themselves if 
they wish to change roles (self-selected) vs. are asked by other community members to 
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take up a different role in the project (community-determined) 
 

• Project members freely decide by themselves if they wish to change roles. 

• Project members can decide to take up a different role in the project. 

• Project members are encouraged to change roles as they see fit. 

• Projects members are specifically asked by other members to take up a different 
role in the project. 

 
Table 203. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project members freely decide 
by themselves if they wish to 
change roles. 

1 1 1 1 1 

Project members can decide 
to take up a different role in 
the project. 

1 1 1 1 0 

Project members are 
encouraged to change roles 
as they see fit. 

1 1 1 1 1 

Projects members are 
specifically asked by other 
members to take up a different 
role in the project. 

1 1 1 1 1 

 
Table 204. Results 

Original Item Decision New Item 

Project members freely decide by 
themselves if they wish to change 
roles. 

Keep N/A 

Project members can decide to take 
up a different role in the project. 

Keep N/A 

Project members are encouraged to 
change roles as they see fit. 

Keep N/A 

Projects members are specifically 
asked by other members to take up 
a different role in the project. 

Keep N/A 
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3.4.1 Card Sort Round 2  
 
Table 205. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project members freely decide 
by themselves if they wish to 
change roles. 

1 1 1 1 1 

Project members can decide 
to take up a different role in 
the project. 

0 1 1 1 1 

Project members are 
encouraged to change roles 
as they see fit. 

1 1 1 1 1 

Projects members are 
specifically asked by other 
members to take up a different 
role in the project. 

1 1 1 1 1 

 
Table 206. Results 

Original Item Decision New Item 

Project members freely decide by 
themselves if they wish to change 
roles. 

Keep N/A 

Project members can decide to take 
up a different role in the project. 

Keep N/A 

Project members are encouraged to 
change roles as they see fit. 

Keep N/A 

Projects members are specifically 
asked by other members to take up 
a different role in the project. 

Keep N/A 

 
Final list of items for Role Changes: 
 

• Project members freely decide by themselves if they wish to change roles. 

• Project members can decide to take up a different role in the project. 

• Project members are encouraged to change roles as they see fit. 

• Projects members are specifically asked by other members to take up a different 
role in the project. 
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4. Software Development Processes 
 
4.1 Requirements Elicitation 

4.1.1 Software Requirements Visibility 

 
Software requirements visibility refers to the degree to which the project’s software 
requirements are either implicit or are suggested to others (implicit) vs. explicitly stated 
to others as software requirements (explicit). 
 

• Software requirements are not directly expressed by project members. 

• Software requirements are assumed by members of the project. 

• Software requirements are suggested to project members. 

• Software requirements are explicitly stated to other as project goals. 

• Software requirements are readily observable by project members. 
 
Table 207. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Software requirements are not 
directly expressed by project 
members. 

0 0 0 0 0 

Software requirements are 
assumed by members of the 
project. 

0 0 0 0 0 

Software requirements are 
suggested to project 
members. 

0 0 0 0 0 

Software requirements are 
explicitly stated to other as 
project goals. 

0 0 1 0 0 

Software requirements are 
readily observable by project 
members. 

1 1 1 1 1 

 
The Software Requirements Visibility construct proved problematic for most judges. Most 
items were placed in the Software Requirements Origin construct. Only the last item was 
correctly categorized. We therefore dropped and replaced the first four items that 
comprised this construct. It seems that referring to “project members” lead many to 
associate these items to where the requirements came from – hence their categorization 
in the Software Requirements Origin construct. Therefore, new items with a greater 
emphasis on the visible aspect of requirements were included in this construct. 
 



 

407 
 

Table 208. Results 

Original Item Decision New Item 

Software requirements are not 
directly expressed by project 
members. 

Drop & 
replace 

Software requirements are not very 
apparent. 

Software requirements are assumed 
by members of the project. 

Drop & 
replace 

Software requirements are easily 
perceived. 

Software requirements are 
suggested to project members. 

Drop & 
replace 

Software requirements are 
discernable. 

Software requirements are explicitly 
stated to other as project goals. 

Drop & 
replace 

Software requirements are not 
easily noticeable. 

Software requirements are readily 
observable by project members. 

Keep N/A 

 
Card Sort Round 2  
 
Table 209. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Software requirements are not 
very apparent. 

0 1 0 1 1 

Software requirements are 
easily perceived. 

0 0 0 1 1 

Software requirements are 
discernable. 

0 1 0 0 1 

Software requirements are not 
easily noticeable. 

1 1 1 1 1 

Software requirements are 
readily observable by project 
members. 

0 1 1 1 1 

 
The changes made to the construct after the first round seemed to have improved the 
construct. However, some items were still problematic. As such, the second and third 
items were dropped and replaced since most judges included these in the Software 
Requirements Clarity construct. We therefore strived to further underscore the visible 
nature of requirements in the new items developed by using such words as “are easily 
identified” and “are easily noted”.  
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Table 210. Results 

Original Item Decision New Item 

Software requirements are not very 
apparent. 

Keep N/A 

Software requirements are easily 
perceived. 

Drop & 
replace 

Software requirements are easily 
identified by project members. 

Software requirements are 
discernable. 

Drop & 
replace 

Software requirements are easily 
noted by project members. 

Software requirements are not 
easily noticeable. 

Keep N/A 

Software requirements are readily 
observable by project members. 

Keep N/A 

 
Final list of items for Software Requirements Visibility: 
 

• Software requirements are not very apparent. 

• Software requirements are easily identified by project members. 

• Software requirements are easily noted by project members. 

• Software requirements are not easily noticeable. 

• Software requirements are readily observable by project members. 

4.1.2 Software Requirements Clarity 

 
Software requirements clarity is defined as the extent to which the software requirements 
for the project are clearly stated and well defined. 
 
We will assess this construct by measuring the degree to which the project’s software 
requirements are either stated in general terms and remain imprecise/ambiguous 
(vague) or are detailed and unambiguous (specific). 
 
Construct items: 
 

• Software requirements are stated in general terms. 

• Software requirements are imprecise. 

• Software requirements are ambiguous. 

• Software requirements are well defined. 

• Software requirements are clearly stated. 
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Table 211. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Software requirements are 
stated in general terms. 

1 1 1 1 1 

Software requirements are 
imprecise. 

1 1 1 1 1 

Software requirements are 
ambiguous. 

1 1 1 1 1 

Software requirements are 
well defined. 

1 1 1 1 1 

Software requirements are 
clearly stated. 

1 1 1 1 1 

 
Table 212. Results 

Original Item Decision New Item 

Software requirements are stated in 
general terms. 

Keep N/A 

Software requirements are 
imprecise. 

Keep N/A 

Software requirements are 
ambiguous. 

Keep N/A 

Software requirements are well 
defined. 

Keep N/A 

Software requirements are clearly 
stated. 

Keep N/A 

 
Card Sort Round 2  
 
Table 213. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Software requirements are 
stated in general terms. 

1 1 0 1 1 

Software requirements are 
imprecise. 

1 1 0 1 1 

Software requirements are 
ambiguous. 

0 1 1 1 1 

Software requirements are 
well defined. 

1 1 0 1 1 

Software requirements are 
clearly stated. 

0 1 1 1 1 
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Table 214. Results 

Original Item Decision New Item 

Software requirements are stated in 
general terms. 

Keep N/A 

Software requirements are 
imprecise. 

Keep N/A 

Software requirements are 
ambiguous. 

Keep N/A 

Software requirements are well 
defined. 

Keep N/A 

Software requirements are clearly 
stated. 

Keep N/A 

 
Final list of items for Software Requirements Clarity: 
 

• Software requirements are stated in general terms. 

• Software requirements are imprecise. 

• Software requirements are ambiguous. 

• Software requirements are well defined. 

• Software requirements are clearly stated. 

4.1.3 Software Requirements Origin 

 
Software requirements origin is defined as the extent to which software requirements are 
participatively set by project members or defined by project administrators. 
 
Similarly to the “Goals Origin” scale, we adopted and adapted De Dreu and West’s 
(2001) 3-item scale for participative decision-making that we adapted to the context of 
software requirements in open source projects. Here, any mention of decision-making 
was replacing by software requirements. 
 

• As a member of this project, I have a real say in how the software requirements 
are determined. 

• Most members of this project get a chance to participate in setting the software 
requirements. 

• The project is designed to let everyone participate in determining the software 
requirements. 

 



 

411 
 

Table 215. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

As a member of this project, I 
have a real say in how the 
software requirements are 
determined. 

0 1 1 1 1 

Most members of this project 
get a chance to participate in 
setting the software 
requirements. 

0 1 0 1 1 

The project is designed to let 
everyone participate in 
determining the software 
requirements. 

1 1 1 1 1 

 
Table 216. Results 

Original Item Decision New Item 

As a member of this project, I have 
a real say in how the software 
requirements are determined. 

Keep N/A 

Most members of this project get a 
chance to participate in setting the 
software requirements. 

Keep N/A 

The project is designed to let 
everyone participate in determining 
the software requirements. 

Keep N/A 

 
Card Sort Round 2  
 
Table 217. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

As a member of this project, I 
have a real say in how the 
software requirements are 
determined. 

1 1 0 1 1 

Most members of this project 
get a chance to participate in 
setting the software 
requirements. 

1 0 0 1 1 

The project is designed to let 
everyone participate in 
determining the software 
requirements. 

1 1 1 1 1 
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Table 218. Results 

Original Item Decision New Item 

As a member of this project, I have 
a real say in how the software 
requirements are determined. 

Keep N/A 

Most members of this project get a 
chance to participate in setting the 
software requirements. 

Keep N/A 

The project is designed to let 
everyone participate in determining 
the software requirements. 

Keep N/A 

 
Final list of items for Software Requirements Origin: 
 

• As a member of this project, I have a real say in how the software requirements 
are determined. 

• Most members of this project get a chance to participate in setting the software 
requirements. 

• The project is designed to let everyone participate in determining the software 
requirements. 
 

4.2 Task Assignment 
 
Task assignment is defined as the extent to which project members self-select into 
project tasks or to which project administrators assign tasks to project members. 
 

• Project members self-select into tasks offered by the project. 

• Project members decide what tasks they would like to work on. 

• Project members are encouraged to work on the tasks of their choice. 

• Project members are specifically asked to work on certain tasks. 
 
Table 219. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project members self-select 
into tasks offered by the 
project. 

1 1 1 1 1 

Project members decide what 
tasks they would like to work 
on. 

1 1 1 1 1 

Project members are 
encouraged to work on the 
tasks of their choice. 

1 1 1 1 1 

Project members are 
specifically asked to work on 
certain tasks. 

1 1 1 1 1 
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Table 220. Results 

Original Item Decision New Item 

Project members self-select into 
tasks offered by the project. 

Keep N/A 

Project members decide what tasks 
they would like to work on. 

Keep N/A 

Project members are encouraged to 
work on the tasks of their choice. 

Keep N/A 

Project members are specifically 
asked to work on certain tasks. 

Keep N/A 

4.2.1 Card Sort Round 2  

 
Table 221. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project members self-select 
into tasks offered by the 
project. 

1 1 1 1 1 

Project members decide what 
tasks they would like to work 
on. 

1 1 1 1 1 

Project members are 
encouraged to work on the 
tasks of their choice. 

0 1 1 1 1 

Project members are 
specifically asked to work on 
certain tasks. 

1 1 1 1 1 

 
Table 222. Results 

Original Item Decision New Item 

Project members self-select into 
tasks offered by the project. 

Keep N/A 

Project members decide what tasks 
they would like to work on. 

Keep N/A 

Project members are encouraged to 
work on the tasks of their choice. 

Keep N/A 

Project members are specifically 
asked to work on certain tasks. 

Keep N/A 

 
Final list of items for Task Assignment: 
 

• Project members self-select into tasks offered by the project. 

• Project members decide what tasks they would like to work on. 
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• Project members are encouraged to work on the tasks of their choice. 

• Project members are specifically asked to work on certain tasks. 
 

4.3 Processes for Managing Software Changes 

4.3.1 VCS Commit Access Role 

 
A VCS commit access role refers to the set of responsibilities surrounding VCS write 
access privileges which are granted to given project members. 
 

• VCS write access privileges are limited to project administrators only. 

• VCS write access privileges are granted to other project members, in addition to 
project administrators. 

• Only one individual possesses VCS write access privileges. 
 
Table 223. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

VCS write access privileges 
are limited to project 
administrators only. 

1 1 1 1 1 

VCS write access privileges 
are granted to other project 
members, in addition to project 
administrators. 

1 1 1 1 1 

Only one individual possesses 
VCS write access privileges. 

1 1 1 1 1 

 
Table 224. Results 

Original Item Decision New Item 

VCS write access privileges are 
limited to project administrators only. 

Keep N/A 

VCS write access privileges are 
granted to other project members, in 
addition to project administrators. 

Keep N/A 

Only one individual possesses VCS 
write access privileges. 

Keep N/A 
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Card Sort Round 2  
 
Table 225. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

VCS write access privileges 
are limited to project 
administrators only. 

1 1 0 1 1 

VCS write access privileges 
are granted to other project 
members, in addition to project 
administrators. 

1 1 0 1 1 

Only one individual possesses 
VCS write access privileges. 

1 1 1 1 1 

 
Table 226. Results 

Original Item Decision New Item 

VCS write access privileges are 
limited to project administrators only. 

Keep N/A 

VCS write access privileges are 
granted to other project members, in 
addition to project administrators. 

Keep N/A 

Only one individual possesses VCS 
write access privileges. 

Keep N/A 

 
Final list of items for VCS Access Roles: 
 

• VCS write access privileges are limited to project administrators only. 

• VCS write access privileges are granted to other project members, in addition to 
project administrators. 

• Only one individual possesses VCS write access privileges. 

4.3.2 VCS Commit Policy Clarity 

 
VCS commit policies are defined as a plan of action established to inform the process of 
saving changes to the source code.  
 

• VCS commit policies are stated in general terms. 

• VCS commit policies are imprecise. 

• VCS commit policies are ambiguous. 

• VCS commit policies are detailed. 

• VCS commit policies are unambiguous. 
 



 

416 
 

Table 227. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

VCS commit policies are 
stated in general terms. 

1 1 1 1 1 

VCS commit policies are 
imprecise. 

1 1 1 1 1 

VCS commit policies are 
ambiguous. 

1 1 1 1 1 

VCS commit policies are 
detailed. 

1 1 1 1 1 

VCS commit policies are 
unambiguous. 

1 1 1 1 1 

 
Table 228. Results 

Original Item Decision New Item 

VCS commit policies are stated in 
general terms. 

Keep N/A 

VCS commit policies are imprecise. Keep N/A 

VCS commit policies are 
ambiguous. 

Keep N/A 

VCS commit policies are detailed. Keep N/A 

VCS commit policies are 
unambiguous. 

Keep N/A 

 
Card Sort Round 2  
 
Table 229. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

VCS commit policies are 
stated in general terms. 

1 1 1 1 1 

VCS commit policies are 
imprecise. 

1 1 1 1 1 

VCS commit policies are 
ambiguous. 

1 1 1 1 1 

VCS commit policies are 
detailed. 

1 1 1 1 1 

VCS commit policies are 
unambiguous. 

1 1 1 1 1 
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Table 230. Results 

Original Item Decision New Item 

VCS commit policies are stated in 
general terms. 

Keep N/A 

VCS commit policies are imprecise. Keep N/A 

VCS commit policies are 
ambiguous. 

Keep N/A 

VCS commit policies are detailed. Keep N/A 

VCS commit policies are 
unambiguous. 

Keep N/A 

 
Final list of items for VCS Commit Policy Clarity: 
 

• VCS commit policies are stated in general terms. 

• VCS commit policies are imprecise. 

• VCS commit policies are ambiguous. 

• VCS commit policies are detailed. 

• VCS commit policies are unambiguous. 
 
4.4 Release Control 

4.4.1 Release Manager Role 

 
The release manager is a member of the core development group who is responsible for 
overseeing product releases. He is the one who identifies outstanding problems and 
attempts to find appropriate solutions and take corrective actions. The role of release 
manager is rotated among core developers (Sharma et al. 2002). The major role of the 
release manager is to ensure that the new release revision is runnable and stable (Deek 
et al. 2007). 
 

• There is a project member who assumes the role of release manager who 
overseas software releases. 

• Software releases are managed by specific individuals. 
• Software releases consist of coordinated events. 
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Table 231. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

There is a project member 
who assumes the role of 
release manager who 
overseas software releases. 

1 1 1 1 1 

Software releases are 
managed by specific 
individuals. 

1 1 1 1 1 

Software releases consist of 
coordinated events. 

1 0 0 0 0 

 
It seems that the last items was confusing to judges because of the word “coordinated”. 
Indeed, most judges categorized this item into the  
 
Table 232. Results 

Original Item Decision New Item 

There is a project member who 
assumes the role of release 
manager who overseas software 
releases. 

Keep N/A 

Software releases are managed by 
specific individuals. 

Keep N/A 

Software releases consist of 
coordinated events. 

Drop & 
replace 

Software releases are planned by a 
release manager. 

 
Card Sort Round 2  
 
Table 233. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

There is a project member 
who assumes the role of 
release manager who 
overseas software releases. 

1 1 1 1 1 

Software releases are 
managed by specific 
individuals. 

1 1 1 1 1 

Software releases are planned 
by a release manager. 

1 1 1 1 1 
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Table 234. Results 

Original Item Decision New Item 

There is a project member who 
assumes the role of release 
manager who overseas software 
releases. 

Keep N/A 

Software releases are managed by 
specific individuals. 

Keep N/A 

Software releases are planned by a 
release manager. 

Keep N/A 

 
Final list of items for Release Manager Role: 
 

• There is a project member who assumes the role of release manager who 
overseas software releases. 

• Software releases are managed by specific individuals. 

• Software releases are planned by a release manager. 

4.4.2 Project Partitioning 

 
Project partitioning occurs when projects are differentiated into a development branch 
and a stable branch. 
 

• The project is partitioned into a development branch and a stable branch. 

• Branching is applied in order to distinguish development versions of the software 
and more stable release candidates. 

• The project does not carry out any kind of project branching. 
 
Table 235. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

The project is partitioned into a 
development branch and a 
stable branch. 

1 1 1 1 1 

Branching is applied in order 
to distinguish development 
versions of the software and 
more stable release 
candidates. 

1 1 1 1 1 

The project does not carry out 
any kind of project branching. 

1 1 1 1 0 
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Table 236. Results 

Original Item Decision New Item 

The project is partitioned into a 
development branch and a stable 
branch. 

Keep N/A 

Branching is applied in order to 
distinguish development versions of 
the software and more stable 
release candidates. 

Keep N/A 

The project does not carry out any 
kind of project branching. 

Keep N/A 

 
Card Sort Round 2  
 
Table 237. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

The project is partitioned into a 
development branch and a 
stable branch. 

1 1 1 1 1 

Branching is applied in order 
to distinguish development 
versions of the software and 
more stable release 
candidates. 

0 1 1 1 1 

The project does not carry out 
any kind of project branching. 

1 1 0 1 1 

 
Table 238. Results 

Original Item Decision New Item 

The project is partitioned into a 
development branch and a stable 
branch. 

Keep N/A 

Branching is applied in order to 
distinguish development versions of 
the software and more stable 
release candidates. 

Keep N/A 

The project does not carry out any 
kind of project branching. 

Keep N/A 

 
Final list of items for Project Partitioning: 
 

• The project is partitioned into a development branch and a stable branch. 

• Branching is applied in order to distinguish development versions of the software 
and more stable release candidates. 
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• The project does not carry out any kind of project branching. 

4.4.3 Timetables for Software Releases Clarity 

 
A timetable for software releases consists of a schedule listing events and the times at 
which they will take place with regard to releases of the software product. Timetable 
clarity is defined as the extent to which project timetables are clearly stated and well 
defined. 
 

• The project’s timetables for software releases are stated in general terms. 

• The project’s timetables for software releases are imprecise. 

• The project’s timetables for software releases are ambiguous. 

• The project’s timetables for software releases are well defined. 

• The project’s timetables for software releases are clearly stated. 
 
Table 239. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

The project’s timetables for 
software releases are stated in 
general terms. 

1 1 1 1 1 

The project’s timetables for 
software releases are 
imprecise. 

1 1 1 1 1 

The project’s timetables for 
software releases are 
ambiguous. 

1 1 1 1 1 

The project’s timetables for 
software releases are well 
defined. 

1 1 1 1 1 

The project’s timetables for 
software releases are clearly 
stated. 

1 1 1 1 1 

 



 

422 
 

Table 240. Results 

Original Item Decision New Item 

The project’s timetables for software 
releases are stated in general 
terms. 

Keep N/A 

The project’s timetables for software 
releases are imprecise. 

Keep N/A 

The project’s timetables for software 
releases are ambiguous. 

Keep N/A 

The project’s timetables for software 
releases are well defined. 

Keep N/A 

The project’s timetables for software 
releases are clearly stated. 

Keep N/A 

 
Card Sort Round 2  
 
Table 241. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

The project’s timetables for 
software releases are stated in 
general terms. 

0 1 1 1 1 

The project’s timetables for 
software releases are 
imprecise. 

1 1 1 1 1 

The project’s timetables for 
software releases are 
ambiguous. 

1 1 1 1 1 

The project’s timetables for 
software releases are well 
defined. 

0 1 1 1 1 

The project’s timetables for 
software releases are clearly 
stated. 

0 1 1 1 1 
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Table 242. Results 

Original Item Decision New Item 

The project’s timetables for software 
releases are stated in general 
terms. 

Keep N/A 

The project’s timetables for software 
releases are imprecise. 

Keep N/A 

The project’s timetables for software 
releases are ambiguous. 

Keep N/A 

The project’s timetables for software 
releases are well defined. 

Keep N/A 

The project’s timetables for software 
releases are clearly stated. 

Keep N/A 

 
Final list of items for Timatables for Software Releases Clarity: 
 

• The project’s timetables for software releases are stated in general terms. 

• The project’s timetables for software releases are imprecise. 

• The project’s timetables for software releases are ambiguous. 

• The project’s timetables for software releases are well defined. 

• The project’s timetables for software releases are clearly stated. 

5. Conflict Resolution 
 
5.1 Noncompliance Norms 
 
Noncompliance norms are apparent social pressures in the form of accepted rules 
against noncompliance. These can be either referred to by project members or clearly 
stated in a project’s documentation. 
 

• There are social pressures in the form of accepted rules against noncompliance 
by project members. 

• There are behavioral expectations when it comes to noncompliance by given 
project members. 

• There are established norms against noncompliance such as when projects 
members fail to get along with other members. 

• Norms that safeguard the project against noncompliance by given project 
members are established. 
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Table 243. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

There are social pressures in 
the form of accepted rules 
against noncompliance by 
project members. 

1 1 0 1 1 

There are behavioral 
expectations when it comes to 
noncompliance by given 
project members. 

1 1 1 1 1 

There are established norms 
against noncompliance such 
as when projects members fail 
to get along with other 
members. 

1 1 1 1 1 

Norms that safeguard the 
project against noncompliance 
by given project members are 
established. 

1 1 1 1 1 

 
Table 244. Results 

Original Item Decision New Item 

There are social pressures in the 
form of accepted rules against 
noncompliance by project members. 

Keep N/A 

There are behavioral expectations 
when it comes to noncompliance by 
given project members. 

Keep N/A 

There are established norms 
against noncompliance such as 
when projects members fail to get 
along with other members. 

Keep N/A 

Norms that safeguard the project 
against noncompliance by given 
project members are established. 

Keep N/A 
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5.1.1 Card Sort Round 2  
 
Table 245. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

There are social pressures in 
the form of accepted rules 
against noncompliance by 
project members. 

0 1 1 1 1 

There are behavioral 
expectations when it comes to 
noncompliance by given 
project members. 

1 1 1 1 1 

There are established norms 
against noncompliance such 
as when projects members fail 
to get along with other 
members. 

1 1 1 1 1 

Norms that safeguard the 
project against noncompliance 
by given project members are 
established. 

1 1 1 1 1 

 
Table 246. Results 

Original Item Decision New Item 

There are social pressures in the 
form of accepted rules against 
noncompliance by project members. 

Keep N/A 

There are behavioral expectations 
when it comes to noncompliance by 
given project members. 

Keep N/A 

There are established norms 
against noncompliance such as 
when projects members fail to get 
along with other members. 

Keep N/A 

Norms that safeguard the project 
against noncompliance by given 
project members are established. 

Keep N/A 

 
Final list of items for Noncompliance Norms: 
 

• There are social pressures in the form of accepted rules against noncompliance 
by project members. 

• There are behavioral expectations when it comes to noncompliance by given 
project members. 

• There are established norms against noncompliance such as when projects 
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members fail to get along with other members. 

• Norms that safeguard the project against noncompliance by given project 
members are established. 

 
5.2 Collective Sanctions 
 
Collective sanctions are reprisals that are carried out in the event of continued 
noncompliance. Typical collective sanctions include: flaming (sending someone hostile, 
angry, or inflammatory e-mails), spamming (flooding someone with unsolicited e-mail), 
and shunning (deliberately refusing to respond or ignoring or ostracizing a member for 
misbehavior) (Sagers 2004) 
 

• Collective sanctions such as flaming (sending someone hostile, angry, or 
inflammatory e-mails), spamming (flooding someone with unsolicited e-mail), and 
shunning (deliberately refusing to respond or ignoring or ostracizing a member 
for misbehavior) are carried out in the event of continued noncompliance. 

• Reprisals are carried out when continued noncompliance by given project 
members occurs. 

• Continued noncompliance by project members results in the enforcement of 
sanctions. 

• Corrective actions are carried out in the presence of continued noncompliance. 
 
Table 247. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Collective sanctions such as 
flaming (sending someone 
hostile, angry, or inflammatory 
e-mails), spamming (flooding 
someone with unsolicited e-
mail), and shunning 
(deliberately refusing to 
respond or ignoring or 
ostracizing a member for 
misbehavior) are carried out in 
the event of continued 
noncompliance. 

1 1 1 1 1 

Reprisals are carried out when 
continued noncompliance by 
given project members occurs. 

0 1 0 1 1 

Continued noncompliance by 
project members results in the 
enforcement of sanctions. 

1 1 1 1 1 

Corrective actions are carried 
out in the presence of 
continued noncompliance. 

1 1 0 1 1 
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Table 248. Results 

Original Item Decision New Item 

Collective sanctions such as flaming 
(sending someone hostile, angry, or 
inflammatory e-mails), spamming 
(flooding someone with unsolicited 
e-mail), and shunning (deliberately 
refusing to respond or ignoring or 
ostracizing a member for 
misbehavior) are carried out in the 
event of continued noncompliance. 

Keep N/A 

Reprisals are carried out when 
continued noncompliance by given 
project members occurs. 

Update 
Reprisals are carried out when 
project members continually refuse 
to comply. 

Continued noncompliance by project 
members results in the enforcement 
of sanctions. 

Keep N/A 

Corrective actions are carried out in 
the presence of continued 
noncompliance. 

Keep N/A 
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5.2.1 Card Sort Round 2  
 
Table 249. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Collective sanctions such as 
flaming (sending someone 
hostile, angry, or inflammatory 
e-mails), spamming (flooding 
someone with unsolicited e-
mail), and shunning 
(deliberately refusing to 
respond or ignoring or 
ostracizing a member for 
misbehavior) are carried out in 
the event of continued 
noncompliance. 

1 1 1 1 1 

Reprisals are carried out when 
project members continually 
refuse to comply. 

1 0 1 0 1 

Continued noncompliance by 
project members results in the 
enforcement of sanctions. 

1 0 1 0 1 

Corrective actions are carried 
out in the presence of 
continued noncompliance. 

1 0 1 0 0 

 
Table 250. Results 

Original Item Decision New Item 

Collective sanctions such as flaming 
(sending someone hostile, angry, or 
inflammatory e-mails), spamming 
(flooding someone with unsolicited 
e-mail), and shunning (deliberately 
refusing to respond or ignoring or 
ostracizing a member for 
misbehavior) are carried out in the 
event of continued noncompliance. 

Keep N/A 

Reprisals are carried out when 
project members continually refuse 
to comply. 

Keep N/A 

Continued noncompliance by project 
members results in the enforcement 
of sanctions. 

Keep N/A 

Corrective actions are carried out in 
the presence of continued 
noncompliance. 

Update 
Corrective actions are carried out 
when given project members 
continually fail to comply. 
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Final list of items for Collective Sanctions: 
 

• Collective sanctions such as flaming (sending someone hostile, angry, or 
inflammatory e-mails), spamming (flooding someone with unsolicited e-mail), and 
shunning (deliberately refusing to respond or ignoring or ostracizing a member 
for misbehavior) are carried out in the event of continued noncompliance. 

• Reprisals are carried out when project members continually refuse to comply. 

• Continued noncompliance by project members results in the enforcement of 
sanctions. 

• Corrective actions are carried out when given project members continually fail to 
comply. 

6. Use of Information and Tools 
 
6.1 Use of Information Rule Clarity  
 
Use of information rule clarity is defined as the extent to project rules about the use of 
information are clearly stated and well defined. 
 

• Rules about the use and management of information are stated in general terms. 

• Rules about the use and management of information are imprecise. 

• Rules about the use and management of information are ambiguous. 

• Rules about the use and management of information are well defined. 

• Rules about the use and management of information are clearly stated. 
 
Table 251. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Rules about the use and 
management of information 
are stated in general terms. 

1 1 1 1 1 

Rules about the use and 
management of information 
are imprecise. 

1 1 1 1 1 

Rules about the use and 
management of information 
are ambiguous. 

1 1 1 1 1 

Rules about the use and 
management of information 
are well defined. 

1 1 0 1 0 

Rules about the use and 
management of information 
are clearly stated. 

1 1 1 1 1 
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Table 252. Results 

Original Item Decision New Item 

Rules about the use and 
management of information are 
stated in general terms. 

Keep N/A 

Rules about the use and 
management of information are 
imprecise. 

Keep N/A 

Rules about the use and 
management of information are 
ambiguous. 

Keep N/A 

Rules about the use and 
management of information are well 
defined. 

Keep N/A 

Rules about the use and 
management of information are 
clearly stated. 

Keep N/A 

6.1.1 Card Sort Round 2  

 
Table 253. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Rules about the use and 
management of information 
are stated in general terms. 

1 1 1 1 1 

Rules about the use and 
management of information 
are imprecise. 

1 1 1 1 1 

Rules about the use and 
management of information 
are ambiguous. 

1 1 1 1 1 

Rules about the use and 
management of information 
are well defined. 

1 1 1 1 1 

Rules about the use and 
management of information 
are clearly stated. 

1 1 1 1 1 
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Table 254. Results 

Original Item Decision New Item 

Rules about the use and 
management of information are 
stated in general terms. 

Keep N/A 

Rules about the use and 
management of information are 
imprecise. 

Keep N/A 

Rules about the use and 
management of information are 
ambiguous. 

Keep N/A 

Rules about the use and 
management of information are well 
defined. 

Keep N/A 

Rules about the use and 
management of information are 
clearly stated. 

Keep N/A 

 
Final list of items for Use of Information Rule Clarity: 
 

• Rules about the use and management of information are stated in general terms. 

• Rules about the use and management of information are imprecise. 

• Rules about the use and management of information are ambiguous. 

• Rules about the use and management of information are well defined. 

• Rules about the use and management of information are clearly stated. 
 
6.2 Use of Information Rule Enforcement  
 
The degree to which rules about the use and management of information are optional 
(optional) vs. are mandatory (mandatory). 
 

• Rules dictate the mandatory use and management of information. 

• Rules emphasize the fact that project members are obliged to use and manage 
information in prescribed ways. 

• Rules underscore the optional use and management of information. 

• Rules are established regarding the use and management of information but 
project members are free to decide whether to follow them. 
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Table 255. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Rules dictate the mandatory 
use and management of 
information. 

1 0 1 1 1 

Rules emphasize the fact that 
project members are obliged 
to use and manage 
information in prescribed 
ways. 

1 0 1 1 1 

Rules underscore the optional 
use and management of 
information. 

1 0 1 1 1 

Rules are established 
regarding the use and 
management of information 
but project members are free 
to decide whether to follow 
them. 

1 1 0 1 1 

 
Following the first card sort round, we decided to update the items that make up the 
“Use of Information Rule Enforcement” construct so as to distinguish them further from 
the items that comprise the “Use of Information Rule Clarity” construct. 
 
Table 256. Results 

Original Item Decision New Item 

Rules dictate the mandatory use 
and management of information. 

Update 
The mandatory use and 
management of information are 
dictated by rules. 

Rules emphasize the fact that 
project members are obliged to use 
and manage information in 
prescribed ways. 

Update 

Project members are obliged to use 
and manage information in 
prescribed ways according to 
established rules. 

Rules underscore the optional use 
and management of information. 

Update 
The optional use and management 
of information is underscored by 
rules. 

Rules are established regarding the 
use and management of information 
but project members are free to 
decide whether to follow them. 

Update 

Project members are free to decide 
whether to follow established rules 
regarding the use and management 
of information. 
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6.2.1 Card Sort Round 2  

 
Table 257. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

The mandatory use and 
management of information 
are dictated by rules. 

0 1 0 1 1 

Project members are obliged 
to use and manage 
information in prescribed ways 
according to established rules. 

0 1 0 1 1 

The optional use and 
management of information is 
underscored by rules. 

0 0 0 1 1 

Project members are free to 
decide whether to follow 
established rules regarding the 
use and management of 
information. 

1 0 0 1 1 

 
3 out of 5 judges in the second round miscategorized the third item. Since this was not 
the case in the first round, we decided to only slightly update the wording of this item.  
 
Table 258. Results 

Original Item Decision New Item 

The mandatory use and 
management of information are 
dictated by rules. 

Keep N/A 

Project members are obliged to use 
and manage information in 
prescribed ways according to 
established rules. 

Keep N/A 

The optional use and management 
of information is underscored by 
rules. 

Update 
The optional use and management 
of information are dictated by rules. 

Project members are free to decide 
whether to follow established rules 
regarding the use and management 
of information. 

Keep N/A 

 
Final list of items for Use of Information Rule Enforcement: 
 

• The mandatory use and management of information are dictated by rules. 

• Project members are obliged to use and manage information in prescribed ways 
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according to established rules. 

• The optional use and management of information are dictated by rules. 

• Project members are free to decide whether to follow established rules regarding 
the use and management of information. 

 
6.3 Use of Tools Rule clarity  
 
Use of tools rule clarity is defined as the extent to project rules about the use of 
technological tools are clearly stated and well defined. 
 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are stated in general terms. 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are imprecise. 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are ambiguous. 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are well defined. 

• Rules about the use of technological tools (e.g., VCS, mailing list, bug reporting 
system) are clearly stated. 

 
Table 259. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Rules about the use of 
technological tools (e.g., VCS, 
mailing lists, bug reporting 
system) are stated in general 
terms. 

1 1 1 1 0 

Rules about the use of 
technological tools (e.g., VCS, 
mailing lists, bug reporting 
system) are imprecise. 

1 1 1 1 1 

Rules about the use of 
technological tools (e.g., VCS, 
mailing lists, bug reporting 
system) are ambiguous. 

1 1 0 1 1 

Rules about the use of 
technological tools (e.g., VCS, 
mailing lists, bug reporting 
system) are well defined. 

1 1 1 1 1 

Rules about the use of 
technological tools (e.g., VCS, 
mailing list, bug reporting 
system) are clearly stated. 

1 1 0 1 1 
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Table 260. Results 

Original Item Decision New Item 

Rules about the use of technological 
tools (e.g., VCS, mailing lists, bug 
reporting system) are stated in 
general terms. 

Keep N/A 

Rules about the use of technological 
tools (e.g., VCS, mailing lists, bug 
reporting system) are imprecise. 

Keep N/A 

Rules about the use of technological 
tools (e.g., VCS, mailing lists, bug 
reporting system) are ambiguous. 

Keep N/A 

Rules about the use of technological 
tools (e.g., VCS, mailing lists, bug 
reporting system) are well defined. 

Keep N/A 

Rules about the use of technological 
tools (e.g., VCS, mailing list, bug 
reporting system) are clearly stated. 

Keep N/A 

6.3.1 Card Sort Round 2  

 
Table 261. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Rules about the use of 
technological tools (e.g., VCS, 
mailing lists, bug reporting 
system) are stated in general 
terms. 

1 1 1 1 1 

Rules about the use of 
technological tools (e.g., VCS, 
mailing lists, bug reporting 
system) are imprecise. 

1 1 1 1 1 

Rules about the use of 
technological tools (e.g., VCS, 
mailing lists, bug reporting 
system) are ambiguous. 

1 1 1 0 1 

Rules about the use of 
technological tools (e.g., VCS, 
mailing lists, bug reporting 
system) are well defined. 

1 1 1 1 1 

Rules about the use of 
technological tools (e.g., VCS, 
mailing list, bug reporting 
system) are clearly stated. 

1 1 1 1 1 
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Table 262. Results 

Original Item Decision New Item 

Rules about the use of technological 
tools (e.g., VCS, mailing lists, bug 
reporting system) are stated in 
general terms. 

Keep N/A 

Rules about the use of technological 
tools (e.g., VCS, mailing lists, bug 
reporting system) are imprecise. 

Keep N/A 

Rules about the use of technological 
tools (e.g., VCS, mailing lists, bug 
reporting system) are ambiguous. 

Keep N/A 

Rules about the use of technological 
tools (e.g., VCS, mailing lists, bug 
reporting system) are well defined. 

Keep N/A 

Rules about the use of technological 
tools (e.g., VCS, mailing list, bug 
reporting system) are clearly stated. 

Keep N/A 

 
Final list of items for Use of Technological Tools Clarity: 
 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are stated in general terms. 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are imprecise. 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are ambiguous. 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are well defined. 

• Rules about the use of technological tools (e.g., VCS, mailing list, bug reporting 
system) are clearly stated. 

 
6.4 Use of Tools Rule enforcement  
 
The degree to which rules about the use of technological tools (e.g., VCS, mailing lists, 
bug reporting system) are optional (optional) vs. are mandatory (mandatory). 
 

• Rules about the use of technological tools (e.g., VCS, mailing lists, bug reporting 
system) are optional. 

• Rules are established regarding the use of technological tools (e.g., VCS, mailing 
lists, bug reporting system) but project members are free to decide whether to 
follow them. 

• Rules dictate the mandatory use of technological tools (e.g., VCS, mailing lists, 
bug reporting system). 

• Rules emphasize the fact that project members are obliged to use technological 
tools (e.g., VCS, mailing lists, bug reporting system) in prescribed ways. 
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Table 263. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Rules about the use of 
technological tools (e.g., CVS, 
mailing lists, bug reporting 
system) are optional. 

1 1 1 1 1 

Rules are established 
regarding the use of 
technological tools (e.g., CVS, 
mailing lists, bug reporting 
system) but project members 
are free to decide whether to 
follow them. 

1 1 0 1 1 

Rules dictate the mandatory 
use of technological tools 
(e.g., CVS, mailing lists, bug 
reporting system). 

1 0 0 1 1 

Rules emphasize the fact that 
project members are obliged 
to use technological tools 
(e.g., CVS, mailing lists, bug 
reporting system) in 
prescribed ways. 

0 0 1 1 1 

 
Much like we did for the “Use of Information Rule Enforcement” construct, following the 
first card sort round, we decided to update the items that make up the “Use of Tools Rule 
Enforcement” construct so as to distinguish them further from the items that comprise 
the “Use of Tools Rule Clarity” construct. 
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Table 264. Results 

Original Item Decision New Item 

Rules about the use of technological 
tools (e.g., CVS, mailing lists, bug 
reporting system) are optional. 

Update 
The mandatory use and 
management of technological tools 
are dictated by rules. 

Rules are established regarding the 
use of technological tools (e.g., 
CVS, mailing lists, bug reporting 
system) but project members are 
free to decide whether to follow 
them. 

Update 

Project members are free to decide 
whether to follow established rules 
regarding the use of technological 
tools (e.g., CVS, mailing lists, bug 
reporting system). 

Rules dictate the mandatory use of 
technological tools (e.g., CVS, 
mailing lists, bug reporting system). 

Update 

The mandatory use of technological 
tools (e.g., CVS, mailing lists, bug 
reporting system) is dictated by 
rules. 

Rules emphasize the fact that 
project members are obliged to use 
technological tools (e.g., CVS, 
mailing lists, bug reporting system) 
in prescribed ways. 

Update 

Project members are obliged to use 
technological tools (e.g., CVS, 
mailing lists, bug reporting system) 
in prescribed ways according to 
established rules. 

6.4.1 Card Sort Round 2  

 
Table 265. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

The mandatory use and 
management of technological 
tools are dictated by rules. 

1 1 0 1 1 

Project members are free to 
decide whether to follow 
established rules regarding the 
use of technological tools 
(e.g., CVS, mailing lists, bug 
reporting system). 

1 1 1 1 1 

The mandatory use of 
technological tools (e.g., CVS, 
mailing lists, bug reporting 
system) is dictated by rules. 

1 1 0 1 1 

Project members are obliged 
to use technological tools 
(e.g., CVS, mailing lists, bug 
reporting system) in 
prescribed ways according to 
established rules. 

1 1 1 1 1 
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Table 266. Results 

Original Item Decision New Item 

The mandatory use and 
management of technological tools 
are dictated by rules. 

Keep N/A 

Project members are free to decide 
whether to follow established rules 
regarding the use of technological 
tools (e.g., CVS, mailing lists, bug 
reporting system). 

Keep N/A 

The mandatory use of technological 
tools (e.g., CVS, mailing lists, bug 
reporting system) is dictated by 
rules. 

Keep N/A 

Project members are obliged to use 
technological tools (e.g., CVS, 
mailing lists, bug reporting system) 
in prescribed ways according to 
established rules. 

Keep N/A 

 
Final list of items for Use of Technological Tools Enforcement: 
 

• The mandatory use and management of technological tools are dictated by rules. 

• Project members are free to decide whether to follow established rules regarding 
the use of technological tools (e.g., CVS, mailing lists, bug reporting system). 

• The mandatory use of technological tools (e.g., CVS, mailing lists, bug reporting 
system) is dictated by rules. 

• Project members are obliged to use technological tools (e.g., CVS, mailing lists, 
bug reporting system) in prescribed ways according to established rules. 

7. Governance Purposes 
 
7.1 Development Activity 
 
Development activity was not a construct that was assessed using secondary data 
obtained on project websites. As such, it was not part of the card sorting exercise. 
 
7.2 Coordination Effectiveness 
 
In order to assess coordination, we adopted the scale developed by Yuan et al. (2009) 
who studied the antecedents of coordination effectiveness in software development 
teams. 
 
Coordination effectiveness is defined as the extent to which software dependencies have 
been effectively managed.  
 

• Duplicated and overlapping activities were avoided. 

• There were no problems in coordinating with each other. 
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• Conflicts with each other were settled quickly. 

• A lot of integration problems were associated with software interfaces. 

• Connected processes and activities were well coordinated with each other. 

• Discussions with each other were conducted constructively. 
 
Table 267. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Duplicated and overlapping 
activities were avoided. 

1 1 0 0 1 

There were no problems in 
coordinating with each other. 

1 1 1 1 1 

Conflicts with each other were 
settled quickly. 

1 1 1 1 0 

A lot of integration problems 
were associated with software 
interfaces. 

0 0 0 1 1 

Connected processes and 
activities were well 
coordinated with each other. 

1 1 1 1 1 

Discussions with each other 
were conducted constructively. 

1 1 1 1 1 

 
Most judges miscategorized the fourth item, “A lot of integration problems were 
associated with software interfaces”. However, since this was an existing scale identified 
in the literature, we decided to keep this item as part of the construct for the second card 
sort round. 
 
Table 268. Results 

Original Item Decision New Item 

Duplicated and overlapping 
activities were avoided. 

Keep N/A 

There were no problems in 
coordinating with each other. 

Keep N/A 

Conflicts with each other were 
settled quickly. 

Keep N/A 

A lot of integration problems were 
associated with software interfaces. 

Keep N/A 

Connected processes and activities 
were well coordinated with each 
other. 

Keep N/A 

Discussions with each other were 
conducted constructively. 

Keep N/A 
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7.2.1 Card Sort Round 2  

 
Table 269. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Duplicated and overlapping 
activities were avoided. 

1 0 1 1 1 

There were no problems in 
coordinating with each other. 

0 1 1 1 1 

Conflicts with each other were 
settled quickly. 

0 0 1 0 0 

A lot of integration problems 
were associated with software 
interfaces. 

1 0 0 0 0 

Connected processes and 
activities were well 
coordinated with each other. 

1 1 1 1 1 

Discussions with each other 
were conducted constructively. 

0 0 1 0 0 

 
The fourth item was also problematic in the second round with most judges placing it in 
another construct. Therefore, we decided to drop this item from the “Coordination 
Effectiveness” construct. Although the “Conflicts with each other were settled quickly” 
and “Discussions with each other were conducted constructively” items were also not 
included in this construct by a majority judges, they were not miscategorized but instead 
deemed to not fit any of the constructs listed. We therefore decided to keep this items 
and assess their reliability in the pilot test. 
 
Table 270. Results 

Original Item Decision New Item 

Duplicated and overlapping 
activities were avoided. 

Keep N/A 

There were no problems in 
coordinating with each other. 

Keep N/A 

Conflicts with each other were 
settled quickly. 

Keep N/A 

A lot of integration problems were 
associated with software interfaces. 

Drop N/A 

Connected processes and activities 
were well coordinated with each 
other. 

Keep N/A 

Discussions with each other were 
conducted constructively. 

Keep N/A 
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Final list of items for Coordination Effectiveness: 
 

• Duplicated and overlapping activities were avoided. 

• There were no problems in coordinating with each other. 

• Conflicts with each other were settled quickly. 

• Connected processes and activities were well coordinated with each other. 

• Discussions with each other were conducted constructively. 
 
7.3 Team Climate 
 
West {West, 1990 #379} developed a four-factor theory of innovation which argues that 
group innovations often result from team activities that are characterized by (1) focusing 
on clear and realistic objectives in which the team members are committed (called 
vision), (2) interaction between team members in a participative and interpersonally non-
threatening climate (called participative safety), (3) commitment to high standards of 
performance and, thus, preparedness for basic questions and appraisal of weaknesses 
(called task orientation), and (4) enacted support for innovation attempts, e.g. 
cooperation to develop and apply new ideas (called support for innovation). These four 
factors can be assessed with a survey instrument, the Team Climate Inventory 
{Anderson, 1998 #380} (TCI) which has demonstrated robust psychometrics properties. 
However, the TCI is a lengthy instrument which can be problematic in certain context. 
For instance, when the study already includes a number of different constructs, adding in 
the TCI can render a survey very lengthy, which can adversely affect response rates. 
Indeed, the measure is comprised of 38 items which can consumer precious space in a 
survey. As such, Kivimäki and Elovainio {Kivimäki, 1999 #362} developed an abbreviated 
version of the TCI. While the instrument contains a smaller number of items, it still taps 
into the underlying factors outlined in the four-factor theory of innovation: vision, 
participative safety, task orientation, and support for innovation. 
 
Vision 
 

• How far are you in agreement with your team’s objectives? 

• To what extent do you think your team’s objectives are clearly understood? 

• To what extent do you think your team’s objectives can actually be achieved? 

• How worthwhile do you think these objectives are to your team? 
 
Participatory safety 
 

• We have a ‘we are together’ attitude. 

• People like to keep each other informed about work-related issues in the team. 

• People feel understood and accepted by each other. 

• There are real attempts to share information throughout the team. 
 
Task orientation 
 

• Are team members prepared to question the basis of what the team is doing? 

• Does the team critically appraise potential weaknesses in what it is doing in order 
to achieve the best possible outcome? 

• Do members of the team build on each other’s ideas in order to achieve the best 
possible outcome? 
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Support for innovation 
 

• People in this team are always searching for fresh, new ways of looking at 
problems. 

• In this team, we take the time needed to develop new ideas. 

• People in this team cooperate in order to help develop and apply new ideas. 
 
Table 271. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Vision 

How far are you in agreement 
with your team’s objectives? 

0 0 0 1 1 

To what extent do you think 
your team’s objectives are 
clearly understood? 

0 0 0 1 0 

To what extent do you think 
your team’s objectives can 
actually be achieved? 

0 0 0 1 1 

How worthwhile do you think 
these objectives are to your 
team? 

0 0 0 1 1 

Participatory safety 

We have a ‘we are together’ 
attitude. 

0 1 0 1 0 

People like to keep each other 
informed about work-related 
issues in the team. 

0 1 0 1 0 

People feel understood and 
accepted by each other. 

1 1 0 1 0 

There are real attempts to 
share information throughout 
the team. 

0 0 0 1 0 

Task orientation 

Are team members prepared 
to question the basis of what 
the team is doing? 

0 1 1 1 0 

Does the team critically 
appraise potential weaknesses 
in what it is doing in order to 
achieve the best possible 
outcome? 

0 1 0 1 0 
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Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Do members of the team build 
on each other’s ideas in order 
to achieve the best possible 
outcome? 

0 0 0 1 0 

Support for innovation 

People in this team are always 
searching for fresh, new ways 
of looking at problems. 

0 1 0 1 1 

In this team, we take the time 
needed to develop new ideas. 

1 1 0 1 1 

People in this team cooperate 
in order to help develop and 
apply new ideas. 

1 1 1 1 1 

 
We quickly realized that this construct proved to be very problematic in the first card sort 
round with most items included in one of the following categories: “Does not fit any” or 
“Ambiguous or confusing”. It was therefore decided to drop the Team Climate for 
Innovation construct and go back to the research literature to identify a measure of 
innovation that would hopefully prove to be a better fit in this context. 
 
Table 272. Results 

Original Item Decision New Item 

Vision 

How far are you in agreement with 
your team’s objectives? 

Drop N/A 

To what extent do you think your 
team’s objectives are clearly 
understood? 

Drop N/A 

To what extent do you think your 
team’s objectives can actually be 
achieved? 

Drop N/A 

How worthwhile do you think these 
objectives are to your team? 

Drop N/A 

Participatory safety 

We have a ‘we are together’ 
attitude. 

Drop N/A 

People like to keep each other 
informed about work-related issues 
in the team. 

Drop N/A 

People feel understood and 
accepted by each other. 

Drop N/A 
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Original Item Decision New Item 

There are real attempts to share 
information throughout the team. 

Drop N/A 

Task orientation 

Are team members prepared to 
question the basis of what the team 
is doing? 

Drop N/A 

Does the team critically appraise 
potential weaknesses in what it is 
doing in order to achieve the best 
possible outcome? 

Drop N/A 

Do members of the team build on 
each other’s ideas in order to 
achieve the best possible outcome? 

Drop N/A 

Support for innovation 

People in this team are always 
searching for fresh, new ways of 
looking at problems. 

Drop N/A 

In this team, we take the time 
needed to develop new ideas. 

Drop N/A 

People in this team cooperate in 
order to help develop and apply new 
ideas. 

Drop N/A 

7.3.1 Card Sort Round 2  

 
We identified a replacement construct in the leadership literature. The construct, called 
Climate for excellence, is defined as shared group norms about “excellence of quality of 
task performance” {West, 1990 #381} p. 313. This may be evidenced by each team 
member’s commitment to high quality standards, critical appraisals, monitoring, and 
clear performance criteria within the team. These norms do not specifically relate to 
innovation but reflect a more general concern with excellence as it related to task 
performance {Anderson, 1998 #380}. This definition was considered more in line with the 
focus of our research as it focused more specifically on group norms, which underlie 
open source projects.  
 
Eisenbeiss et al. (2008) {Eisenbeiss, 2008 #377} assessed climate for excellence using 
a seven-item scale from the TCI developed by Anderson and West (1998). These items 
are as follows: 
 

• Project members provide useful ideas and practical help to enable themselves to 
contribute to the project to the best of their ability. 

• Project members monitor each other so as to maintain a higher standard of work. 

• Project members are prepared to question the basis of what the team is doing. 

• Project members critically appraise potential weaknesses in what they are doing 
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in order to achieve the best possible outcome. 

• Members of the project build on each other's ideas in order to achieve the best 
possible outcome. 

• There a real concern among members of the project that the project should 
achieve the highest standards of performance. 

• The project has clear criteria which members try to meet in order to achieve 
excellence as a team. 

 
These items were categorized as follows in the second round of card sort. 
 
Table 273. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

Project members provide 
useful ideas and practical help 
to enable themselves to 
contribute to the project to the 
best of their ability. 

1 1 0 1 1 

Project members monitor each 
other so as to maintain a 
higher standard of work. 

1 1 0 1 1 

Project members are prepared 
to question the basis of what 
the team is doing. 

0 1 0 1 1 

Project members critically 
appraise potential weaknesses 
in what they are doing in order 
to achieve the best possible 
outcome. 

1 1 1 1 1 

Members of the project build 
on each other's ideas in order 
to achieve the best possible 
outcome. 

1 1 1 1 1 

There a real concern among 
members of the project that 
the project should achieve the 
highest standards of 
performance. 

1 1 1 1 1 

The project has clear criteria 
which members try to meet in 
order to achieve excellence as 
a team. 

0 1 1 1 1 
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Table 274. Results 

Original Item Decision New Item 

Project members provide useful 
ideas and practical help to enable 
themselves to contribute to the 
project to the best of their ability. 

Keep N/A 

Project members monitor each other 
so as to maintain a higher standard 
of work. 

Keep N/A 

Project members are prepared to 
question the basis of what the team 
is doing. 

Keep N/A 

Project members critically appraise 
potential weaknesses in what they 
are doing in order to achieve the 
best possible outcome. 

Keep N/A 

Members of the project build on 
each other's ideas in order to 
achieve the best possible outcome. 

Keep N/A 

There is a real concern among 
members of the project that the 
project should achieve the highest 
standards of performance. 

Keep N/A 

The project has clear criteria which 
members try to meet in order to 
achieve excellence as a team. 

Keep N/A 

 
All items were kept as most judges correctly categorized them. Final list of items for 
Climate for project excellence: 
 

• Project members provide useful ideas and practical help to enable themselves to 
contribute to the project to the best of their ability. 

• Project members monitor each other so as to maintain a higher standard of work. 

• Project members are prepared to question the basis of what the team is doing. 

• Project members critically appraise potential weaknesses in what they are doing 
in order to achieve the best possible outcome. 

• Members of the project build on each other's ideas in order to achieve the best 
possible outcome. 

• There is a real concern among members of the project that the project should 
achieve the highest standards of performance. 

• The project has clear criteria which members try to meet in order to achieve 
excellence as a team. 

 
7.4 Project Performance 
 
Finally, project performance was assessed using a five-item scale {Wallace, 2004 #99}. 
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• The application developed is reliable. 

• The application is easy to maintain. 

• The users perceived that the system meets intended functional requirements. 

• The system meets user expectations with respect to response time. 

• The overall quality of the developed application is high. 

7.4.1 Card Sort Round 1  

 
Table 275. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

The application developed is 
reliable. 

1 1 1 1 1 

The application is easy to 
maintain. 

1 1 1 1 1 

The users perceived that the 
system meets intended 
functional requirements. 

1 1 1 1 1 

The system meets user 
expectations with respect to 
response time. 

1 1 1 1 1 

The overall quality of the 
developed application is high. 

1 1 1 1 1 

 
Table 276. Results 

Original Item Decision New Item 

The application developed is 
reliable. 

Keep N/A 

The application is easy to maintain. Keep N/A 

The users perceived that the system 
meets intended functional 
requirements. 

Keep N/A 

The system meets user 
expectations with respect to 
response time. 

Keep N/A 

The overall quality of the developed 
application is high. 

Keep N/A 
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Card Sort Round 2 
 
Table 277. Item Categorization Matrix 

Item Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 

The application developed is 
reliable. 

1 0 1 1 1 

The application is easy to 
maintain. 

1 0 0 1 1 

The users perceived that the 
system meets intended 
functional requirements. 

1 0 1 1 1 

The system meets user 
expectations with respect to 
response time. 

1 0 0 1 1 

The overall quality of the 
developed application is high. 

1 0 0 1 1 

 
Table 278. Results 

Original Item Decision New Item 

The application developed is 
reliable. 

Keep N/A 

The application is easy to maintain. Keep N/A 

The users perceived that the system 
meets intended functional 
requirements. 

Keep N/A 

The system meets user 
expectations with respect to 
response time. 

Keep N/A 

The overall quality of the developed 
application is high. 

Keep N/A 

 
Final list of items for Project Performance: 
 

• The application developed is reliable. 

• The application is easy to maintain. 

• The users perceived that the system meets intended functional requirements. 

• The system meets user expectations with respect to response time. 

• The overall quality of the developed application is high. 
 
Other objective measures of performance such as number of project downloads, 
developer activity, and development activity (VCS Reads/Writes) were also collected on 
project websites in the final study. 
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Appendix B – Pretest Results 
 
Table 279. Project Administrators Questionnaire - Round 1 Feedback with MIS Academics 

Feedback Result 

Who are users vs. project members? How will project members know 
what users think of the software? 
 
This comment refers to the “Software Project Performance” construct, 
specifically to the two following items:  
 
“The users perceived that the system meets intended functional 
requirements.” 
 
“The system meets user expectations with respect to response time.” 
 

To avoid any confusion, we removed any mention of users. The items were 
updated to the following: 
 
“The system meets intended functional requirements.” 
 
“The system meets expectations with respect to response time.” 
 

“The application developed is reliable.” 
 
For projects at different stages of development – how can participants 
report that the applications were reliable? 

“N/A” tag added. 
 

The first question on the Conflict screen is too long. 
 
You may want to remove examples as respondents are likely aware of 
what these terms mean. 

Item updated to: 
 
“Collective sanctions such as flaming, spamming, and shunning are carried 
out in the event of continued noncompliance with group norms.” 
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Feedback Result 

Will participants know what “continued noncompliance” means? 
Continued noncompliance with what exactly? 

The 4 items that make up this construct were updated  to more clearly reflect 
this meaning (added text underlined below): 
 
“…in the event of continued noncompliance with group norms.” 
 
“…continually refuse to comply with group norms.” 
 
“Continued noncompliance with group norms…” 
 
“…continually fail to comply with group norms.” 

The item “There are behavioral expectations when it comes to 
noncompliance by given project members” does not make sense. 
  
Rephrase this item to explain that there are norms so that people know 
what to expect in the event of continued noncompliance. 

Item updated to: 
 
“There are group norms about what happens to projects members when 
they fail to comply.”  

“Project members provide useful ideas and practical help to enable 
themselves to contribute to the project to the best of their ability” 
 
.... maybe replace “to enable themselves” with “to enable others”. 

Item updated to: 
 
“Project members provide useful ideas and practical help to enable others to 
contribute to the project to the best of their ability.”  

“Project members are prepared to question the basis of what the team is 
doing.”  
 
Be more specific with what is meant by the word “basis” – e.g. replace 
“question the basis” with “question the work being done”. 
 
Another judge recommended that we replace “are prepared to question” 
with “regularly question”. 

I would change wording of the item to: 
 
“Project members are prepared to question the work that is being done in 
the project.” 
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Feedback Result 

The introduction to the “Conflict” section of the survey reads: “This section 
has to do with how conflictual situations are managed within the project. 
For example, what kind of expectations are there when it comes to 
conflict and how is conflict dealt with once it arises?” 
 
A judge found that the term “conflictual situations” is too technical. 
Suggested that this be replaced with “This section has to do with conflict 
within the project, specifically with the kinds of expectations there are with 
regard to conflict and how conflict is dealt with once it arises.” 

The introduction to this section was changed to: 
 
“This section has to do with conflict within the project, specifically with the 
kinds of expectations there are with regard to conflict and how conflict is 
dealt with once it arises.” 

“Software requirements are not easily noticeable” – “noticeable” is very 
vague – you may want to replace this term with things like “easy to learn 
where they are” – “I can easily locate them” – “make myself aware of 
what they are”. 

Items updated to:  
 
“It is difficult to find references to software requirements.” 
 
“It is difficult to find references to project goals.”  
 
Same changes applied to all items with similar wording. 

 “CVS commit policies are unambiguous”  
 
Judge found the word “unambiguous” to be odd – suggested that we 
replace it with “...are clear.” 

Updated item to: 
 
“CVS commit policies are clear.” 
 
 

“CVS commit policies are stated in general terms.” – what do you mean 
by “general terms”? Recommended that we add “as opposed to specific”. 

Updated item to: 
 
CVS commit policies are stated in general terms (as opposed to more 
specific terms). 
 
Same changes applied to all items with similar wording. 
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Feedback Result 

In “Project goals are not very apparent”, the word “apparent” is a little 
vague... maybe change this to “team members are aware of project 
goals”. 
 
Also, in “Project goals are readily observable by project members”, 
“observable” could be “visible” - you can also use communicated... 

Updated item to: 
 
“Project goals are not very visible.” 
 
The “Software requirements visibility” item would be changed to: 
 
“Software requirements are not very visible.” 
 
Same changes applied to all items with similar wording. 

In the introductory text to the “Rules” section of the questionnaire, you 
should define “technological tools” instead of defining this term within 
each of the items where it is mentioned. 

This would avoid repetition in the items and make them shorter. 
 
For example, the item: “Rules about the use of technological tools (e.g., 
CVS, mailing lists, bug reporting system) are stated in general terms” would 
be changed to: “Rules about the use of technological tools are stated in 
general terms”. 
 
Also, the introductory text would read: 
“The following questions are about the rules established in the open source 
project. By rules, we mean rules about things like who can join the project 
and become a member, or how technological tools like mailing lists, the CVS 
system, and the bug reporting system are to be used by members of the 
project, or how information is to be communicated.” 

The item “The application is easy to maintain” does not make sense 
(specifically the idea of “application”) –  
 
Change this term to “…application being developed”. 

I would change to word “application” to “software” to make it consistent with 
the terminology used on SourceForge.net. Updated items: 
 
“The software being developed is easy to maintain” 
 
“The software being developed is reliable.” 
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Feedback Result 

“The system meets user expectations with respect to response time.” – be 
consistent in your wording i.e. “system” vs. “software” vs. “application”. 

Item updated to: 
 
“The software being developed meets expectations with respect to response 
time.” 
 
Other items that refer to either “application”, or “system” were updated to 
use “software”. 

“Project members critically appraise potential weaknesses in what they 
are doing in order to achieve the best possible outcome.” - make this item 
simpler e.g. by stating “…are critical about potential weaknesses”. 

Item updated to: 
 
“In order to achieve the best possible outcome, project members are critical 
about potential weaknesses in the project tasks they are working on.” 

“Duplicated and overlapping activities were avoided” - replace with 
simpler wording, e.g. “Rarely do members of the project work on the 
same things.” 

Original item was kept given that this construct was validated in previous 
research. 

“There are social pressures in the form of accepted rules against 
noncompliance by project members.” 
Replace “…in the form of…” with “…such as…” 

Item updated to: 
 
“There are social pressures such as accepted rules against noncompliance 
by project members.” 

In the items that refer to “Timetables for software releases…”,  
update “…are stated in general terms” with ““…are stated in general vs. 
more specific terms” + provide an example of what you mean by this 
example (e.g. Nov. 1st versus next few months). 

Item updated to: 
 
“The project’s timetables for software releases are stated in general terms – 
as opposed to more specific terms (e.g. the next software release will take 
place on May 1

st
 as opposed to “in the next 3 months”).” 
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Table 280. Project Members Questionnaire - Round 1 Feedback with MIS Academics 

Faculty Comment My Recommended Change 

“The use and management of information is optional” does not make sense. 
 
Everyone needs to use information so this can’t really be optional. 

Item dropped. 

In the items that start with “Rules about the use and management of 
information...” - be more specific with what you mean by information - e.g. 
information about the project. 

Introductory text to this section was updated to better explain what 
exactly are “Rules about the use and management of information”.  
 
The intro now reads: “The following questions are about the rules 
established in the open source project. By rules, we mean rules about 
things like who can join the project and become a member, how 
technological tools like mailing lists and the CVS system are to be used, 
or how project information is to be communicated by project members 
(e.g., everyone should be using public mailing lists or newsgroups to 
carry out their discussions, as opposed to personal emails).” 
 
 
Also, items that refer to the “use of information” were updated to “use of 
information within the project”. 

There are a number of repetitive questions (i.e. very similar items) that will 
annoy respondents – and the repetitive ones are often right next to each 
other, which is even more annoying. 

Certain items were reworded items so that they aren’t as similar to one 
another. 
 

“Project goals often come from project members” – replace “…often come 
from…” with “…are suggested by project members”. 

Updated item to: 
 
“Project goals are mostly suggested by project members.” 
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Faculty Comment My Recommended Change 

“Project goals are not easily noticeable.”  
A judge had the same comment as for the software requirements item 
(“Software requirements are not easily noticeable”) – i.e. “noticeable” should 
be changed. 

Updated item to: 
 
“Project goals are not very visible.” 
 
Same change applied to similar items. 
 

“As a member of this project, I can make my own decisions” - make this item 
more specific; make my own decisions about what? What kind of decisions? 
 
E.g. decisions regarding my contributions to the project or how someone 
chooses to contribute to the project, what role one wants to play. 

The focus here is on the decision-making process – not on what kind of 
decisions are made per se (what the judge is referring to). This item 
doesn’t make that as clear as the other two items in the construct: 
 
“Most members of this project get a chance to participate in decision 
making.” 
 
“This project is designed to let everyone participate in decision making.” 
 
Therefore, this item was updated to: 
 
“As a member of this project, I can participate in the decision-making 
process.” 
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Table 281. Comments That Apply to Both Questionnaires - Round 1 Feedback with MIS Academics 

Faculty Comment My Recommended Change 

Add contact information to first and last screens (email addresses). Email addresses for both Dany and Sandy were added to the invitation screen 
and the final screen. 

Make verb tenses consistent across all items. Verb tenses were updated for consistency. 

Add open-ended questions – e.g. “All in what makes for good project 
governance?”  
 
Golden nuggets can often be extracted from this type of feedback. 

Open-ended question added at the end of the survey: 
 
“What do you think makes for good open source project governance?” 

Judge found that the different screens were the right size in term of the 
number of questions asked. Thought that 15 minutes seems about right 
in terms of the total amount of time required to fill out the survey. 

N/A 

Why is getting the report also tied to the iPad at the end? As recommended by one of the judges in the pre-test, we removed the reference 
to the research report from final screen as I am telling respondents in the LOI 
that they can email me for this. As such, the option to submit an email address at 
the end would only be intended for those who wish to participate in the draw. 

Where are the demographic questions? Demographic questions were added at the end of the questionnaires. 

In the final screen, move “Click Next at the bottom of this page to 
submit your survey…” after the text asking respondents to submit their 
email address in order to participate in the iPad draw. Otherwise, they 
may hit “Next” and miss the instructions for the iPad draw. 

Changes made as recommended. 
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Faculty Comment My Recommended Change 

Some items are very repetitive & similar to one another. Update 
wording to make items more diverse. 
 
For example, in the “Project Goal Clarity” construct, all items begin with 
“Project goals are…” Update wording so that respondents don’t get the 
sense that they are answering the same question over and over again. 

Concerned items were revised as suggested. 

For all items that include the word “most”, it may be best to replace this 
word with “the majority of”. “Most” is vague and very suggestive – could 
have different meanings depending on whom you ask. 

Any mention of “most” in the questionnaire items was replaced with “majority”. 

Any item that includes the word “general” should be updated to refer to 
“general versus more specific”. 

Changes made to all concerned items. 
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Table 282. Project Administrators Questionnaire - Round 2 Feedback with MIS PhD Students 

Feedback Result 

“Connected processes and activities are well coordinated with each other”  
 
What do you mean by “each other”? 
 
You may want to replace this with “project members”. Another judge had a 
similar comment. 
 
Same comment for: “There are no problems in coordinating with each other” – 
“each other” needs to be defined 

Items updated to: 
 
“Related processes and activities among project members are well 
coordinated”. 

“The overall quality of the developed software is high.”  
 
Will projects be far along enough to assess overall quality? 

“N/A” tag added here. 

“Discussions with each other were conducted constructively”  
 
Who are “others”? Replace with “project members”. 

New item updated to: 
 
“Discussions among members of the project are conducted constructively.” 

“Conflicts with each other were settled quickly”.  
 
Change “were” to “are”. 
 
Also, who do you mean by “with each other”? This comment applies to all 
“conflict” items. 

New item updated to: 
 
“Conflicts among project members are settled quickly”. 

“There are established norms against noncompliance such as when projects 
members fail to get along with other members”  
 
Doesn’t understand this one - fuzzy – revise wording. 

New item updated to: 
 
“There are established norms against noncompliance such as when 
projects members fail to get along with one another.” 
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Feedback Result 

“CVS commit policies are stated in general terms (as opposed to more 
specific terms)”  
 
What do you mean by “commit”? Judge thought that this item was about work 
commitment because some of the other questions in this section are about 
tasks. Maybe add an example here or define “commit policy”. Note to myself: 
maybe add “N/A” here as well.  

Commit is a pretty standard term used in open source projects. It was 
therefore not necessary to clarify it. 
 
Also, an “N/A” tag was added as some projects may not have any commit 
policies. 

“The software being developed is reliable.” 
 
What do you mean be “reliable”? 

It was decided to wait for the practitioners’ take on this. 

“There is a real concern among members of the project that the project should 
achieve the highest standards of performance”  
 
“Performance” seems relative. 

Performance is a general enough term, and it is not actually what we are 
asking about – it is about if there are high standards or not 

“The software being developed meets intended functional requirements”  
 
Maybe have an “I don’t know option” here in case a given project does not 
have requirements. 

“N/A” category included for this item. 

“Discussions with each other are conducted constructively.”  
 
“Discussions” may be out of context in open source projects - maybe change 
this term with “communications”. 

We did not agree with this comment. A discussion could refer to an email 
exchange as much as a verbal exchange. As such, we did not change the 
wording here. 
 
However, for consistency with other items, we replaced “with each other” 
with “between members of the project” as such: 
 
“Discussions between members of the project are conducted 
constructively”. 



 

461 
 

Feedback Result 

“Project members are prepared to question the work that is being done in the 
project”  
 
Are they only prepared to question the work or do they actually question the 
work? 

The items assesses whether they are prepared (this is how the original item 
is worded). Therefore, we did not change the wording. 

“Connected processes and activities are well coordinated with each other”  
 
What does “connected” mean? 

For clarity, we replaced “Connected” with “Related”: 
 
“Related processes and activities are well coordinated with each other.” 

“In order to achieve the best possible outcome, project members are critical 
about potential weaknesses in the project tasks they are working on.”  
 
Sentence structure may be confusing as respondents will be speculating 
about other people’s activities. 

No other judge seemed to have any problem with this. Many other items 
have similar wording. 
 
No change was made. 

“The project has clear criteria which members try to meet in order to achieve 
excellence as a team.”  
 
Add N/A tag. 

“N/A” tag added to this question. 

“The overall quality of the developed software is high.”  
 
(a) What do you mean by quality? 
 
(b) Also, you are assuming that they have already built a working application. 
 

We concluded that terms like “quality” would have a common 
understanding among software developers, although it is obviously multi-
dimensional 
 
 “N/A” tag added to question. 

“The software being developed meets expectations with respect to response 
time.”  
 
Respond time with respect to whom – users or developers? 

Item updated to: 
 
“The software being developed meets expectations with respect to the 
software’s response time.” 
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Feedback Result 

In the section on conflict, add an “N/A” option for the items since in some 
projects, there may not be any conflict at all. 

“N/A” option added. 

“This project is designed to let everyone participate in determining the 
software requirements.”  
 
What do you mean by “everyone”? 

We replaced “everyone” with “all members of the project”. 
 
“This project is designed to let all members of the project participate in 
determining the software requirements”. 

“Software requirements are easily noted by project members.”  
 
“easily noted” is a little fuzzy, people may not know what this mean as 
opposed to the term “readily observable” in another similar item which is 
much clearer. 
 
Same comment made by another judge. 

Item updated to: 
 
“It is easy for project members to familiarize themselves with software 
requirements.” 

“It is difficult to find references to software requirements.”  
 
The word “references” is a little confusing - maybe add an example of what 
this means. 

Item updated to: 
 
“It is difficult to find references made to software requirements (e.g., a 
mailing list post specifically referring to software requirements).” 

“Software requirements are not very visible.”  
 
What do you mean by visible? Maybe provide an example. 

Updated item to: 
 
“Software requirements are not very visible to project members.” 
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Feedback Result 

“There are established norms against noncompliance such as when projects 
members fail to get along with other members.”  
 
The term “norms” is a little fuzzy. 

The following definition was added in the introductory text of this section: 
 
“Group norms are behavioral expectations within the project.” 
 
Also, for consistency, this item was updated to: 
 
“There are established group norms against noncompliance such as when 
projects members fail to get along with one another.” (the word “group” was 
added). 

“Norms that safeguard the project against noncompliance by given project 
members are established.”  
 
The wording of this item is a little convoluted. 

Item updated to: 
 
“Group norms are established in order to safeguard the project against 
noncompliance.” 
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Feedback Result 

“Corrective actions are carried out when given project members continually 
fail to comply with group norms.”  
 
Provide examples of what is meant by corrective actions. 

Introductory text updated to: 
“This section has to do with conflict within the project, with the expectations 
there are with regard to conflict, and how conflict is dealt with once it arises. 
Group norms are behavioral expectations within the project. Collective 
sanctions and reprisals are actions such as flaming, spamming, and 
shunning.” 
 
Also, we updated the following item of the Collective Sanctions construct 
given that the definition for sanctions is now provided up-front: 
 
Previous item: 
“Collective sanctions such as flaming, spamming, and shunning are carried 
out in the event of continued noncompliance with group norms.” 
 
New version: 
“Collective sanctions are carried out in the event of continued 
noncompliance with group norms.” 
 
 

“There are group norms about what happens to projects members when they 
fail to comply.”  
 
Group norms vs. just norms in other questions – be consistent in how you 
refer to norms. 
 
Same comment with regard to “Collective sanctions” vs. just “sanctions”. 

All items updated so that they include the following terms: “groups norms” 
and “collective sanctions”. 

Maybe define “sanctions” up front because some items define it and some do 
not. 

Done. 
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Table 283. Project Members Questionnaire - Round 2 Feedback with MIS PhD Students 

Comment My Recommended Change 

 “The following questions are about the goals of the open source project 
and specifically speak to objectives for the project, the manner in which 
they are stated, and by whom.” 
 
Judge doesn’t like the term “speak to”. 

We replaced “speak with” to “pertain”.  
 
New introductory text updated to: 
 
“The following questions are about the goals of the open source project. 
They pertain to project objectives, how they are stated, and by whom.” 

 “Project goals are easily perceived”  
 
What does this mean? Perception is different from visibility. Judge did not 
know how to answer this one. 

Item updated to: 
 
“Project goals are very apparent to project members.” 

 “Project goals are readily observable by project members”  
 
Judge found that this item makes sense – much easier to understand than 
“Project goals are easily perceived”. 

N/A 

In the introductory text: “The following questions are about the rules....”, 
spell out the acronym “CVS” since this is the first time it appears in the 
questionnaire. 

Change applied. 

 “There is ambiguity when it comes to what are the goals for the project.”  
 
Replace “when it comes to what are the goals” with “as to what the goals 
are for the project”. 

Updated item to: 
 
“There is ambiguity about the goals for the project.” 

 “It is difficult to find references to project goals”  
 
What do you mean by “references”. The word “references” is a little 
confusing - maybe add an example of what this means. 

Updated item to: 
 
 “It is difficult to find references made to project goals (e.g., a mailing list post 
specifically referring to project goals).” 
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Comment My Recommended Change 

 “If they wish to change roles, project members can freely decide this by 
themselves..”  
 
Decide only or change as well? 

Updated item to: 
 
“If they wish to change roles, project members can freely decide and 
accomplish this by themselves.” 

You may want to add an “N/A” category to the project goals section.  “N/A” category added. 

 “There is ambiguity about how project information should be used and 
managed.”  
 
For all of the “information items”, the word “information” is fuzzy - maybe 
add examples. 
 
“How it should be used”, what does this mean? All of these “information” 
items should be clarified. 

I order to address this issue, we updated this section’s introductory text to 
clearly define, with the help of examples, what is meant by “use and 
management of information”. 
 
The introductory was updated to: 
 
The following questions are about the rules established in the open source 
project. By rules, we mean rules about things like who can become a project 
member, how technological tools like mailing lists and the Concurrent 
Versions System (CVS) are to be used, or rules about how project 
information should be used by project members (e.g., everyone should be 
using public mailing lists or newsgroups to carry out their discussions, as 
opposed to personal emails; project members with CVS 
commit privileges should read the CVS commit guidelines before committing 
any code, etc.). 
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Table 284. Project Administrators Questionnaire - Round 3 Feedback with Practitioners 

Feedback Result 

Replace “CVS” with “Source code management systems” in the instructions, 
introductory texts, and items. 
 
A similar comment was made: CVS is one of many version control systems - call 
this VCS - version control system -- more generic term. 

All items and instructions referring to “CVS” were updated to refer 
to a “source code version control system” 

“There are social pressures such as accepted rules against noncompliance by 
project members.” 
 
Revise the wording here -- confusing. 

The item was updated to the following: 
 
“Accepted rules against noncompliance by project members are 
applied via social pressure from other project members.” 
 

Great list of questions for project administrators to assess projects. N/A 

“This project is partitioned into a development branch and a stable branch.” 
 
“Stable branch” and “release branch” should be plural as some larger projects 
almost always have multiple branches. Projects can have multiple branches. 

The item was updated to the following: 
 
“This project is partitioned into one or multiple development 
branch(es) and stable branch(es).” 

“There is a well defined timetable for software releases.” 
 
The answers to this question will probably be “No”. 

The item was updated to the following: 
 
“This project generally has well defined timetables for software 
releases.” 

“This project does not carry out any kind of project branching.”  
 
Replace “project branching” with “source code branching” in order to make this 
statement more specific. 

The item was updated to the following: 
 
“This project does not carry out any kind of source code 
branching.” 
 
Same change applied to other “branching” items.  
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Feedback Result 

“Software releases are planned by a release manager.” 
 
Maybe indicate someone who has the role of a release manager -- or who 
assumes the role of release manager, also there may be more than 1 person who 
does this. 

The item was updated to the following: 
 
“Software releases are planned by one or many individuals who 
assume(s) the role of release manager.” 
 

“There is a release manager who oversees software releases.” 
 
Rephrase this so that it reads that there are individuals who assume the role of 
release manager. --- In Other words, different individuals can take on this role at 
different times, hence the change in wording to “…who assume the role of…” 

The item was updated to the following: 
 
“There is/are one or many individuals who assume(s) the role of 
release manager who oversee(s) software releases.” 
 

“Software requirements are imprecise.” 
 
Add “…for this project…” --- same for other similar items. 

The item was updated to the following: 
 
“Software requirements for this project are imprecise.” 

“CVS write access privileges are limited to project administrators only.”  
 
More of a Yes/No scale. 

Adding the word “typically” or “generally” may address this issue. 
The item was updated to the following: 
 
“CVS write access privileges are typically limited to project 
administrators only.”  
 

“There is ambiguity around CVS commit policies.”  
 
Change “policies” to “mechanisms” or “techniques” or “procedures” – “policy” is too 
general (for instance, as an example for a procedure, you could include the 
following: you always commit to a new branch -- not the main branch -- until 
someone reviewed your code -- and then merge when you get approval). 

Any mention of “policies” was replaced with “procedures”.  
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Feedback Result 

“CVS commit policies” as in the item “CVS commit policies are imprecise”. 
 
Does this refer to granting commit privileges or to the process of committing? 
These are two different things. 

Replacing “policies” with “procedures” will help clarify this. Also, a 
slight rewording of the item may also help. 
 
The item was updated to the following: 
 
“The procedures for committing changes to the source code 
version control system are imprecise.” 

Replace “The project” with “This project” to make it clear that these items are about 
their project in particular. 

Changes were made so that all items that refer to “the project” 
refer to “this project”. 

“The software being developed meets intended functional requirements.” 
 
How can it meet functional requirements if it is still being developed? 

N/A option tags were added to each question. 

“Project members are prepared to question the work that is being done in this 
project.” 
 
Be more specific on what sort of work is questioned. 

No change was made. 

“The software being developed meets expectations with respect to the software’s 
response time.” 
 
Be clear on what you mean by “response time”. 

No change was made. 
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Table 285. Project Members Questionnaire - Round 3 Feedback with Practitioners 

Feedback Result 

Differentiate more between project administrators and project members - for 
example in the decision-making questions since respondents may consider 
projects members to include project administrators. 

These terms were defined where needed. 

“This section is about the roles that project members can assume in a 
project (e.g., developer, user interface designer, tester, etc.), the decisions 
that they can make, and who gets to make those decisions.” 
 
The last part is repetitive --- if they make decisions then they are the one 
who get to make these decisions. 

There is a clear difference between the decisions that can be made in a 
project and who gets to make those decisions. 
 
Therefore, no change was made. 
 
 

“The rules that underlie the use of technological tools are imprecise.”  All items referring to “technological tools” were updated by replacing 
“technological tools” with “technical tools”. 

“Membership rules for joining this project are imprecise.”  
 
“Joining” is a big word --- what do you mean by joining? -- you actually 
move into a project – there may not be a clear membership step. 

New item was updated to: 
 
“Membership rules for taking part in this project are imprecise.”  
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Appendix C – Pilot Study Scale Reliability Scores and 
Scale Changes 

1. Governance Dimension: Chartering the Project 
 
1.1 Goal Visibility 
 

Original Scale, αααα=0.845; Revised Scale, αααα=0.830  

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project goals are not very 
visible to project members. (R) 

1 7 5.03 1.828 0.825 

2 
Project goals are very apparent 
to project members. (D) 

1 7 5.24 1.570 0.830 

3 

It is difficult to find references to 
project goals (e.g., a mailing list 
post specifically referring to 
project goals). (R) 

1 7 4.69 1.878 0.786 

4 
Project goals are readily 
observable by project members. 

1 7 5.26 1.509 0.771 

(R) Indicates reverse-coded items.  
(D) Indicates dropped items. 
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1.2 Goal Clarity 
 

Original Scale, αααα=0.776; Revised Scale, αααα=0.849 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project goals are stated in 
general terms (as opposed to 
more specific terms). (R) (D) 

1 7 3.49 1.797 0.846 

2 
Goals for this project are 
imprecise. (R) 

1 7 4.93 1.876 0.677 

3 
There is ambiguity about the 
goals of this project. (R) (D) 

1 7 5.04 1.876 0.728 

4 
There are well defined project 
goals 

1 7 4.99 1.709 0.691 

5 Project goals are clearly stated 1 7 5.18 1.592 0.699 

(R) Indicates reverse-coded items.  
(D) Indicates dropped items. 
 
1.3 Goal Origin 
 

Original Scale, αααα=0.799 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project goals are mostly 
suggested by project members. 

1 7 5.22 1.534 0.762 

2 
The majority of members in this 
project get an opportunity to 
participate in goal setting. 

1 7 5.11 1.712 0.674 

3 
This project is designed so as 
to allow project goals to 
originate from project members. 

1 7 4.98 1.761 0.735 

(R) Indicates reverse-coded items. 
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2. Governance Dimension: Community Management 
 
2.1 Decision-making 
 

Original Scale, αααα=0.867 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
As a member of this project, I 
can participate in the decision-
making process. 

1 7 5.35 1.493 0.813 

2 
The majority of members of this 
project get an opportunity to 
participate in decision making. 

1 7 5.02 1.646 0.796 

3 
This project is designed to let all 
members of the project 
participate in decision making. 

1 7 4.78 1.698 0.829 

(R) Indicates reverse-coded items. 
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2.2 Rule Clarity 
 

Original Scale, αααα=0.768; Revised Scale, αααα=0.805 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Project membership rules are 
stated in general terms (as 
opposed to more specific 
terms). (R) (D) 

1 7 3.77 1.663 0.817 

2 
Membership rules for taking 
part in this project are 
imprecise. (R) 

1 7 4.41 1.835 0.667 

3 
There is ambiguity with regards 
to project membership rules. 
(R) 

1 7 4.61 1.759 0.725 

4 
There are well defined project 
membership rules. (D) 

1 7 4.35 1.721 0.699 

5 
Project membership rules are 
clearly stated. 

1 7 4.57 1.761 0.693 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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2.3 Member Roles 
 

Original Scale, αααα=0.586 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project members self-select into 
roles offered by this project. 

1 7 5.33 1.568 0.345 

2 
Project members decide which 
roles they would like to assume. 

1 7 5.44 1.460 0.260 

3 

When considering the different 
roles available, project 
members are encouraged to 
assume roles of their choice. 

2 7 5.49 1.380 0.380 

4 

Other members of this project 
specifically ask project 
members to fill certain roles. (R) 
(C) 

1 7 3.94 1.741 0.859 

(R) Indicates reverse-coded items. 
(C) Indicates a change in wording for the main study: “Project members are suggested 
to fill certain roles.” 
 



 

476 
 

2.4 Member Role Changes 
 

Original Scale, αααα=0.627 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

If they wish to change roles, 
project members can freely 
decide and accomplish this by 
themselves. 

1 7 4.98 1.677 0.498 

2 
Project members can decide to 
assume a different role in this 
project. 

1 7 5.30 1.503 0.420 

3 
Project members are 
encouraged to change roles as 
they see fit. 

1 7 4.85 1.514 0.418 

4 

Other members of this project 
ask project members to assume 
specific roles in this project. (R) 
(C) 

1 7 4.37 1.713 0.797 

(R) Indicates reverse-coded items. 
(C) Indicates a change in wording for the main study: “Project members are suggested 
to assume specific roles in this project.” 
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3. Governance Dimension: Software Development Processes 
 
3.1 Software Requirements Visibility 
 

Original Scale, αααα=0.866; Revised Scale, αααα=0.806 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
It is difficult for project members 
to locate or access software 
requirements. (R) 

1 7 4.75 1.730 0.802 

2 
Software requirements for this 
project are easily identified by 
project members. (D) 

1 7 5.04 1.549 0.833 

3 

It is easy for project members to 
familiarize themselves with 
software requirements for this 
project. 

1 7 4.82 1.519 0.825 

4 

It is difficult to find references to 
software requirements for this 
project (e.g., a mailing list post 
specifically referring to software 
requirements). (R) 

1 7 4.71 1.993 0.892 

5 
Software requirements for this 
project are readily observable 
by project members. (D) 

1 7 5.02 1.490 0.834 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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3.2 Software Requirements Clarity 
 

Original Scale, αααα=0.842; Revised Scale, αααα=0.776 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Software requirements for this 
project are stated in general 
terms (as opposed to more 
specific terms). (R) 

1 7 3.25 1.707 0.854 

2 
Software requirements for this 
project are imprecise. (R) 

1 7 4.37 1.800 0.764 

3 
There is ambiguity around 
requirements for the software 
being developed. (R) (D) 

1 7 4.53 1.678 0.851 

4 
There are well defined software 
requirements for this project. 

1 7 4.69 1.827 0.784 

5 
Requirements for the software 
are clearly stated. (D) 

1 7 4.76 1.557 0.784 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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3.3 Software Requirements Origin 
 

Original Scale, αααα=0.816 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

As a member of this project, I 
have a real say in how the 
software requirements are 
determined. 

1 7 5.81 1.585 0.856 

2 

The majority of members of this 
project get a chance to 
participate in setting the 
software requirements. 

1 7 5.21 1.819 0.623 

3 

This project is designed to let all 
members of the project 
participate in determining the 
software requirements. 

1 7 5.19 1.815 0.724 

(R) Indicates reverse-coded items. 



 

480 
 

3.4 Task Assignment 
 

Original Scale, αααα=0.834 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project members self-select into 
tasks offered by this project. (D) 

1 7 5.30 1.808 0.761 

2 
Project members decide what 
tasks they would like to work 
on. 

1 7 5.57 1.632 0.725 

3 
Project members are 
encouraged to work on tasks of 
their choice. 

1 7 5.56 1.538 0.756 

4 
Project members are 
specifically asked to work on 
certain tasks. (R) (C) 

1 7 3.87 1.694 0.893 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
(C) Indicates a change in wording for the main study: “Project members are suggested 
to work on certain tasks.” 
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3.5 CVS Roles (Centralization) 
 

Original Scale, αααα=0.659 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Write access privileges for this 
project's source code version 
control system are typically 
limited to project administrators 
only. 

1 7 2.68 2.101 0.414 

2 

Write access privileges for this 
project's source code version 
control system are generally 
granted to other project 
members, in addition to project 
administrators. (R) 

1 7 2.25 1.628 0.357 

3 

Only one individual in this 
project typically possesses write 
access privileges to the source 
code version control system. 

1 7 1.43 0.888 0.737 

(R) Indicates reverse-coded items. 
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3.6 CVS Clarity 
 

Original Scale, αααα=0.875; Revised Scale, αααα=0.871 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

The source code version control 
system's commit procedures 
are stated in general terms (as 
opposed to more specific 
terms). (R) (D) 

1 7 3.59 1.767 0.887 

2 

The procedures for committing 
changes to the source code 
version control system are 
imprecise. (R) 

1 7 4.57 1.848 0.812 

3 

There is ambiguity around the 
source code version control 
system's commit procedures. 
(R) 

1 7 4.98 1.785 0.847 

4 
There are detailed commit 
procedures for the source code 
version control system. 

1 7 4.02 1.995 0.827 

5 
The source code version control 
system's commit procedures 
are clear. (D) 

1 7 5.24 1.601 0.859 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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3.7 Release Manager Role 
 

Original Scale, αααα=0.542 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

There typically is/are one or 
many individuals who 
assume(s) the role of release 
manager who oversee(s) 
software releases. 

1 7 5.76 1.733 0.522 

2 
Software releases are generally 
managed by specific 
individuals. 

1 7 5.94 1.557 0.383 

3 

Software releases are typically 
planned by one or many 
individuals who assume(s) the 
role of release manager. 

1 7 5.82 1.574 0.419 

 
3.8 Project Partitioning 
 

Original Scale, αααα=0.783 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

This project is generally 
partitioned into one or multiple 
development branch(es) and 
stable branch(es). 

1 7 5.15 2.000 0.770 

2 

Source code branching is 
typically applied in order to 
distinguish development 
versions of the software and 
more stable release candidates. 

1 7 5.30 1.999 0.531 

3 
This project generally does not 
carry out any kind of source 
code branching. (R) 

1 7 5.06 2.230 0.797 

(R) Indicates reverse-coded items. 
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3.9 Timetables for Software Releases 
 

Original Scale, αααα=0.760; Revised Scale, αααα=0.817 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

This project’s timetables for 
software releases are stated in 
general terms (as opposed to 
more specific terms) (e.g. the 
next software release will take 
place in the next 3 months as 
opposed to on May 1st). (R) (D) 

1 7 3.04 1.762 0.850 

2 
The timetables for software 
releases for this project are 
imprecise. (R) 

1 7 3.21 1.967 0.614 

3 

There is ambiguity when it 
comes to this project's 
timetables for software 
releases. (R) 

1 7 3.56 2.143 0.730 

4 
This project generally has well 
defined timetables for software 
releases. 

1 7 3.44 2.093 0.647 

5 
This project’s timetables for 
software releases are clearly 
stated. (D) 

1 7 3.42 1.944 0.675 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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4. Governance Dimension: Conflict Resolution 
 
4.1 Noncompliance Norms 
 

Original Scale, αααα=0.888 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Accepted rules against 
noncompliance by project 
members are applied via social 
pressure from other project 
members. 

1 7 3.79 1.610 0.925 

2 

There are group norms about 
what happens to project 
members when they fail to 
comply (e.g., when a given 
project member refuses to 
contribute code that meets the 
design objectives for the 
software). 

1 7 3.26 1.928 0.825 

3 

There are established group 
norms against noncompliance 
such as when projects 
members fail to get along with 
one another. (D) 

1 7 3.32 1.934 0.813 

4 

Group norms are established in 
order to safeguard this project 
against noncompliance (e.g., 
when project members fail to 
adhere to agreed upon software 
development plans). 

1 7 3.91 2.123 0.837 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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4.2 Collective Sanctions 
 

Original Scale, αααα=0.835 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Collective sanctions are carried 
out in the event of continued 
noncompliance with group 
norms. 

1 7 3.03 1.886 0.767 

2 

Reprisals are carried out when 
project members continually 
refuse to comply with group 
norms. 

1 7 3.40 1.913 0.785 

3 

Continued noncompliance with 
group norms by project 
members results in the 
enforcement of sanctions. 

1 7 3.14 1.896 0.742 

4 

Corrective actions are carried 
out when given project 
members continually fail to 
comply with group norms. (D) 

1 7 3.94 1.984 0.861 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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5. Governance Dimension: Use of Information and Tools 
 
5.1 Information Rule Clarity 
 

Original Scale, αααα=0.828; Revised Scale, αααα=0.807 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Rules about how project 
information should be shared 
are stated in general terms (as 
opposed to more specific 
terms). (R) (D) 

1 7 3.79 1.440 0.840 

2 
The rules that underlie how 
project information should be 
distributed are imprecise. (R) 

1 7 4.26 1.794 0.779 

3 
There is ambiguity about how 
project information should be 
shared. (R) 

1 7 4.39 1.793 0.766 

4 
There are well defined rules 
about how project information 
should be shared. 

1 7 4.18 1.781 0.786 

5 

Rules about how project 
information should be 
communicated are clearly 
stated. (D) 

1 7 4.54 1.694 0.786 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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5.2 Information Rule Enforcement 
 

Original Scale, αααα=0.708 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
How project information should 
be shared is dictated by rules. 

1 7 4.16 1.735 0.533 

2 

Project members are obliged to 
communicate project 
information in prescribed ways 
according to established rules. 

1 7 4.12 1.870 0.577 

3 

Project members are free to 
decide whether to follow 
established rules regarding how 
project information should be 
shared. (R) 

1 7 3.95 1.561 0.715 

(R) Indicates reverse-coded items. 
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5.3 Tools Clarity 
 

Original Scale, αααα=0.781; Revised Scale, αααα=0.763 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Rules about the use of technical 
tools are stated in general 
terms (as opposed to more 
specific terms). (R) (D) 

1 7 4.22 1.603 0.826 

2 
The rules that underlie the use 
of technical tools are imprecise. 
(R) 

1 7 4.33 1.792 0.701 

3 
There is ambiguity about how 
technical tools should be used. 
(R) 

1 7 4.62 1.712 0.752 

4 
There are well defined rules 
about the use of technical tools. 
(D) 

1 7 4.21 1.790 0.703 

5 
There are clearly stated rules 
about how technical tools 
should be utilized. 

1 7 4.13 1.797 0.694 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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5.4 Tools Enforcement 
 

Original Scale, αααα=0.807 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
The mandatory use and 
management of technical tools 
are dictated by rules. 

1 7 3.77 1.766 0.702 

2 

Project members are free to 
decide whether to follow 
established rules regarding the 
use of technical tools. (R) 

1 7 3.82 1.758 0.849 

3 
The mandatory use of technical 
tools is dictated by rules. (D) 

1 7 3.87 1.831 0.753 

4 

Project members are obliged to 
use technical tools in prescribed 
ways according to established 
rules. 

1 7 4.20 1.767 0.706 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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6. Governance Purposes 
 
6.1 Climate for Project Excellence 
 

Original Scale, αααα=0.852 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Project members provide useful 
ideas and practical help to 
enable others to contribute to 
this project to the best of their 
ability. 

3 7 5.73 1.115 0.826 

2 
Project members monitor each 
other so as to maintain a higher 
standard of work. 

1 7 4.84 1.488 0.839 

3 
Project members are prepared 
to question the work that is 
being done in this project. 

1 7 5.45 1.331 0.832 

4 

In order to achieve the best 
possible outcome, project 
members are critical about 
potential weaknesses in the 
project tasks they are working 
on. 

1 7 5.16 1.690 0.819 

5 

Members of this project build on 
each other's ideas in order to 
achieve the best possible 
outcome. 

1 7 5.39 1.443 0.830 

6 

There is a real concern among 
members of this project that the 
project should achieve the 
highest standards of 
performance. 

2 7 5.14 1.562 0.848 

7 

This project has clear criteria 
which members try to meet in 
order to achieve excellence as 
a team. 

1 7 4.65 1.481 0.823 

(R) Indicates reverse-coded items. 
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6.2 Coordination Effectiveness 
 

Original Scale, αααα=0.776 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Duplicated and overlapping 
activities are avoided. 

1 7 5.00 1.778 0.838 

2 
There are no problems in 
coordinating between project 
members. 

1 7 4.71 1.689 0.663 

3 
Conflicts among project 
members are settled quickly. 

1 7 5.27 1.524 0.714 

4 
Related processes and 
activities are well coordinated 
with each other. 

1 7 4.75 1.383 0.708 

5 
Discussions between members 
of this project are conducted 
constructively. 

2 7 5.84 1.239 0.728 
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7. Software Project Performance 
 

Original Scale, αααα=0.795 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
The software being developed 
is reliable. 

3 7 5.67 1.178 0.705 

2 
The software being developed 
is easy to maintain. 

1 7 4.53 1.567 0.807 

3 
The software being developed 
meets intended functional 
requirements. 

3 7 5.75 0.997 0.773 

4 
The software being developed 
meets expectations with respect 
to the software’s response time. 

3 7 5.33 1.089 0.759 

5 
The overall quality of the 
developed software is high. 

3 7 5.35 1.309 0.733 

(R) Indicates reverse-coded items. 
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Appendix D – Rwg(j) Analyses For Separate Datasets 
 
Table 286. Rwg(j) Analysis – Project Administrators – First Set of Constructs 

Project Name 
Group 

Size 

Climate 

for 

Excellence 

Coordination 

Effectiveness 
Performance 

Noncompliance 

Norms 

Collective 

Sanctions 

Release 

Mgr 

Role 

Allegro game 

programming library 
2 0.9767 0.9722 0.9211 0.9706 1.0000 0.0000 

Aperture 2 0.7368 0.9593 0.9896 0.5000 0.0000 0.8077 

Archimedes: An 

architecture open CAD 
2 0.7532 0.5921 0.9840 0.4412 0.0000 0.0000 

Archive of formal 

proofs 
2 0.9947 0.8190 0.9722 0.0000 0.0000 0.0000 

Bellagio OpenMAX 

Integration Layer 
3 0.5833 0.0000 0.8424 0.0000 0.0000 0.9808 

Chemical Markup 

Language 
2 0.6312 0.0000 0.6250 0.5526 0.9546 0.0000 

DocBook 2 0.8898 0.9375 0.9524 0.0000 0.0000 0.9000 

Dresden OCL 2 0.8750 0.9722 0.7065 0.0000 0.0000 0.9857 

DrJava 2 0.9767 0.9840 0.9896 0.8333 0.8077 0.9546 

Enhanced Machine 

Controller 
3 0.0000 0.0000 0.0000 0.0000 0.0000 0.7703 

EpiDoc: Epigraphic 

Documents in TEI XML 
2 0.9503 0.9211 0.9722 0.7500 0.0000 0.9857 

Fedora Commons 2 0.9947 0.8190 0.8929 0.0000 0.0000 0.0000 

FoSSology 2 0.7000 0.0000 0.7292 0.8333 0.0000 0.0000 

Foswiki 3 0.9599 0.9028 0.9524 0.7701 0.0000 0.9375 

FreeMED 2 0.0000 0.1136 0.9659 0.9546 0.5526 1.0000 

FreeNAC 3 0.9192 0.8140 0.8594 0.0000 0.0000 0.0000 

FreeWRL VRML/X3D 

browser 
2 0.9211 0.9524 0.9593 0.7800 0.0000 0.7174 
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Project Name 
Group 

Size 

Climate 

for 

Excellence 

Coordination 

Effectiveness 
Performance 

Noncompliance 

Norms 

Collective 

Sanctions 

Release 

Mgr 

Role 

Generic Model 

Organism Database 

Project 

2 0.0000 0.8190 0.0000 0.0000 0.0000 0.9194 

GGNFS suite 2 0.3500 0.0000 0.9028 1.0000 1.0000 0.9546 

Jmol 2 0.9503 0.9659 0.9659 0.9546 0.0000 1.0000 

LARL Prser Generator 2 0.9663 0.4688 0.9375 0.0000 1.0000 0.0000 

LTfLL 2 0.0000 0.0000 0.0000 0.0000 0.0000 0.9546 

marsyas 2 0.9767 0.9722 0.9840 0.9706 0.9706 0.9706 

MeshLab 2 0.9586 0.7062 0.7292 0.5526 0.3750 0.9546 

MeVisLab Community 2 0.9095 0.7870 0.2083 0.9000 0.9546 0.0000 

Munin 2 0.9699 0.8929 0.8712 0.0000 0.0000 1.0000 

OpenMI 2 0.8826 0.9122 0.9840 0.0000 0.0000 0.9194 

OpenMS 2 0.9460 0.7870 0.9524 0.5000 0.0000 1.0000 

QTItools 2 0.0000 0.0000 0.8929 0.0000 0.0000 1.0000 

Role playing Tools 2 0.9586 0.9593 0.9524 0.0000 0.2143 0.9706 

SAGA GIS 2 0.7000 0.9211 0.9659 0.6818 0.0000 0.9546 

Tiki Wiki CMS 

Groupware 
3 0.9489 0.9476 0.9524 0.0000 0.0000 0.9490 

Timesheet Next Gen 2 0.8826 0.7870 0.9211 0.0000 0.0000 0.9706 

Topographica 2 0.9891 0.9659 0.8824 0.7174 0.0000 0.9375 

VIPS 2 0.9734 0.9949 0.9295 0.0000 0.0000 0.9857 

 

Mean 0.7493 0.6756 0.8099 0.3904 0.2237 0.6995 

St Dev 0.3404 0.3821 0.2912 0.4066 0.3895 0.4220 

Min 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Max 0.9947 0.9949 0.9896 1.0000 1.0000 1.0000 
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Table 287. Rwg(j) Analysis – Project Administrators – Second Set of Constructs 

Project Name Group Size Partitionning Timetables 
SR 

Visibility 

SR 

Clarity 

SR 

Origin 

Task 

Assignment 

CVS 

Roles 

CVS 

Clarity 

Allegro game 

programming 

library 

2 0.7800 0.0000 0.6818 0.9194 0.9706 0.0000 0.7174 0.9194 

Aperture 2 0.0000 0.7174 0.0000 0.6818 0.9194 0.9194 0.3750 0.4412 

Archimedes: An 

architecture 

open CAD 

2 0.5000 0.5526 0.0000 0.6000 0.5526 0.9706 0.8571 0.0000 

Archive of 

formal proofs 
2 0.0000 0.0000 0.0000 0.6818 0.8333 0.8333 1.0000 0.8571 

Bellagio 

OpenMAX 

Integration 

Layer 

3 0.0000 0.3750 0.2727 0.2727 0.8077 0.9808 0.0000 0.0000 

Chemical 

Markup 

Language 

2 0.6818 0.8571 0.8333 0.0000 0.0000 0.9000 0.0000 0.6818 

DocBook 2 0.2143 0.9194 0.0000 0.9194 0.9706 0.9375 1.0000 0.5526 

Dresden OCL 2 0.0000 0.9706 0.4412 0.7800 0.9857 0.3000 1.0000 0.9194 

DrJava 2 0.5526 0.9706 0.8333 0.7500 0.9706 0.8571 0.6819 0.9194 

Enhanced 

Machine 

Controller 

3 0.0000 0.7703 0.0790 0.8571 0.0000 0.5357 0.0000 0.0000 

EpiDoc: 

Epigraphic 

Documents in 

TEI XML 

2 0.0000 0.9546 0.3000 0.9000 1.0000 0.9857 0.0000 0.8571 

Fedora 

Commons 
2 0.0000 0.8571 0.9375 0.9194 1.0000 0.8077 1.0000 0.0000 

FoSSology 2 0.4412 0.5526 0.2143 0.0000 0.0000 0.9194 0.9706 0.7800 

Foswiki 3 0.9808 0.6563 0.8571 0.7059 0.9490 0.9255 1.0000 0.9000 

FreeMED 2 0.0000 0.8571 0.9546 0.9546 0.0000 0.9194 0.6000 1.0000 
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Project Name Group Size Partitionning Timetables 
SR 

Visibility 

SR 

Clarity 

SR 

Origin 

Task 

Assignment 

CVS 

Roles 

CVS 

Clarity 

FreeNAC 3 0.0000 0.0000 0.0000 0.0000 0.9490 0.5000 0.0000 0.0000 

FreeWRL 

VRML/X3D 

browser 

2 0.9706 0.7500 0.0000 0.0000 0.8077 0.0000 0.9375 0.9375 

Generic Model 

Organism 

Database 

Project 

2 0.9706 0.8333 0.0000 0.7800 0.0000 0.9000 0.6818 0.9546 

GGNFS suite 2 0.9375 0.0000 1.0000 0.7800 0.4412 0.9375 0.9000 0.8333 

Jmol 2 1.0000 0.9706 0.0000 0.0000 0.9546 0.0000 1.0000 0.5526 

LARL Prser 

Generator 
2 0.0000 0.8077 0.7500 0.9000 0.8333 0.9546 0.9706 0.6818 

LTfLL 2 0.0000 0.0000 0.0000 0.0000 0.9375 0.9194 1.0000 0.0000 

marsyas 2 0.3000 1.0000 0.8077 0.9706 0.8333 0.9857 1.0000 0.0000 

MeshLab 2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.9706 1.0000 

MeVisLab 

Community 
2 0.0000 0.0000 0.8333 0.9857 0.9857 0.8333 0.3750 0.8077 

Munin 2 1.0000 0.5000 0.9375 0.0000 0.9546 0.9706 1.0000 0.0000 

OpenMI 2 1.0000 0.9706 0.0000 0.0000 0.7174 0.7174 0.0000 0.6818 

OpenMS 2 0.8333 0.9000 0.9706 0.7174 0.9857 0.0000 0.9857 0.7500 

QTItools 2 0.0000 0.9857 0.0000 0.0000 0.9857 0.9000 0.9857 0.0000 

Role playing 

Tools 
2 0.8077 0.9857 0.6818 0.7800 0.8077 0.8077 0.5000 0.2143 

SAGA GIS 2 0.8077 0.9857 0.0000 0.9546 0.4412 0.8077 0.7174 0.0000 

Tiki Wiki CMS 

Groupware 
3 1.0000 0.0000 0.9600 0.0000 0.8415 0.9705 1.0000 0.0000 

Timesheet Next 

Gen 
2 0.8571 0.9000 0.5000 0.0000 0.9546 0.6000 0.9706 0.0000 

Topographica 2 0.9375 0.6000 0.2143 0.3000 0.4412 0.9194 0.9857 0.9375 

VIPS 2 0.9000 0.9375 0.6818 0.8333 0.9194 0.6819 0.0000 0.8333 

 Mean 0.4706 0.6325 0.4212 0.5127 0.7072 0.7199 0.6909 0.5146 
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Project Name Group Size Partitionning Timetables 
SR 

Visibility 

SR 

Clarity 

SR 

Origin 

Task 

Assignment 

CVS 

Roles 

CVS 

Clarity 

St Dev 0.4323 0.3816 0.4007 0.4053 0.3625 0.3352 0.3929 0.4084 

Min 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Max 1.0000 1.0000 1.0000 0.9857 1.0000 0.9857 1.0000 1.0000 
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Table 288. Rwg(j) Analysis – Project Members – First Set of Constructs 

Project Name 
Group 

Size 

Climate 

for 

Excellence 

Coordination 

Effectiveness 
Performance 

Goal 

Visibility 

Goal 

Clarity 

Goal 

Origin 
Roles 

Adempiere ERP Business 

Suite 
7 0.8372 0.7186 0.2246 0.1500 0.0000 0.5207 0.6049 

AMOS 2 0.8750 0.0000 0.0000 0.0000 0.0000 0.0000 0.4800 

Apertium: machine 

translation toolbox 
4 0.9173 0.8929 0.9712 0.4811 0.3387 0.9000 0.8193 

Aperture 2 0.8595 0.9451 0.9211 0.3000 0.9706 0.0000 0.0000 

Archive of Formal Proofs 3 0.3070 0.8674 0.9476 0.5000 0.0000 0.0000 0.5714 

Biological Pathway 

Exchange Language 
2 0.0000 0.0000 0.4688 0.6819 0.3000 0.6818 0.0000 

BRL-CAD 2 0.9546 0.9840 0.0000 0.3000 0.7800 0.6000 0.0000 

BZFlag - Multiplayer 3D 

Tank Game 
3 0.9032 0.7566 0.7813 0.0000 0.8077 0.9375 0.8888 

Collaborative Computing 

Project for NMR 
2 0.9032 0.0000 0.0000 0.7800 0.9000 0.0000 0.9346 

Csound 3 0.9192 0.8824 0.9476 0.8571 0.7895 0.7286 0.8254 

Cyberinfrastructure Shell 

(CIShell) 
2 0.8192 0.8824 0.0000 0.5526 0.2143 0.5526 0.8000 

Cytoscape 2 0.9625 0.9896 0.9722 0.9375 0.9546 0.8571 0.8193 

DAISY Pipeline 2 0.4565 0.7692 0.0000 0.5526 0.9000 0.0000 0.0000 

DocBook 2 0.9265 0.9028 0.9896 0.9857 1.0000 0.9194 0.9836 

eLML - eLesson Markup 

Language 
2 0.7824 0.9722 0.9451 0.9857 0.8333 0.5000 0.9920 

Enhanced Machine 

Controller 
3 0.9745 0.8594 0.9859 0.6818 0.0000 0.7059 0.9231 

eXist 5 0.9286 0.8689 0.9391 0.9444 0.9304 0.8878 0.7424 

Fedora Commons 2 0.9767 0.9375 0.8712 0.9194 0.9706 0.9857 0.8980 

Fink 3 0.9832 0.7566 0.9375 0.5357 0.8721 0.8077 0.7719 

FireScrum 4 0.9460 0.9488 0.9802 0.8933 0.7174 0.9286 0.9446 
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Project Name 
Group 

Size 

Climate 

for 

Excellence 

Coordination 

Effectiveness 
Performance 

Goal 

Visibility 

Goal 

Clarity 

Goal 

Origin 
Roles 

FOSSology 2 0.7532 0.9659 0.9896 0.8077 0.9706 0.7800 0.9109 

Free Pascal Compiler 2 0.9920 0.8468 0.9028 0.9546 0.0000 1.0000 0.5283 

Freedroid 2 0.0000 0.7870 0.9122 0.7174 0.0000 0.9706 0.0000 

Generic Model Organism 

Database Project 
5 0.9734 0.8594 0.9359 0.6589 0.8662 0.9375 0.9476 

GenoViz 2 0.8400 0.9659 0.9783 0.7174 0.9194 0.6818 0.0000 

GeoNetwork - Geographic 

Metadata Catalog 
2 0.9800 0.9896 0.9593 0.9857 0.9194 0.0000 0.0000 

glFusion CMS 2 0.9317 0.7500 0.9375 0.3000 0.8333 0.5526 0.9109 

gretl 3 0.9675 0.9322 0.8962 0.8077 0.6290 0.9706 0.6452 

GVC.SiteMaker 2 0.3500 0.1136 0.9783 0.3000 0.8333 0.7800 0.0000 

GWT-OpenLayers 2 0.9800 0.9659 0.9896 0.9194 0.8571 0.9000 0.9231 

Ikasan Enterprise 

Integration Platform 
3 0.9115 0.9211 0.9322 0.9255 0.0000 0.6000 0.8000 

iTest 2 0.0000 0.0000 0.9593 0.0000 0.0000 0.0000 0.0000 

Java Modeling Language 

(JML) 
4 0.5833 0.7143 0.8634 0.0000 0.0000 0.7800 0.6614 

jEdit 4 0.7340 0.7533 0.2885 0.4307 0.6628 0.2865 0.9501 

JHotDraw 2 0.6563 0.0000 0.8333 0.0000 0.0000 0.0000 0.0000 

Jmol 2 0.9586 0.8036 0.9722 0.9706 0.9546 0.7174 0.9655 

Kamailio (OpenSER) SIP 

server 
2 0.9832 0.8929 0.9896 0.5526 0.0000 0.9857 0.7568 

Kdenlive - KDE Non 

Linear Video Editor 
2 0.8495 0.9375 0.9295 0.6818 0.9857 0.9194 0.8696 

Lazarus Code and 

Compenent Repository 
2 0.5000 0.9451 0.9896 1.0000 0.9000 0.0000 0.8842 

libMesh: A C++ Finite 

Element Library 
2 0.9862 0.9659 0.9524 0.7174 0.0000 0.0000 0.8842 

libtorrent 3 0.8037 0.9476 0.9783 0.0000 0.0000 0.8250 0.8372 
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Project Name 
Group 

Size 

Climate 

for 

Excellence 

Coordination 

Effectiveness 
Performance 

Goal 

Visibility 

Goal 

Clarity 

Goal 

Origin 
Roles 

Madagascar 4 0.9274 0.8310 0.9500 0.8121 0.8898 0.6074 0.8818 

marsyas 5 0.8077 0.8160 0.8277 0.9611 0.7035 0.8919 0.9412 

MeshLab 5 0.9020 0.8361 0.9103 0.4535 0.5816 0.2500 0.0000 

MeVisLab Community 2 0.7532 0.9375 0.9211 0.0000 0.9706 0.9706 0.0000 

Mifos - Microfinance Open 

Source 
2 0.9625 0.8468 0.9028 0.7500 0.9194 0.4412 0.8980 

Ming - an SWF output 

library 
2 0.9032 0.9593 0.9295 0.5526 0.9000 0.9000 0.9455 

Mumble 2 0.9032 0.8468 0.8929 0.6819 0.9706 0.9000 0.8193 

NASA WorldWind 2 0.9891 0.5921 0.7065 0.6819 0.9000 0.5526 0.9109 

NFS 2 0.9625 0.9840 0.9722 0.8333 0.9857 1.0000 0.9836 

OpenBravo ERP 3 0.9699 0.8674 0.9821 0.8250 0.8077 0.8077 0.8980 

OpenMI 2 0.9862 0.9896 0.9659 0.0000 1.0000 1.0000 0.0000 

OWL API 4 0.8697 0.9464 0.9702 0.4811 0.5690 0.0000 0.0000 

PAMGUARD 3 0.7777 0.8824 0.8674 0.9375 0.9000 0.6290 0.0000 

Perl Data Language 4 0.9546 0.7104 0.9681 0.0000 0.0000 0.8647 0.9250 

phpMyAdmin 2 0.9920 0.9028 0.9211 0.0000 0.0000 0.8333 0.9655 

Plone 2 0.8299 0.8594 0.8712 0.9000 0.9706 0.9000 0.8980 

Proteomics Standards 

Initiative 
2 0.9800 0.9783 0.8190 0.9194 0.9000 0.8077 0.9557 

Qantenna 2 0.8898 0.9295 0.8594 0.0000 0.9706 0.9857 0.8696 

QTItools 3 0.8697 0.0000 0.9028 0.0000 0.3750 0.7895 0.8696 

queXS 2 0.7368 0.8929 0.8190 0.9375 0.8077 0.0000 0.0000 

RobotCub 3 0.8192 0.8140 0.9152 0.2727 0.0000 0.5690 0.0000 

Speed Dreams 2 0.9767 0.9783 0.9949 0.9546 0.9706 0.8571 0.7568 

Steel Bank Common Lisp 3 0.9229 0.9152 0.9743 0.8077 0.8415 0.9375 0.9718 

Stripes 4 0.9422 0.8594 0.9949 0.8933 0.0000 0.8647 0.5505 

SuperCollider 3 Plugins 2 0.0000 0.6250 0.9722 0.0000 0.0000 0.7500 0.7568 

Symphonic 3 0.8801 0.9152 0.9476 0.9255 0.8864 0.9490 0.9231 
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Project Name 
Group 

Size 

Climate 

for 

Excellence 

Coordination 

Effectiveness 
Performance 

Goal 

Visibility 

Goal 

Clarity 

Goal 

Origin 
Roles 

Tiki Wiki CMS Groupware 7 0.8892 0.7639 0.7432 0.6127 0.7025 0.8052 0.9253 

Tux Paint 3 0.5385 0.6985 0.9859 0.2727 0.8571 0.4615 0.0000 

umit 4 0.9032 0.9239 0.7927 0.7800 0.7752 0.7987 0.6501 

VDE: Virtual Distributed 

Ethernet 
2 0.9211 0.9659 0.9896 0.9706 0.9857 0.9706 0.9455 

Vdrift 2 0.9920 0.9122 0.9722 0.5526 0.0000 0.9857 0.9346 

XMLTV 2 0.9663 0.0000 0.9840 0.5526 0.8333 0.9000 0.0000 

 

Mean 0.8176 0.7804 0.8394 0.5864 0.6107 0.6600 0.6253 

St Dev 0.2464 0.2849 0.2666 0.3449 0.3969 0.3386 0.3893 

Min 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Max 0.9920 0.9896 0.9949 1.0000 1.0000 1.0000 0.9920 
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Table 289. Rwg(j) Analysis – Project Members – Second Set of Constructs 

Project Name 
Group 

Size 

Role 

Changes 

Decision 

Making 

Rule 

Clarity 

Info 

Rule 

Clarity 

Info Rule 

Enforcement 

Tools 

Clarity 

Tools 

Enforcement 

Adempiere ERP Business 

Suite 
7 0.0000 0.4138 0.0000 0.1875 0.0000 0.0000 0.0118 

AMOS 2 0.7792 0.0000 0.8571 0.0000 0.0000 0.7500 0.7500 

Apertium: machine 

translation toolbox 
4 0.8429 0.5443 0.9552 0.5443 0.3511 0.5769 0.7941 

Aperture 2 0.0000 0.0000 0.0000 0.9000 0.0000 0.9857 0.9546 

Archive of Formal Proofs 3 0.1482 0.0000 0.0000 0.7500 0.0000 0.0000 0.0000 

Biological Pathway 

Exchange Language 
2 0.0000 0.0000 0.0000 0.0000 0.2143 0.0000 0.6818 

BRL-CAD 2 0.0000 0.0000 0.0000 0.7800 0.2143 0.2143 0.0000 

BZFlag - Multiplayer 3D 

Tank Game 
3 0.1482 0.9906 0.2143 0.1500 0.8721 0.2143 0.7895 

Collaborative Computing 

Project for NMR 
2 0.8696 0.0000 0.7500 0.9000 0.0000 0.0000 0.8333 

Csound 3 0.8696 0.9808 0.0000 0.0000 0.0000 0.0790 0.6290 

Cyberinfrastructure Shell 

(CIShell) 
2 0.3636 0.7500 0.0000 0.6818 0.8333 0.2143 0.2143 

Cytoscape 2 0.6102 0.8571 0.0000 0.2143 0.6818 0.7800 0.9546 

DAISY Pipeline 2 0.1143 0.0000 0.0000 0.9000 0.6818 0.9000 0.7800 

DocBook 2 0.9109 0.9546 0.9000 0.9857 0.5000 0.0000 0.8077 

eLML - eLesson Markup 

Language 
2 0.9455 0.9546 0.8077 0.7800 0.0000 1.0000 0.8077 

Enhanced Machine 

Controller 
3 0.9383 0.9255 0.3261 0.8721 0.9130 0.4615 0.2143 

eXist 5 0.8603 0.9156 0.8431 0.9231 0.8750 0.8130 0.6177 

Fedora Commons 2 0.8696 0.9000 0.8333 0.9194 0.7174 0.8333 0.8077 

Fink 3 0.0000 0.0790 0.2727 0.6290 0.0000 0.0000 0.0000 

FireScrum 4 0.0000 0.9518 0.8292 0.7117 0.7800 0.6148 0.6496 
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Project Name 
Group 

Size 

Role 

Changes 

Decision 

Making 

Rule 

Clarity 

Info 

Rule 

Clarity 

Info Rule 

Enforcement 

Tools 

Clarity 

Tools 

Enforcement 

FOSSology 2 0.9346 0.7800 0.9546 0.9857 0.9706 0.9857 0.9706 

Free Pascal Compiler 2 0.0000 0.9194 0.0000 0.0000 0.0000 0.0000 0.0000 

Freedroid 2 0.9557 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Generic Model Organism 

Database Project 
5 0.7568 0.9079 0.0000 0.7105 0.0000 0.6177 0.3158 

GenoViz 2 0.8372 0.8077 0.8077 0.8077 0.7174 0.2143 0.7800 

GeoNetwork - Geographic 

Metadata Catalog 
2 0.0000 0.8333 0.8077 0.7500 0.9194 0.9546 0.9706 

glFusion CMS 2 0.7324 0.8333 0.0000 0.5526 0.2143 0.0000 0.8333 

gretl 3 0.9067 0.9490 0.9375 0.9000 0.1500 0.7500 0.7059 

GVC.SiteMaker 2 0.4800 0.0000 0.8333 0.9000 0.9194 0.9000 0.9375 

GWT-OpenLayers 2 0.0000 0.9375 0.8333 0.9546 0.9706 0.9706 0.7800 

Ikasan Enterprise 

Integration Platform 
3 0.4058 0.8721 0.8864 0.0000 0.0000 0.9808 0.0000 

iTest 2 0.0000 0.0000 0.8077 0.5526 0.0000 0.8333 0.4412 

Java Modeling Language 

(JML) 
4 0.0000 0.7941 0.0000 0.0000 0.0000 0.0000 0.0000 

jEdit 4 0.6281 0.5357 0.0000 0.0206 0.0000 0.0000 0.0000 

JHotDraw 2 0.0000 0.9706 0.0000 0.0000 0.9857 0.5526 1.0000 

Jmol 2 0.7568 0.9706 0.8333 0.9546 0.4412 0.0000 0.8333 

Kamailio (OpenSER) SIP 

server 
2 0.0000 1.0000 0.9375 0.4412 0.0000 0.0000 0.0000 

Kdenlive - KDE Non Linear 

Video Editor 
2 0.8980 0.9546 0.0000 0.0000 0.0000 0.0000 0.0000 

Lazarus Code and 

Compenent Repository 
2 0.8980 0.9194 0.0000 0.8077 0.0000 0.2143 0.0000 

libMesh: A C++ Finite 

Element Library 
2 0.5283 0.9000 0.3000 0.9000 0.6818 0.9194 0.9375 

libtorrent 3 0.9383 0.9490 0.0000 0.0000 0.0000 0.5357 0.0000 
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Project Name 
Group 

Size 

Role 

Changes 

Decision 

Making 

Rule 

Clarity 

Info 

Rule 

Clarity 

Info Rule 

Enforcement 

Tools 

Clarity 

Tools 

Enforcement 

Madagascar 4 0.7898 0.8165 0.5769 0.8829 0.7941 0.2586 0.8208 

marsyas 5 0.6646 0.4157 0.9268 0.8182 0.9578 0.8023 0.8130 

MeshLab 5 0.0000 0.9118 0.0000 0.5323 0.4773 0.0000 0.0000 

MeVisLab Community 2 0.0000 0.9546 0.9194 0.5526 0.6000 0.7174 0.0000 

Mifos - Microfinance Open 

Source 
2 0.9557 0.9546 0.2143 0.7500 0.3000 0.8333 0.6818 

Ming - an SWF output 

library 
2 0.1143 0.9000 0.0000 0.0000 0.3000 0.0000 0.6818 

Mumble 2 0.8696 0.9000 0.2143 0.0000 0.0000 0.0000 0.0000 

NASA WorldWind 2 0.8980 0.0000 0.8077 0.8077 0.9706 0.6818 0.8077 

NFS 2 0.9748 0.8333 0.6819 0.5526 0.3000 0.9546 0.8333 

OpenBravo ERP 3 0.6222 0.8864 0.9255 0.5000 0.8571 0.0000 0.4615 

OpenMI 2 0.0000 0.9857 0.9194 0.7800 0.6818 0.9706 0.8333 

OWL API 4 0.0000 0.7800 0.0000 0.0000 0.0000 0.0000 0.0000 

PAMGUARD 3 0.8000 0.8571 0.6818 0.7500 0.7703 0.7059 0.0000 

Perl Data Language 4 0.9541 0.9546 0.0000 0.0000 0.0000 0.1829 0.0000 

phpMyAdmin 2 0.9655 0.9706 0.9194 0.0000 0.9546 0.9000 0.7800 

Plone 2 0.9109 0.9546 0.9194 0.2143 0.7500 0.0000 0.7500 

Proteomics Standards 

Initiative 
2 0.8372 0.9706 0.3000 0.8571 0.9857 0.8333 0.9000 

Qantenna 2 0.9557 0.8077 0.0000 0.0000 0.9546 0.9194 0.9706 

QTItools 3 0.8696 0.9490 0.9000 0.5000 0.6290 0.6290 0.4200 

queXS 2 0.9558 0.8333 0.8333 0.8571 0.8077 0.0000 0.2143 

RobotCub 3 0.0000 0.0000 0.0790 0.0000 0.0000 0.0000 0.0000 

Speed Dreams 2 0.0000 1.0000 0.0000 0.5000 0.5000 0.8077 0.7500 

Steel Bank Common Lisp 3 0.9524 0.8721 0.0000 0.0000 0.0000 0.7500 0.4200 

Stripes 4 0.5714 0.9757 0.0000 0.0000 0.0000 0.0000 0.0000 

SuperCollider 3 Plugins 2 0.4800 0.9546 0.0000 0.0000 0.0000 0.0000 0.6818 

Symphonic 3 0.7059 0.5357 0.8571 0.8250 0.0000 0.6563 0.6290 
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Project Name 
Group 

Size 

Role 

Changes 

Decision 

Making 

Rule 

Clarity 

Info 

Rule 

Clarity 

Info Rule 

Enforcement 

Tools 

Clarity 

Tools 

Enforcement 

Tiki Wiki CMS Groupware 7 0.8710 0.8505 0.0000 0.0000 0.0000 0.3261 0.0000 

Tux Paint 3 0.1482 0.0000 0.8250 0.9130 0.4200 0.8250 0.8250 

umit 4 0.0000 0.8933 0.5526 0.7340 0.0974 0.5526 0.4811 

VDE: Virtual Distributed 

Ethernet 
2 0.0000 0.9000 0.0000 0.0000 0.0000 0.0000 0.0000 

Vdrift 2 0.0000 0.9706 0.9194 0.5526 0.8333 0.3750 0.9546 

XMLTV 2 0.8372 0.9857 0.0000 0.0000 0.2143 0.3750 0.6818 

 

Mean 0.5155 0.7072 0.4178 0.4787 0.3940 0.4373 0.4958 

St Dev 0.4010 0.3648 0.4100 0.3806 0.3864 0.3858 0.3782 

Min 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Max 0.9748 1.0000 0.9552 0.9857 0.9857 1.0000 1.0000 
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Appendix E – Rwg(j) Analyses For Combined Dataset 
 
Table 290. Rwg(j) Analysis – Combined Dataset – Performance Constructs 

Project Name 
Climate for 

Excellence 

Coordination 

Effectiveness 
Performance 

ADempiere ERP Business Suite 0.5385 0.7692 0.9375 

Agender 0.8192 0.0000 0.6548 

Agorae 0.9366 0.1136 0.7500 

Allegro game programming library 0.9460 0.9122 0.9840 

AMOS 0.8967 0.0000 0.0000 

ANUGA - Hydrodynamic Modelling 0.0000 0.8333 0.8929 

Apertium: machine translation toolbox 0.7824 0.9375 0.9375 

Aperture 0.9734 0.9028 0.9783 

Archimedes: An architecture open CAD 0.7000 0.5556 0.9783 

Archive of Formal Proofs 0.0000 0.9451 0.9295 

armadeus 0.9154 0.9593 0.9840 

Atari800 0.8670 0.7870 0.2885 

Auditory Modelling Toolbox 0.9891 0.9840 0.9783 

Avogadro 0.9832 0.9783 0.9949 

BASIC-256 0.9734 0.7870 0.9295 

Bellagio OpenMAX Integration Layer 0.9317 0.0000 0.8468 

Bika open source LIS/LIMS 0.9460 1.0000 0.8824 

Bioclipse 0.9862 0.6250 0.9722 

Biological Pathway Exchange Language 0.9832 0.8929 0.9295 

Bluefish 0.9366 0.9840 0.9659 

blueMSX 0.9663 0.9451 0.9722 

BRL-CAD 0.9460 0.9896 0.0000 

BZFlag - Multiplayer 3D Tank Game 0.7824 0.0000 0.0000 

Chemical Markup Language 0.9211 0.7065 0.8929 

CloneKeen Plus 0.9862 0.9840 0.9375 

Coco/R Development Tools 0.0000 0.7065 0.9122 

Collaborative Computing Project for NMR 0.8192 0.0000 0.9896 

CommSy 0.8299 0.7065 0.8468 

CruiseControl.NET 0.6791 0.7500 0.9840 

Csound 0.9920 0.7292 0.9840 

Cyberinfrastructure Shell (CIShell) 0.9460 0.8468 0.9593 

Cytoscape 0.8826 0.6250 0.9451 

DAISY Pipeline 0.8826 0.7292 0.7500 

Demoiselle 0.9719 0.9629 0.9783 

DeskVOX Volume Explorer 0.8299 0.8824 0.9593 

Distributed Proofreaders 0.8898 0.9783 0.9375 

DLF Aquifer Development for Interop. 0.9947 0.9659 0.9722 

DocBook 0.9800 0.9896 0.9896 
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Project Name 
Climate for 

Excellence 

Coordination 

Effectiveness 
Performance 

Dresden OCL 0.0000 0.9593 0.9593 

DrJava 0.9625 0.9593 0.9840 

DSpace 0.9920 0.9896 0.9122 

DSPSR: DSP for Pulsars 0.8495 0.9028 0.8929 

EasyRPG 0.9414 0.7870 0.9295 

Ejb3Unit 0.9832 0.9524 0.5556 

eLML - eLesson Markup Language 0.9734 0.9840 0.9840 

eLynx Image Processing SDK and Lab 0.8077 0.9979 0.9783 

emesene 0.9625 0.9122 0.9375 

Enhanced Machine Controller 0.0000 0.0000 0.0000 

EpiDoc: Epigraphic Documents in TEI XML 0.9366 0.9593 0.8468 

Evolving Objects 0.8299 0.9524 0.9211 

EXIF Tag Parsing Library 0.8670 0.9524 0.9949 

eXist 0.9862 0.8929 0.7870 

Fedora Commons 0.9663 0.9593 0.9375 

Finance::Quote 0.8192 0.9375 0.9659 

Fink 0.9863 0.8824 0.9840 

FireScrum 0.9800 0.9524 0.9451 

Formulize 0.6791 0.9211 0.9295 

FOSSology 0.9832 0.8929 0.9451 

Foswiki 0.9503 0.9659 0.9295 

Free Pascal Compiler 0.9832 0.9295 0.9524 

Freeciv 0.9366 0.2885 0.8712 

Freedroid 0.7683 0.0000 0.9659 

FreeMED 0.9503 0.0000 0.9659 

FreeNAC 0.9625 0.9375 0.9122 

FreeRDP 0.9663 0.8468 0.9840 

FreeWRL VRML/X3D browser 0.5000 0.8594 0.9896 

Fuzzball MUCK 0.9414 0.9593 0.9211 

GameEngine 0.9032 0.9949 0.9375 

Generic Model Organism Database Project 0.0000 0.0000 0.0000 

GenoViz 0.8077 0.4688 0.9211 

GeoNetwork - Geographic Metadata Catalog 0.9800 0.8594 0.9451 

GGNFS suite 0.9699 0.8594 0.9295 

glFusion CMS 0.9832 0.9722 0.9949 

GoFigure2 0.9032 0.8594 0.9524 

gpsim - The gnupic Simulator 0.9800 0.8468 0.9295 

Graphiti 0.9503 0.9659 0.9783 

Great Cow BASIC 0.9460 0.9783 0.9783 

gretl 0.9734 0.9524 0.9659 

GVC.SiteMaker 0.9366 0.9896 0.9122 
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Project Name 
Climate for 

Excellence 

Coordination 

Effectiveness 
Performance 

GWT-OpenLayers 0.9625 0.9722 0.9659 

Gwyddion 0.9947 0.9211 0.9896 

Hero of Allacrost 0.9211 0.9659 0.9524 

HOL theorem-proving system 0.9546 0.9375 0.9783 

Ikasan Enterprise Integration Platform 0.9414 0.8824 0.9211 

Ingeniweb Products 0.9154 0.9840 0.9211 

iTest 0.0000 0.0000 0.0000 

Java Modeling Language (JML) 0.9366 0.7692 0.9211 

jdotnetservices 0.9317 0.9896 0.9896 

jEdit 0.9317 0.9840 0.9375 

JHotDraw 0.8192 0.9840 0.6250 

Jmol 0.9800 0.8929 0.9896 

Kamailio (OpenSER) SIP server 0.9265 0.9659 0.9593 

Kdenlive - KDE Non Linear Video Editor 0.9602 0.9938 0.8929 

KeePass Password Safe 0.0000 0.6250 0.0000 

KestrelHPC 0.9414 0.9375 0.8594 

KhmerOS - Khmer Software Initiative 0.8077 0.8036 0.9295 

Krusader 0.8826 0.9722 0.8712 

kuzya 0.8559 0.9375 0.8824 

LALR Parser Generator 0.9317 0.0000 0.9783 

Lazarus Code and Component Repository 0.9000 0.9524 0.9722 

libMesh: A C++ Finite Element Library 0.9891 0.9840 0.8929 

libtorrent 0.9095 0.9896 0.9840 

Linux Test Project 0.9920 0.9375 0.0000 

Linux Wacom Tablet Project 0.8585 0.7500 0.8560 

LogReport 0.9095 0.9375 0.9722 

LTfLL 0.8585 0.2083 0.9840 

Madagascar 0.8967 0.0000 0.8701 

marsyas 0.9832 0.9524 0.9375 

Matilde-Tracker 0.0000 0.0000 0.7292 

matplotlib 0.9920 0.9593 0.7692 

Maxima -- GPL CAS based on DOE-
MACSYMA 

0.8967 0.6250 0.4167 

MeshLab 0.8898 0.9593 0.9524 

Meteorological Product Exchanger 0.8299 0.8036 0.9783 

MeVisLab Community 0.0000 0.0000 0.9593 

Mifos - Microfinance Open Source 0.9734 0.9451 0.8824 

Ming - an SWF output library 0.9734 0.8594 0.9722 

Modular toolkit for Data Processing MDP 0.9317 0.9822 0.9783 

MOGRE (Managed OGRE) 0.8495 0.4167 0.9295 

Mumble 0.8400 0.7065 0.6250 
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Project Name 
Climate for 

Excellence 

Coordination 

Effectiveness 
Performance 

Munin 0.9586 0.9295 0.9375 

NASA WorldWind 0.9366 0.8824 0.6250 

NFS 0.9366 0.9295 0.9840 

nifty-gui 0.9503 0.2467 0.9524 

Open Audit 0.6563 0.6548 0.8594 

Open Object Rexx 0.9546 0.2885 0.9550 

OpenAjax Alliance 0.9734 0.9840 0.9593 

Openbravo ERP 0.9832 0.7065 0.9896 

OpenMI 0.9767 0.9659 0.9840 

OpenMS 0.9663 0.9375 0.9375 

OpenRPT report writer by xTuple 0.9414 0.9659 0.9659 

Orange Leap 0.0000 0.9375 0.0000 

Osmius 0.9947 0.9896 0.9896 

OWL API 0.9625 0.9840 0.9593 

PAMGUARD 0.8826 0.7065 0.7292 

Perl Data Language 0.0000 0.0000 0.0000 

PHP-Fusion 0.9891 0.2885 0.9593 

phpMyAdmin 0.8495 0.9375 0.9722 

PHProjekt 6 0.9734 0.8929 0.9354 

phpScheduleIt 0.8299 0.9375 0.5921 

Plone 0.8750 0.9028 0.9295 

PMD 0.8750 0.1136 0.7870 

POCO C++ Libraries 0.9800 0.9896 0.9896 

Proteomics Standards Initiative 0.9546 0.9295 0.9211 

PyDB2 - Python DB2 Interface And Tools 0.9460 0.9375 0.8594 

Python Wikipedia Robot Framework 0.0000 0.0000 0.8190 

PythonCAD 0.9366 0.0000 0.9593 

pytrainer 0.0000 0.8468 0.0000 

QAntenna 0.4565 0.9840 0.9722 

QTItools 0.9625 0.4167 0.7065 

queXS 0.8898 0.5921 0.9375 

RobotCub 0.6035 0.9451 0.9840 

Role Playing Tools 0.6791 0.8594 0.9840 

rsnapshot 0.9366 0.9295 0.9375 

S.M.A.R.T. Monitoring Tools 0.6312 0.9659 0.9722 

SAGA GIS 0.9032 0.8190 0.9211 

savonet 0.9699 0.9840 0.9593 

Shadowrun: Awakened MMORPG 0.9734 0.3571 0.9659 

SimpleTest 0.9546 0.9593 0.9122 

SimPy Simulation Package 0.8750 0.9840 0.9783 

simutrans 0.9800 0.9840 0.8824 
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Project Name 
Climate for 

Excellence 

Coordination 

Effectiveness 
Performance 

Speed Dreams 0.9586 0.9451 0.9783 

Spring Framework 0.9832 0.8712 0.7292 

Stars! Nova 0.9503 0.9659 0.9659 

Steel Bank Common Lisp 0.8967 0.9122 0.9722 

Stripes 0.8670 0.7500 0.9895 

Summoning Wars 0.9734 0.9028 0.9783 

SuperCollider 3 Plugins 0.7955 0.5147 0.9593 

Symphonic 0.7000 0.9524 0.9593 

Synkron 0.7192 0.6818 0.8929 

The FreeDOS Project 0.9265 0.7870 0.0000 

Tiki Wiki CMS Groupware 0.8898 0.8594 0.9028 

Timesheet Next Gen 0.9800 0.9375 0.9783 

TinyCAD 0.9800 0.9375 0.8468 

Topographica 0.9832 0.9840 0.9295 

Tux Paint 0.9317 0.8333 0.8824 

umit 0.8495 0.8929 0.4167 

UpStage 0.9625 0.9524 0.9524 

VASSAL Engine 0.9586 0.9375 0.0000 

VDE: Virtual Distributed Ethernet 0.0000 0.0000 0.0000 

VDrift 0.9734 0.0000 0.9028 

Vector and Matrix Math Library 0.9211 0.9295 0.9783 

Vega Strike 0.9566 0.0000 0.9295 

VIPS 0.9265 0.9840 0.9659 

XMLTV 0.8750 0.4688 0.9593 

Mean 0.8349 0.7603 0.8430 

St Dev 0.2654 0.3194 0.2648 

Min 0.0000 0.0000 0.0000 

Max 0.9947 1.0000 0.9949 
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Appendix F – Main Study Scale Reliability Scores and 
Scale Changes 
 

1. Governance Dimension: Chartering the Project 
 
1.1 Goal Visibility 
 

Original Scale, αααα=0.763 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project goals are not very 
visible to project members. (R) 

1 7 4.93 1.672 0.644 

3 

It is difficult to find references to 
project goals (e.g., a mailing list 
post specifically referring to 
project goals). (R) 

1 7 4.32 1.746 0.683 

4 
Project goals are readily 
observable by project members. 

1 7 5.05 1.514 0.714 

(R) Indicates reverse-coded items.  
(D) Indicates dropped items. 
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1.2 Goal Clarity 
 

Original Scale, αααα=0.845 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

2 
Goals for this project are 
imprecise. (R) 

1 7 4.57 1.732 0.882 

4 
There are well defined project 
goals 

1 7 4.86 1.570 0.749 

5 Project goals are clearly stated 1 7 4.75 1.605 0.716 

(R) Indicates reverse-coded items.  
(D) Indicates dropped items. 
 
1.3 Goal Origin 
 

Original Scale, αααα=0.765 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project goals are mostly 
suggested by project members. 

1 7 5.24 1.457 0.780 

2 
The majority of members in this 
project get an opportunity to 
participate in goal setting. 

1 7 5.18 1.527 0.632 

3 
This project is designed so as 
to allow project goals to 
originate from project members. 

1 7 5.21 1.473 0.627 

(R) Indicates reverse-coded items. 
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2. Governance Dimension: Community Management 
 
2.1 Decision-making 
 

Original Scale, αααα=0.904 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
As a member of this project, I 
can participate in the decision-
making process. 

  5.60 1.371 0.876 

2 
The majority of members of this 
project get an opportunity to 
participate in decision making. 

  5.38 1.444 0.821 

3 
This project is designed to let all 
members of the project 
participate in decision making. 

  5.08 1.538 0.890 

(R) Indicates reverse-coded items. 
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2.2 Rule Clarity 
 

Original Scale, αααα=0.782 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

2 
Membership rules for taking 
part in this project are 
imprecise. (R) 

1 7 4.19 1.797 0.666 

3 
There is ambiguity with regards 
to project membership rules. 
(R) 

1 7 4.45 1.722 0.695 

5 
Project membership rules are 
clearly stated. 

1 7 4.15 1.706 0.749 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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2.3 Member Roles 
 

Original Scale, αααα=0.709 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project members self-select into 
roles offered by this project. 

1 7 5.54 1.487 0.497 

2 
Project members decide which 
roles they would like to assume. 

1 7 5.63 1.449 0.489 

3 

When considering the different 
roles available, project 
members are encouraged to 
assume roles of their choice. 

1 7 5.41 1.443 0.634 

4 
Project members are suggested 
to fill certain roles. (R) 

1 7 3.90 1.577 0.861 

(R) Indicates reverse-coded items. 
 
2.4 Member Role Changes 
 

Original Scale, αααα=0.707 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

If they wish to change roles, 
project members can freely 
decide and accomplish this by 
themselves. 

1 7 5.24 1.652 0.507 

2 
Project members can decide to 
assume a different role in this 
project. 

1 7 5.43 1.485 0.503 

3 
Project members are 
encouraged to change roles as 
they see fit. 

1 7 4.97 1.558 0.623 

4 
Project members are suggested 
to assume specific roles in this 
project. (R) 

1 7 3.90 1.610 0.847 

(R) Indicates reverse-coded items. 
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3. Governance Dimension: Software Development Processes 
 
3.1 Software Requirements Visibility 
 

Original Scale, αααα=0.819 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
It is difficult for project members 
to locate or access software 
requirements. (R) 

1 7 4.45 1.781 0.660 

3 

It is easy for project members to 
familiarize themselves with 
software requirements for this 
project. 

1 7 4.52 1.522 0.816 

4 

It is difficult to find references to 
software requirements for this 
project (e.g., a mailing list post 
specifically referring to software 
requirements). (R) 

1 7 4.16 1.890 0.759 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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3.2 Software Requirements Clarity 
 

Original Scale, αααα=0.777 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Software requirements for this 
project are stated in general 
terms (as opposed to more 
specific terms). (R) 

1 7 3.44 1.634 0.876 

2 
Software requirements for this 
project are imprecise. (R) 

1 7 3.98 1.829 0.521 

4 
There are well defined software 
requirements for this project. 

1 7 4.39 1.724 0.628 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
 
3.3 Software Requirements Origin 
 

Original Scale, αααα=0.733 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

As a member of this project, I 
have a real say in how the 
software requirements are 
determined. 

1 7 5.93 1.256 0.853 

2 

The majority of members of this 
project get a chance to 
participate in setting the 
software requirements. 

1 7 5.03 1.654 0.442 

3 

This project is designed to let all 
members of the project 
participate in determining the 
software requirements. 

1 7 4.99 1.722 0.496 

(R) Indicates reverse-coded items. 
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3.4 Task Assignment 
 

Original Scale, αααα=0.706 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

2 
Project members decide what 
tasks they would like to work 
on. 

1 7 6.10 1.150 0.489 

3 
Project members are 
encouraged to work on tasks of 
their choice. 

1 7 5.94 1.277 0.550 

4 
Project members are suggested 
to work on certain tasks. (R) 

1 7 3.70 1.725 0.841 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
 
3.5 CVS Roles (Centralization) 
 

Original Scale, αααα=0.761 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Write access privileges for this 
project's source code version 
control system are typically 
limited to project administrators 
only. 

1 7 2.54 2.052 0.663 

2 

Write access privileges for this 
project's source code version 
control system are generally 
granted to other project 
members, in addition to project 
administrators. (R) 

1 7 2..26 1.723 0.618 

3 

Only one individual in this 
project typically possesses write 
access privileges to the source 
code version control system. 

1 7 1.69 1.468 0.740 

(R) Indicates reverse-coded items. 
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3.6 CVS Clarity 
 

Original Scale, αααα=0.755 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

2 

The procedures for committing 
changes to the source code 
version control system are 
imprecise. (R) 

1 7 4.70 1.956 0.560 

3 

There is ambiguity around the 
source code version control 
system's commit procedures. 
(R) 

1 7 5.08 1.803 0.711 

4 
There are detailed commit 
procedures for the source code 
version control system. 

1 7 4.02 2.030 0.734 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
 
3.7 Release Manager Role 
 

Original Scale, αααα=0.727 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

There typically is/are one or 
many individuals who 
assume(s) the role of release 
manager who oversee(s) 
software releases. 

1 7 5.81 1.840 0.717 

2 
Software releases are generally 
managed by specific 
individuals. 

1 7 6.13 1.422 0.576 

3 

Software releases are typically 
planned by one or many 
individuals who assume(s) the 
role of release manager. 

1 7 5.89 1.578 0.638 
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3.8 Project Partitioning 
 

Original Scale, αααα=0.874 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

This project is generally 
partitioned into one or multiple 
development branch(es) and 
stable branch(es). 

1 7 4.44 2.316 0.827 

2 

Source code branching is 
typically applied in order to 
distinguish development 
versions of the software and 
more stable release candidates. 

1 7 4.57 2.342 0.808 

3 
This project generally does not 
carry out any kind of source 
code branching. (R) 

1 7 4.89 2.257 0.831 

(R) Indicates reverse-coded items. 
 
3.9 Timetables for Software Releases 
 

Original Scale, αααα=0.797 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

2 
The timetables for software 
releases for this project are 
imprecise. (R) 

1 7 2.59 1.907 0.665 

3 

There is ambiguity when it 
comes to this project's 
timetables for software 
releases. (R) 

1 7 3.18 1.872 0.813 

4 
This project generally has well 
defined timetables for software 
releases. 

1 7 2.99 1.957 0.679 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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4. Governance Dimension: Conflict Resolution 
 
4.1 Noncompliance Norms 
 

Original Scale, αααα=0.812 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Accepted rules against 
noncompliance by project 
members are applied via social 
pressure from other project 
members. 

1 7 4.15 1.978 0.862 

2 

There are group norms about 
what happens to project 
members when they fail to 
comply (e.g., when a given 
project member refuses to 
contribute code that meets the 
design objectives for the 
software). 

1 7 3.21 1.960 0.600 

4 

Group norms are established in 
order to safeguard this project 
against noncompliance (e.g., 
when project members fail to 
adhere to agreed upon software 
development plans). 

1 7 3.49 1.943 0.739 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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4.2 Collective Sanctions 
 

Original Scale, αααα=0.921 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Collective sanctions are carried 
out in the event of continued 
noncompliance with group 
norms. 

1 7 3.25 1.978 0.910 

2 

Reprisals are carried out when 
project members continually 
refuse to comply with group 
norms. 

1 7 3.41 2.044 0.894 

3 

Continued noncompliance with 
group norms by project 
members results in the 
enforcement of sanctions. 

1 7 3.45 2.057 0.852 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
 

5. Governance Dimension: Use of Information and Tools 
 
5.1 Information Rule Clarity 
 

Original Scale, αααα=0.743 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

2 
The rules that underlie how 
project information should be 
distributed are imprecise. (R) 

1 7 4.23 1.674 0.573 

3 
There is ambiguity about how 
project information should be 
shared. (R) 

1 7 4.40 1.718 0.645 

4 
There are well defined rules 
about how project information 
should be shared. 

1 7 3.99 1.699 0.747 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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5.2 Information Rule Enforcement 
 

Original Scale, αααα=0.645; Revised Scale, αααα= 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
How project information should 
be shared is dictated by rules. 

1 7 3.31 1.731 0.475 

2 

Project members are obliged to 
communicate project 
information in prescribed ways 
according to established rules. 

1 7 3.66 1.745 0.395 

3 

Project members are free to 
decide whether to follow 
established rules regarding how 
project information should be 
shared. (R) 

1 7 3.70 1.566 0.715 

(R) Indicates reverse-coded items. 
 
 
5.3 Tools Clarity 
 

Original Scale, αααα=0.783 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

2 
The rules that underlie the use 
of technical tools are imprecise. 
(R) 

1 7 4.22 1.698 0.600 

3 
There is ambiguity about how 
technical tools should be used. 
(R) 

1 7 4.40 1.652 0.701 

5 
There are clearly stated rules 
about how technical tools 
should be utilized. 

1 7 4.01 1.713 0.803 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 
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5.4 Tools Enforcement 
 

Original Scale, αααα=0.761 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
The mandatory use and 
management of technical tools 
are dictated by rules. 

1 7 3.49 1.801 0.557 

2 

Project members are free to 
decide whether to follow 
established rules regarding the 
use of technical tools. (R) 

1 7 3.72 1.587 0.845 

4 

Project members are obliged to 
use technical tools in prescribed 
ways according to established 
rules. 

1 7 3.86 1.709 0.577 

(R) Indicates reverse-coded items. 
(D) Indicates dropped items. 



 

526 
 

6. Governance Dimension: Governance Purposes 
 
6.1 Climate for Project Excellence 
 

Original Scale, αααα=0.846 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Project members provide useful 
ideas and practical help to 
enable others to contribute to 
this project to the best of their 
ability. 

3 7 5.89 0.883 0.835 

2 
Project members monitor each 
other so as to maintain a higher 
standard of work. 

1 7 5.01 1.162 0.819 

3 
Project members are prepared 
to question the work that is 
being done in this project. 

3 7 5.53 0.936 0.811 

4 

In order to achieve the best 
possible outcome, project 
members are critical about 
potential weaknesses in the 
project tasks they are working 
on. 

2 7 5.33 1.109 0.812 

5 

Members of this project build on 
each other's ideas in order to 
achieve the best possible 
outcome. 

3 7 5.67 0.899 0.824 

6 

There is a real concern among 
members of this project that the 
project should achieve the 
highest standards of 
performance. 

3 7 5.44 1.093 0.835 

7 

This project has clear criteria 
which members try to meet in 
order to achieve excellence as 
a team. 

1 7 4.37 1.226 0.832 

(R) Indicates reverse-coded items. 



 

527 
 

6.2 Coordination Effectiveness 
 

Original Scale, αααα=0.835 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Duplicated and overlapping 
activities are avoided. 

1 7 4.99 1.113 0.804 

2 
There are no problems in 
coordinating between project 
members. 

1 7 4.86 1.279 0.801 

3 
Conflicts among project 
members are settled quickly. 

1 7 5.54 1.057 0.805 

4 
Related processes and 
activities are well coordinated 
with each other. 

1 7 4.83 1.128 0.773 

5 
Discussions between members 
of this project are conducted 
constructively. 

1 7 5.97 0.817 0.821 

7. Performance 
 

Original Scale, αααα=0.810 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
The software being developed 
is reliable. 

3 7 5.67 0.920 0.737 

2 
The software being developed 
is easy to maintain. 

2 7 4.81 1.144 0.803 

3 
The software being developed 
meets intended functional 
requirements. 

3 7 5.96 0.755 0.796 

4 
The software being developed 
meets expectations with respect 
to the software’s response time. 

3 7 5.52 0.920 0.795 

5 
The overall quality of the 
developed software is high. 

3 7 5.63 0.897 0.727 

(R) Indicates reverse-coded items. 
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Appendix G – Exploratory Factor Analysis Factor Loadings (Pattern Matrix for Main 
Study) 
 

Table 291. EFA Factor Loadings 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

CRNN1_1 
-

.176 
-

.007 
.064 .539 

-
.057 

-
.065 

.025 
-

.359 
.050 .082 

-
.068 

.084 .072 .180 .024 
-

.109 
-

.078 
-

.055 
.036 .076 .328 

CRNN2_1 
-

.085 
.075 

-
.014 

.827 .026 .000 .112 .001 .053 .038 .002 .077 
-

.103 
.092 .035 .039 .010 .021 

-
.004 

-
.041 

.116 

CRNN3_1 .004 .107 
-

.036 
.807 

-
.036 

-
.051 

.102 
-

.004 
.002 .074 .060 

-
.077 

.038 
-

.168 
-

.017 
.116 .107 

-
.053 

.162 
-

.004 
-

.147 

CRCS1_1 .054 .002 .028 .850 .028 .012 .044 .168 .069 .001 
-

.068 
-

.005 
-

.050 
.083 

-
.084 

.000 .005 .003 .022 .116 .017 

CRCS2_1 .058 
-

.001 
.054 .792 .085 

-
.068 

-
.121 

-
.182 

-
.072 

-
.020 

-
.116 

.060 .062 
-

.093 
-

.022 
-

.074 
-

.078 
.002 .002 

-
.090 

.078 

CRCS3_1 .074 .009 
-

.002 
.904 .028 .063 

-
.050 

-
.070 

-
.043 

-
.089 

-
.069 

.028 .011 .001 
-

.005 
-

.041 
-

.059 
.049 

-
.104 

.093 .006 

SDPRMR1_
1 

-
.005 

-
.102 

-
.004 

.180 
-

.026 
.086 .064 

-
.810 

.031 .031 .054 
-

.130 
-

.056 
-

.024 
.086 .111 

-
.063 

.042 .057 
-

.056 
-

.141 

SDPRMR2_
1 

.094 
-

.064 
-

.029 
-

.031 
.094 .037 .078 

-
.840 

.046 
-

.128 
-

.047 
.123 .094 

-
.051 

-
.042 

-
.041 

.077 .007 
-

.029 
-

.070 
.021 

SDPRMR3_
1 

.143 
-

.070 
.038 

-
.007 

-
.020 

.248 .002 
-

.572 
-

.081 
-

.210 
-

.048 
.209 .166 

-
.045 

-
.378 

.009 .161 
-

.079 
.153 .157 .052 

SDPPART1_
1 

.047 
-

.009 
-

.098 
.061 .007 

-
.071 

-
.065 

-
.111 

-
.023 

.076 
-

.852 
-

.087 
.014 .203 .007 .020 

-
.021 

-
.014 

.048 
-

.041 
.007 

SDPPART2_
1 

-
.055 

.024 .075 .211 .008 
-

.063 
.057 .007 

-
.100 

-
.137 

-
.786 

.010 
-

.024 
-

.032 
-

.049 
.133 .131 .003 .174 .055 

-
.061 

SDPPART3_
1 

-
.041 

.069 .053 
-

.093 
.080 .001 .105 .100 .002 

-
.029 

-
.895 

.106 .029 
-

.097 
.063 

-
.058 

-
.038 

-
.074 

-
.056 

.031 .031 

SDPTIME1_
1 

.102 
-

.003 
.037 

-
.240 

-
.058 

-
.045 

.077 .118 .072 
-

.099 
-

.153 
.127 .113 

-
.184 

-
.238 

.558 .242 
-

.082 
-

.012 
-

.136 
.107 

SDPTIME2_
1 

.121 .177 .004 
-

.184 
.209 .011 .164 .133 

-
.143 

.129 
-

.131 
-

.178 
.176 

-
.161 

.070 .171 .063 
-

.601 
.054 

-
.033 

.162 

SDPTIME3_
1 

-
.156 

.090 
-

.001 
.080 .039 

-
.050 

.070 
-

.102 
.040 

-
.049 

-
.053 

-
.056 

-
.223 

-
.053 

-
.051 

.770 .227 
-

.013 
.099 .023 

-
.019 

SDPSRV1_1 .178 .042 
-

.038 
.059 .029 .080 .787 .026 

-
.003 

.021 
-

.126 
.009 .142 

-
.068 

.058 
-

.034 
.032 

-
.144 

-
.087 

-
.094 

.102 
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Table 291. EFA Factor Loadings 

SDPSRV2_1 
-

.060 
-

.014 
-

.136 
-

.009 
.058 

-
.102 

.623 
-

.051 
-

.172 
.093 .041 

-
.106 

-
.023 

-
.128 

-
.114 

-
.001 

.425 
-

.029 
.055 

-
.139 

-
.010 

SDPSRV3_1 .046 
-

.080 
-

.049 
-

.029 
-

.097 
.046 .831 .044 .119 

-
.042 

-
.102 

.065 .011 .129 .029 .131 .107 .079 
-

.111 
.113 

-
.072 

SDPSRC1_1 .093 
-

.204 
.028 .142 

-
.113 

.184 .438 .089 .067 
-

.106 
-

.194 
-

.087 
.090 

-
.486 

.066 .173 
-

.233 
-

.022 
-

.109 
-

.264 
-

.102 

SDPSRC2_1 
-

.062 
.140 .039 

-
.018 

.022 .054 .809 
-

.099 
-

.090 
.061 

-
.055 

-
.026 

-
.128 

-
.104 

.032 .030 
-

.102 
-

.066 
.068 .033 .044 

SDPSRC3_1 
-

.129 
.018 .052 .123 .046 .003 .755 

-
.191 

-
.053 

-
.047 

.057 .033 
-

.152 
-

.002 
-

.090 
-

.086 
-

.062 
-

.148 
.089 .018 .111 

SDPSRO1_
1 

.052 
-

.052 
.139 

-
.036 

.166 .037 .101 
-

.351 
-

.095 
-

.210 
-

.023 
.078 

-
.142 

.040 
-

.112 
-

.154 
.351 

-
.124 

.151 
-

.001 
.260 

SDPSRO2_
1 

-
.005 

-
.057 

-
.042 

.056 .008 
-

.007 
.003 .062 .108 .008 

-
.013 

-
.075 

.015 .047 
-

.047 
.131 .873 .001 

-
.012 

-
.001 

-
.023 

SDPSRO3_
1 

-
.005 

-
.022 

.063 
-

.112 
-

.020 
.100 .080 

-
.115 

.067 .106 
-

.081 
.043 .095 .223 .044 .113 .797 .011 

-
.056 

.131 .118 

SDPTASK1_
1 

.083 
-

.238 
.002 

-
.019 

.014 .051 
-

.102 
.062 

-
.157 

.089 
-

.120 
.127 .045 .576 .177 

-
.120 

.188 .061 
-

.180 
-

.166 
.013 

SDPTASK2_
1 

.107 
-

.266 
.070 .063 

-
.042 

.164 
-

.044 
.123 

-
.093 

.063 
-

.150 
-

.054 
-

.103 
.622 .108 

-
.065 

.208 .053 
-

.129 
-

.061 
.006 

SDPTASK3_
1 

-
.019 

.038 .131 
-

.103 
.004 

-
.085 

.008 .032 
-

.045 
-

.072 
.055 .022 .037 .282 .723 

-
.237 

.044 .018 .068 .054 
-

.057 

SDPCVSR1
_1 

-
.080 

-
.007 

.056 
-

.047 
.021 

-
.143 

-
.024 

-
.078 

.885 .013 .127 
-

.002 
-

.004 
-

.151 
.053 

-
.014 

.034 
-

.093 
.029 

-
.001 

.129 

SDPCVSR2
_1 

.046 .157 
-

.049 
.082 .035 .046 

-
.037 

.098 .831 
-

.006 
-

.060 
-

.033 
-

.006 
.030 

-
.076 

.032 .154 .062 
-

.097 
-

.118 
-

.074 

SDPCVSR3
_1 

.198 
-

.001 
-

.129 
-

.052 
.022 .021 .130 

-
.102 

.450 
-

.259 
.072 

-
.231 

.030 .323 .055 .164 
-

.073 
-

.013 
.198 .075 

-
.316 

SDPCVSC1
_1 

-
.148 

-
.131 

.003 .190 
-

.024 
.098 

-
.004 

.123 .123 .154 
-

.297 
-

.011 
-

.292 
-

.146 
-

.102 
.071 .015 

-
.604 

-
.008 

-
.098 

-
.025 

SDPCVSC2
_1 

.054 
-

.190 
.014 

-
.087 

-
.172 

-
.138 

.297 
-

.058 
.096 

-
.078 

-
.087 

.061 
-

.028 
.078 

-
.073 

-
.052 

-
.031 

-
.707 

.163 .032 
-

.120 

SDPCVSC3
_1 

-
.034 

.049 
-

.134 
.218 .179 

-
.018 

-
.105 

-
.234 

.240 .119 
-

.222 
-

.110 
-

.178 
.190 

-
.232 

.043 
-

.002 
-

.450 
-

.008 
-

.065 
-

.012 

GOALVIS1_
1 

.069 .176 .535 
-

.098 
-

.127 
-

.163 
.065 .014 

-
.153 

.235 
-

.035 
.243 .037 .091 

-
.277 

.097 .019 .158 
-

.135 
-

.109 
.062 

GOALVIS2_
1 

.058 .071 .219 .083 .011 
-

.031 
.166 .088 

-
.140 

.280 .045 
-

.112 
.138 .310 

-
.314 

.335 
-

.409 
.150 .001 .036 .169 
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Table 291. EFA Factor Loadings 
GOALVIS3_

1 
.203 

-
.169 

.143 .162 .135 
-

.177 
.047 .307 .035 .245 .178 .380 .046 

-
.007 

-
.055 

.045 
-

.070 
.077 .048 .138 

-
.069 

GOALCLA1_
1 

.231 .058 .760 
-

.073 
-

.090 
.003 

-
.099 

.031 
-

.255 
-

.032 
-

.036 
-

.059 
-

.011 
-

.102 
-

.216 
.045 

-
.039 

.143 .043 .005 .013 

GOALCLA2_
1 

.293 
-

.054 
.252 

-
.088 

.111 
-

.259 
-

.087 
-

.036 
.030 .253 

-
.056 

.300 
-

.199 
-

.186 
-

.015 
.118 

-
.211 

.186 
-

.074 
.199 .024 

GOALCLA3_
1 

.426 
-

.131 
.269 .028 .186 

-
.263 

-
.022 

.222 
-

.063 
.156 

-
.012 

.141 
-

.041 
-

.082 
-

.104 
.070 

-
.164 

.121 
-

.092 
.203 

-
.014 

GOALORI1_
1 

-
.061 

-
.102 

-
.025 

.069 
-

.013 
-

.041 
.014 

-
.071 

-
.077 

.052 
-

.060 
.844 .033 .042 .077 .012 

-
.043 

.039 .046 
-

.005 
-

.036 

GOALORI2_
1 

.020 
-

.095 
-

.095 
.225 .068 

-
.213 

.029 .239 .010 .422 .065 .346 .097 
-

.033 
-

.104 
-

.159 
-

.002 
.166 .144 

-
.251 

.087 

GOALORI3_
1 

-
.241 

-
.222 

.042 .006 .040 
-

.084 
.136 .109 

-
.005 

.208 
-

.152 
.278 .025 .009 

-
.069 

.089 
-

.114 
.396 .250 

-
.013 

.208 

CMROL1_1 
-

.024 
-

.606 
-

.070 
-

.104 
-

.021 
.248 

-
.049 

.067 
-

.065 
.235 

-
.006 

.158 
-

.113 
.147 .062 

-
.020 

-
.064 

.001 .241 
-

.046 
-

.027 

CMROL2_1 
-

.123 
-

.699 
-

.045 
-

.199 
.022 .065 .026 

-
.101 

-
.112 

.226 
-

.003 
.074 

-
.177 

.065 .020 
-

.093 
-

.051 
.006 .001 .091 .146 

CMROL3_1 
-

.043 
-

.854 
.015 

-
.030 

-
.002 

-
.167 

-
.007 

-
.015 

-
.004 

.072 .057 .084 
-

.057 
.017 .085 .052 

-
.035 

-
.013 

-
.077 

-
.168 

.004 

CMROL4_1 .051 .024 
-

.095 
-

.065 
-

.009 
.862 

-
.023 

-
.034 

-
.068 

.026 .089 
-

.077 
-

.080 
.014 

-
.126 

-
.039 

.049 .056 
-

.022 
-

.031 
-

.079 

CMROLCH1
_1 

-
.014 

-
.820 

-
.085 

-
.054 

-
.024 

.037 .033 
-

.151 
-

.072 
.083 

-
.041 

-
.181 

-
.040 

.002 
-

.043 
-

.152 
.129 .104 .094 .047 .073 

CMROLCH2
_1 

-
.098 

-
.799 

.036 
-

.039 
.128 

-
.039 

.001 
-

.106 
-

.025 
.274 

-
.074 

-
.047 

.051 .003 
-

.029 
-

.153 
.065 .037 

-
.031 

.029 
-

.034 

CMROLCH3
_1 

.147 
-

.872 
-

.013 
.039 .040 

-
.120 

-
.063 

.054 
-

.025 
-

.142 
.074 .184 .045 .058 .002 .116 .028 

-
.122 

-
.061 

.105 
-

.021 

CMROLCH4
_1 

-
.045 

.095 .226 .071 
-

.123 
.855 .135 

-
.103 

-
.029 

.114 .039 .020 .112 .017 .011 .019 
-

.004 
-

.002 
-

.037 
.062 .082 

CMDECMA1
_1 

.085 
-

.097 
-

.102 
.016 

-
.058 

.093 
-

.033 
.062 .025 .849 

-
.071 

.029 
-

.081 
.041 

-
.041 

-
.009 

-
.019 

-
.008 

.047 .005 
-

.001 

CMDECMA2
_1 

.033 
-

.150 
-

.025 
-

.012 
.078 

-
.031 

-
.011 

.059 
-

.085 
.802 .061 .046 

-
.075 

.015 .034 
-

.032 
.102 

-
.009 

-
.024 

-
.081 

.049 

CMDECMA3
_1 

.013 
-

.261 
.110 .009 .159 .043 .131 .072 

-
.081 

.642 .017 .163 .099 .077 .058 .086 .002 
-

.086 
.072 .148 

-
.084 

CMRULCL1
_1 

-
.078 

.052 .827 .122 
-

.057 
-

.116 
-

.004 
.001 .014 

-
.035 

.019 
-

.053 
.056 

-
.008 

.052 .009 
-

.012 
-

.125 
-

.257 
.108 .072 
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Table 291. EFA Factor Loadings 
CMRULCL2

_1 
.153 

-
.106 

.602 .045 .068 
-

.039 
-

.020 
.054 .153 .073 

-
.022 

-
.278 

.110 .039 
-

.050 
.014 

-
.229 

.129 .158 
-

.084 
.093 

CMRULCL3
_1 

.264 
-

.150 
.325 .194 .366 

-
.342 

-
.168 

-
.036 

.042 .054 
-

.007 
-

.131 
.034 

-
.182 

.013 .080 .051 .075 
-

.082 
.151 .098 

UITRUCL1_
1 

-
.038 

-
.025 

.656 .014 .245 .030 .082 
-

.148 
-

.052 
-

.064 
.056 

-
.075 

-
.106 

.017 .048 .010 
-

.015 
.136 .025 

-
.404 

-
.122 

UITRUCL2_
1 

-
.153 

-
.199 

.511 .126 .152 .050 
-

.100 
.161 .160 

-
.059 

.098 .013 .155 .103 .111 .239 
-

.102 
-

.003 
.254 

-
.347 

.142 

UITRUCL3_
1 

-
.001 

-
.100 

.101 .092 .674 
-

.049 
-

.104 
-

.002 
-

.199 
-

.260 
.098 .061 

-
.195 

.156 .099 .299 
-

.035 
.045 .088 

-
.104 

-
.035 

UITRUEN1_
1 

.113 .134 
-

.096 
-

.068 
.479 

-
.034 

-
.080 

-
.299 

-
.007 

.297 
-

.042 
.118 .025 .013 .138 .499 

-
.019 

-
.109 

-
.179 

.062 
-

.118 

UITRUEN2_
1 

-
.013 

-
.034 

-
.067 

.029 .792 
-

.141 
.087 

-
.116 

-
.104 

.077 .033 
-

.058 
.061 

-
.003 

.081 .137 .034 
-

.049 
-

.134 
.042 .014 

UITRUEN3_
1 

.072 .315 .327 
-

.083 
.077 

-
.081 

-
.047 

-
.140 

.087 .105 
-

.069 
.093 

-
.006 

.065 .014 
-

.099 
.129 

-
.024 

-
.020 

-
.509 

-
.425 

UITTOCL1_
1 

-
.013 

.078 .759 
-

.032 
.202 .158 

-
.102 

.098 
-

.001 
-

.098 
.002 .171 

-
.071 

.111 
-

.017 
-

.044 
-

.079 
-

.052 
.047 

-
.133 

.032 

UITTOCL2_
1 

-
.111 

.017 .766 .046 .075 .086 
-

.030 
-

.004 
.072 .014 

-
.035 

.159 
-

.143 
.002 

-
.088 

-
.021 

.040 .088 .092 
-

.129 
-

.158 

UITTOCL3_
1 

.112 
-

.020 
.200 .094 .733 

-
.013 

-
.135 

.179 .040 
-

.025 
-

.160 
.029 

-
.047 

-
.124 

-
.057 

.008 .074 .026 .119 .103 
-

.085 

UITTOEN1_
1 

-
.031 

-
.004 

.032 .141 .820 
-

.096 
-

.095 
.003 .092 .124 

-
.061 

.016 .045 .019 
-

.147 
-

.092 
.009 

-
.074 

.016 .007 .079 

UITTOEN2_
1 

-
.006 

.067 .261 .023 .231 .075 
-

.040 
.040 

-
.008 

-
.091 

.096 
-

.107 
-

.025 
.138 

-
.639 

-
.152 

.088 
-

.108 
-

.064 
-

.144 
-

.161 

UITTOEN3_
1 

-
.025 

-
.056 

.007 
-

.132 
.766 

-
.058 

.163 
-

.056 
.250 .027 

-
.152 

.114 .018 .014 
-

.223 
-

.133 
-

.030 
.104 .071 .012 

-
.033 

GPEXCEL1_
1 

.095 
-

.107 
.014 .165 

-
.059 

-
.072 

.194 .137 
-

.066 
-

.058 
-

.084 
.018 

-
.181 

.156 
-

.027 
-

.009 
.025 .029 

-
.018 

-
.065 

.656 

GPEXCEL2_
1 

-
.060 

-
.088 

-
.037 

.063 
-

.030 
-

.046 
.035 .086 

-
.045 

.115 .068 .018 
-

.717 
-

.001 
-

.114 
.184 

-
.139 

-
.145 

.158 .108 .068 

GPEXCEL3_
1 

.048 
-

.157 
-

.008 
-

.113 
.055 

-
.171 

.080 .006 
-

.117 
.179 

-
.143 

-
.183 

-
.621 

.161 .143 
-

.054 
.097 .101 .124 

-
.042 

.195 

GPEXCEL4_
1 

.137 
-

.068 
-

.077 
-

.073 
.101 

-
.128 

.294 .107 
-

.036 
-

.064 
-

.134 
.041 

-
.479 

-
.005 

-
.134 

.011 .059 .108 .304 
-

.071 
.080 

GPEXCEL5_
1 

.142 
-

.015 
.123 .193 

-
.077 

-
.023 

.042 .030 .031 .088 .026 
-

.076 
-

.247 
-

.125 
.157 .093 .220 .137 .111 

-
.073 

.566 
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Table 291. EFA Factor Loadings 
GPEXCEL6_

1 
.448 .024 .187 .058 

-
.064 

.137 
-

.002 
-

.022 
.156 

-
.076 

-
.046 

.048 
-

.661 
.014 .084 

-
.038 

-
.008 

-
.080 

-
.164 

-
.086 

.031 

GPEXCEL7_
1 

.242 
-

.018 
.202 .074 

-
.006 

-
.097 

.083 .056 
-

.070 
-

.130 
.097 .106 

-
.494 

-
.089 

-
.118 

.162 .106 
-

.260 
.094 .017 .143 

GPCOORD1
_1 

.066 .142 .095 .104 
-

.158 
-

.254 
.112 

-
.140 

.137 .261 
-

.043 
.164 

-
.205 

.010 
-

.109 
.082 .089 

-
.093 

.487 .095 
-

.043 

GPCOORD2
_1 

.134 .134 
-

.148 
-

.142 
.267 .175 

-
.012 

-
.049 

.227 .005 .031 .289 .003 
-

.038 
-

.090 
-

.013 
.091 

-
.098 

.376 .030 .409 

GPCOORD3
_1 

.115 .009 
-

.043 
.059 

-
.013 

-
.062 

-
.082 

-
.086 

-
.055 

-
.020 

-
.189 

.030 
-

.087 
-

.082 
.095 .032 

-
.091 

-
.097 

.747 
-

.009 
.022 

GPCOORD4
_1 

.233 .020 
-

.048 
.056 .195 

-
.118 

.339 .064 
-

.006 
.068 .116 .139 

-
.146 

-
.130 

-
.123 

.033 .133 
-

.122 
.315 

-
.064 

.091 

GPCOORD5
_1 

.541 
-

.120 
.054 .075 

-
.073 

.167 
-

.079 
.094 .088 .273 .007 .040 .067 

-
.159 

.198 
-

.046 
.182 .031 .417 

-
.069 

.084 

PERFORM1
_1 

.555 .139 
-

.143 
.065 

-
.006 

-
.087 

.204 
-

.051 
.037 .054 

-
.047 

.067 
-

.211 
.082 

-
.096 

-
.043 

.098 .062 .101 
-

.159 
.218 

PERFORM2
_1 

.257 .171 
-

.183 
.076 .086 

-
.090 

.064 .110 
-

.273 
.055 .079 .197 

-
.111 

.067 
-

.006 
.179 .137 

-
.188 

.122 
-

.273 
.271 

PERFORM3
_1 

.812 .060 
-

.009 
-

.049 
.040 

-
.032 

.027 
-

.099 
-

.055 
.056 .030 

-
.065 

-
.016 

.110 
-

.061 
.021 

-
.054 

-
.129 

.219 
-

.005 
-

.046 

PERFORM4
_1 

.298 .038 
-

.051 
.109 .170 .244 .087 

-
.114 

.077 .055 .084 .271 
-

.310 
-

.228 
.051 .043 .076 .037 

-
.043 

-
.045 

.264 

PERFORM5
_1 

.613 
-

.040 
-

.130 
.194 .000 

-
.057 

.062 
-

.086 
-

.043 
.039 .009 .042 

-
.306 

.024 
-

.086 
.010 .039 .103 

-
.058 

-
.038 

.265 

Rank 
-

.048 
.027 

-
.063 

.225 .247 
-

.036 
.009 .099 

-
.152 

.006 
-

.030 
.030 

-
.041 

-
.022 

.235 
-

.042 
.162 .062 .030 .633 

-
.134 
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Appendix H – Main Study Scale Reliability Scores for 
Revised Constructs 
 

1. Governance Dimension: Chartering the Project 
 
1.1 Goal Visibility 
 

αααα=0.870 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project goals are readily 
observable by project members. 

1 7 5.05 1.499 0.842 

2 
Goals for this project are 
imprecise. (R) 

1 7 4.55 1.733 0.877 

3 
There are well defined project 
goals 

1 7 4.84 1.587 0.818 

4 Project goals are clearly stated 1 7 4.75 1.597 0.793 

(R) Indicates reverse-coded items. 
 
1.2 Goal Origin 
 

αααα=0.752 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project goals are mostly 
suggested by project members. 

1 7 5.18 1.498 0.767 

2 
The majority of members in this 
project get an opportunity to 
participate in goal setting. 

1 7 5.18 1.530 0.637 

3 
This project is designed so as 
to allow project goals to 
originate from project members. 

1 7 5.18 1.478 0.591 

(R) Indicates reverse-coded items. 
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2. Governance Dimension: Community Management 
 
2.1 Decision-making 
 

αααα=0.889 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
As a member of this project, I 
can participate in the decision-
making process. 

1 7 5.57 1.392 0.869 

2 
The majority of members of this 
project get an opportunity to 
participate in decision making. 

1 7 5.37 1.427 0.796 

3 
This project is designed to let all 
members of the project 
participate in decision making. 

1 7 5.06 1.525 0.861 

(R) Indicates reverse-coded items. 
 
2.2 Rule Clarity 
 

αααα=0.764 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Membership rules for taking 
part in this project are 
imprecise. (R) 

1 7 4.21 1.774 0.666 

2 
There is ambiguity with regards 
to project membership rules. 
(R) 

1 7 4.44 1.676 0.654 

3 
Project membership rules are 
clearly stated. 

1 7 4.09 1.703 0.730 

(R) Indicates reverse-coded items. 
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2.3 Member Roles 
 

αααα=0.911 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project members self-select into 
roles offered by this project. 

1 7 5.56 1.450 0.893 

2 
Project members decide which 
roles they would like to assume. 

1 7 5.65 1.437 0.886 

3 

When considering the different 
roles available, project 
members are encouraged to 
assume roles of their choice. 

1 7 5.38 1.381 0.899 

4 

If they wish to change roles, 
project members can freely 
decide and accomplish this by 
themselves. 

1 7 5.24 1.597 0.895 

5 
Project members can decide to 
assume a different role in this 
project. 

1 7 5.40 1.474 0.881 

6 
Project members are 
encouraged to change roles as 
they see fit. 

1 7 4.98 1.479 0.913 

(R) Indicates reverse-coded items. 
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3. Governance Dimension: Software Development Processes 
 
3.1 Software Requirements Visibility 
 

αααα=0.887 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
It is difficult for project members 
to locate or access software 
requirements. (R) 

1 7 4.46 1.763 0.847 

2 

It is easy for project members to 
familiarize themselves with 
software requirements for this 
project. 

1 7 4.51 1.531 0.882 

3 

It is difficult to find references to 
software requirements for this 
project (e.g., a mailing list post 
specifically referring to software 
requirements). (R) 

1 7 4.14 1.881 0.874 

4 
Software requirements for this 
project are imprecise. (R) 

1 7 3.97 1.822 0.850 

5 
There are well defined software 
requirements for this project. 

1 7 4.37 1.724 0.854 

(R) Indicates reverse-coded items. 
 
 



 

537 
 

 3.2 Software Requirements Origin 
 

αααα=0.731 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

As a member of this project, I 
have a real say in how the 
software requirements are 
determined. 

1 7 5.93 1.235 0.851 

2 

The majority of members of this 
project get a chance to 
participate in setting the 
software requirements. 

1 7 5.03 1.634 0.436 

3 

This project is designed to let all 
members of the project 
participate in determining the 
software requirements. 

1 7 4.98 1.700 0.495 

(R) Indicates reverse-coded items. 
 
3.3 Task Assignment 
 

αααα=0.701 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Project members decide what 
tasks they would like to work 
on. 

1 7 6.11 1.143 0.484 

2 
Project members are 
encouraged to work on tasks of 
their choice. 

1 7 5.94 1.266 0.541 

3 
Project members are suggested 
to work on certain tasks. (R) 

1 7 3.72 1.729 0.841 

(R) Indicates reverse-coded items. 
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3.4 CVS Roles (Centralization) 
 

αααα=0.758 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Write access privileges for this 
project's source code version 
control system are typically 
limited to project administrators 
only. 

1 7 2.56 2.055 0.663 

2 

Write access privileges for this 
project's source code version 
control system are generally 
granted to other project 
members, in addition to project 
administrators. (R) 

1 7 2.26 1.719 0.613 

3 

Only one individual in this 
project typically possesses write 
access privileges to the source 
code version control system. 

1 7 1.69 1.465 0.737 

(R) Indicates reverse-coded items. 
 
3.5 CVS Clarity 
 

αααα=0.745 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

The procedures for committing 
changes to the source code 
version control system are 
imprecise. (R) 

1 7 4.71 1.937 0.537 

2 

There is ambiguity around the 
source code version control 
system's commit procedures. 
(R) 

1 7 5.10 1.795 0.698 

3 
There are detailed commit 
procedures for the source code 
version control system. 

1 7 3.97 2.036 0.732 

(R) Indicates reverse-coded items. 
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3.6 Release Manager Role 
 

αααα=0.723 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

There typically is/are one or 
many individuals who 
assume(s) the role of release 
manager who oversee(s) 
software releases. 

1 7 5.79 1.842 0.695 

2 
Software releases are generally 
managed by specific 
individuals. 

1 7 6.09 1.466 0.569 

3 

Software releases are typically 
planned by one or many 
individuals who assume(s) the 
role of release manager. 

1 7 5.90 1.555 0.651 

 
3.7 Project Partitioning 
 

αααα=0.871 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

This project is generally 
partitioned into one or multiple 
development branch(es) and 
stable branch(es). 

1 7 4.39 2.319 0.822 

2 

Source code branching is 
typically applied in order to 
distinguish development 
versions of the software and 
more stable release candidates. 

1 7 4.56 2.325 0.805 

3 
This project generally does not 
carry out any kind of source 
code branching. (R) 

1 7 4.88 2.242 0.826 

(R) Indicates reverse-coded items. 
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3.8 Timetables for Software Releases 
 

αααα=0.794 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
The timetables for software 
releases for this project are 
imprecise. (R) 

1 7 2.55 1.861 0.663 

2 

There is ambiguity when it 
comes to this project's 
timetables for software 
releases. (R) 

1 7 3.15 1.819 0.809 

3 
This project generally has well 
defined timetables for software 
releases. 

1 7 2.93 1.928 0.672 

(R) Indicates reverse-coded items. 

4. Governance Dimension: Conflict Resolution 
 
4.1 Noncompliance Norms 
 

αααα=0.828 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

There are group norms about 
what happens to project 
members when they fail to 
comply (e.g., when a given 
project member refuses to 
contribute code that meets the 
design objectives for the 
software). 

1 7 3.13 1.750 - 

2 

Group norms are established in 
order to safeguard this project 
against noncompliance (e.g., 
when project members fail to 
adhere to agreed upon software 
development plans). 

1 7 3.39 1.740 - 

(R) Indicates reverse-coded items. 
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4.2 Collective Sanctions 
 

αααα=0.895 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Collective sanctions are carried 
out in the event of continued 
noncompliance with group 
norms. 

1 7 3.17 1.561 0.873 

2 

Reprisals are carried out when 
project members continually 
refuse to comply with group 
norms. 

1 7 3.19 1.684 0.859 

3 

Continued noncompliance with 
group norms by project 
members results in the 
enforcement of sanctions. 

1 7 3.27 1.692 0.815 

5. Governance Dimension: Use of Information 
 

αααα=0.771 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
The rules that underlie how 
project information should be 
distributed are imprecise. 

1 7 4.23 1.613 0.778 

2 
There are well defined rules 
about project information should 
be shared. 

1 7 3.93 1.729 0.674 

3 
How project information should 
be shared is dictated by rules. 

1 7 3.25 1.708 0.735 

4 

Project members are obliged to 
communicate project 
information in prescribed ways 
according to established rules. 

1 7 3.60 1.734 0.664 
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6. Governance Dimension: Use of Tools 
 

αααα=0.820 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
The rules that underlie the use 
of technical tools are imprecise. 

1 7 4.18 1.638 0.790 

2 
There is ambiguity about how 
technical tools should be used. 

1 7 4.43 1.623 0.807 

3 
There are clearly sated rules 
about how technical tools 
should be utilized. 

1 7 3.89 1.722 0.772 

4 
The mandatory use and 
management of technical tools 
are dictated by rules. 

1 7 3.39 1.789 0.780 

5 

Project members are free to 
decide whether to follow 
established rules regarding the 
use of technical tools. 

1 7 3.77 1.536 0.819 

6 

Project members are obliged to 
use technical tools in prescribed 
ways according to established 
rules. 

1 7 3.79 1.718 0.776 

 



 

543 
 

7. Governance Purposes 
 
7.1 Climate for Project Excellence 
 

αααα=0.848 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 

Project members provide useful 
ideas and practical help to 
enable others to contribute to 
this project to the best of their 
ability. 

3 7 5.89 0.883 0.838 

2 
Project members monitor each 
other so as to maintain a higher 
standard of work. 

2 7 5.02 1.125 0.823 

3 
Project members are prepared 
to question the work that is 
being done in this project. 

3 7 5.52 0.917 0.814 

4 

In order to achieve the best 
possible outcome, project 
members are critical about 
potential weaknesses in the 
project tasks they are working 
on. 

2 7 5.31 1.080 0.814 

5 

Members of this project build on 
each other's ideas in order to 
achieve the best possible 
outcome. 

3 7 5.67 0.894 0.826 

6 

There is a real concern among 
members of this project that the 
project should achieve the 
highest standards of 
performance. 

3 7 5.42 1.076 0.838 

7 

This project has clear criteria 
which members try to meet in 
order to achieve excellence as 
a team. 

1 7 4.37 1.224 0.836 

(R) Indicates reverse-coded items. 
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7.2 Coordination Effectiveness 
 

αααα=0.840 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
Duplicated and overlapping 
activities are avoided. 

2 7 5.01 1.090 0.812 

2 
There are no problems in 
coordinating between project 
members. 

1 7 4.87 1.248 0.814 

3 
Conflicts among project 
members are settled quickly. 

3 7 5.52 0.950 0.801 

4 
Related processes and 
activities are well coordinated 
with each other. 

1 7 4.84 1.110 0.779 

5 
Discussions between members 
of this project are conducted 
constructively. 

4 7 5.98 0.792 0.826 

8. Software Project Performance 
 

αααα=0.821 

# Item Min Max Mean 
St. 
Dev. 

Cronbach’s 
Alpha if 
item 
deleted 

1 
The software being developed 
is reliable. 

3 7 5.67 0.920 0.754 

2 
The software being developed 
is easy to maintain. 

2 7 4.81 1.137 0.820 

3 
The software being developed 
meets intended functional 
requirements. 

4 7 5.96 0.725 0.806 

4 
The software being developed 
meets expectations with respect 
to the software’s response time. 

3 7 5.52 0.858 0.800 

5 
The overall quality of the 
developed software is high. 

3 7 5.63 0.883 0.743 

(R) Indicates reverse-coded items. 
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Appendix I – Final Questionnaires Used for Main Study 5 
 

Project Administrators Questionnaire 
 

 
 

                                                
5
 The term CVS (Concurrent Version System) was used in the questionnaires. However, it was 

replaced by the more generic terms VCS (Version Control System) in the thesis. 
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Project Members Questionnaire 
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Appendix J - Dendrogram 
 
Figure 23. Dendrogram using Ward’s Method 
 

                         Rescaled Distance Cluster Combine 

 

    C A S E      0         5        10        15        20        25 

  Label     Num  +---------+---------+---------+---------+---------+ 

 

  Case 19    19   -+ 

  Case 91    91   -+ 

  Case 142  142   -+ 

  Case 176  176   -+-+ 

  Case 81    81   -+ | 

  Case 84    84   -+ | 

  Case 22    22   -+ | 

  Case 34    34   -+ | 

  Case 73    73   -+-+ 

  Case 88    88   -+ +-----+ 

  Case 56    56   -+ |     | 

  Case 63    63   -+ |     | 

  Case 123  123   -+-+     | 

  Case 127  127   -+ |     | 

  Case 128  128   -+ |     | 

  Case 68    68   ---+     +-----------------------------+ 

  Case 29    29   -+       |                             | 

  Case 97    97   -+-+     |                             | 

  Case 17    17   -+ +-+   |                             | 

  Case 18    18   -+ | |   |                             | 

  Case 7      7   ---+ |   |                             | 

  Case 79    79   -+-+ +---+                             | 

  Case 112  112   -+ +-+                                 | 

  Case 106  106   ---+ |                                 | 

  Case 55    55   -+   |                                 | 

  Case 151  151   -+-+ |                                 | 

  Case 61    61   -+ +-+                                 | 

  Case 111  111   ---+                                   | 

  Case 102  102   -+                                     | 

  Case 140  140   -+---+                                 | 

  Case 164  164   -+   |                                 | 

  Case 66    66   -+-+ |                                 | 

  Case 167  167   -+ +-+                                 +---------+ 

  Case 114  114   ---+ +-----------------+               |         | 

  Case 13    13   -+   |                 |               |         | 

  Case 92    92   -+-+ |                 |               |         | 

  Case 105  105   -+ | |                 |               |         | 

  Case 121  121   -+ | |                 |               |         | 

  Case 70    70   -+ | |                 |               |         | 

  Case 65    65   -+ | |                 |               |         | 

  Case 83    83   -+ | |                 |               |         | 

  Case 30    30   -+ | |                 |               |         | 

  Case 46    46   -+-+ |                 |               |         | 

  Case 3      3   -+ +-+                 |               |         | 

  Case 99    99   -+ |                   |               |         | 

  Case 93    93   -+ |                   |               |         | 

  Case 37    37   -+ |                   |               |         | 
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  Case 134  134   -+-+                   |               |         | 

  Case 183  183   -+ |                   |               |         | 

  Case 120  120   -+-+                   |               |         | 

  Case 148  148   -+                     +---------------+         | 

  Case 77    77   -+-+                   |                         | 

  Case 160  160   -+ |                   |                         | 

  Case 57    57   -+ +---+               |                         | 

  Case 141  141   -+-+   |               |                         | 

  Case 50    50   -+ |   |               |                         | 

  Case 172  172   -+ |   |               |                         | 

  Case 2      2   -+ |   |               |                         | 

  Case 133  133   ---+   +-----------+   |                         | 

  Case 6      6   -+     |           |   |                         | 

  Case 177  177   -+     |           |   |                         | 

  Case 67    67   -+-+   |           |   |                         | 

  Case 27    27   -+ |   |           |   |                         | 

  Case 109  109   ---+   |           |   |                         | 

  Case 116  116   -+ +---+           |   |                         | 

  Case 139  139   -+-+               |   |                         | 

  Case 32    32   -+ |               |   |                         | 

  Case 52    52   -+ |               +---+                         | 

  Case 125  125   -+ |               |                             | 

  Case 108  108   -+ |               |                             | 

  Case 149  149   -+-+               |                             | 

  Case 35    35   -+                 |                             | 

  Case 94    94   ---+               |                             | 

  Case 131  131   ---+-------+       |                             | 

  Case 86    86   ---+       |       |                             | 

  Case 124  124   -+-+       |       |                             | 

  Case 152  152   -+ |       +-------+                             | 

  Case 33    33   -+ +-+     |                                     | 

  Case 171  171   -+-+ |     |                                     | 

  Case 155  155   -+ | +-----+                                     | 

  Case 5      5   ---+ |                                           | 

  Case 150  150   -+-+ |                                           | 

  Case 153  153   -+ +-+                                           | 

  Case 72    72   -+ |                                             | 

  Case 100  100   -+-+                                             | 

  Case 9      9   -+                                               | 

  Case 96    96   -+---+                                           | 

  Case 113  113   -+   |                                           | 

  Case 129  129   -+   +-------+                                   | 

  Case 166  166   -+-+ |       |                                   | 

  Case 115  115   -+ +-+       |                                   | 

  Case 132  132   ---+         |                                   | 

  Case 10    10   -+---+       |                                   | 

  Case 174  174   -+   |       |                                   | 

  Case 8      8   -+-+ +---+   |                                   | 

  Case 62    62   -+ | |   |   +---------+                         | 

  Case 64    64   -+ +-+   |   |         |                         | 

  Case 122  122   -+-+     |   |         |                         | 

  Case 98    98   -+ |     |   |         |                         | 

  Case 162  162   -+ |     |   |         |                         | 

  Case 31    31   -+-+     |   |         |                         | 

  Case 82    82   -+ |     |   |         |                         | 

  Case 40    40   -+ |     +---+         |                         | 

  Case 45    45   -+-+     |             |                         | 
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  Case 87    87   -+       |             |                         | 

  Case 130  130   -+       |             |                         | 

  Case 74    74   -+-+     |             |                         | 

  Case 89    89   -+ +---+ |             |                         | 

  Case 16    16   -+ |   | |             |                         | 

  Case 118  118   -+-+   | |             |                         | 

  Case 15    15   -+     +-+             |                         | 

  Case 1      1   -+-+   |               |                         | 

  Case 136  136   -+ +-+ |               |                         | 

  Case 11    11   -+-+ | |               |                         | 

  Case 49    49   -+ | +-+               |                         | 

  Case 170  170   ---+ |                 |                         | 

  Case 26    26   -----+                 |                         | 

  Case 39    39   -+                     |                         | 

  Case 147  147   -+                     |                         | 

  Case 146  146   -+-+                   +-------------------------+ 

  Case 4      4   -+ |                   | 

  Case 59    59   -+ |                   | 

  Case 47    47   -+ +---+               | 

  Case 53    53   -+ |   |               | 

  Case 126  126   -+-+   |               | 

  Case 58    58   -+ |   |               | 

  Case 107  107   -+ |   |               | 

  Case 169  169   -+-+   |               | 

  Case 85    85   -+     +-----------+   | 

  Case 156  156   -+     |           |   | 

  Case 71    71   -+     |           |   | 

  Case 178  178   -+-+   |           |   | 

  Case 110  110   -+ +-+ |           |   | 

  Case 14    14   -+ | | |           |   | 

  Case 173  173   -+-+ | |           |   | 

  Case 104  104   -+   +-+           |   | 

  Case 161  161   -+   |             |   | 

  Case 168  168   -+-+ |             |   | 

  Case 23    23   -+ | |             |   | 

  Case 95    95   -+ +-+             |   | 

  Case 117  117   -+-+               |   | 

  Case 137  137   -+ |               |   | 

  Case 135  135   -+ |               |   | 

  Case 154  154   -+ |               +---+ 

  Case 25    25   -+-+               | 

  Case 60    60   -+                 | 

  Case 165  165   -+                 | 

  Case 24    24   -+-+               | 

  Case 48    48   -+ +-----+         | 

  Case 145  145   ---+     |         | 

  Case 158  158   -+       +-----+   | 

  Case 163  163   -+       |     |   | 

  Case 43    43   -+---+   |     |   | 

  Case 143  143   -+   +---+     |   | 

  Case 138  138   -+-+ |         |   | 

  Case 157  157   -+ +-+         |   | 

  Case 180  180   ---+           |   | 

  Case 36    36   -+-+           |   | 

  Case 90    90   -+ |           |   | 

  Case 78    78   -+ +-+         +---+ 

  Case 144  144   -+ | |         | 
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  Case 159  159   -+-+ |         | 

  Case 179  179   -+   |         | 

  Case 69    69   -+   +-----+   | 

  Case 101  101   -+   |     |   | 

  Case 44    44   -+-+ |     |   | 

  Case 75    75   -+ | |     |   | 

  Case 21    21   -+ +-+     |   | 

  Case 41    41   -+ | |     |   | 

  Case 103  103   ---+ |     +---+ 

  Case 54    54   -----+     | 

  Case 76    76   -+-+       | 

  Case 175  175   -+ +-+     | 

  Case 181  181   -+-+ |     | 

  Case 182  182   -+   |     | 

  Case 12    12   -+   +-----+ 

  Case 28    28   -+   | 

  Case 184  184   -+---+ 

  Case 119  119   -+   | 

  Case 38    38   -+   | 

  Case 80    80   -+   | 

  Case 20    20   -+-+ | 

  Case 51    51   -+ +-+ 

  Case 42    42   ---+ 
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Appendix K - Cluster Analysis of Open Source Software Project Governance: 3-
Cluster Solution (K-means) 
 
Table 292. Cluster Analysis of Open Source Software Project Governance: 3-Cluster Solution (K-means)a 

Governance 
Constructs 

Mean (S.D.) of Cluster Groups 

Significant Contrast Values Cluster 1 
(n = 45) 

Cluster 2 
(n = 74) 

Cluster 3 
(n = 65) 

Fb 

Copyleft      

Viral      

Goal Vis + Cla 
3.63 

(1.29) 
5.05 

(1.15) 
5.32 

(1.17) 
29.54*** 1-2***, 1-3*** 

Goal Origin 
4.27 

(1.46) 
5.49 

(1.00) 
5.46 

(0.98) 
19.81*** 1-2***, 1-3*** 

Decision-making 
4.38 

(1.45) 
5.67 

(1.08) 
5.61 

(1.14) 
19.03*** 1-2***, 1-3*** 

Rule Clarity 
2.92 

(0.94) 
4.71 

(1.27) 
4.64 

(1.28) 
36.30*** 1-2***, 1-3*** 

Roles + Rol Ch 
4.91 

(1.35) 
5.32 

(1.19) 
5.74 

(1.06) 
6.43** 1-3*** 

Software 
Requirements 
Visibility + Clarity 

4.10 
(1.32) 

4.91 
(1.28) 

3.71 
(1.46) 

14.06*** 1-2**, 2-3*** 

Software 
Requirements 
Origin 

5.26 
(1.06) 

5.59 
(1.03) 

5.04 
(1.50) 

3.54* 2-3* 

Task Assignment 
5.12 

(0.99) 
5.05 

(1.20) 
5.59 

(1.01) 
4.88** 2-3* 
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Governance 
Constructs 

Mean (S.D.) of Cluster Groups 

Significant Contrast Values Cluster 1 
(n = 45) 

Cluster 2 
(n = 74) 

Cluster 3 
(n = 65) 

Fb 

CVS Roles 
2.41 

(1.50) 
2.02 

(1.27) 
2.18 

(1.59) 
1.01 None 

CVS Clarity 
4.45 

(1.42) 
5.54 

(1.24) 
3.62 

(1.36) 
36.60*** 1-2***, 1-3**, 2-3*** 

Release Manager 
Role 

6.22 
(0.81) 

6.15 
(1.12) 

5.47 
(1.64) 

6.68** 1-3**, 2-3** 

Project Partitioning 
3.45 

(1.88) 
6.17 

(1.20) 
3.63 

(1.78) 
59.21*** 1-2***, 2-3*** 

Timetables for 
Software Releases 

2.91 
(1.57) 

3.49 
(1.74) 

2.16 
(0.98) 

14.10*** 1-3*, 2-3*** 

Noncompliance 
Norms 

3.28 
(1.43) 

4.19 
(1.57) 

2.19 
(1.03) 

37.23*** 1-2**, 1-3***, 2-3*** 

Collective 
Sanctions 

3.22 
(1.33) 

3.94 
(1.51) 

2.37 
(1.12) 

23.66*** 1-2*, 1-3**, 2-3*** 

Use of Information 
2.70 

(1.12) 
4.13 

(1.18) 
4.05 

(1.18) 
24.43*** 1-2***, 1-3*** 

Use of Tools 
2.93 

(1.09) 
4.34 

(1.06) 
4.10 

(1.10) 
25.35*** 1-2***, 1-3*** 

a
Cluster groups derived from K-means procedure using SPSS. 

b
Test of significant differences across cluster groups using one-way ANOVA. 

***p < 0.001; **p < 0.01; *p < 0.05 
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Appendix L - Analysis of Open Source Software Project Governance: 4-Cluster 
Solution (K-means) 
 
Table 293. Cluster Analysis of Open Source Software Project Governance: 4-Cluster Solution (K-means)a 

Governance 
Constructs 

Mean (S.D.) of Cluster Groups 
Significant Contrast 

Values Cluster 1 
(n = 59) 

Cluster 2 
(n = 20) 

Cluster 3 
(n = 58) 

Cluster 4 
(n = 47) 

Fb 

Copyleft       

Viral       

Goal Vis + Cla 
5.64 

(1.00) 
3.14 

(1.54) 
4.77 

(1.13) 
4.48 

(1.17) 
25.61*** 

1-2***, 1-3***, 1-4***, 2-
3***, 2-4*** 

Goal Origin 
5.41 

(1.07) 
3.25 

(1.31) 
5.46 

(0.86) 
5.37 

(1.05) 
26.10*** 1-2***, 2-3***, 2-4*** 

Decision-making 
5.25 

(1.24) 
3.10 

(1.10) 
5.76 

(0.89) 
5.86 

(0.86) 
38.90*** 

1-2***, 1-3*, 1-4*, 2-3***, 2-
4*** 

Rule Clarity 
5.18 

(1.08) 
3.00 

(1.22) 
4.42 

(1.28) 
3.39 

(1.15) 
28.48*** 

1-2***, 1-3**, 1-4***, 2-3***, 
3-4*** 

Roles + Rol Ch 
5.22 

(1.29) 
4.19 

(1.54) 
5.58 

(0.92) 
5.79 

(0.98) 
10.26*** 1-2**, 2-3***, 2-4***,  

Software 
Requirements 
Visibility + Clarity 

3.66 
(1.34) 

4.60 
(1.54) 

5.00 
(1.18) 

4.07 
(1.46) 

10.23*** 1-2*, 1-3***, 3-4** 

Software 
Requirements 
Origin 

5.40 
(1.20) 

5.13 
(1.28) 

5.47 
(1.07) 

5.11 
(1.45) 

0.95 None 

Task Assignment 
5.28 

(1.12) 
4.57 

(1.35) 
5.17 

(1.04) 
5.63 

(0.93) 
4.81** 2-4** 
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Governance 
Constructs 

Mean (S.D.) of Cluster Groups 
Significant Contrast 

Values Cluster 1 
(n = 59) 

Cluster 2 
(n = 20) 

Cluster 3 
(n = 58) 

Cluster 4 
(n = 47) 

Fb 

CVS Roles 
2.29 

(1.63) 
2.67 

(1.82) 
1.86 

(1.07) 
2.18 

(1.40) 
1.83 None 

CVS Clarity 
4.02 

(1.54) 
4.83 

(1.51) 
5.79 

(1.16) 
3.73 

(1.07) 
26.87*** 1-3***, 2-3*, 2-4*, 3-4*** 

Release Manager 
Role 

5.83 
(1.29) 

6.18 
(0.92) 

6.17 
(1.11) 

5.65 
(1.62) 

1.76 None 

Project Partitioning 
4.14 

(1.85) 
3.92 

(1.94) 
6.41 

(0.93) 
3.27 

(1.82) 
37.78*** 1-3***, 1-4*, 2-3***, 3-4*** 

Timetables for 
Software Releases 

2.33 
(1.07) 

3.23 
(1.75) 

3.62 
(1.74) 

2.50 
(1.45) 

8.90*** 1-3***, 3-4*** 

Noncompliance 
Norms 

2.93 
(1.43) 

3.35 
(1.39) 

4.44 
(1.49) 

2.16 
(1.05) 

26.25*** 
1-3***, 1-4*, 2-3*, 2-4**, 3-
4***  

Collective 
Sanctions 

3.11 
(1.32) 

3.20 
(1.65) 

4.10 
(1.45) 

2.24 
(1.02) 

16.99*** 
1-3***, 1-4**, 2-3*, 2-4*, 3-
4*** 

Use of Information 
4.57 

(0.96) 
2.70 

(1.14) 
3.93 

(1.25) 
2.95 

(1.06) 
25.67*** 

1-2***, 1-3*, 1-4***, 2-3***, 
3-4*** 

Use of Tools 
4.58 

(0.98) 
3.32 

(1.22) 
4.12 

(1.15) 
3.06 

(0.95) 
21.02*** 1-2***, 1-4***, 2-3*, 3-4*** 

a
Cluster groups derived from K-means procedure using SPSS. 

b
Test of significant differences across cluster groups using one-way ANOVA. 

***p < 0.001; **p < 0.01; *p < 0.05  
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Appendix M - Analysis of Open Source Software Project Governance: 5-Cluster 
Solution (K-means) 
 
Table 294. Cluster Analysis of Open Source Software Project Governance: 5-Cluster Solution (K-means)a 

Governance 
Constructs 

Mean (S.D.) of Cluster Groups 
Significant Contrast 

Values Cluster 1 
(n = 32) 

Cluster 2 
(n = 34) 

Cluster 3 
(n = 53) 

Cluster 4 
(n = 43) 

Cluster 5 
(n = 22) 

Fb 

Copyleft        

Viral        

Goal Vis + Cla 
4.21 

(1.12) 
5.59 

(1.13) 

5.47 
(0.99) 

4.51 
(1.09) 

3.38 
(1.59) 

19.86*** 
1-2***, 1-3***, 2-4***, 2-
5***, 3-4***, 3-5***, 4-
5** 

Goal Origin 
5.30 

(0.86) 
5.30 

(1.01) 
5.51 

(0.99) 
5.64 

(0.86) 
3.12 

(1.18) 
29.18*** 

1-5***, 2-5***, 3-5***, 4-
5*** 

Decision-making 
5.55 

(0.82) 
5.37 

(1.27) 
5.63 

(1.19) 
5.90 

(0.72) 
3.17 

(1.05) 
28,74*** 

1-5***, 2-5***, 3-5***, 4-
5*** 

Rule Clarity 
3.61 

(1.00) 
5.15 

(1.06) 
5.23 

(1.06) 
3.38 

(1.14) 
3.09 

(1.24) 
32.20*** 

1-2***, 2-3***, 2-4***, 2-
5***, 3-4***, 3-5*** 

Roles + Rol Ch 
5.48 

(0.85) 
5.57 

(1.24) 
5.24 

(1.25) 
5.78 

(0.94) 
4.41 

(1.58) 
5.54*** 

1-5**, 2-5**, 3-5*, 4-
5*** 

Software 
Requirements 
Visibility + Clarity 

5.26 
(1.12) 

3.27 
(1.31) 

4.23 
(1.35) 

4.50 
(1.29) 

4.21 
(1.65) 

9,59*** 
1-2***, 1-3**, 1-5*, 2-3*, 
2-4*** 

Software 
Requirements 
Origin 

5.64 
(0.97) 

4.68 
(1.68) 

5.52 
(0.98) 

5.33 
(1.14) 

5.33 
(1.31) 

3.30* 1-2*, 2-3* 
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Governance 
Constructs 

Mean (S.D.) of Cluster Groups 
Significant Contrast 

Values Cluster 1 
(n = 32) 

Cluster 2 
(n = 34) 

Cluster 3 
(n = 53) 

Cluster 4 
(n = 43) 

Cluster 5 
(n = 22) 

Fb 

Task Assignment 
5.08 

(1.11) 
5.66 

(0.95) 
4.93 

(1.07) 
5.67 

(0.93) 
4.88 

(1.34) 
5.03*** 2-3*, 3-4**, 4-5* 

CVS Roles 
1.74 

(0.99) 
2.51 

(1.80) 
2.08 

(1.32) 
2.18 

(1.37) 
2.46 

(1.77) 
1.45 None 

CVS Clarity 
6.01 

(0.93) 
3.90 

(1.48) 
5.05 

(1.48) 
3.57 

(1.15) 
4.50 

(1.46) 
19.55*** 

1-2***, 1-3*, 1-4***, 1-
5***, 2-3***, 3-4*** 

Release Manager 
Role 

6.19 
(0.94) 

4.75 
(1.89) 

6.09 
(1.14) 

6.37 
(0.72) 

6.11 
(0.94) 

10,71*** 
1-2***, 2-3***, 2-4***, 2-
5*** 

Project 
Partitioning 

6.10 
(1.39) 

3.35 
(1.57) 

5.67 
(1.57) 

3.47 
(2.03) 

4.05 
(1.91) 

21.28*** 
1-2***, 1-4***, 1-5***, 2-
3***. 3-4***, 3-5** 

Timetables for 
Software 
Releases 

4.26 
(1.70) 

2.18 
(1.03) 

2.74 
(1.43) 

2.63 
(1.43) 

2.77 
(1.61) 

9.88*** 
1-2***, 1-3***, 1-4***, 1-
5** 

Noncompliance 
Norms 

4.48 
(1.56) 

2.21 
(1.10) 

4.17 
(1.43) 

2.17 
(1.05) 

3.02 
(1.12) 

27.52*** 
1-2***, 1-4***, 1-5***, 2-
3***, 3-4***, 3-5** 

Collective 
Sanctions 

3.85 
(1.37) 

2.25 
(0.96) 

4.19 
(1.48) 

2.40 
(1.04) 

2.97 
(1.32) 

19.60*** 
1-2***, 1-4***, 2-3***, 3-
4***, 3-5** 

Use of Information 
3.36 

(0.88) 
4.10 

(1.39) 
4.58 

(1.07) 
3.20 

(1.22) 
2.88 

(1.16) 
14.19*** 

1-3***, 2-4**, 2-5***, 3-
4***, 3-5*** 

Use of Tools 
3.51 

(0.99) 
4.40 

(1.08) 
4.74 

(0.94) 
3.09 

(0.99) 
3.33 

(1.16) 
21.06*** 

1-2**, 1-3***, 2-4***, 2-
5***, 3-4***, 3-5*** 

a
Cluster groups derived from K-means procedure using SPSS. 

b
Test of significant differences across cluster groups using one-way ANOVA. 

***p < 0.001; **p < 0.01; *p < 0.05
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Appendix N - Governance Construct Categorization 
Scheme 
 
Table 295. Governance Construct Categorization Scheme 

Governance Construct Level 1 Standard Deviation ½ Standard Deviation 

Goal Visibility + Clarity 

High 5.41 - 4.37 5.41 - 4.89 

Medium 4.36 - 3.32 4.88 - 4.36 

Low <= 3.31 <= 4.35 

Goal Origin 

High 5.50 - 4.58 5.50 - 5.04 

Medium 5.87 - 3.65 5.03 - 4.57 

Low <= 3.64 <= 4.56 

Decision-making 

High 5.73 - 4.85 5.73 - 5.29 

Medium 4.84 - 3.96 5.28 - 4.84 

Low <= 3.95 <= 4.83 

Rule Clarity 

High 4.98 - 3.86 4.98 - 4.42 

Medium 3.85 - 2.83 4.41 - 3.85 

Low <= 2.82 <= 3.84 

Roles + Role Changes 

High 5.52 - 4.56 5.52 - 5.04 

Medium 4.55 - 3.59 5.03 - 4.55 

Low <= 3.58 <= 4.54 

Software Requirements 
Visibility 

High 5.35 - 4.28 5.35 - 4.815 

Medium 4.27 - 3.20 4.814 - 4.279 

Low <= 3.19 <= 4.278 

Software Requirements 
Origin 

High 5.45 - 4.38 5.45 - 4.915 

Medium 4.37 - 3.30 4.914 - 4.379 

Low <= 3.29 <= 4.378 

Task Assignment 

High 5.36 - 4.40 5.36 - 4.88 

Medium 4.39 - 3.43 4.87 - 4.39 

Low <= 3.42 <= 3.38 

CVS Roles 

High 2.35 - 0.74 2.35 - 1.545 

Medium <= 0.73 1.544 - 0.739 

Low N/A <= 0.738 

CVS Clarity 

High 6.08 - 4.95 6.08 - 5.515 

Medium 4.94 - 3.81 5.514 - 4.949 

Low <=3.80 <= 4.948 
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Governance Construct Level 1 Standard Deviation ½ Standard Deviation 

Release Manager Role 

High 6.50 - 5.88 6.50 - 6.19 

Medium 5.87 - 5.25 6.18 - 5.87 

Low <= 5.24 <= 5.86 

Project Partitioning 

High 6.35 - 5.18 6.35 - 5.765 

Medium 5.17 - 4.00 5.764 - 5.179 

Low <= 3.99 <= 5.178 

Timetables for Software 
Releases 

High 3.83 - 2.05 3.83 - 2.94 

Medium 2.04 - 0.26 2.93 - 2.04 

Low <= 0.25 <= 2.03 

Noncompliance Norms 

High 5.19 - 3.75 5.19 -4.47 

Medium 3.74 - 2.30 4.46 - 3.74 

Low <= 2.29 <= 3.73 

Collective Sanctions 

High 5.02 - 3.69 5.02 - 4.355 

Medium 3.68 - 2.35 4.354 - 3.689 

Low <= 2.34 <= 3.688 

Use of Information 

High 4.27 - 3.09 4.27 - 3.68 

Medium 3.08 - 1.90 3.67 - 3.08 

Low <= 1.89 <= 3.07 

Use of Tools 

High 4.44 - 3.40 4.44 - 3.92 

Medium 3.39 - 2.35 3.91 - 3.39 

Low <= 2.34 <= 3.38 
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Appendix O - Characterization of Clusters (1 Standard Deviation) 
 
Table 296. Characterization of Clusters Using 1 Standard Deviation 

 Cluster 1 (n = 98) Cluster 2 (n = 58) Cluster 3 (n = 28) 

Copyleft High High High 

Viral High High High 

Goal Vis + Cla High Medium High 

Goal Origin High High High 

Decision-making High Medium High 

Rule Clarity High Medium High 

Roles + Rol Ch High High High 

Software Requirements Visibility + Clarity Medium Medium High 

Software Requirements Origin High High High 

Task Assignment High High High 

CVS Roles High High High 

CVS Clarity Medium Medium High 

Release Manager Role Medium High High 

Project Partitioning Medium Medium High 

Timetables for Software Releases High High High 

Noncompliance Norms Medium Medium High 

Collective Sanctions Medium Medium High 

Use of Information High Medium High 

Use of Tools High Medium High 

 


