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Participant Satisfaction with Open Source Software

Abstract

 

Open source software is increasingly seen as a viable alternative to conventional closed-

source software. Developer/user satisfaction and involvement are common suggestions

for measures of an open source project’s success; however, as yet no substantive research

has been done on this topic.The purpose of this two-phase, sequential mixed methods

research project will be to develop and test theory about factors that influence participant

satisfaction with open source software.

The central question of the proposed study is:

 

What factors influence participant satisfaction with an open source application software

project?

 

 The conceptual model for the proposed research will be based on McKeen, Guimaraes,

and Wetherbe’s (1994) model of factors that influence the relationship between participa-

tion in systems development and user satisfaction, modified and extended for an open

source context. Previous research into the structure of open source projects has largely

focused on identifying activities and roles that relate to code generation, rather than com-

munity building or user support. The proposed research is intended to extend the descrip-

tion of project participation to include community building and user support activities.

Therefore, the first sub-question for the proposed research is:

 

What types of contributions do participants make to open source application projects?

 

 In a typical open source project, community members have varying levels of participa-

tion, ranging from passive users to core developers. This research also proposes to see if

there are differences in satisfaction between users who take on different roles within

projects, and the second sub-question is therefore:

 

Do the factors that influence satisfaction with an open source application software project

differ for different roles? If they do, in what way?

 

 The first qualitative phase of the proposed research will use key informant interviews

combined with observation of a purposive sample of projects to gain a better understand-

ing of the type and frequency of different types of participation in the projects. This phase

will also confirm the preliminary model of overall factors that influence participant satis-
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faction with open source application software projects. The results of this phase will be

used to develop a web-based questionnaire to gather quantitative data to test the model and

associated propositions/hypotheses as phase 2.

The results of this research will have both practical and theoretical implications. They will

help developers of open source application software identify opportunities to increase

user satisfaction, and they will help users identify ways in which they might contribute to

projects. They will also contribute to the growing body of theory about open source soft-

ware development and communities, as well as the literature about user satisfaction with

information systems.
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Introduction

 

Open source software is increasingly seen as a viable alternative to conventional closed-

source software. A typical open source project starts when an individual (or small group)

has a need for new software and writes some. In order to share this with others who have

similar needs, the software is released under a licence that allows new users to see the

source code and modify it to meet local needs or fix bugs. These new users of the software

may then contribute their changes back to the community. This results in software that is

said to evolve more quickly and meet user needs better than commercial closed-source

packages. In addition, new users may be able to communicate directly with developers to

solve problems or request enhancements. An unstated implication of these characteristics

is that user satisfaction with open source software will be increased by this ability to be

more involved with the software development process.

Crowston and others (2003) posted a question about measuring project success on Slash-

dot (a Web-based portal that has a high profile with the open source developer commu-

nity). Developer/user satisfaction (43%) and involvement (41%) were the most common

suggestions for measures of a project’s success. Despite this indication that involvement

and satisfaction are suitable measures of open source project success, as yet no substantive

research has been done on this topic.

The purpose of the proposed two-phase, sequential mixed methods research project will

be to develop and test theory about factors that influence participant satisfaction with open

source application software. 

The central question of the proposed study is:

 

What factors influence participant satisfaction with an open source application software

project?

 

Prior research has established a number of models of user satisfaction with information

systems. Most of these have been based on an unstated assumption that system develop-

ment takes place in-house. The conceptual model for the proposed research will be based
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on McKeen, Guimaraes, and Wetherbe’s (1994) conceptual model of factors that influence

the relationship between participation in system development and user satisfaction, mod-

ified and extended to suit an open source context. The McKeen, Guimaraes, and Wetherbe

model has 6 components:

• the dependent variable is 

 

user satisfaction

 

; 

• the independent variables are: 

 

user influence

 

, 

 

user–developer communication

 

, and 

 

user participation;

 

• moderating variables are 

 

task complexity

 

 and 

 

system complexity

 

.

Previous research into the structure of open source projects has largely focused on identi-

fying activities and roles that relate to code generation, rather than community building or

user support. This research is intended to extend this picture of project participation to

include community building and user support activities. Therefore, the first sub-question

for the proposed research is:

 

What types of contributions do participants make to open source application software

projects?

 

In a typical open source project, community members have varying levels of participation,

ranging from passive users to core developers. This research also proposes to see if there

are differences in satisfaction between users who take on different roles within projects,

and the second sub-question is therefore: 

 

Do the factors that influence satisfaction with an open source application software project

differ for different roles? If they do, in what way?

 

The first qualitative phase of the proposed research will use key informant interviews

combined with observation of selected projects to gain a better understanding of the type

and frequency of different types of participation in the projects. This phase will also con-

firm the preliminary model of overall factors that influence participant satisfaction with

open source application software projects. The results of this phase will be used to develop

a web-based questionnaire to gather quantitative data to test the model and resulting prop-

ositions/hypotheses. A non-library open source community will be used for a pilot test of

the questionnaire.

The results of this research will have both practical and theoretical implications. It will

help developers of library and information management open source software identify
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opportunities to increase user satisfaction, and it will help users identify ways in which

they might contribute to projects. It will also contribute to the growing body of theory

about open source software development and communities, as well as the literature about

satisfaction with information systems.

 

1.1 A note on terminology

 

The term ‘open source’, now widely used, is relatively new; it was coined by a group of

‘free software’ proponents (among them Eric S. Raymond and Tim O’Reilly) in February

1998 as a marketing device to overcome what they saw as an anti-business bias of the free

software movement established in 1985 by Richard Stallman (DiBona, Ockman and Stone

1999: 3; Feller and Fitzgerald 2002: 38). They established the Open Source Initiative to

promote the Open Source Definition (OSD) (Open Source Initiative 2002) and certify

software licences as being OSD compliant. Stallman has continued to promote the term

‘free software’, and argues that there are basic ethical and philosophical differences

between the two movements (Stallman 2002). It is important to note that the term ‘free’,

as used by Stallman, does not refer to cost, but is instead about ‘freedom’—the freedom

of software users to modify source code for their own purposes, and to redistribute the

changes freely. While the two movements represent different underlying philosophies,

they have similar objectives, and in the spirit of compromise, this paper will treat them as

synonyms, and will use a hybrid term, Free/Open Source Software (F/OSS), when appro-

priate. See Section 2.2 

 

Meaning of ‘free’ and ‘open source’

 

 on page 6 for a more extensive

discussion of these terms.

 

1.2 Definitions

 

The following terms have been defined for this proposal, and have been written for an F/

OSS context.

 

1.2.1 Application software

 

Software that is designed for direct use by an end user, and performs ‘real world’ tasks

Examples of application software include word processors, spreadsheets, and web brows-

ers.
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1.2.2 Developer

 

A person involved in a software project who works directly with the source code, by either

writing new code or by changing existing code.

 

1.2.3 Free/open source software

 

Software released under a free/open source licence, making source code available to users

(and potential users) free of charge, and allowing them to modify it to suit their needs, as

well as redistribute to others.

 

1.2.4 Initiator

 

The person(s) or organisation(s) who start a project, as opposed to other participants who

join when the project is under way.

 

1.2.5 Participation

 

Any type of contribution made to an F/OSS project, whether as source code, documenta-

tion, community support, or other resources.

 

1.2.6 Satisfaction

 

The 

 

OED online

 

 gives seven definitions for this term, in a range of contexts. For the con-

text of this research, the most appropriate is “The satisfying of a need or desire as it affects

or motivates behaviour”. In this context, ‘satisfying’ implies “meeting or fulfilling the

wish or desire or expectation of; to be accepted by (a person, his taste, judgement, etc.) as

all that could be reasonably desired” (‘satisfaction’ and ‘satisfy’, 

 

Oxford English Diction-

ary Online

 

, accessed 15 July 2005).

 

1.2.7 Source code

 

Statements in a programming language that comprise a computer program or software

package.

 

1.2.8 User

 

A person who uses application software in the course of his or her normal tasks, but does

not necessarily contribute to the source code.
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2

 

Literature review

 

2.1 Introduction

 

This section begins by clarifying the meaning of ‘free’ and ‘open source’ in the context

of software licensing and distribution, followed by an overview of software licensing

models. It then discusses F/OSS life cycles, followed by a brief history of F/OSS distri-

bution. The next section reviews literature about F/OSS practices and communities,

beginning with a discussion of issues associated with gathering data about F/OSS

projects. The primary focus is on participant roles and activities. A section on user satis-

faction models follows, and the literature review concludes with a preliminary model of

factors that influence participant satisfaction with F/OSS.

Material for this literature review was collected using a range of techniques. The first step

involved searching a range of databases including 

 

ABI/Inform

 

, 

 

Library Literature and

Information Science Fulltext

 

, and the ACM and IEEE digital libraries for material on F/

OSS projects and user satisfaction. Citations in recent review articles were used to locate

older, classic articles, and 

 

Web of Knowledge

 

 was used to locate newer material that cited

older, relevant papers. Significant conference web sites, such as the International Confer-

ence on Information Systems, were searched for papers on F/OSS projects and user satis-

faction. F/OSS portals such as the MIT Free/Open Source Research Community portal

(http://opensource.mit.edu/) and the opensource.ucc.ie: resources for researchers (http://

opensource.ucc.ie/) were checked regularly. Proceedings from F/OSS conferences and

workshops, particularly those associated with the annual International Conference on

Software Engineering conference, were checked for relevant papers.

The conceptual model of an open source project used in this proposal is shown in Figure

2-1 below. It shows an F/OSS project as the intersection of three components: software, a

development process, and a community of developers and users.
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Figure 2-1. 

 

Conceptual model of an F/OSS project

 

2.2 Meaning of ‘free’ and ‘open source’

 

If asked, most computer-literate people would probably say that free/open source software

includes the original code for the program, whatever language it is written in (C, C++,

Perl, Php, etc.) and they might also say that the software may be modified for local use

and then subsequently redistributed. However, the official definitions of ‘free software’

and ‘open source’ cover other aspects which are important in understanding the distin-

guishing features of this type of software.

 

2.2.1 The Free Software Definition

 

The Free Software Foundation (FSF) maintains a formal definition of free software at

http://www.fsf.org/philosophy/free-sw.html. It identifies four aspects of freedom:

1. the freedom to run the program, for any purpose (freedom 0)

2. the freedom to study how the program works, and adapt it to local needs (freedom 1)

3. the freedom to redistribute copies so others can benefit from the software (freedom 2)

4. the freedom to improve the program, and release the improved version to the public, 
so that the community can benefit (freedom 3)

All four freedoms are from the user’s perspective, and only freedom 4 mentions a software

community. In order for software to qualify as ‘free’ under freedoms 1 and 3, a user must

have access to the source code.

F/OSS
 Project

Development
Process

Community

Software
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The FSF maintains a list of licences that comply with the Free Software Definition at http:/

/www.fsf.org/licenses/licenses.html. 

 

2.2.2 The Open Source Definition

 

The Open Source Initiative maintains the Open Source definition (OSD), version 1.9 at

1 October 2002, which has 9 clauses:

1. Software must be able to be freely distributed, without requiring a royalty or fee for 
sale.

2. The source code for the program must be available, and, if not included in a distribu-
tion, must be easily available (for example, downloadable from a web page) in a form 
which allows a programmer to modify the program.

3. Modifications and derived works must be allowed, and these must be able to be redis-
tributed under the same terms as the original software.

4. The integrity of the original source code must be able to maintained, either by requir-
ing modifications to be distributed as ‘patch files’, or by requiring modified versions 
to have a different name or version number.

5. There must be no discrimination against persons or groups.

6. There must be no discrimination against any field of endeavour. This clause is particu-
larly important because it allows commercial use of the software.

7. The license must apply to anyone receiving a copy of the program, without requiring 
them to agree to another license.

8. The license must not be specific to a particular product or distribution.

9. The license must not apply to other software distributed along with the licensed pro-
gram(s).

 

2.2.3 Discussion

 

Though these two definitions represent very different philosophical positions, with the

OSI being pragmatic and the FSF uncompromising, in practice they overlap. 

As Feller and Fitzgerald (2002: 12-13) note, while the OSI certification mark applies to

software not licences, in practice the OSI certifies licences and not individual products. In

January 2005, the OSI listed 57 licences that comply with the OSD (OSI 2005), while the

FSF listed 60 ‘free’ licences (FSF 2005). Many of these of these, like the GNU General

Public License (GPL) and the GNU Library or Lesser General Public License (LGPL)

appear on both lists. The GPL is by far the most popular F/OSS licence, used by 40,850

projects listed on SourceForge (a significant F/OSS project repository) on 18 January
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2005. The next most popular licences for SourceForge are the LGPL, with 6,563 projects,

and the BSD License, used by 4,242 projects.

One particularly important point about both definitions is that they are about licensing and

distributing software, and say nothing about the methods and processes used to develop

it. There is considerable variation in the development processes used by different F/OSS

projects, in particular the degree of ‘openness’ to new developers.

 

2.3 Types of software licences

 

The F/OSS model is one of many models for licensing and distributing software. The fol-

lowing table lists characteristics of a range of common software licensing options, to

emphasise the unique features of the F/OSS model. The term ‘viral’ is used to describe an

F/OSS licence that requires any software incorporating F/OSS source code to be released

under a similar licence. ‘Crippleware’ is a term for software usually provided for trials,

but with restrictions on number of users, number of uses, or size of implementation, or

with a limited set of features. These licensing models have been selected as examples, and

other licensing models, such as abandonware, adware, donationware, and postcardware

are listed in Wikipedia (http://en.wikipedia.org/). Semi-open licences allow the software

and source code to be distributed to certain types of organisations (for example, educa-

tional and non-profit institutions). ‘Shared source’ is a term used by some commercial

software vendors (it originated with Microsoft), to describe their practice of allowing spe-

cific groups to have access to the source code for their products.

 

Table 2-1. 

 

Characteristics of software licences  

Type Source code 
available

Redistribution Cost Copyright Restricted Viral

Commercial No No Yes Yes Yes No

Shared source Yes No ? Yes Yes No

Shareware No No No Yes Yes No

Crippleware No No No Yes No No

Freeware No Yes No Yes No No

Open source
(non-viral)

Yes Yes No Yes No No

Open source
(viral)

Yes Yes No Yes No Yes
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2.4 F/OSS project lifecycle

 

Schweik and Semenov (2003) identify 3 major stages in F/OSS projects:

1. Project initiation

2. Going ‘open’

3. Project growth, stability, or decline

This linear approach to the process of releasing F/OSS software is useful because it iden-

tifies key points at which the structure of F/OSS project communities may change. In the

proposed research project, the individual or group involved in stage 1 will be termed the

project’s ‘initiator’.

The reasons for project initiation have been described in a number of papers. Raymond

(1999CatB) says that a project must “scratch a developer’s personal itch”, meaning that it

must be something that the developer is interested in. Bonaccorsi and Rossi say that a

project “starts because an individual (or an organization) is facing a problem that needs a

particular kind of software in order to be solved” (2003: 1246). Both of these imply a per-

sonal or organisational need for new software.

Schweik and Semenov (2003) extrapolated the following list of reasons for project initi-

ation from research into F/OSS participant motivations:

 

Semi-open Yes Yes No Yes Yes No

Public domain Yes Yes No No No No

 

Table 2-2. 

 

Reasons for F/OSS project initiation

Category Motivation

Technological to meet a personal need

to work with the leading edge of technology

to address a software crisis

to have intellectual stimulation

Socio-Political to satisfy an intrinsic motivation to do the work

to take on a threat, rival, or monopoly

Economic to improve programming skills

to take advantage of low cost and the opportu-
nity to participate with nothing to lose

 

Table 2-1. 

 

Characteristics of software licences  (Continued)

Type Source code 
available

Redistribution Cost Copyright Restricted Viral
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This range of underlying reasons for project initiation suggests that there is likely to be a

range of approaches to ‘going open’ for F/OSS project structures, depending on the under-

lying reason for the project to be started. The next section of this proposal gives a brief

history of F/OSS software development, and with a particular focus on identifying reasons

for ‘going open’.

 

2.5 A brief history of F/OSS software

 

Sharing source code for software is not a new concept, and developers make their code

available for a variety of reasons. Fifty years ago, when computers were programmed in

assembler, the Project for the Advancement of Coding Techniques (PACT) allowed pro-

grammers from Lockheed, Douglas, and North American Aviation to collaborate, even

though the companies were competitors (Leonard 2003). Leonard quotes Wesley S.

Malahn, a participant in the project, as saying that the main motivation for this sharing was

to save coding and machine time. In a summary of the results of a panel discussion on

‘What is Proprietary in Mathematical Programming?’, Smith (1961) reports that “[r]epre-

sentatives of several organizations who are not in the business of supplying methods and

codes indicated that they usually gave away general-purpose computer routines”, and jus-

tified doing so because they had benefited from similar practices.

Since 1960, the Association for Computing Machinery (ACM) has published algorithms

(known as CALGO, Collected Algorithms of ACM), in a variety of formats and publica-

tions (Hopkins 2002). Hopkins notes that “[t]he idea was to provide a means for program-

mers to make available their coded versions of algorithms for both pedagogical and reuse

reasons”. Graham (2001) suggests that another reason was to validate research results. In

software research, the ‘result’ is often source code, and other researchers need to be able

to execute the code in order to validate claims made about a new technique. Access to the

source code may also be needed for this, particularly if there are unexpected results. 

Initially these algorithms were published with a statement saying that “the reproduction

of algorithms is explicitly permitted …without any charge” (Herbold 1960) and, since this

meets both the FSF and OSI’s conditions of freedom and openness, distribution of these

algorithms represents an early example of F/OSS. However, even though the ACM con-

tinues to distribute algorithms (now in electronic form), its current licence limits the use,
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modification, and redistribution of CALGO to “academic, research, and other similar non

commercial uses” (ACM, 1998), making CALGO currently semi-, rather than fully, open.

With the rise of commercial computing in the 1960s and 1970s, most software became

proprietary, and sharing source code was largely restricted to computer science academics

and students. Some software, such as Donald Knuth’s T

 

E

 

X, continued to be released along

with source code. Knuth has provided extensive documentation of his experiences in pub-

lishing the T

 

E

 

X source code (Knuth 1992a; 1992b); though he does not make an explicit

statement about his motives in releasing the source code, he does say that “the real test

begins as people with many different viewpoints undertake their own experiments”

(Knuth 1992a: 262). This suggests his goal was quality—both in design and freedom from

bugs.

Throughout the 1970s, publishing source code for educational purposes continued. Bent-

ley’s 

 

Programming Pearls

 

 (1986, revised1989) and 

 

More Programming Pearls

 

 (1988),

compiled from his columns in 

 

Communications of the ACM

 

 are examples of this, and the

source code for his examples is now available on the Web at http://www.cs.bell-labs.com/

cm/cs/pearls/code.html. The conditions of use say “You may use this code for any pur-

pose, as long as you leave the copyright notice and book citation attached.” There are

many other examples of source code being published for teaching purposes—two library

examples are Davis and Lundeen’s 

 

Illustrative computer programming for libraries:

selected examples for information specialists

 

 (1981) and Cooper’s 

 

Design of library auto-

mation systems: file structures, data structures, and tools

 

 (1996).

AT&T’s development of Unix was the next major event in F/OSS. In 1956, United States

federal government decreed that AT&T was forbidden to enter markets such as comput-

ing, and that it was required to license its patents (Leonard 2003). This meant that, at least

initially, the source code for Unix, which was developed at AT&T’s Bell Labs in 1969,

was distributed to universities and research institutes for a nominal fee. Unlike earlier F/

OSS projects, the motivation for this release of source code was legal compliance with the

government decree. The licensing terms allowed the software to be modified and redis-

tributed to organisations who held an AT&T licence. The University of California at Ber-

keley was able to use its experience with this to develop a freely-redistributable version of

Unix (commonly known as BSD Unix for Berkeley Software Distribution). Licensing

issues that occurred as a result of the commercial release of Unix following the break up
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of AT&T in the 1980s, and a subsequent lawsuit, led to the Berkeley-based project being

disbanded in 1995. BSD Unix lives on, though, in several variations, and is the foundation

of the latest Macintosh operating system, Mac OS X.

In 1985, Richard Stallman established the Free Software Foundation (FSF). Its main

objective is to promote the concept of ‘free software’, where the term ‘free’ refers to free-

dom, not price.The GNU (a recursive acronym for Gnu’s Not Unix) project has produced

a range of software projects, including GCC (Gnu C Compiler,) and the multipurpose

Emacs editor. Stallman’s background and motivation for establishing the FSF are well

documented (Bretthauer, 2002; Moody, 2002); to him, free software is a political and eth-

ical statement. The most popular F/OSS licence, the GPL, was developed by the FSF, and

it has been in use since 1999.

In 1991 Linus Torvalds, then an undergraduate student at the University of Finland, was

the initiator of what is commonly regarded as the F/OSS community’s most significant

achievement, the Linux operating system. Glyn Moody’s 

 

Rebel code: Linux and the open

source revolution

 

 (2002), provides a detailed description of its development. Torvalds’

initial motivation for the project was personal—he wanted to run a Unix-like operating

system on his new 386 computer, and started writing an operating system kernel. He gives

two reasons for releasing it as free software: first, he disliked shareware, feeling guilty for

not paying the fees, and second, he disliked the nominal fees charged for Minix, a Unix

compatible operating system (Moody 2002: 44-45). Torvalds felt that making it freely

available through FTP was a better option. Neither of these comments explains why Tor-

valds made the source code available, though his postings announcing the early versions

give an indication of his thinking. He says: “I’ve enjouyed (sic) doing it, and somebody

might enjoy looking at it and even modifying it for their own needs.” (Torvalds 1991).

Linux versions 0.02 through 0.11+VM were released under Torvalds’ own licensing

terms, which required any redistribution to be free of charge, but with v. 0.12 he adopted

the FSF’s GPL.

A further reason for releasing code is given by Fink (2003, 171)—the developer of Jump,

a Java translator for the Palm platform, decided to discontinue the project, and released

the source code so that other people could continue to work on it. After four years, another

developer picked up the code and restarted the project. Commercial software vendors

sometimes do this as well when they discontinue a product. In 2002, OCLC discontinued
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work on SiteSearch, a proprietary database searching package, and made the source code

available under a semi-open licence allowing non-commerical use (Napier-Tyree 2002).

OCLC hosted a user group meeting to coordinate development in May 2002. In response

to a request from the developers, OCLC released the final version of the software under a

fully open licence (the OCLC Research Public License 2.0 2002, available from http://

www.oclc.org/research/software/license/default.htm) in early 2004, and the project

(renamed OpenSiteSearch) is now being continued by an independent group of developers

using SourceForge as the main project repository.

There is at least one more avenue to F/OSS distribution; some vendors release a limited

version of their software under an F/OSS licence, but offer an extended version under a

commercial licence. OpenOffice.org and StarOffice are the best known of these. Sun

Microsystems founded and sponsored the OpenOffice.org project, and contributes to its

development. The base OpenOffice.org package is available under the LGPL, while Sun

Microsystems sells StarOffice, which incorporates proprietary code. Although the pri-

mary reasons for releasing the software under an F/OSS licence aren’t stated explicitly,

one possibility is that Sun wanted to gain from the ongoing development by the wider

community (Wikipedia,“Openoffice.org”, 2005 January 25, http://en.wikipedia.org/wiki/

OpenOffice.org).

In summary, F/OSS projects are likely to have a range of motivations for going open, in

addition to the philosophical and political reasons given the Free Software Foundation:

• to save coding and machine time;

• to return the benefit of previous access to source code;

• for educational use;

• to validate research results;

• to improve quality—both in design and freedom from bugs;

• to comply with legal requirements;

• to give others enjoyment and the opportunity to modify the software;

• to give others the opportunity to continue a project; and

• to benefit from a wider development community.

This range of reasons for releasing source code suggests that the F/OSS landscape is com-

plex, and that there is more than one type of F/OSS project. The reason for a project’s ini-
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tiation and its reason for ‘going open’ are both factors that may influence the nature of

community members’ participation and their satisfaction.

Several of the preceding examples show that the decision to go open can be made at a rel-

atively late stage (OCLC’s SiteSearch and Sun Microsystem’s OpenOffice in particular).

This supports the separation of a ‘going open’ stage from project initiation in the F/OSS

project life cycle, though it is important to recognise that some projects may be ‘born

open’, i.e. intended to be open before any code has been written.

 

2.6 Research into F/OSS practices and communities

 

F/OSS software development and the communities associated with F/OSS projects have

attracted considerable attention from researchers in a range of fields in the last 5 years.

Economists are interested in the ‘free’ aspect and the economic models underlying F/OSS

(see Lerner and Tirole 2000, for one example), while the legal aspects of giving code away

but retaining copyright is of interest to intellectual property specialists (O’Mahony 2003

is one example). From a management perspective, F/OSS communities are seen as exam-

ples of effective virtual organisations; the ways in which they coordinate work (Crowston

and resolve conflict, and how these practices can be applied to other contexts have been

studied. Computer scientists and information systems researchers have investigated F/

OSS development methods (see Scacchi 2003 and Scacchi 2004 for recent examples).

Despite this extensive interest, the research literature on F/OSS development, projects,

and processes is in what Kuhn called the developmental phase of a new paradigm (Kuhn

1970: 76). There is as yet no widely accepted conceptual or theoretical framework to

describe, interpret, and compare F/OSS project structures and processes. A majority of the

literature is in the form of conference papers, with most of the refereed journal articles

published in special issues of journals (e.g. 

 

Research Policy

 

 32 (6) 2003, which contained

7 research-based articles and 

 

IEEE Software

 

 21(1) 2004, which contained 10 articles,

some research-based, others opinion-based). Books about F/OSS are primarily ‘how-to’

guides for people interested in setting up an F/OSS project or using the resulting software

(for example Pavlicek 2000; Sandred 2001; Golden 2005), or accounts of specific projects

or people (Moody 2002; Torvalds and Diamond 2002; Williams 2002). There are also a

number of self-published pre-prints on F/OSS portals, in particular the MIT Free/Open

Source Research Community (http://opensource.mit.edu/online_papers.php). In 2002, the
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FLOSS project, funded by the European Commission, released a comprehensive report on

its study of people, companies, and public organisations developing and using F/OSS. It

had a focus on Europe. The most common methodology used in studying F/OSS practices

and communities is the descriptive case study, and the second most common is a web-

based survey.

 

2.6.1 Issues associated with studying F/OSS projects and communities

 

Most F/OSS projects provide a wealth of freely available project information for inter-

ested users (and researchers). These resources usually include the source code itself, often

with a credits file that shows who contributed what code and when it was contributed, plus

mailing list archives, bug databases, and other project-related documentation. This means

that it is relatively easy to gather data for an in-depth case study of an individual project.

von Krogh, Spaeth, and Lakhani’s investigation (2003) of the way new developers joined

the Freenet project is a recent example.

Comparing results across different projects, however, is more difficult. There is no single

authoritative source of comparative information on F/OSS projects. SourceForge (http://

sourceforge.net/index.php) is the largest repository of F/OSS projects, with over 100,000

projects listed on 15 July 2005. While this number is impressive, studies of project activity

have shown that only a very small number of projects are active and a much larger number

relatively static, resulting in a Pareto or power law distribution (Hunt and Johnson 2002).

Although considerable raw data about F/OSS projects are available from SourceForge and

FreshMeat (http://freshmeat.net), the quality of this data is uneven. For example, Source-

Forge provides a count of the number of times a package has been downloaded, but the

interpretation of the resulting number is difficult. It is unlikely that everyone who has

downloaded a package has installed it, as the phenomenon of downloading software on a

trial basis to see what it can do is common in the F/OSS world. Howison and Crowston

(2004: 11) suggest that packages undergoing frequent change (whether to add new func-

tionality or to fix bugs) would be downloaded frequently, as users keep their version of the

software up to date. This means that the meaning of a high number of downloads can be

difficult to interpret.

Other issues with SourceForge data include developers classifying their projects by a

range of attributes. Classification options include:



 

16

• development status (options are 1 - Planning; 2 - Pre-Alpha; 3 - Alpha; 4 - Beta; 5 - 
Production/Stable; 6 - Mature; and 7 - Inactive);

• intended audience (top level industry sectors are limited to Aerospace; Customer 
Service; Education; Financial and Insurance Industry; Government; Healthcare Indus-
try; Information Technology; Legal Industry; Manufacturing; Non-Profit Organiza-
tions; Religion; Science/Research; and Telecommunications Industry); and

• Topic (top level categories are Communications; Database; Desktop Environment; 
Education; Formats and Protocols; Games/Entertainment; Internet; Multimedia; 
Office/Business; Other/Nonlisted Topic; Printing; Religion and Philosophy; Scien-
tific/Engineering; Security; Sociology; Software Development; System; Terminals; 
and Text Editors). 

This self-classification means that the classification data are not necessarily reliable, as

different developers might interpret the classifications differently. To illustrate the varia-

bility of this data, SourceForge entries for 5 different wiki engines were checked on 31

January 2005; they were categorised as:

1. Dynamic content, Site management;

2. Front ends, Message boards, Site management, Documentation;

3. Dynamic content, Office/Business; and 

4. Communication, WWW/HTTP. 

One, PmWiki, was not yet classified. All of these engines do more or less the same thing:

let an authorised group of users create and maintain a web site using HTML forms and

text-based markup, but the developers who created the different entries clearly had differ-

ent opinions about which topics were most appropriate. 

Some of the data from SourceForge are useful as a measure of project-related activity,

such as mailing list archives. However, many F/OSS projects use external resources to

supplement or complement SourceForge project hosting, or are hosted on a site provided

by the main developer or other interested party. The PmWiki project uses SourceForge as

a back up software repository, but the majority of the project’s resources, including mail-

ing list archives, are hosted on the project’s main web site, http://www.pmwiki.org/.

Stürmer (2005) studied a total or 8 F/OSS projects, 5 of which were popular web content

management systems, with 2 web application frameworks and 1 browser editor. While

most of these projects had begun on SourceForge, a majority had migrated to other col-

laboration platforms as they became more popular (Stürmer 2005: 72). One project, Mag-

nolia, used its own collaboration platform for all development activities, and used
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SourceForge as a download site only. This means that research that treats SourceForge as

a reliable repository of comprehensive project-related data is misleading.

Few frameworks exist to support meaningful comparisons of F/OSSprojects. Capiluppi,

Lago, and Morisio (2003) used 14 project attributes to compare a random sample of 406

projects selected from the FreshMeat project repository:

• age;

• application domain (using developer-assigned values);

• programming language;

• code size;

• number of developers;

• number of users (based on a surrogate, the number of the subscribers to the project in 
the repository);

• modularity level (based on a surrogate, the number of directories for the source code, 
with 3 possible values);

• modularity (number of directories, plus average size of module, calculated as code 
size/number of modules);

• documentation level (3 possible values: comments in source code, README, or user 
manual);

• popularity (as calculated by the repository, based on number of visits to project home 
page, number of visits to project pages, and number of subscribers);

• status (the developer-assigned value); 

• vitality (as calculated by the repository, based on number of announcements in a spec-
ified time period, age of project in days, and total number of announcements;

• relative version number; and

• version release date.

The major findings were that size, number of developers, and number of authors (this is

not defined in the paper, but appears to be a combination of developers and other contrib-

utors) grow over time, and that the 97% of the projects sampled were relatively static. The

authors’ reliance on developer-assigned values and surrogate values for many of these

attributes suggest that their results have limited reliability.

German and Mockus (2003) describe a software tool (itself an open source project), that

gathers data from mailing list archives, CVS logs, source code versions, and bug tracking

systems to trace the evolution of F/OSS code, and allow different projects to be compared.
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Gacek and Arief (2004) have proposed the use of 9 project characteristics to compare

projects: project starting point (similar to the preceding reasons for opening source code);

motivation and underlying business model; community structure and culture; software

development support; licensing; and size (community and code base).

Crowston and others (2004) have proposed a ‘portfolio’ of 4 measures of a project’s suc-

cess: development team size, bug-fixing hazard ratios, activity level, and number of down-

loads (the latter two taken directly from SourceForge). The use of the word ‘success’ is a

bit misleading, as these measures are more concerned with activity, and success implies

an interpretation from a particular perspective. In applying these 4 measures to 140

projects, Crowston and others (2004) found that there were strong correlations between

community size and number of bug reports; activity level and number of downloads were

also strongly correlated, but this could be explained in part because the formula used to

calculate the activity level included the number of downloads. As noted earlier, using the

number of downloads as a surrogate for the number of users is potentially misleading,

because the proportion of users that result from the downloads is not known, and is likely

to vary from project to project.

 

2.6.2 Community structure

 

This section discusses and compares three different perspectives on F/OSS community

structures, based on case studies of different projects. 

 

Lakhani, Wolf, and Bates (2002)

 

. 

 

The high-level stakeholder diagram below is from a

presentation version of a report on The Boston Consulting Group Hacker Survey released

on 11 January 2002. It shows different stakeholder groups who are involved in open

source development, and identifies typical interactions between the groups. 
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)

 

Figure 2-2. 

 

Lakhani, Wolf, and Bates stakeholder diagram

 

The diagram also represents different roles in the distributed team undertaking an F/OSS

project, such as governance (indicated by a ‘leadership’ category), and code generation

(the ‘user developers’). One interesting feature of this model is that it shows support for

users coming from either other users or from companies—implying that developers do not

support non-developer users directly. This model of user support is described in the

Lakhani and von Hippel study of the way in which users of the Apache web server soft-
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ware are supported (2003). In it they say that support for Apache users is “operated by and

for users themselves”, with the developers providing no official support (2003: 925). It is

unlikely that this can be generalised to other F/OSS projects, since projects in other con-

texts might have adopted a different model of user support. Core developers from Green-

stone Digital Library project at the University of Waikato often respond to user requests

on the mailing list, for example.

Gacek and Arief (2004). This model was originally developed in 2002 as part of a UK-

based research project into the dependability of open source software (Gacek and others

2002). It shows how control and power are managed—both increase from top to bottom

and from left to right. This model includes ‘passive’ users, unlike the previous example,

and it is also the only model to show the types of changes that may occur over time, with

transitions shown from passive user to active one, and from active user to developer, etc.

Figure 2-3. Gacek and others role/activity model

One assumption Gacek and Arief built into this model is that all developers are also users

of the software. This generalisation may not always apply to domain-specific application

software, which may involve users paying someone to develop specific functionality. One
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example of this is the Koha project to develop an F/OSS library management system. The

Horowhenua Library Trust (HLT) commissioned developers at Katipo Communications

Limited to write the first version of Koha (Chawner 2002), and Katipo staff, who are

mainly web developers, do not use Koha in their day to day work.

Ye and others (2004). This model was initially presented at the Workshop on Principles

of Software Evolution in May 2002 (Nakakoji and others 2002), and subsequently revised

for publication in 2004. It is based on a case study of four F/OSS projects within Software

Research Associates, a Japanese software development company. The projects were:

GNU software, Linux Support, PostgresSQL, and Jun (a Smalltalk and Java library for 3D

objects and multimedia data handling). Ye and others (2004) identify eight possible roles

for F/OSS community members, but notes that some communities do not demonstrate all

eight roles. They say that most community members start as passive users, and progress

through the layers to become core members if they have the ability and interest.

Figure 2-4. Ye and others onion model (2004)

This onion-style perspective has been used or implied by other F/OSS researchers. Crowt-

son and others (2005) include only 4 layers in their version: core developers, co-develop-

ers, active users, and passive users. They show initiator and release coordinator roles

inside the core developer layer. Mockus, Fielding, and Herbsleb (2002) studied the

Apache and Mozilla projects, finding that the core team size varied from 10-15 people. 
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Other writers suggest a range of different roles, usually refining or expanding the devel-

oper or core member roles. From their study of the Mozilla and FreeBSD projects, Holck

and Jørgensen (2004) identify reviewer (responsible for manually checking code before it

is committed to the main repository) and committer (authority to add or change code in

the repository) roles, as well as the role of module owners. They note that these roles are

earned, and that people must first show their competence before being granted commit

privileges. Scacchi suggests that F/OSS roles include “core developer, module owner,

code contributor, code repository administrator, reviewer, or end user” (2004: 60), while

von Krogh and von Hippel (2003: 1152) identify the role of ‘owner’ as “those who have

the exclusive right, recognized by the community at large, to redistribute modified ver-

sions”. The Koha project has a ‘kaitiaki’, or project manager role (Chawner 2003). Unlike

the Mozilla and FreeBSD projects, this does not necessarily require experience as a devel-

oper. 

Behlendorf (1999) is one of the few people to take a broader perspective on roles needed

to support a growing community. He suggests that a project will need someone to provide

infrastructure support, a ‘code captain’ (similar to the reviewer/committer roles described

above), someone responsible for bug database maintenance, a documentation/web site

maintainer, and an ‘evangelist’ whose focus is primarily external and seeks to build

momentum for the project.

From this we can conclude that there is an extensive range of types of contributions to an

F/OSS project, going far beyond the ‘code contribution’ implied in the simpler models.

Additional activity categories include project management and coordination tasks, pro-

motion of the software, and providing resources to support the project community.

2.6.3 Participant motivation

The reasons people participate in F/OSS development has received a great deal of atten-

tion from researchers, perhaps because of the perceived paradox between people appar-

ently working on something ‘for free’ and then giving away the results of their work. This

perception is not well supported by survey results, which show that between 30% and 54%

of F/OSS project contributors are paid at least in part for their work (International Institute

of Infonomics and Berlecon Research GmbH 2002; Lakhani, Wolf, and Bates 2002; Her-

tel, Niedner, and Hermann 2003).
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Few studies of F/OSS participant motivation have used an underlying theoretical model

of motivation. They have generally relied on surveys giving a list of possible reasons for

participating, and reported the frequency of different motivations. The main reasons

people work on F/OSS projects are intellectual gratification (Bonaccorsi and Rossi 2003),

learning and enjoyment (Lakhani, Wolf, and Bates 2002a, 2002b), and to gain reputation

(Lerner and Tirole 2000). Marcus, Manville and Agres (2000) suggest that there are eco-

nomic motivations as well, primarily the desire for better software. The FLOSS survey of

2784 developers found that the most common reasons for joining an F/OSS community

were learning and developing new skills and sharing knowledge and skills (International

Institute of Infonomics and Berlecon Research GmbH 2002: Part 4, 45)

2.6.4 Community governance

Governance is a multi-faceted aspect of F/OSS communities. Marcus, Manville, and

Agres say that governance of virtual communities includes: 

• managing membership; 

• establishing rules and institutions

• monitoring members’ behaviour;

• control mechanisms; and

• shared culture, values, and norms for behaviour (2000: 14).

F/OSS projects approach governance in different ways, but as a rule there is a small group

of people who take on a leadership role (Bonaccorsi and Rossi 2003: 1247). Formal roles

are not necessarily established, but larger projects may have a management group that is

analogous to a company board of directors (Holck and Jørgensen 2004: 12). Procedures

for joining such a group vary. Mozilla.org staff members are invited to join the manage-

ment group, while FreeBSD’s Core Team (9 members) are elected every second year by

active developers (Holck and Jørgensen 2004: 12).

The Koha project has a kaitiaki (the Maori word for ‘guardian’ or ‘trustee’) who is respon-

sible for keeping the project on track—unlike the Mozilla and FreeBSD projects, this

person is not necessarily an active developer, but is viewed more as a project manager

(Chawner 2003). This role is usually taken on by a volunteer, with the support of Koha

community members.
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2.6.5 Community practices

There is a growing body of literature about F/OSS community practices, with a particular

focus on the way the distributed teams work effectively. Gallivan (2001) found that social

control was an important mechanism. von Krogh, Spaeth, and Lakhani (2003) undertook

a detailed case study of the Freenet project using grounded theory techniques to determine

how people join the developer group for the project and how they initially contribute code.

The Freenet project is relatively new (begun in 2000), and originated in a computer sci-

ence M.Sc. thesis on the theoretical principles of a peer-to-peer distributed file system. At

the time of the 2003 study, there were an 30 people with commit access to the project’s

CVS repository. Their results showed that the Freenet community had an implicit ‘joining

script’ newcomers were expected to follow before being granted ‘developer’ access to the

code repository. The most important aspects of the joining script were participating in

technical discussions and offering new code, usually to fix a bug in the current version of

the software. The results of this study are limited by its focus on a single F/OSS project.

Lakhani and von Hippel (2003) investigated user support in the Apache project by study-

ing postings to the comp.infosystems.www.servers.unix newsgroup between 1996 and

1999, supplemented with a survey of people who posted questions (n=1288, 214 usable

responses) or answers (n=421, 122 usable responses) between 1 October 1999 and 15

February 2000. The overall response rate to the survey was 19.6%. They found that people

who answer questions learn from other people’s questions and answers, which is their

main reason for reading postings to the newsgroup. Their most significant finding was that

people tended to provide answers they already knew, which took minimal effort (only 2%

of their time on site). The analysis of newsgroup postings showed that 100 information

providers answered around 50% of the questions, and a small number of people (fewer

than 5) were particularly responsive. One point Lakhani and von Hippel made, but did not

emphasise, is that there are many other sources for help with Apache, in addition to the

newsgroup, and so the picture they present of support for Apache users is incomplete.

Researchers investigating F/OSS are beginning to recognise that the degree of ‘openness’

varies between projects. Ye and others identify two dimensions of openness: product and

process (2004: 76-77). They define product openness in terms of the release practices of

the development community; ‘open release’ means that only formal releases are available

to the user community, while ‘open development’ means that interim releases are availa-
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ble as well. Process openness relates to the extent to which members of the broader com-

munity are able to participate in decisions about the software’s development path. Ye and

others identify three possible values for this: closed, transparent, and open. With a closed

process, only the ‘inner circle’ of the core developers determines the development priori-

ties, while with a transparent one, the discussions are accessible to all community mem-

bers, but decisions are made by the core group. An open process allows any community

member to participate fully in decisions about future development. Coleman and Hill

(2004) describe that way the Debian process openness changed as the project’s commu-

nity grew in size. Initially the process was relatively open, but as the number of developers

increased (from ~100 to ~1,000), the developer community recognised a need for more

formal procedures. This resulted in the Debian New Maintainer process.

2.7 User satisfaction
User satisfaction has been used as a surrogate measure of information system success for

many years. In a review of 59 articles about user satisfaction with information systems,

Zviran and Erlich (2003) say that satisfaction is “the most prevalent measure of IS success

due to its applicability and ease of use” (p. 83). Ives, Olson and Baroudi (1983) defined

satisfaction as “the extent to which users believe the information system available to them

meets their information requirements”. Melone (1990) noted that satisfaction is an atti-

tude involving evaluation, meaning that it can be evaluated as favourable/unfavourable,

positive/negative, or pro/con. Igbaria and Tan (1997) said that satisfaction is based on

“attitudes toward a variety of factors that are related to IS services and products”. In a

review of library-related research on user satisfaction with library services and products,

Applegate comments that satisfaction is both “intellectual and emotional” (1997: 201),

implying that it involves both affect (emotion) and behaviour.

Galetts and Lederer (1989) presented some cautions about studying user satisfaction. It

cannot be measured directly, but instead is usually inferred from survey data. Typical

questions about user satisfaction use Likert-scales to gather ordinal data about user per-

ceptions. Zviran and Erlich (2003) identified 6 instruments that have been developed to

measure user satisfaction, starting with Bailey and Pearson (1983) and ending with Ete-

zadi-Amoli and Farhoomand (1996). The Ives, Olson, and Baroudi (1983) short-form
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questionnaire with 13 items was the most widely used instrument in the literature they

reviewed.

Applegate (1997) identifies two approaches to studying satisfaction, terming them per-

formance-only and disconfirmation. A performance-only approach generally identifies a

range of factors that contribute to overall satisfaction, while a disconfirmation approach

looks at the gap between expectation and experience/performance.

The next sections present 7 approaches to studying factors that influence user satisfaction,

in chronological order. Five are performance only models, 1 is a framework to categorise

studies of satisfaction, and 1 uses a disconfirmation approach. 

2.7.1 Ives, Olson, and Baroudi model (1986)

Figure 2-5. Ives, Olson, and Baroudi model (1986)

Ives, Olson, and Baroudi surveyed 800 production managers of U.S. manufacturing

organisations, with a response rate of 25%. They used Bailey and Pearson’s (1983) 39-

item information satisfaction instrument, and developed a 30-item list of activities reflect-

ing user involvement in various stages of information systems development. A similar list

of system usage activities was developed for the research. Both lists were reviewed by

experts before being finalised for the survey. The results showed that user involvement had

a direct effect on user satisfaction, and had both direct and indirect effects on system use. 

User satisfaction

System use

User involvement
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2.7.2 McKeen, Guimaraes, and Wetherbe (1994)

Figure 2-6. McKeen, Guimaraes, and Wetherbe (1994)

McKeen, Guimaraes, and Wetherbe (1994) undertook a survey of 151 mainframe-based

systems development projects in 8 organisations to investigate factors that affect the rela-

tionship between user participation and user satisfaction. Their intention was to develop a

parsimonious model, rather than to reflect all of the possible variables. Task complexity

reflects uncertainty about user requirements, and system complexity reflects uncertainty

about the underlying technology and development methodology. User influence is the

extent to which user participation affects the final design of the system. User–developer

communication is a measure of the quality of the relationship between the users and the

developers, and effective communication directly affects user satisfaction. McKeen, Gui-

maraes, and Wetherbe used or modified existing instruments for all of the factors: Ives,

Olson, and Baroudi’s (1983) measure of satisfaction; Olson and Ives (1980) 44-item user

participation measure; Tait and Vessey’s (1988) 3-item measure of system complexity;

User satisfaction

User influence

 User–developer

User participation

Task complexity
System complexity

communication
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Rizzo, House, and Lirtzman’s (1970) measure of task ambiguity as a surrogate for task

complexity; Franz and Robey’s (1986) measure of user involvement, which had 6 items

relating to the design stage and 6 to the implementation stage; and Guinan’s (1988) ver-

sion of Monge and others’ (1983) 12-item scale to measure communication quality.

2.7.3 Seddon and others analytical framework (1999)

Figure 2-7. Seddon and others (1999)

Seddon and others (1999) recommended a two-dimensional approach to measuring infor-

mation system effectiveness (i.e. satisfaction). It had 5 system-related values, and 6 stake-

holder ones, giving a total of 30 perspectives. They suggest that different measures might

be needed for each different perspective, since an individual’s perspective is likely to be

different from a manager’s. Seddon and others’ analysis of 186 empirical papers showed

that studies of individual perspectives were most common (70 of 200), and that the most

common information system perspective was a type of technology or application (80 of

System dimension

1. An aspect of use

2. A single application

3. A type of technology or application

4. All applications used by an organisation

5. An aspect of a system development methodology

6. An IS function in an organisation

Stakeholder dimension
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200). The proposed study will examine individual perspectives, and will focus on appli-

cation software released under an F/OSS licence.

2.7.4 Mahmood and others model (2000)

Figure 2-8. Mahmood and others (2000)

Mahmood and others developed this model by analysing 45 end-user satisfaction studies

and then conducting a meta-analysis to validate the model. All 9 variables shown had a

positive influence on user satisfaction, with the most significant being user involvement,
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perceived usefulness, user experience, organisational support, and user attitude. No new

data were gathered to test the model. User involvement in system development had the

largest combined effect size (0.661), followed by perceived usefulness (0.580), user expe-

rience (0.565), and organisational support (0.525). 

2.7.5 Au, Ngai, and Cheng (2002) disconfirmation model

Figure 2-9. Au, Ngai, and Cheng (2002) disconfirmation model

Au, Ngai, and Cheng developed this model to provide a user satisfaction model that had

a stronger theoretical grounding than other models. They took the discrepancy approach

found in studies of consumer satisfaction, and combined it with equity and needs theory.

The model has yet to be validated. The large number of relationships indicates a degree of

complexity that makes this approach difficult to interpret.
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2.7.6 Reformulated DeLone and McLean IS success model (2003)

Figure 2-10. Reformulated DeLone and McLean IS success model (2003)

In 1992 DeLone and McLean published the first version of their success model, which

included ‘user satisfaction’ as one of its components. The original model has been widely

cited and tested (see Seddon and Kiew 1994 and McGill, Hobbs, and Klobas 2003 for

examples). DeLone and McLean based this revision on an analysis of 150 papers that used

the original model in full or in part. The main changes were the addition of ‘service qual-

ity’ as a factor, and the combination of ‘individual impact’ and ‘organisational impact into

the single factor ‘net benefits’. This model emphasises the interdependent nature of infor-

mation systems success. One point they make is that this model is intended to be ‘parsi-

monious’, and they have intentionally kept it simple. They say that it is up to studies using

the model to define the context for the net benefits, suggesting that these will be measured

differently for different contexts. The ‘service quality’ dimension was added to allow the

model to be used to measure the quality of support provided by an organisation’s IS

department. In an F/OSS context, this dimension might apply to the community as a

whole, or to members of a project’s core developer group.
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2.7.7 Guimaraes, Staples and McKeen user factors model (2003)

Figure 2-11. Guimaraes, Staples, and McKeen (2003) user factors model

In a survey of 228 primary users of recently developed application software, Guimaraes,

Staples and McKeen used user satisfaction with information output, accuracy, usefulness

and timeliness, system response/turnaround time, ease of use, and documentation useful-

ness as a surrogate for system quality. They found that user participation, user expertise,

and user training were directly related to satisfaction, while the relationships between

user–developer communication, user influence, and user conflict were not supported by

the data.
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2.7.8 Chin and Cooke satisfaction and coordination model (2004)

Figure 2-12. Chin and Cooke Satisfaction and coordination model (2004)

Chin and Cooke (2004) took a different approach to measuring satisfaction, developing a

model specifically for F/OSS communities, and taking an approach based on ‘job satis-

faction’, rather than the ‘user’ satisfaction implied in the previous models. This was based

on an assumption that people who use F/OSS software take on a job-related role (often on

a voluntary basis), and therefore an approach based on job satisfaction would be appro-
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priate. Chin and Cooke measured intrinsic and extrinsic motivation using the 25-item

Work Preference Inventory developed by Amabile and others (1994). Group trust was

adapted from Jarvenpaa and Leidner (1999), with the project characteristics based on the

FLOSS study. Job-related satisfaction was measured using 9 items from the short form

Minnesota Satisfaction Questionnaire (Weiss and others 1967). In an exploratory study,

they gathered data from 50 members of two open source support groups. Only 2 of the

hypothesised relationships were supported: intrinsic motivation and group trust were pos-

itively related to intrinsic satisfaction. Their model did not measure the level of participa-

tion in an F/OSS project, which is a possible limitation with this approach.

2.7.9 Related research

The literature on information technology adoption/acceptance has many similarities to the

literature on user satisfaction with information systems. There are four models commonly

used to explain differences in adoption/acceptance:

1. Diffusion of innovation theory (Rogers 2004)

2. Theory of reasoned action (TRA) (Fishbein and Ajzen 1975)

3. Technology acceptance model (TAM) (Davis 1989)

4. Theory of planned behaviour (TPB) (Ajzen 1991)

More recently, Venkatesh and others (2003) formulated a unified theory of user accept-

ance and use of technology (UTAUT), which incorporated constructs from all four mod-

els, as well as four other less well known ones. This unified theory accounted for more

variance in usage intention (70%) than any of the original ones when tested with empirical

data (Venkatesh and others 2003: 467).
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Figure 2-13. Venkatesh and others (2003) Unified Theory of Acceptance and Use of Technology (

Although the focus of UTAUT is use rather than satisfaction, several of the constructs can

be related to satisfaction. Venkatesh and others define performance expectancy as the

“degree to which an individual believes that using the system will help him or her to attain

gains in job performance” (2003: 449). It includes perceived usefulness, relative advan-

tage, and outcome expectations. ‘Effort expectancy’ is the “degree of ease associated with

use of the system” (Venkatesh and others 2003: 450), and the constructs include perceived
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ease of use and complexity. ‘Facilitating conditions’ are defined as “the degree to which

an individual believes that an organizational and technical infrastructure exists to support

use of the system” ((Venkatesh and others 2003: 453). UTAUT includes the personal char-

acteristics of gender, age, and experience as moderators of the main relationships in the

model, and Venkatesh and others found that facilitating conditions were only significant

when moderated by age and experience (Venkatesh and others 2003: 467).

2.7.10 Discussion

The preceding conceptual models show that there is a variety of approaches to measuring

(user) satisfaction with information systems. The models vary in complexity and perspec-

tive. DeLone and McLean’s revised model is intended to be generic, and they quote from

their original article “the choice of success variables is often a function of the objective of

the study, the organizational context, …” (2003). This suggests that they expect people to

tailor their use of the model to the conditions being studied. There are similarities between

the models: for example, Doll and Torzakdeh’s model (1998) includes aspects of DeLone

and McLean’s ‘information quality’ (their accuracy and timeliness) and ‘system quality’

(ease of use and format). The Mahmood and others (1999) model is the most complex,

with factors relating to the individual, the system/software, and the organisational context.

The McKeen, Guimaraes, and Wetherbe (1994) model is the one that can most easily be

translated into an F/OSS context, because it includes user participation and user–devel-

oper communication factors. However, it does not include user skills, experience, and

expectations, which Mahmood and others’ (2000) meta-analysis showed were important

factors. The importance of experience as a determinant or moderator of use or satisfaction

is supported by its inclusion in Venkatesh and others’ UTAUT model of technology

acceptance/adoption.

The most common method used in these studies is the self-administered survey, usually

paper-based. This is because testing models and hypotheses requires the type of quantita-

tive data obtained using such surveys.

2.8 Preliminary conceptual model for this research
The proposed research will use McKeen, Guimaraes, and Wetherbe’s model (1994) as its

basis, modifying it for an F/OSS context. The ease of use, usefulness, user skills and user

experience constructs have been added to the model, given their importance in Mahmood
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and others’ (2000) meta-analysis. Ye and others’ (2004) concept of product and process

openness have also been incorporated in the model. 

Figure 2-14. Preliminary model for this research
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The constructs can be grouped into three broad categories, similar to the model of an F/

OSS project shown in Figure 2-1 on page 6. Development process-related constructs are

participant influence, community member communication quality, and product and proc-

ess openness. Software-related constructs are ease of use, perceived usefulness, product

openness, and system complexity. The third group relates to the individual community

member, and consists of participant skills, participant experience, and community

member participation. Each of the constructs is discussed briefly in the following sections.

2.8.1 Participant influence

Robey, Farrow, and Franz (1989) define ‘user influence’ as “the extent to which members

of an organization affect decisions related to the final design of an information system”.

McKeen, Guimaraes, and Wetherbe note that “without participation, there can be no influ-

ence” (1994: 434). Hartwick and Barki (1994) developed a standard 3-item measure of

user influence. It asks participants to assess how much influence they had on decisions

made during system development, to what extent their opinions were actually considered

by others, and overall how much influence they had on the system. It was used by Guima-

raes, Staples, and McKeen (2003) with a scale ranging from 1 ‘not at all’ to 5 ‘very much’. 

2.8.2 Community member communication quality

This construct is been traditionally called ‘user–developer communication’ (see Guima-

raes, Staples, and McKeen 2003 for a recent example); however, many F/OSS developers

are also users of the software, which makes such a clear distinction between the two roles

inappropriate. McKeen, Guimaraes, and Wetherbe (1994: 434) say that “[w]hat facilitates

productive, collaborative effort is effective communication”, and this is the case for any

software development project, whether undertaken in-house or across organisational

boundaries, as in most F/OSS projects. User–developer communication is measured using

questions that ask users and developers to rate the quality of communication. McKeen,

Guimaraes and Wetherbe (1994) and Guimaraes, Staples, and McKeen (2003) used a

modified version of an instrument originally developed by Monge et al. (1983). It includes

12 statements that respondents rate on a scale of 1 ‘very strong disagreement’ to 4 ‘neutral

or don’t know’ to 7 ‘very strong agreement.
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2.8.3 Perceived ease of use

This is a well-established construct that appears in conceptual models of both satisfaction

and technology acceptance/adoption. It is usually measured by asking participants to

assess how easy for them to use a software application package or information system,

using a Likert scale.

2.8.4 Perceived usefulness

This construct is usually measured as the effect a software package or information system

has on a respondent’s ability to carry out his or her job (Mahmood 2001: 754).

2.8.5 Participant skills and knowledge

Torkzadeh and Lee (2003) developed a 26-item instrument to measure end-user comput-

ing skills, and tested it with a sample of 282 end-users from a range of industries and posi-

tions. Respondents were asked to rate themselves on a scale from 1 ‘not at all’ to 5 ‘a great

deal’ against each statement. The full list of questions is included in “Appendix 1: Tork-

zadeh and Lee (2003) measures of end-user computing skills” on page 58

2.8.6 Participant experience

Guimaraes, Staples, and McKeen (2003) measured this by asking respondents to rate

themselves relative to their peers in 5 dimensions: experience using a specific system,

experience using systems of this type, experience using computers in general, being a

member of a system development team, and as a member of the development team for the

specific system. The proposed research will use this approach, modifying the questions to

suit an F/OSS context.

2.8.7 Community member participation

Information systems development has a long tradition of involving users, starting in the

1960s (Terry and Standing 2004); this has traditionally been called ‘user participation’.

The reasons given for this include:

• increasing the likelihood of project success (Foster and Franz 1999);

• increasing user satisfaction (McKeen and Guimaraes 1997); and

• increasing the system’s perceived usefulness (Foster and Franz 1999).
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Recent literature on user involvement distinguishes between participation, usually

described in terms of the activities the users carries out during the systems development

process, and involvement, defined as “the subjective psychological state reflecting the

importance and personal relevance that a user attaches to a given system” (Barki and Hart-

wick 1994: 60). 

Cavaye (1995: 312) suggested that the term ‘user’ also needs clarification, noting that

there are many types of user, ranging from senior management to middle management to

end-users. Different types of users may undertake different forms of participation. 

Participation is relatively easy to measure; typically researchers develop or adapt a list of

specific behaviours or tasks users undertake and survey users to determine which behav-

iours or tasks they have carried out. With a traditional approach to systems development,

behaviours and tasks are often linked to specific phases of development, such as feasibil-

ity, design, implementation, etc. McKeen and Guimaraes (1997) is one example of this

approach, with 31 behaviours grouped by project phase. Cavaye (1995: 313) noted that

the outcome of user participation is not guaranteed; user input may be ignored or it may

be acted on. The model for this research includes the ‘participant influence’ construct to

account for variations in the effect of participation.

The number of behaviours and tasks included in surveys of participation varies consider-

ably. Franz and Robey (1986) identified 6 activities related to design and 7 related to

development; Baroudi, Olson, and Ives (1986) had 47 development-related activities, 20

of which were general, and 27 activities associated with a specific system development

phase.

Since F/OSS projects generally have a less clear boundary between users and developers,

the construct has been renamed ‘community member participation’ to better reflect the F/

OSS environment. The first sub-question for the proposed research, What types of contri-

butions do participants make to open source application software projects? will extend

the participation construct to an F/OSS context. Zhao and Deek (2004) studied user col-

laboration in F/OSS development, using a web-based survey. They selected 73 of the top

200 projects in SourceForge (based on project activity), and emailed 12 recently active

users from each project. Their response rate was 15.7%. Their participation measure iden-

tified 7 types of participation:
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1. find bugs, 

2. find usability problems, 

3. suggest new features, 

4. review and inspect source code, 

5. submit source code, 

6. offer project administration assistance, and 

7. documentation.

Their list did not include responding to other users’ questions as a participation option,

but instead included this in a section about use of electronic communication media. Over-

all, their approach lacked a theoretical foundation, and they presented their results as a

simple descriptive survey, with no cross-tabulation between questions. Finding bugs was

the most common type of participation, followed by suggesting new features and finding

usability problems.

2.8.8 Participant satisfaction

Section 2.7  User satisfaction  on page 25 described a range of models of factors that

affect user satisfaction with information systems. Zviran and Erlich (2003: 87) identify 6

instruments that are often used to measure user satisfaction:

1. Bailey and Pearson (1983), 39 items measuring satisfaction with an organisation’s IS 
function;

2. Ives, Olson, and Baroudi (1983), 13 items measuring satisfaction with an organisa-
tion’s IS function;

3. Miller and Doyle (1987), 38 items measuring satisfaction with an organisation’s IS 
function;

4. Guimaraes and Gupta (1988), with 19 items measuring satisfaction with an organisa-
tion’s department;

5. Doll and Torkzadeh (1988), 12 items measuring satisfaction with an IS application; 
and

6. Etezadi-Amoli and Farhoomand (1996), 31 items measuring satisfaction with an IS 
application.

The Doll and Torkzadeh (DT) (1988) and Etezadi-Amoli and Farhoomand (EAF) (1996),

approaches are most suited for the proposed research, which will focus on individual F/

OSS applications. The DT approach has been validated in a number of contexts, including

case tools (Kim and McHaney 2000) and enterprise resource planning software (Somers,

Nelson, and Karimi 2003). Doll and Torkzadeh developed their scale to measure end-user
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satisfaction with individual applications they used directly, in contrast to batch-oriented

mainframe- or minicomputer-based systems which required system operators or analyst/

programmer intervention. Their main objective was to develop a reliable instrument that

could be used to measure user satisfaction. DT has 5 first order factors and 1 second order

one, shown in the following diagram.

Figure 2-15. Doll and Torkzadeh (1988)

Doll and Torkzadeh initially developed a 40-item instrument with 5-point Likert scale

responses to measure satisfaction with the 5 factors shown above; two summary questions

asked users to rate their satisfaction with the system and its success. 618 users from 44

firms responded to the survey, representing 250 different applications. The analysis

showed that 12 questions were sufficient: 4 related to content, and 2 to each of the other

factors. 

Etezadi-Amoli and Farhoomand (1996) also studied end user satisfaction, using the fac-

tors Documentation, Ease of Use, Functionality, Quality of output, Support, and Security,

plus outcome-oriented questions to determine overall user satisfaction (which they termed

‘user performance’). The first stage of the proposed research will determine whether

User satisfaction

Timeliness

Information content

Accuracy

Format

Ease of use
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either of these approaches is better suited to an F/OSS context, or if a combination of fac-

tors from them would be more appropriate.

2.8.9 Product openness and Process openness

These constructs will be based on Ye and others’ (2004) definitions, as described on

Section 2.6.5  Community practices  on page 24.

2.8.10 System complexity

McKeen, Guimaraes, and Wetherbe define system complexity, which relates to the com-

plexity of the system under development (1994: 433). Tait and Vessey defined system

complexity as “the perceived complexity associated with the analysis and design of a sys-

tem” (1988: 98). The proposed research will measure task complexity using McKeen,

Guimaraes, and Wetherbe’s approach (1994), with 6 items related to the respondent’s per-

ception of the difficulty of the tasks they carry out with the software package. Tait and Ves-

sey’s 3-item measure of system complexity will be used, which asks respondents to assess

the difficulty of determining the information requirements of the system, the complexity

of the processing, and the overall complexity of the system design.

2.8.11 Hypotheses

These relate to the diagram in Figure 2-14 on page 37.

H1:  The higher the participant influence, the higher the participant satisfaction with the

software.

H2: The higher the quality of community member communication, the higher the partic-

ipant satisfaction with the software

H3: There is a positive relationship between ease of use and participant satisfaction with

the software.

H4: There is a positive relationship between perceived usefulness and participant satisfac-

tion with the software.

H5: There is a positive relationship between participant skills and participant satisfaction

with the software.
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H6: There is a positive relationship between participant experience and participant satis-

faction with the software.

H7: There is a positive relationship between community member participation in an F/

OSS project and participant satisfaction with the software.

H8: The higher the product openness, the greater the relationship between participant

influence and participant satisfaction.

H9: The higher the process openness, the greater the relationship between community

member participation and participant satisfaction.

H10: The greater the system complexity, the greater the relationship between community

member participation and participant satisfaction.
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3Methodology

This section begins with a discussion of the epistemological paradigm that will be taken

for the proposed research, followed by a description of the population and sample, and the

specific methods to be used. The proposed research will use a combination of qualitative

and quantitative methods to answer the research questions. Stage 1 will be a two-part qual-

itative investigation of a purposive sample of F/OSS projects, and Stage 2 will be a quan-

titative survey of participants in a range of F/OSS projects. The results from the first Stage

will be used to develop the participation construct and refine the preliminary model; the

results from the second Stage will be used to test the model and resulting hypotheses.

3.1 Epistemological paradigm
The proposed research will take a positivist perspective, as it is concerned with factors that

determine or cause participant satisfaction with F/OSS software. Bryman (2001: 11-12)

says that positivist research generally involves the following steps:

1. Theory development

2. Hypothesis generation

3. Data gathering

4. Hypothesis testing, and

5. Theory revision.

This deductive approach of positivism can be contrasted with ‘interpretivism’, which is

concerned more with social constructs (Gorman and Clayton 1997: 23), and is generally

inductive, used for theory building rather than theory testing. Positivism is usually asso-

ciated with a search for generalisable models that can be proven or disproven, while the

results of interpretivist research must be placed in a specific social context (Bryman 2001:

12–16).

The positivist approach has been described as artificial and limiting, particularly when

used to study complex social phenomena (Gorman and Clayton 1997: 29). The positivist

focus on outcomes rather than process means that it does not result in a deep understand-
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ing of individual perspectives—positivism seeks objective answers, where interpretivism

is inherently subjective. These differences between positivism and interpretivism suggest

that the nature of the research question is important in determining the epistemological

paradigm to be used in any research project.

The central question of the proposed research, What factors influence participant satisfac-

tion with an open source application software project?, is best approached from a positiv-

ist perspective, because it assumes that specific factors can be identified, and that their

influence on satisfaction can be measured. The models of factors influencing satisfaction

discussed in Section 2.7  User satisfaction  on page 25 have come from positivist studies.

Because of this, the proposed research will take a positivist approach.

3.2 Population/sample
Section 2.6.1  Issues associated with studying F/OSS projects and communities  on

page 15 discussed some of the difficulties in identifying and selecting F/OSS projects for

a quantitative study. The power law distribution of projects in the SourceForge repository

means that selecting a random sample of projects is likely to have a large number of inac-

tive projects, and simply selecting active projects is likely to bias the results. Hertel, Nied-

ner, and Hermann (2003) restricted their survey to mailing lists used by members of the

Linux kernel community. The proposed research will take a similar approach, using F/

OSS projects from a specific application domain, library and information management

(LIM). F/OSS concepts and projects have been promoted in LIM since 1998/1999, and a

wide range of F/OSS projects are available in the field. The OSS4LIB web site

(www.oss4lib.org) listed over 80 projects in September 2004. These vary in size and com-

plexity from simple PERL scripts to generate statistics from transaction logs (Ovid Sta-

tistics Log Report Generator) to library management systems (Avanti, Koha, OpenBiblio,

and PhpMyLibrary) to software for creating digital libraries (Greenstone), suggesting that

this sub-population will provide a suitably diverse range of projects for the proposed

research. 

3.3 Stage 1: Qualitative investigation
This stage will use qualitative methods to develop the participation construct and validate

the preliminary model of user satisfaction in Section 2.8  Preliminary conceptual model
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for this research  on page 36. A qualitative approach has been selected as the most appro-

priate for this phase because it is best suited to the collection of in-depth data, and for the

development of theories and concepts (Bryman 2001: 284–285).

3.3.1 Stage 1a: Development of participation construct

This phase will involve observation of purposive sample of 10-15 LIM F/OSS projects.

Projects will be chosen to include a range of community sizes (measured as number of

participants), project ages, software complexity, and activity levels, in order to develop a

preliminary list of activities carried out by participants in the projects. A purposive sample

has been chosen for this phase in order to gain an in-depth understanding of the first

research sub-question, What types of contributions do participants make to open source

application software projects?, as suggested by Cresswell (2003: 185). He says that a pur-

posive sample is used to choose the best participants to help the researcher understand the

problem (my emphasis), and this is the most suitable approach for this phase. Documen-

tation, email discussion archives, source code, and web sites will be examined to identify

the types of activities carried out by project community members.

3.3.2 Stage 1b: Validation of preliminary model and the participation 
construct

The next phase of the qualitative stage will involve individual interviews, in order to val-

idate and improve the preliminary research model shown in Figure 2-14 on page 37. Inter-

viewees will be purposively selected from participants involved in a range of activities in

LIM F/OSS projects. As with Stage 1a, a purposive sample is appropriate to ensure that

interviewees have a range of viewpoints and experience. This population will include the

authors of articles and conference papers about LIM F/OSS projects, as well as people

who participate in relevant email discussion lists and contribute to the oss4lib portal. The

purposive sample will seek to include people with a range of skills and experience, in

addition to representing different types of involvement in a project. The number of inter-

views is likely to be between 15 and 20, but the final number will be based on reaching

theoretical saturation—in other words, when no significant new insights are likely to be

gained by further interviews (Bryman 2001: 303).

Since the LIM F/OSS community is global, with projects and participants based in North

America, Europe, and Australasia, email will be used as the main interview communica-
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tion medium, with face-to-face interviews being done when possible. The advantage of

using an asynchronous email technique is that respondents do not need to be in a compat-

ible time zone, unlike synchronous techniques such as face-to-face, phone, or chat. It will

also allow respondents to reply at their convenience (Mann and Stewart 2003: 82). For the

email interviews, the interview questions will be broken into three groups of questions,

with each group sent in a separate message over a period of 2–3 weeks. The questions will

be in the body of the message and interviewees will answer them using the ‘reply’ com-

mand. This approach has been selected to increase people’s willingness to participate, as

it is will involve a smaller amount of time for each reply than if all of the questions were

sent at once in a single message. Using this technique will also allow the researcher to

establish a ‘key informant’-style relationship with remote respondents (Gorman and Clay-

ton 1997: 87), because the interaction will take place over a longer time than a single inter-

view would.

The interviews will use open-ended questions to gather rich qualitative data focusing on

satisfaction with F/OSS software and the concepts included in the preliminary research

model. In addition, participants will be asked to comment on the results of stage 1a, to val-

idate the results of the observation and give them what Bryman terms ‘credibility’ (2001:

272). Credibility is a measure of the acceptability of research results to others. Olson and

Ives used practitioners to comment on system development activities in establishing their

framework to measure user involvement in system development (1980), showing that it is

a suitable approach for the proposed research.

The main advantage of using semi-structured interviews for this stage is that the inter-

viewer can probe for further elaboration, if the original answer was brief. This can be done

in both modes. Possible issues associated with this approach are that the interviewer will

have an influence on the replies, and that this will not be consistent between the two modes

of interviewing.

3.4 Stage 2: Quantitative survey
The second stage of the proposed research will involve developing and administering a

quantitative, web-based survey to test the model and hypotheses. Quantitative methods

are best suited for collecting quantifiable data for statistical testing (Bryman 2001: 20).

This type of data is needed to test the model and hypotheses, and provide an answer to the
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primary research question What factors influence participant satisfaction with an open

source application software project?. This data will also be used to answer the second

sub-question Do the factors that influence satisfaction with an open source application

software project differ for different roles? If they do, in what way?

Other research methods that provide data suitable for hypothesis testing, such as conduct-

ing a laboratory or field experiment, are not appropriate for the proposed research, as one

of the key characteristics of F/OSS projects is that participation is voluntary, and that the

roles people take on are self-assigned.

3.4.1 Stage 2a: Developing the survey instrument

The results of Stage 1 will be used to revise the conceptual model and develop a web-

based survey to test it. Where possible, existing scales will be used or modified for the

model’s constructs. New scales will be developed for the product and process openness,

and may also be needed for community member participation.

3.4.2 Stage 2b: Pilot study

The survey will be tested using in a pilot study involving 8–10 respondents selected from

a non-LIM F/OSS project. The main purpose of the pilot study will be to test the survey

instrument, in order to improve the format, questions, and scales. Pilot study respondents

will be asked to complete the survey and given an opportunity to comment on its length,

wording, and structure. Their comments will be used to modify the instrument as neces-

sary.

3.4.3 Stage 2c: Web-based survey

The last data collection will consist of a web-based survey to gather quantitative data to

test the model and hypotheses. 

Population and sample. As discussed in Section 3.2  Population/sample  on page 46, the

proposed research will use LIM F/OSS projects as its population. All active projects listed

on the oss4lib portal will be included in this phase, where an active project is defined as

one that has software available for downloading as well as an identifiable project manager/

owner. In order to attract respondents who represent a range of participation levels, an

invitation to complete the survey will be issued on each project’s email discussion list or

equivalent. This approach means that it will not be possible to calculate a response rate,
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and may make it difficult to measure any non-response bias. The technique of harvesting

individual email addresses from email discussion list messages in order to issue individual

invitations to participate, commonly used in F/OSS survey research (see Sagers 2004 for

an example), would result in a bias toward active project participants. The approach of

issuing an open invitation is better suited to the proposed research, which requires

responses representing a range of participation.

The target number of responses will be determined by the number of constructs in the

revised version of the model. Newton and Rudestam’s rules of thumb will be used to esti-

mate the target number of responses:  for calculating R2;

based on the proposed model, this means a minimum of 130 usable responses (1999,

quoted in de Vaus 2002: 357). However, to increase the reliability of the research results,

and to allow a more detailed analysis based on participant roles, a larger number will be

required. The general rule of thumb is the larger the number of responses the better, up to

a sample size of 1,000 (Bryman 2001: 95).

Duration. The survey will be available online for one month following the initial invita-

tion to participate. After two weeks, a thank you/reminder message will be sent to the

selected email discussion lists, in order to encourage laggards to participate.

Advantages of this approach are that the survey is simple to administer, and respondents

can complete it at their convenience. Disadvantages are that it is not possible to control

who answers, and the response rate is likely to be low. It is hoped that by issuing invita-

tions only on email discussion lists for LIM F/OSS projects, potential respondents will

have an interest in the research topic, and therefore be motivated to participate. Respond-

ents might also abandon the survey before it is complete—this cannot be prevented, since

participation in the survey will be voluntary. Another disadvantage is that responses are

limited to the options presented, and that respondents might wish to offer further com-

ments.This will be dealt with by having a final open-ended question on the survey form,

asking if respondents have any further comments to make about the topics of the survey.

3.5 Ethical considerations
Both stages of the proposed research involve human subjects, and HEC permission will

be required. In Stage 1b, interviewees will be initially invited to participate by phone or

email. If they are interested, they will be sent a hard copy project information sheet and

50 8 number of variables×( )+
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consent form. In Stage 2c, the project ‘owner’ will be asked for permission to send an invi-

tation to participate in the web-based survey to the project’s email discussion group or

equivalent. If they agree, they will be sent an electronic project information sheet.

Respondents to the web-based survey will see an electronic information sheet before

beginning the survey, and will need to indicate their willingness to participate by clicking

a ‘continue’ button.

All participants in both stages will be offered a summary of the research findings. In addi-

tion, they will be given information about the project blog, which will be updated regu-

larly. The blog software will allow readers to comment on the research, and this

opportunity may keep them interested in the research during the analysis phase.
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4Data analysis

4.1 Stage 1 analysis
Both phases of this stage will gather qualitative data, and content analysis will be the main

approach to the analysis. This analytical technique involves identifying themes and pat-

terns in the data (Gorman and Clayton 1997: 204). 

4.1.1 Stage 1a: Observation of selected LIM F/OSS projects

Analysis of data collected during this stage will begin by using open coding to develop an

initial list of participant activities. Axial coding will then be used to identify categories or

groups of related activities. This approach is similar to the type of coding used in

grounded theory research, as outlined in Bryman (2001: 392).

The results of this stage will provide a preliminary answer to the first research sub-ques-

tion, What types of contributions do participants make to open source application soft-

ware projects?

4.1.2 Stage 1b: Semi-structured interviews with participants in selected 
LIM F/OSS projects

The preliminary conceptual model for the research will be used to generate initial catego-

ries for coding the data; these will be refined and extended as the data analysis takes place.

Face-to-face interviews will be recorded, and the recordings will be transcribed as soon

as possible. Email interviews are ‘self-transcribed’, and the text will be immediately avail-

able for analysis. 

Bryman recommends coding as soon as possible (2001: 398); in keeping with this recom-

mendation, coding will begin when each interview is complete. When all interviews are

complete and the data have been coded, the final part of the analysis will take place. This

will involve examining the coded data for patterns that support the preliminary model of

factors that influence participant satisfaction with F/OSS application software given in

Section 2.8 on page 36, to validate constructs in the model. It will also involve identifying
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patterns that reflect constructs that are not in the model. Once this is done, the model will

be revised as necessary, removing constructs that have not been identified by interviewees,

and adding new ones as necessary.

4.2 Stage 2c analysis
This web-based survey used in Stage 2c will gather quantitative data suitable for statistical

analysis. SPSS will be the main tool for the analysis.

Previous studies of models of user satisfaction have used a variety of statistical tech-

niques, as shown in the following table: 

The nature of the model and hypotheses in part determine the most appropriate statistical

technique to use, as does the nature of the data collected. Because the preliminary model

has a single dependent variable, hierarchical multiple regression will be used to analyse

the data. Path analysis and structural equation modelling are more suitable for more com-

plex models with multiple dependent variables (Bryman and Cramer 2005: 313).

This will first involve testing the assumptions that underlie multiple regression (de Vaus

2003: 343-344). This will involve examining correlations between pairs of independent

Table 4-1. Statistical methods used in user satisfaction modelling

Technique Used in

Multiple regression Seddon and Yip (1992); 
Yoon and Guimaraes 
(1995); Guimaraes, Staples, 
and McKeen (2003)

Partial least squares Igbaria and Tan (1997); 
Blili, Raymond and Rivard 
(1998); Venkatesh and oth-
ers (2003)

Path analysis Tait and Vessey (1988); 
Seddon and Kiew (1994)

Hierarchical regression Franz and Robey (1986); 
Guimaraes, Igbaria, and Lu 
(1992)

Moderated regression anal-
ysis

McKeen, Guimaraes, and 
Wetherbe (1994)

Structural equation model-
ling

Etezadi-Amoli and Far-
hoomand (1996); Kim and 
McHaney (2000); McGill, 
Hobbs, and Klobas (2003); 
Evanschitzky and others 
(2004)
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variables. If this shows significant correlations, multiple regression will be used to test for

correlations between the independent variables—in other words, seeing if one of them

depends on any of the others. Descriptive statistics (kurtosis and skewness) will be used

to see if the values for each variable follow a normal distribution.

Using a hierarchical regression process will allow the order of the independent variables

to be specified by the researcher. This will result in a value of R2 for the first independent

variable, and with a re-calculated R2 for each subsequent one. This will show how much

variance the variables in the direct relationships account for, excluding the effect of the

moderating variables. 

The interaction effects of the proposed moderator variables will be tested by splitting the

data into subgroups by moderator value, and initially calculating Pearson’s r for each

group and comparing the values (Bryman and Cramer 2005: 295). An alternative would

be to use moderated regression combined with subgroup analysis. Subgroup analysis

involves splitting the data into different subgroups and analysing each separately. If the

regression coefficients for the groups are significantly different, the contingency factor

used to group the data is assumed to be a moderator variable (McKeen, Guimaraes and

Wetherbe 1994: 440). Moderated regression involves calculating regression coefficients

for three equations:

1. S = a + b1CP

2. S = a + b1CP + b2M

3. S = a + b1CP + b2M + b3CPM

where M is the moderator variable (based on McKeen, Guimaraes and Wetherbe 1994:

441). If M is a pure moderator of the relationship, equations 1 and 2 will be the same, and

they will also be different from equation 3. If M is not a moderator, equations 2 and 3 will

not be significantly different.

The results of this analysis will provide an answer to the main research question, What

factors influence participant satisfaction with an open source application software

project. 

Further statistical analysis will be needed to answer the second sub-question Do the fac-

tors that influence satisfaction with an open source application software project differ for

different roles? If they do, in what way?. This is will involve splitting the data into sub-
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groups based on responses to questions about participation, and repeating the regression

analysis for each resulting group. The regression coefficients will be compared with the

results for the initial analysis, to see if significant differences exist.

4.3 Hypothesis testing and model revision
The results of the regression analysis will be used to test the hypotheses. Only statistically

significant values (p <= 0.05) will be consider to support them. If any of the hypotheses

are not supported by the findings, the conceptual model used for the research will be

revised, and re-tested using the data from Stage 2c to find a ‘best’ fit model.

4.4 Reliability
Reliability is the degree to which the measures result in consistent responses (de Vaus

2002: 17). Stage 1 of the proposed research will achieve reliability by drawing on con-

cepts taken from the literature on F/OSS project structure and factors that contribute to

user satisfaction with information systems (Gorman and Clayton 1997: 60). The proposed

research will be based on existing scales where possible in the Stage 2 survey instrument

to increase reliability. In addition, the survey instrument is expected to have multiple items

per construct; Cronbach’s alpha will be used to test the internal consistency of responses,

as an indication of reliability. In keeping with standard recommendations, a minimum

alpha value of 0.7 will be required to indicate a reliable set of questions (de Vaus 2002:

20).

4.5 Validity
Validity is defined as the extent to which the measures used match the construct (de Vaus

2002: 25); in other words, is the right thing being measured? Stage 1b will achieve validity

by using an interview guide to ensure that all participants are asked the same questions.

Stage 2 will increase validity by using existing measurement scales where possible. The

data analysis will test discriminant and convergent validity using factor analysis, includ-

ing correlations.

4.6 Limitations
All research has limitations, and the proposed project is primarily limited by its use of

LIM F/OSS projects as its population. As these are a subset of all F/OSS projects, it is
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unlikely that the results can be generalised to all F/OSS contexts. The limitations will be

minimised by encouraging a high number of responses and using purposive sampling to

ensure a wide range of values in responses.

The use of a self-administered web-based surevy is also a potential limitation, as it

assumes that all respondents will interpret the questions in the same way and will answer

them honestly. This limitation has been addressed in the research design by proposing to

conduct a pilot study before the main survey, in order to identify any difficulty in answer-

ing the questions and revise the survey accordingly.

The two stage approach proposed for this research is intended to overcome the limitations

of a purely quantitative approach, in that it allows the preliminary model to be modified

before the main data are gathered. 
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5Project timetable
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Appendix 1: Torkzadeh and Lee 
(2003) measures of end-user 
computing skills

1. Knowledge and use of hardware

2. Knowledge and use of advanced programming languages

3. Knowledge and use of operating systems

4. Knowledge and use of mainframe and its operating systems

5. Knowledge and use of packaged application software

6. Knowledge and use of databases

7. Ability to design input forms/screens

8. Ability to design output formats

9. Ability to define your own information requirements

10.Ability to provide the system designer(s) with information/knowledge required to 
develop a system

11.Ability to assess system needs or evaluate system features

12.The extent to which you create your own application

13.Analytical skill/knowledge such as model building, decision theory, financial, statisti-
cal

14.Use of management science techniques in your job

15.Knowledge of your business environment

16.Ability to perform your business tasks independently of your colleagues or supervi-
sors

17.Experience in designing application software

18.Experience in developing application software

19.Experience in using application software

20.Experience in maintaining/modifying application software

21.Experience in acquisition of computer systems

22.Experience in implementing computer systems

23.Ability to use computers in your job

24.The extent to which you depend on help of others to understand or use computers 
(reverse scale)

25.The extent of your confidence in accepting new computer applications
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26.Overall, how would you rate your computer ability?
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