
Persuading Collaboration:
Analysing Participation in Online 
Collaboration Projects

Name: Ronan McHugh
Date: September 2010
Supervisor: Birger Larsen
Pages: 70



(c) Ronan McHugh 2010

This work is licensed under the Creative Commons Attribution-ShareAlike 3.0
License. To view a copy of this license, visit
http://creativecommons.org/licenses/by-sa/3.0/or send a letter to
Creative Commons, 543 Howard Street, 5th Floor, San Francisco, California,
94105, USA, or see Appendix 4.

1

http://creativecommons.org/licenses/by-sa/3.0/


�To attribute, therefore, the industrial progress of our century to the
war of each against all which it has proclaimed, is to reason like the
man who, knowing not the causes of rain, attributes it to the victim
he has immolated before his clay idol. For industrial progress, as for
each other conquest over nature, mutual aid and close intercourse
certainly are, as they have been, much more advantageous than

mutual struggle... In its wide extension, even at the present time, I
also see the best guarantee of a still loftier evolution of our race.�

Peter Kropotkin, Mutual Aid: A Factor in Evolution

�You never change things by �ghting the existing reality. To change
something, build a new model that makes the existing model

obsolete.�

Buckminster Fuller
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Abstract

The growth of worldwide internet usage has given rise to the phenomenon of
�open movements�. These are communities that evolve based around the col-
laborative production of common resources, to which free access is typically
provided to all who choose to use it. Such communities and the resources they
create have developed rapidly over the past 10-20 years and are the cause for
major scholarly interest.

This study takes the step of applying the lens of Persuasive Design to the
study of open movements in order to show how site design can play a role in
increasing participant activity and longevity. For this purpose it looks at two
�open movement� resources, the collaboratively edited map OpenStreetMap and
The Pirate Bay, a tracker for torrents uploaded by the �le-sharing community.

The analysis is two-fold: �rst, it uses quantitative data of user participation
in the systems, derived from downloads of system-generated user-histories to
generate an overall picture of user-participation in each of the systems. Second,
it applies a set of heuristics to evaluate the persuasive design of the systems
in question. It then connects the results of the quantitative analysis with the
heuristic analysis in order to see how the persuasive design of the systems impact
on user participation.

This thesis will primarily be of value to researchers of online collaboration,
although it may also be of interest to researchers in the �eld of Persuasive
Design.
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Chapter 1

Introduction and Problem

Statement

1.1 Introduction

Voluntary collaboration in web-based projects is one of the biggest success sto-
ries of our time. Based on the rapid growth of internet access since the 1990s,
more and more people have come online and started collaborating to create com-
mon resources. These resources have expanded to in�uence an ever-increasing
amount of human social life, both online and o�.

The output of such activity is highly varied, ranging from the production
of complex software packages, to the collective writing of encyclopedia articles,
to web based �ltering and aggregation of news content. Despite such huge dif-
ferences in output, there are some striking parallels in the organisation of such
projects. Contributions tend to be made on a voluntary basis, with participants
contributing for reasons other than monetary reward. Often there is a more
or less explicitly de�ned value system that motivates participants. Participant
community structure tends to be quite non-hierarchical and where formal au-
thority �gures exist, often in the form of site owners and project initiators, they
tend to govern in a hands-o� way.

The scale and productivity of such collaborative endeavours are fascinating
topics of study in themselves, but the digital nature of such projects makes them
open to empirical study in a way that o�ine cooperative projects are not. This
presents a wonderful opportunity for researchers across the academic spectrum
to study the dynamics of these collaborative projects.

Two of the key questions facing researchers into open movement projects
have been very basic: how do these projects function and why do they func-
tion? This thesis aims to contribute towards answering these two questions by
undertaking a quantitative analysis and a heuristic walkthrough of participation
in two such systems, The Pirate Bay and Open Street Map, and analysing the
results within the paradigm of Persuasive Design. Before formulating the prob-
lem statement and research questions however, I will give a brief overview of
the cases being studied as well as the general problematic of "open movements"
and the �eld of Persuasive Design.
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1.2 Online collaboration and �open movements�

The remarkable growth of online projects powered by voluntary collaboration
has caused a great deal of interest within academic circles, and has correspond-
ingly been researched and theorized from many di�erent perspectives on the
basis of speci�c projects or on the phenomenon as a whole. Among these per-
spectives I can �nd those of lawyers, interested in the legal rami�cations of such
projects [5], business theorists, interested in the creative potential of these com-
munities [51] and social psychologists researching the social dynamics of online
volunteer communities [8]. Moreover, there are also well regarded studies from
participants in such communities that attempt to provide theoretical or empir-
ical answers for problems salient to their projects [42, 36]. Ortega's study of
Wikipedia is particularly noteworthy as an attempt by a community member to
develop a strong methodological framework for analysing Wikipedia's growth,
success and quality over time.

1.3 Persuasive Design

At the same time as �open movements� have become an important topic of
research for academics, the �eld of persuasive design has begun to establish
itself at a crossroads between academia and the business world. Incorporating
elements from interaction design, psychology and social psychology, it seeks to
examine the ways in which technology in�uences our behaviour, persuading us
to perform certain activities at the expense of others and creating emotional
associations that encourage us to repeat target behaviour.

The prime theorist of this �eld is undoubtedly B.J. Fogg, the author of
Persuasive Technology and a number of other in�uential works in the �eld.
Fogg de�nes persuasion as �an attempt to change attitudes or behaviours or
both� [15], seeing persuasive technologies as those technologies which embody
such attempts. Fogg is particularly interested in the ways in which the ubiquity
of computing technologies allows designers to have a positive in�uence on user
behaviour, for example, by decreasing water usage or helping people to give up
smoking, although he acknowledges that the same technologies can also be used
towards ethically questionable ends.

It is worth noting that Fogg argues that computer mediated communication
should not be an issue for Persuasive Design, since the focus is on computers
as a communicative tool rather than as a source of persuasion. This position is
not convincing; clearly computer based programs can also persuade people to
communicate and interact, in which case it is reasonable to look at these through
a Persuasive Design perspective. Moreover, the processes of communication and
interaction can in themselves be persuasive; if computers programs facilitate
these processes, they can be labelled persuasive actors. It is telling that Fogg
himself has devoted considerable time to analysis of Facebook as an example
of Persuasive Technology; since Facebook's main function is to persuade users
to interact and communicate with each other this would suggest that Fogg has
revised this position whether explicitly or not.[16]

R. Khaled et al. use the persuasive framework to analyse �Social Software�
(SSW), a label which includes online collaborative projects but can also be
much broader. They identify three principal themes for investigation: a�liation,
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access and participation. A�liation refers to the processes of identi�cation that
result in people joining SSW communities and motivate them to participate.
Access refers to users' ability to observe each others' contributions which thus
enables social psychological processes of learning, comparison and in�uence.
Participation refers to the contributions that users make and the subsequent
social processes that these entail. [25]

1.4 Summary of case: The Pirate Bay

The Pirate Bay sits somewhat uncomfortably within the array of open and col-
laboratively produced internet resources. While projects such as Wikipedia or
Ubuntu receive plaudits and public approbation for their contributions to the
public good, The Pirate Bay has been a target for international controversy,
criticism and litigation. Although The Pirate Bay also relies on user contri-
butions and collaboration to create content, this content is torrent �les which
enable peer-to-peer (p2p) downloading of �les. A vast number of these �les
are in breach of copyright laws, leading to outrage from media providers and
repeated attempts to have the site shut down.[33, 40]

The Pirate Bay consists primarily of an index for torrent �les, a type of
�le which makes it possible for users to download large �les from other users
collaboratively. Torrents are small �les which contain meta-data about another
�le. This �le has typically been broken up into several pieces by the uploader.
Those downloading the �le (peers) download it a piece at a time, they can
download pieces from several di�erent users and provide pieces to other peers
without themselves possessing a full copy of the �le. This means that download
times for even large �les can be very rapid if there are enough people providing
a full copy for download (seeding) or themselves downloading a copy (leeching).
This has the opposite e�ect from traditional single source downloads whereby
popular �les are typically slower to download and cause a large drain on the
source's server.[11]

1.4.1 Pirate and proud

These features in themselves do not make The Pirate Bay particularly interest-
ing as a research subject; there are many di�erent websites that act as trackers
and search engines for user contributed torrent �les, such as Mininova1 and De-
monoid2. What is interesting about The Pirate Bay is that it directly courts
controversy and attempts to rally a sense of community through appeals to a
putative �pirate� identity. This identity is based on multiple di�erent strands
including a relatively traditional support for civil liberties and privacy rights,
more novel arguments against copyright as an institution and antagonism to-
wards government and media company e�orts to enforce and extend copyright
law.[38, 39, 40] It is expected that such appeals serve to reinforce contributors'
willingness to participate by providing a moral justi�cation for piracy and an
opposition to industry group attempts to stigmatise media piracy. These issues
have become popularised in recent years and pro-piracy political parties have
been formed in several countries across the world.[24]

1http://www.mininova.org/
2http://www.demonoid.com/
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The Pirate Bay and related projects are also typically quick to respond to
e�orts to block access to the site, providing detailed technical information in
order to circumvent such e�orts (which they typically describe as censorship)
and have even launched their own proxy service which makes it possible for users
to download �les through another IP address, thus hindering identi�cation.[12]
Such e�orts help maintain participation in the project as well as overall use
of the site, as The Pirate Bay tra�c has contributed to rise despite numerous
blocks by internet providers around the world[4, 14].

1.4.2 Technical details of contribution

Contributions to The Pirate Bay can take several shapes. The most signi�cant
form of contribution is the uploading of torrent �les. For a torrent �le to be
uploaded, a user must �rst possess a copy of the �le to be transferred, and
must then create a torrent �le using software such as Vuze or UTorrent before
uploading this to The Pirate Bay. Some users go to great lengths in acquiring
highly restricted proprietary software and �cracking it�, i.e., removing built-in
security restrictions intended to prevent piracy. Users who have downloaded
the full �le can contribute by seeding, this implies that they keep their torrent
program (such as Transmission, Vuze or BitTorrent) running and allow other
users to download from them. Users who are downloading the �le can also
upload to others, this typically happens by default but users can also modify
their settings to limit their upload speeds[11][13].

1.4.3 Other forms of contribution

Users can also contribute to The Pirate Bay in a number of other ways. On
the main site, users can post comments on torrent threads indicating torrent
quality, providing help with technical aspects of the process, requesting people
to seed the �le, etc. There is also a large bulletin board attached to the site
in which users post requests for �les, create tutorials for torrent creation and
downloading, post links to their own torrent uploads, report problems with the
site, suggest improvements and engage in general conversation.

1.5 Summary of case: Open Street Map

Open Street Map (OSM) is a online project to create a freely usable map of
the world based on collaborative editing. The project is inspired by the success
of Wikipedia in creating a large and high quality online encyclopedia through
collaborative editing of articles. It was further inspired by the recognition that
most publically available maps have legal or technical restrictions on their use,
thus making it di�cult for people to re-use map data for their own ends.[34] The
Open Source license that Open Street Map is released under has made possible
a number of derivative projects as well as several commercial applications.[35]

Unlike The Pirate Bay, OSM �ts more comfortably into the �open move-
ments� category. It is driven by a desire to make content that is available to
everyone without charge, it promotes open standards for data and attempts
to increase the amount of data in the public realm through contact with gov-
ernments and private bodies. It has approximately 250,000 users, of whom
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approximately 10% contribute regularly, i.e., at least once a month [52, 44].
Although OSM is driven by volunteer contributors, it is also supported by a
not-for-pro�t foundation, the Open Street Map Foundation, which manages the
OSM servers, organises events and makes contact with potential data donors.
[18]

1.5.1 Geographers unite!

One of the striking features about OSM is the high level of community that
appears to underpin the collaborative process. There are many local groups
around the world, composed of editors living in a speci�c area. These groups
coordinate e�orts between editors, share skills and organise �mapping parties�
which involve intensive mapping of speci�c areas. This high level of organi-
sation around the OSM project was demonstrated after the earthquake that
struck Haiti in January 2010; within two days Open Street Map editors had
built the most detailed and up-to-date map of Port-au-Prince available, includ-
ing roads, hospitals and refugee camps, primarily using aerial photographs as
source material.[43] It is this community focus which makes Open Street Map
of particular interest for research.

1.5.2 Technical details of contribution

Contribution to Open Street Map can take several forms. Ideally most activity
should take the form of contributing GPS (Global Positioning System) traces;
this involves participants travelling around an area with a GPS unit, taking
notes about the area being travelled through. Once this has been done, the GPS
data is uploaded to OSM to allow other editors to see it and compare it with
the �nished maps. Using this data, editors can mark roads, points of interest,
and other features to maps. It is also possible to edit maps through comparison
with aerial photographs using the Potlatch application that is integrated with
OSM. This feature makes it possible for editors to create basic maps for areas
that they have never been to, although OSM documentation emphasises that
local knowledge is of crucial importance to the editing process.[34]

1.5.3 Other forms of contribution

As noted, there is a high level of coordination between editors as part of the
map-making process; editors co-ordinate their activities through a variety of
mechanisms including online chat channels, Wiki articles, mailing lists and fo-
rums.

1.6 Can The Pirate Bay and OSM be compared?

An obvious question that can be asked is about the extent to which contributions
to The Pirate Bay and Open StreetMap be compared; can activities as di�erent
as uploading torrent �les and adding points to a map be compared productively?
In general, it needs to be recognised that single contributions cannot be equated
between systems, i.e. a user with ten uploads to The Pirate Bay is not the
equivalent of a user who has made ten edits to OSM. Despite this, I believe
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that contribution rates on a system level can be compared. For example, I can
compare the average rate of contributions in a sample with the median of the
sample, thus examining the degree to which contributions are skewed towards
a few high activity contributors.

Within the overall framework of Persuasive Design, I can use the analysis
to identify points of persuasive success or failure; for example, the proportion
of users with only one edit is likely to indicate a point of prime persuasive
importance for both systems. Moreover, it is apparent that by incorporating
two systems within the analysis I can identify common persuasive challenges and
show how the systems deal with them di�erently or similarly. In this context,
the fact that two very di�erent systems are being analysed is likely to constitute
a strength rather than a weakness, as it will allow the results of the research to
be more generalisable than those that would emerge from a study of only one
form of system.

1.7 Problem statement

The problem for this thesis is to assess the persuasive strength of collabora-
tive online systems through a quantitative analysis of participation in two such
systems combined with a heuristic analysis of system features. The subsidiary
research questions that follow from this problem formulation are as follows:

� Q1: How do user contribution patterns resemble and di�er from each other
in Open Street Map and The Pirate Bay? In particular, what is the di�er-
ence between drop-out rate of new participants and lifetime contribution
patterns in the two systems.

� Q2: Does participation in these projects follow standard rules or is it
di�erent from case to case?

� Q3: How does user contribution correlate with other features of user par-
ticipation within these systems? Does feedback have an e�ect on con-
tribution rate? How can quality be assessed in relation to contribution
rate?

� Q4: How can persuasive features of the above systems explain di�erences
in user participation?

Question 1 looks at user contributions on a broad systemic level. It focuses
on drop-out rates and lifetime contribution patterns as indicators of particular
persuasive importance. Drop-out rate refers to the likelihood of participants to
stop activity after a short period of time or small number of contributions. In
analysing lifetime contribution patterns I try to assess how users' participation
in the systems changes over time.

In Question 2, the patterns observed in Question 1 will be compared to
several distribution rules that are typically used to describe such samples as
well as some bibliometric rules that may be of relevance. This comparison will
test (a) whether such rules are generally applicable to the data in question
and (b) serve as a benchmark for comparing participation patterns between the
systems.
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Question 3 looks at the relation between participation patterns and other
features of the system such as feedback and contribution quality. It will divide
users for each system into three separate groups, corresponding with their level
of contribution and investigate usage patterns for each group. It will also pro-
pose a measure of quality that can be used for analysing user contributions to
�le-sharing sites.

Question 4 combines the results of the preceding questions with a heuristic
walk-through of the persuasive features involved in the systems. In order to do
so, it is �rst necessary to develop heuristics suitable for application to collab-
orative online projects. Using these heuristics, I try to connect the persuasive
design of the systems with the participation outcomes analysed in Questions
1-3.
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Chapter 2

Review of related literature

The emergence of various forms of web-based voluntary collaboration has sparked
a great deal of interest in academic circles. Subsequent research has come from
many di�erent angles and thus has highlighted di�erent themes within the gen-
eral discussion. In this section I will look at some of these themes, focusing
on those most relevant to a persuasive understanding of voluntary collabora-
tion. Before doing this, I will present a de�nition and brief history of �open
movements� and present research that deals speci�cally with our cases.

2.1 De�ning �open movements�

While many examples of projects that form a part of the �open movements�
phenomenon have been studied individually and comparatively for a number
of years. To the best of my knowledge the term itself is a relatively novel
one, seemingly coined in Ortega 2009[37]. Ortega provides a de�nition of open
movements which relies on three criteria:

1. Open movements are built primarily on voluntary work, which is coordi-
nated by the participants themselves.

2. These movements create �knowledge outcomes�, such as software, media
�les, documents etc, in a digital format.

3. These movements make all products of their work available for free, typi-
cally under some form of license which stipulates conditions under which
their work may be re-used and shared.[36]

The academic interest in �open movements� dates back to the Free Software or
Open Source movement. This movement is rooted in the �hacker culture� that
developed among computer science researchers in universities in the United
States in the late 1970s and early 1980s. These researchers were used to collab-
orating with each other on a non-commercial basis, sharing tools, passwords and
skills freely. However, these practices were threatened when commerical inter-
ests began to dominate the research, leading to increasing copyright restrictions
upon much of their work. In response to these restrictions, one researcher,
Richard Stallman, developed a way to �hack� copyright, by creating a copyright
license (the General Public License or GPL) that made it illegal for users of a
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program to prevent others from using it freely, for example by creating price
barriers through selling of it. This �hack� kicked o� a huge wave of creativity,
as it allowed programmers to develop software that they could freely use and
share with others. Through the internet, it became possible for many develop-
ers to collaborate in producing software together. Examples of contemporary
free software products are Ubuntu, an operating system, Apache, a widely used
software for web servers, and Firefox, an internet browser [48, 42].

As access to the Internet has moved from universities and research labs into
people's homes, the open movements phenomenon has expanded from tools cre-
ated by and for specialists into projects aimed towards a much wider audience
[42]. The potentials for harnessing voluntary contributions through the Internet
has been adopted by the mainstream in the guise of �crowd-sourcing�, a term
which refers to a practice by websites of turning the leading role in content cre-
ation over to users, while they themselves provide a framework which organises
this content creation in a meaningful way.

Several such undertakings have been extremely successful; examples include,
Wikipedia.org 1, a collaboratively edited encyclopaedia, YouTube.com 2, a site
for sharing and viewing of homemade videos, and Flickr 3, a site for sharing
and viewing of photographs. Of the top ten most visited websites worldwide
according to Alexa rankings, �ve were sites based primarily on user-created
content at the time of writing (http://www.alexa.com/topsites).

Of course, this should not imply that "crowd-sourcing" is synonomous with
the open movements phenomenon, many of the sites that rely on crowd-sourcing
for content creation embody values that are substantially di�erent too and often
at odds with the values of open movements. Haklay for example, notes that
�crowd-sourcing� is potentially highly exploitative as it relies on unpaid users to
do the work of private entities for free[21]. Moglen has also discussed the ethical
problems inherent in websites that provide hosting for user created content,
noting that �spying comes free� in exchange for a certain amount of free web-
hosting and a user interface [28].

2.2 Studies related to our cases

There exists little previous academic investigation into our two cases, particu-
larly OpenStreetMap. In this section I will summarise some of the work most
relevant to this project. Themes from this work will be developed further in
Section 2.3 where I will look at studies of other open movement projects.

2.2.1 Previous studies of Open Street Map

Goodchild looks brie�y at Open Street Map as part of a general overview of what
he calls �Volunteered Geographic Information� (VGI), including other services
such Wikimapia and Flickr geo-caching, i.e., embedding locational data into
photos taken. Goodchild sees VGI as part of a general trend towards a �bottom-
up� science, in which citizens are able to play a greater role in the construction of
sophisticated products, based on web-based coordination and the proliferation

1www.wikipedia.org
2www.youtube.com
3www.flickr.com
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of powerful tools as part of consumer electronics. Although VGI has great
potential, he concludes that it also faces great problems, not only of incomplete
coverage but also of unequal access to the digital resources and skills that are a
prerequisite to participation in the project[20].

Haklay and Weber provide a more detailed overview of Open Street Map,
examining the user interface for editors, the technical features that power the
system, motivations for editors as well as participation patterns in the project.
On motivation, they cite one �core member� who notes that:

People have a range of reasons for getting involved in the project�from
certain ideological views such as a belief in the provision of free in-
formation to improve the world, to anti-national mapping agency
views, to those who enjoy going out and mapping or sitting at home
and writing computer code, to those who enjoy feeling like part of a
community.[22]

On the problem of participation inequality they note while this inequality is
common to such projects, OSM may not be helped by requiring a high level of
system knowledge to edit and classify data appropriately[22].

Haklay has also investigated map quality within the city of London in OSM
based on three di�erent elements using the British Ordnance Survey data as a
benchmark of quality. Although Haklay is generally upbeat about the prospects
for OSM, he raises several important problems. Firstly, there exists broad dif-
ferences of quality within the OSM data set: based on a survey of road data,
he estimates that on average OSM data approximates 70% accuracy with oc-
casional drops to 20%. Similarly large discrepancies in quality exist in other
aspects and Haklay argues convincingly that it is due to di�erences in ability
and e�ort on the part of the responsible editors. Another signi�cant problem
occurs in coverage, whereby areas of middle and high-income are in general far
more extensively mapped than areas of low-income. Again, this re�ects the
volunteer nature of the project and speci�cally a likely bias caused by a low
participation of mappers from low-income areas[21].

One might also criticise Haklay's choice of London as a test-case for OSM
map quality. London was one of the �rst areas in the world to be added to
OSM and has a high proportion of OSM editors resident. These factors would
suggest that London is likely to be one of the areas in the world with the best
coverage by OSM and as such, quality studies of London are likely to indicate a
best case scenario rather than an example that can be generalised throughout
the system.

2.2.2 Previous studies of The Pirate Bay

While The Pirate Bay has received a signi�cant amount of coverage in the media,
in academia this interest has tended to translate into work re�ecting the legal
controversy around the site[7] or even political or philosophical questions that
arises from this[2].

However, there has been some level of research into peer-to-peer �le shar-
ing in general within the �eld of computer science. This research focuses on
download speed in peer-to-peer downloads. Noting the importance of main-
taining high �sharing ratios� among peers in order to maintain high download
speeds, Mol et al. point out the relative e�ectiveness of private communities (i.e.
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communities where membership is needed to download and membership typi-
cally requires some form of invitation) in enforcing high sharing ratios among
peers[29]. Continuing this research, Meulpolder et al undertake a comparative
analysis of di�erent torrent trackers' download speeds, both private and public
(including The Pirate Bay). They conclude that the private trackers they stud-
ied had higher download speeds and higher ratios of seeders to leechers than the
public trackers, including The Pirate Bay[27]. Taken together, this work shows
that distinct improvements in download speed derive from tighter community
control in BitTorrent communities.

2.3 Related research about open movements

In this section I will look at studies of other open movement projects and those
that deal with the phenomenon generally in order to develop some of the prin-
cipal themes that are relevant for the current study.

2.3.1 Quality in open movements

It is telling that one of the most common points of departure for commentary
on open movements is an assertion of the high quality of many open movement
products; for many, the typical absence of formal barriers to participation in
such projects inevitably puts a question mark over the quality of the �nished
product. However, there exists a wealth of evidence that such products are often
of su�ciently high quality to compete with products produced by conventional
means.

Some of the best known examples of open source software are the Ubuntu
operating system and the Apache server software. The Ubuntu operating system
is generally considered to be of comparable quality to the other main operating
systems, Microsoft Windows and Apple OSX[50], while Apache server software
is far more widely used than any proprietary based rival[49].

The collaboratively edited encyclopedia Wikipedia has been extensively re-
searched. One well-known study compared article accuracy in Wikipedia to
that in Encyclopædia Britannica using a sample of articles from each, �nding
that the two samples had very similar number of errors, such that article ac-
curacy could be said to be approximately equivalent between the two[19]. This
conclusion was disputed by Encyclopædia Britannica who demanded a retrac-
tion based on methodological errors and exaggeration of their �ndings; Nature
however defended the article, arguing that its conclusions were justi�ed and its
methodology was sound[6][30].

Other research on Wikipedia has tried to uncover the mechanisms through
which articles become of high quality. One study found a correlation between
number of editors, number of edits and article quality (as measured by selec-
tion for �Featured Article� status by Wikipedia contributors)[54], although this
conclusion was criticised by a later study which argued that articles with in-
creasing numbers of editors only became signi�cantly better when this increase
was matched by an increase in coordination between editors[26]. The authors
of this later study argued that similar patterns could be found in other open
movement endeavours, particularly open source software where highly interde-
pendent work tends to be done by a core group of users while work requiring less
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coordination such as bug reports is done by a more diverse group of participants.
This conclusion leads to the necessity to take into account di�erent forms of

participation and contribution to open movement projects. In relation to Com-
puter Supported Cooperative Work, Schmidt has argued that all collaborative
undertakings involve a division of roles and a potentially in�nite level of discus-
sion and negotiation about the project[45]. Thus, online collaboration systems
must not only persuade users to contribute, but to contribute in a number of
di�erent ways, de�ned by the speci�c features and role structure of the system
in question. Where discussion and negotiation are a crucial part of the system,
it must persuade users to engage in these.

2.3.2 Explaining motivation in open movement projects

Another key question that faces open movement researchers is motivation; how
can the mass voluntary participation in commons based production be ex-
plained? In Clay Shirky's Here Comes Everybody, Shirky presents three reasons
why people might participate in open movement projects: 1) inherent pleasure
in intellectual work, 2) a desire to make a mark on the world and 3) the desire
to do something good[47]. Similar themes are echoed by other writers on the
topic. Eric Von Hippel, a writer on innovation, devoted his book Democratising
Innovation to the study of open movements and the potentials for innovation
that emerge from them. In discussing motivation he cites an open source pro-
grammer as follows:

Creation is unbelievably addictive. And programming, at least for
skilled programmers, is highly creative. So good programmers are
compelled to program to feed the addiction (Von Hippel 2005, p.
124).

According to Von Hippel, this creative impulse is best expressed within group
contexts, as programmers are obliged to demonstrate their skills to an audi-
ence of their peers in order to receive recognition. Thus the twin motivators
of self-expression and social approval are key drivers of open source software
development[51].

Rafaeli et al. conducted a survey of Wikipedia participants in the English
and Hebrew editions of Wikipedia where they found that the strongest motiva-
tors for participants were �Learning new things�, �Intellectual Challenge�, �Plea-
sure�, �Sharing my knowledge� and �Contributing to other people�[41]. While
the �rst three motivations chime with both Shirky and Von Hippel's assess-
ments, the last two seem to re�ect the social values exposed by the Wikipedia
project itself; appeals to community and collaboration feature heavily on the
Wikipedia site. This illuminates the persuasive appeal that values can have in
encouraging people to participate.

2.3.3 Social psychology in open movements

In his 2003 book Persuasive Technology, Fogg devotes considerable time to dis-
cussing how social psychology can play a role in persuasive design. As part of
this discussion, he sets out a number of social psychological principles which
can be of use to analysis or development of persuasive tools. Although his fo-
cus does not include collaborative production sites, it is clear that I can adapt
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these principles to apply to our cases. Below I list those principles together
with some discussion and a related hypothesis that applies them to our own
problematic[15].

� Principle of social comparison - this states that people's motivation to
perform a behaviour will increase if they are aware how their performance
compares with that of others, particularly others that are similar to them-
selves. This leads to the hypothesis that a site based on persuading users
to create content in a collaborative manner will be more e�ective if users
can compare their contributions with those of other users. In our cases I
can think of the �user history� for each user that shows the full details of
user edits in the case of OpenStreetMap and uploads in the case of The
Pirate Bay.

� Principle of normative in�uence - this states that persons can be in�u-
enced by normative in�uence (peer pressure) to perform or not perform
a certain behaviour. Normative in�uence involves people altering their
behaviours in accordance with the opinions of a social group. From this,
I can hypothesise that a site based on persuading users to create con-
tent in a collaborative manner will be more e�ective if it enables users
to state and re-state motivational norms. For example, I can look at the
value based appeals present on the Wikipedia site and in the community,
whereby users are encouraged to contribute in accordance with these val-
ues. From our own cases I can think of the �Legal Threats� section on
The Pirate Bay in which the site publicly ridicules copyright holders, thus
creating norms of disrespect for the entertainment industry that may help
to persuade users to engage in illegal behaviour.

� Principle of social learning - this states that a person who can see others
being rewarded for performing a behaviour will be more likely to perform
that behaviour themselves. Monetary rewards are not typically applicable
to open movements, where contribution is by de�nition voluntary; how-
ever, there are many other type of rewards possible, for example, social
approval. I can hypothesise that a site based on persuading users to create
content in a collaborative manner will be more e�ective if it enables users
to see other users being rewarded for performing target behaviours. In our
examples, I can think of the �VIP� status given to high performing users
in The Pirate Bay.

This last principle can be seen as critical to collaborative behaviour on the
internet. In a discussion on online co-operation, Cheshire and Antin note that
the internet is di�erent to many other social environments because "individuals
can only observe cooperative behaviour; they cannot necessarily see evidence of
non-contributions"[9]. By �non-contributions� they are referring to users who
contribute nothing but still consume the service, also known as �free-riders�. Of
course, it is also possible for hostile users to vandalise collaborative sites, through
entering false information or uploading fake torrents for example, but in general
users can only learn from the good behaviour of users and are therefore more
likely to contribute in a positive way themselves.

Chesire and Antin conducted a study of social psychological processes in
what they call �internet information pools�, but are to all intents and purposes
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identical with our online collaboration projects. Arguing that monetary re-
wards are usually unfeasible within such projects, those developing them should
instead focus on providing users with �intrinsic rewards� facilitated through
awareness of social processes. Using a large sample of users who interacted with
a website banner-based game they created and distributed on several dozen sites
and a dedicated website they found signi�cant evidence that social psychological
feedback e�ected rates of continued participation. The types of feedback that
they tested were: gratitude (e.g. �Thank you for contributing!�), historical re-
minder (e.g. �You have contributed three answers so far.�) and relative ranking
(e.g. �You're in the top 30% of contributors!).

They found that all three forms of feedback had a strong in�uence on per-
suading repeat contributions from users who interacted with the banner on an
external site, however, they had little in�uence on persuading repeat contri-
butions from users who contributed on the main site. This implies that the
context of interaction is critically important to the e�ect of persuasion mecha-
nisms. They suggest that the di�erence in reactions of users is related to the
di�erent relations which users had to the project; if users accessed the site di-
rectly they were more likely to identify with the values and goals of the project
and were thus not interested in receiving computer-generated feedback. Users
interacting via the website banner on the other hand were not so interested
in the project as such and were more likely to treat contribution as a form of
game[9].

However, since the contributors on the internal site on average contributed
far more than users of the website banners, this conclusion is not particularly en-
couraging for our own problematic which concerns contributors to speci�c sites
and not to banner games. I can argue that there is a crucial distinction between
computer generated feedback and real social feedback. While computer gener-
ated feedback may have a weak in�uence on committed contributors, it seems
very possible that human feedback will have an in�uence within collaborative
production environments.

2.3.4 Participation patterns in open movement projects

Discussion of participation patterns in open movement projects has been a com-
mon theme in much literature that deals with the subject. The fact of partici-
pation inequality in online collaborative environments has been observed as far
back as 1998, where Whitaker et al. found that on average 2.9% of posters
in UseNet newsgroups accounted for 25% of total posts in that newsgroup[53].
Nielsen has also discussed this problem, calling it the 90-9-1 rule, which assumes
that for any 100 users of an online project, 90 will be lurkers (i.e. people who
use the content without contributing anything), 9 will be low-level contributors,
and 1 will be a heavy contributor. He cites participation �gures in blogging,
Wikipedia and Facebook Causes as evidence for this[32]. Shirky has also writ-
ten about the issue claiming that in a typical �open movements� project, 80% of
contributors contribute only 20% of content while 20% contribute 80% of con-
tent. This is known as a �power-law� distribution such that if contributors are
ranked according to contribution amount, the user in the nth position will have
contributed 1/nth of the amount contributed by the user who has contributed
most[47].

Shirky and Nielsen have di�erent reactions to the issue. Shirky sees it as
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inherent to the functioning of such projects, a pattern that results from the
�spontaneous division of labour� that drives online collaboration and that can-
not be managed by attempts to �iron-out� participation inequality. Although
Nielsen also accepts a certain level of inevitability to this pattern, he sees it as
problematic as it means that the overall system is unrepresentative of most users
and the voices of a minority of users will drown out those of the majority. He
suggests that websites should take some steps to improve the participation ratio
by, among others: making contribution easier, making contribution a side e�ect
of other actions, rewarding contributors and promoting quality contributors[32].
Interestingly, making contribution a side e�ect is already present in the case of
The Pirate Bay, where users who download a �le automatically upload some of
this �le as they do so.

2.3.5 Participation patterns and bibliometrics

It is interesting to note that such discussions of power laws and participation pat-
terns, bear a resemblance to certain key bibliometric concepts, notably, Lotka's
Law and Zipf's Law.

Lotka's law refers to patterns of productivity among authors. He writes that
for every 100 authors who write one article, there will be 25 who publish two,
11 who contribute three, 6 who contribute four etc, i.e. that there is a decrease
in performance on the basis of an inverse square [10].

Zipf's law is based on linguistic analyses of texts; it predicts that in any
written text, words will be used in a decreasing rate of frequency, such that the
nth word will be used 1/n times as often as the highest ranking word. What
is interesting about this law, is that Zipf argues that since it is based on basic
patterns of human e�ort, it will be found in all areas where human production
takes place [1]. As shown previously, it is also one of the formulations that
Shirky uses to describe power law distributions.

Lotka's law also seems relevant for our study, based as it is on productivity of
individuals. It is not assumed that Lotka's law should be taken as a mathemat-
ical truth, but rather as a general principle which guides human productivity.

2.4 Related studies about analytic evaluation

This section looks at previous work on analytic evaluation using it as the basis for
developing our own framework for evaluating persuasion in online cooperative
environments. It looks at analytic evaluation from two di�erent perspectives,
Interaction Design and Persuasive Design.

2.4.1 Analytic evaluation in Interaction Design

The practice of analytic evaluations of systems is well established within the
general �eld of Interaction Design[46]. Analytic evaluation typically involves
experts who adopt the role of end-users by staging step-by-step walk-throughs of
a certain process such as booking plane tickets online. They often use heuristics
as a guideline for identifying and reporting usability problems.

The most well-known set of heuristics are those proposed by Nielsen, who
suggests 10 �rules of thumb� for evaluating user interfaces[31]. These heuristics
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have subsequently been adapted by Baker et al. to assess �groupware�, i.e., sys-
tems designed for cooperative work[3]. In this work, they propose 8 heuristics
for analysing cooperative systems. Although one would immediately assume
that these can be of use to the present study, they su�er from a number of as-
sumptions that limit their applicability to voluntary collaborative environments.

Foremost among these is the unspoken assumption that such systems will
necessarily resemble traditional work environments. This assumption leads
Baker et al. to presume synchronous use of the systems and a drive to em-
ulate real world patterns of interaction [3]. Obviously, synchronous use of the
systems is not realistic when one considers massively distributed online coop-
eration e�orts taking part in many di�erent time zones. At the same time,
attempting to model systems to allow them to replicate real world forms of in-
teraction through features such as audio chat and avatars seems unimaginative
and doomed to failure. This is because the technical and social possibilities
that underpin computer supported cooperative work are very di�erent to those
that underpin real life cooperative work, whether voluntary or paid. An ex-
ample is the extremely low uptake of video chat; despite numerous e�orts by
manufacturers to launch it, consumers have resisted, presumably because of the
technical limitations of the software combined with the di�erent social possi-
bilities enabled by voice only conversation (e.g. talking on the phone while
walking)[46].

Of the eight, heuristic 7: "Allow people to coordinate their actions", seems
very appropriate to our study. As already shown above, the best Wikipedia
articles come about when a large number of editors operate within a well struc-
tured frame. It seems very likely that allowing coordination is a necessary step
for creating valuable common pool resources.

2.4.2 Analytic evaluation in Persuasive Design

In the �eld of Persuasive Design, Fogg has proposed the �Fogg Behaviour Model"
(FBM) as an analytic tool for assessing persuasion. He writes that for persua-
sion to occur, there must be a combination of motivation, ability and triggers.
Although these elements are interdependent, high levels of one may cancel out
low levels of another, for example if motivation to complete a task is very high,
then a user may still carry it out, even if the task is di�cult. Designing per-
suasive technologies involves boosting motivation or ability or both, while also
ensuring that the desired behaviours are triggered at the appropriate time.

Fogg writes that there are three main binaries that e�ect motivation: pain/
pleasure, hope/fear, and social acceptance/rejection. Ability (which he also
calls simplicity) on the other hand, is a�ected by time, money, physical e�ort,
brain e�ort, social deviance and non-routine activity. Meanwhile, there are three
types of triggers; spark triggers, which aim to increase motivation, facilitators,
which make target behaviours easier to do, and signals, which indicate when a
behaviour is appropriate[17].

The clarity of this model is very useful for helping one think about persuasion
in a dynamic way; one can see how site designers can remove barriers to ability
or attempt to increase motivation as part of their persuasive strategy. On
the other hand, the model seems most applicable to conceptualising one-o�
persuasive goals, such as persuading users to click on a �sign-up� link, or to
purchase a product. The model is less intuitively useful when applied to large-
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scale collaborative projects, which involve repeated actions by users over an
extended period of time. Since our cases do not deal with one-o� actions such
as buying a book or something similar, it seems appropriate to look at behaviour
change in a somewhat di�erent way.

2.4.3 Analytic evaluation of our cases

In order to apply the FBM to our cases, it is necessary to begin by setting out
the target behaviour desired by the system. If they are to be successful, online
collaboration projects should be oriented towards converting users into contrib-
utors, converting contributors into repeat contributors and converting repeat
contributors into core contributors. The focus should be on constantly expand-
ing the base of core contributors while increasing the number of overall editors
by making it easier for users to contribute. In this sense, while both motivation
and ability are important at the �rst stage, as users become contributors, mo-
tivation will become more crucial later on as already capable contributors are
converted into repeat and core participants.

As I have seen from our literature review, open movement projects have a
number of common characteristics that underpin them. These aspects are as
follows:

� Participation in projects is primarily made up of volunteers.

� Successful projects rely on active communities of users who identify with
the values of the projects in question.

� Coordination of work tends to occur organically and without formal hier-
archy.

� Projects tend to be based around certain values which are embodied in
the products created.

The design of the projects should be oriented towards strengthening these as-
pects. The heuristics I propose in 3.7 attempt to combine an understanding of
these with the Fogg Behaviour Model and the social psychological principles I
outline above. These heuristics are then used as the basis of analytic evaluation
of the cases.
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Chapter 3

Methodology

This section introduces the methodology employed in the analysis of persuasion
in collaborative online environments. It discusses the practical requirements
for selecting data sources, explains the methodology used to retrieve data and
the tools used to extract this into a workable format. It presents the research
questions from Chapter 1 and shows the methodology by which these are to be
tested. First though, I will present a glossary of terms used in order to allow
the non-technical reader to follow the discussion.

3.1 Glossary of terms used

HTML - HTML (HyperText Markup Language) is a mark-up language that
structures content on a webpage. It identi�es di�erent elements such as
links, tables, titles and paragraphs.

Script - refers to a small program that is created to perform various operations.

Seeder/Leecher - in BitTorrent downloads (see Torrent, below) a seeder is a
user who possesses a full copy of the �le in question and is allowing others
to download this �le from their computer, while a leecher is a user who is
downloading the �le.

Shell - the shell is an interface for entering commands on a computer. In this
case, the Linux shell BASH was used. It allows several di�erent programs
to run in conjunction with each other.

Torrent - a torrent is a �le that is used to download another �le from multiple
peers. Files downloaded via torrent are typically broken up into multiple
pieces to enable downloading di�erent pieces from di�erent peers. The
torrent �le contains meta-data about the pieces that make up the �le and
urls for torrent trackers that enable di�erent peers to connect with each
other.

URL - a Universal Resource Locator speci�es the location of a particular re-
source and a protocol for retrieving it. In this study it refers principally
to webpages.
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3.2 Selection of data sources

This analysis focuses on user contributions to collaborative online systems. It
analyses these contributions in relation to those of other users and analyses
them in terms of development over time. Data sources thus needed to a) provide
detailed information on user contributions including including precise date of
each contribution and b) this information needed to be publically accessible.
Initially, it was supposed that Wikipedia would be the other subject for analysis,
but a lack of access to detailed user data, due to Wikipedia's article-based
organisation of edit history, made this impossible 1.The requirement for detailed
time data for each user contribution, made several other systems unusable as
research subjects. It is a common feature among websites to give time data in
an informal way, such as "About two months ago", or "A year ago", instead of
a usable date format. These approximate datings made sites such as YouTube
2 and TVShack 3 unsuitable for research. Presumably, such sites possess exact
data on their own databases, but this is not given on the publically accessible
webpages. Based on these criteria, The Pirate Bay and Open Street Map were
selected as cases for research.

This selection process is noteworthy in itself as it points to a key problem
with analysis that relies wholly on 3rd parties to make data usable and pub-
lically available. The selection of sources for this research was very much de-
termined by the standards in which websites displayed their information; when
websites display data in an unusable format or do not display it at all, much
web-based behaviour becomes inscrutable without some special agreement be-
tween researchers and websites. This condition becomes particularly di�cult to
satisfy when the data being recovered concerns activity of dubious legality, as
in the case of The Pirate Bay, where it can be presumed that websites would
be uninterested in providing researchers with data for fear of compromising the
privacy of their users.

3.3 Data sources

The data sources for The Pirate Bay and Open Street Map are very similar.
Each user's contributions are tracked automatically by the site. Information
about these contributions is stored under a speci�c user page. In the case of
The Pirate Bay, this information is highly detailed and includes: category of
torrent �le, its name, date uploaded, number of comments on the torrent (if
any), and an additional indicator if the uploader is a �Trusted� or �VIP� user
4. Open Street Map sorts user contributions in a similar way, but provides less
detailed information than The Pirate Bay. Each contribution is given a unique
ID, a time and date, space is given to an explanation or comment by the user,
and the code for the area of the edit is also given. In the case of both systems,
all available information was retrieved.

1Ortega's 2009 thesis involved a user based analysis among others, but this analysis was
only possible after a high level of processing of data. The technical skills required to perform
this processing put such an investigation out of the reach of this research.

2http://www.youtube.com
3http://tvshack.cc/
4These are special statuses assigned by Pirate Bay administrators in recognition of a user's

contributions to the community. They also act as guarantees of �le quality for other users.
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I should again note that the fewer details available for OpenStreetMap data
led to fewer possibilities for analysis. While The Pirate Bay data could be
analysed in terms of comments on contributions by other users and number of
seeders per torrent, corresponding possibilities do not exist in OpenStreetMap,
and so this information is not generated on OpenStreetMap edit histories. While
it is the case that comments on contributions are made in other parts of the
OpenStreetMap system (such as user forums and chat channels), these were not
studied as part of this research.

Such considerations underline the di�culties inherent in comparing complex
systems where user participation and coordination takes place on a number of
di�erent levels. For these reasons, this study focuses predominantly on contri-
bution rates, instead of trying to examine the larger picture of participation in
discussion and coordination of work.

3.4 Retrieval and processing of data

The desired data was HTML �les of user histories accessible online. Thus, in or-
der to retrieve these pages, it was necessary to get a list of urls for user pro�les.
This was achieved by entering the directories http://www.thepiratebay.org/
users/and www.openstreetmap.org/users/ into Yahoo! Site Explorer. Ya-
hoo! Site Explorer displays all pages connected with a speci�c url that are
indexed by Yahoo!, as well as links from other sites on the web to these pages.
It is then possible to download a thousand of the pages associated with this url
(in these cases, those connected with sub-directories of the category user, i.e.
speci�c user histories). In the case of The Pirate Bay, it was possible to down-
load urls for user pro�les from two separate sub-directories, since The Pirate
Bay stores user urls at both http://www.thepiratebay.org/users/ and at
http://thepiratebay.org/users. This meant that there were roughly twice
as many user histories available for researching The Pirate Bay as there were
for OSM. In both cases, there existed some duplicate users in the lists retrieved
from Yahoo! Site Explorer, as urls were sometimes retrieved for several of the
user pages. In order to prevent a single user history being downloaded multiple
times, these duplicates were removed using some terminal based commands.

Once a list of urls for user histories had been generated and duplicates re-
moved, a series of scripts for downloading the user pages and extracting the rel-
evant information were developed using a combination of shell scripts, Python
(a programming language) and Beautiful Soup, an HTML/XHTML parser for
Python which is designed to optimise data retrieval from HTML pages5. In
both cases, full user histories were often not available on one HTML page, but
were instead spread over a number of pages once more than a certain number
of contributions had been reached (30 in the case of The Pirate Bay, 20 in the
case of OpenStreetMap). Thus it was necessary to design a script that was
capable of recognising links to additional history pages and adding these to the
download queue in such a way as to keep all a user's �les together. A further
concern was that the websites in question would interpret the page requests as
a hostile act or a drain on server capacity and thus block the IP address of the

5Post-Doctoral researcher Toine Bogers was a great help in this crucial part of the method-
ology.
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<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0

Transitional//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd">

<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en"

lang="en" dir="ltr">

<title>OpenStreetMap | Changesets by alv</title> </head>

<body> <div id="content">

<h1>Changesets</h1> <p>Changesets by <a

href="/user/alv">alv</a> </p>

<p>

&laquo; Previous

| Showing page 1 |

<a href="/user/alv/edits?page=2">Next &raquo;</a>

</p>

<table id="changeset_list" cellpadding="3"> <tr>

<th>ID</th> <th>Saved at</th>

<th>Comment</th> <th>Area</th> </tr> <tr>

<td class="table1 date"> April 16, 2010 14:05 </td>

<td class="table1 comment"> traffic:hourly </td>

<td class="table1 area"> <a href='/?minlon=24.9448809

&minlat=60.2088358&maxlon=24.9456711&

maxlat=60.2089752&box=yes' title='show area

box'>24.945,60.209,24.946,60.209</a> <!--11015388--> </td>

</tr> <tr>

</div> </body> </html>

Figure 3.1: HTML extract from an OSM user page

requesting computer. In order to minimise this danger, the downloading script
was designed to put intervals of varying lengths between page requests.

In order to process the data, scripts were designed to recognise and extract
the required data on each page. This data was then saved in a table format
and all non-relevant data was deleted. Since HTML is a �le format designed for
optimising the structured display of information in internet browsers, it is not
speci�cally oriented towards presenting data in a format usable for researchers.
To design programs capable of recognising the relevant data, it was necessary
to analyse each site's HTML coding of user history pages and to design scripts
to match the speci�c mark-up for each piece of information. This was done
using a combination of shell based programs such as grep, awk and sed in the
case of Open Street Map and code written in Python module "Beautiful Soup"
in the case of The Pirate Bay. These scripts then saved the desired data in
table format where it could then be analysed using spreadsheet software and
statistics programs. A HTML extract from a typical OSM user history page is
shown in 3.1 for purposes of illustration.

A full summary of the scripts used to extract data is given in Appendix 2.
For illustration purposes, an extract from the script used to process the OSM
data is shown in Fig. 3.2 on the next page .

In the case of data from The Pirate Bay, data was analysed primarily using
Open O�ce Calc, an open source spreadsheet program, capable of carrying out
both sophisticated calculations and generating graphs. In the case of Open-
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#!/bin/sh

if [ $# -ne 2 ]

then

echo "USAGE: ./$0 <HTML PAGE> <USER NAME>"

echo ""

echo " <HTML PAGE> Locally stored HTML page"

echo " <USER NAME> Name of the user I're crawling for"

exit 1

fi

#Get change ID

cat $1 | grep "View changeset details" -A 2 | awk

'BEGIN{FS=">"}{print $2}' | sed 's/<\/a//g' | grep "." >

temp1.txt

#Get Date

cat $1 | grep -A 1 "table[01] date" | sed 's/<td

class="table[01] date">//g' | sed 's/--//g' | sed

's/ (still editing)/May 1, 2010 12:00/g' | grep ":"

| sed 's/January/1/g' | sed 's/February/2/g' | sed

's/March/3/g' | sed 's/April/4/g' |sed 's/May/5/g' |

sed 's/June/6/g' | sed 's/July/7/g' | sed 's/August/8/g'

| sed 's/September/9/g' | sed 's/October/10/g' | sed

's/November/11/g' | sed 's/December/12/g' | sed 's/,//g'

| awk 'BEGIN{FS=" "}{print $2 "-" $1 "-" $3}' > temp2.txt

Figure 3.2: Extract of script used to process OSM user pages
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StreetMap data, immediate analysis through Open O�ce Calc was impossible
as the table generated was too long. Instead, a Geographical Information Sys-
tem (GIS) program called MapInfo was used to generate some results as this
was capable of handling the data. Other analyses were performed by dividing
up the data into smaller pieces and using Open O�ce Calc.

3.4.1 Yahoo! Site Explorer

As stated, the data retrieved for this research is based on a set of urls in the
user directories of the sites in question retrieved from Yahoo! Site Explorer. Site
Explorer is a tool designed for webmasters to allow them to analyse which pages
of their site are indexed by Yahoo! and which sites link to their site. Although
it is not a tool speci�cally for researchers, it was used in this study because of
its ability to easily provide a list of urls for user pages of both sites, information
that was a requirement for the study to take place. Unfortunately, Yahoo!
provide no information on how these pages are indexed, so it is impossible to
tell if the users used in the study are representative of the population as a whole.
Importantly, the results do not seem to be based on inlinks from other sites,
within the user sub-directory of OpenStreetMap, Site Explorer retrieves 33,179
pages but only 10 inlinks. If it were the case that Site Explorer retrieved urls
on the basis of inlinks, it would be probable that the users studied would be
uncharacteristically productive, as it is unlikely that links would be found to
pages of unproductive users.

3.4.2 Creation of productivity bins

If we take for granted the assumption that di�erent users will have di�erent levels
of productivity, it makes sense to divide users up into bins based on productivity
in order to allow analysis of how participation rates di�er between the di�erent
types of users. Based on the discussion of participation inequality and power
laws of contribution in online projects I decided to make three divisions based
on a 60-30-10 rule. This division was chosen on examination of Lorenz curves.

As discussed in 3.5.2, Lorenz curves are typically used to visualise inequalities
within samples or populations. They are derived by ranking all sample members
by number of contributions starting with the lowest. A cumulative percentage
for these users' contributions is then derived which forms the basis of the curve.
As shown in 3.3 on the following page, the �rst segment of the distribution is
between 0 and 0.6, where the graph is almost �at. The next segment is between
0.6 and 0.9 where the graph starts to rise more rapidly. The �nal section is
between 0.9 and 1.0 where the slope of the graph is extremely sharp, indicating
a few, very high performing users. Although the shape of the Lorenz curve
is not exactly the same for both distributions, it was decided to use the same
divisions in order to allow the bins from the di�erent systems to be compared
to each other.

Applied to TPB contributors, this method of division yields one group of
150 who have contributed 228,132 torrents, one group of 448 users who had
contributed 35,518 torrents and one group of 897 users who had contributed
4491 torrents.

Dividing OSM contributors into the three groups, I get one group of 75
editors, one group of 229 editors and a �nal group of 456 editors. Bin One, the
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Figure 3.3: Lorenz curve of TPB contributors plotted against an equality curve

lowest level contributors had an average of 155.85 edits each and a median of
124 edits, making up 3.83% of total edits. Bin Two, the mid-level contributors
had an average of 1,840.68 edits and a median of 1002 edits, making up 22.75%
of total edits, Bin Three, the highest level users had an average of 18,130 edits
and a median of 19,859 edits making up 73.40% of total edits.

3.5 Analysing Participation Patterns between case

studies

Our �rst questions deal with the patterns of participation found in the cases
studied. I are interested in testing the "power law" analysis of participation
proposed earlier, and in seeing whether the same pattern applies to both sam-
ples. The results from these questions will then provide the backdrop for the
analysis of persuasive features involved in both projects.

3.5.1 Q1: How do user contribution patterns resemble
and di�er from each other? In particular, what is
the di�erence between drop-out rate of new partic-
ipants and lifetime contribution patterns in the two
systems.

To answer this question I perform two forms of analysis, an analysis based
on user drop-out rate and an analysis based on contribution rates over user
lifespans.
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3.5.1.1 Drop-out Rate

Drop-out rate refers to the proportion of users that only contribute a relatively
small amount or for a relatively short period before dropping out of activity.
Drop-out is measured using both user contribution amounts and user lifetimes.
This data is presented in a series of relative frequency distributions showing
the the percentage of users that have contributed various amounts and the
percentage of users whose lifetimes were between 1 and 7 days. The lifetime
data is then graphed over a year, to show what percentage of the sample were still
active within a year of their �rst participation event. By combining two di�erent
measures, it is hoped to minimise the problem of comparing contribution rates
across systems that involve very di�erent forms of contributions, as discussed
in 1.6.

3.5.1.2 Lifetime based analysis

A lifetime based analysis is used to compare how participation rates alter
throughout user lifecycles. In order to do this, a spreadsheet tool is used that
assigns each user's contributions a value based on how many days have elapsed
since that user's �rst ever contribution. In this way, a comprehensive picture of
how each user's activity over time within the project is built up. The number
of days between the �rst contribution and the last contribution of a user is used
to represent the total lifespan of that user.

In order to analyse lifespan productivity rates, I divided each sample up into
three groups based on the methodology discussed in 3.4.2. Frequency distribu-
tions were created based on days, these showed the number of contributions
that happened in relation to user lifetime, i.e. all contributions made on the
�rst day of a user's lifetime would be grouped together, regardless of when that
user �rst became active. These numbers were then divided by the total num-
ber of contributions for that user group and multiplied by a hundred to give
a proportionate amount for that user group. Thus each frequency distribution
shows what percentage of that user group's total contributions were made at
each stage of their lifespan.6

3.5.2 Q2: Does participation in these projects follow stan-
dard rules (e.g. power laws) or is it di�erent from
case to case?

In order to answer this question, I will compare the sample data with several of
the power laws mentioned in 2.3.5.

Lorenz Curve First, I will use a Lorenz curve to compare inequality rates
between the samples. A Lorenz curve is a graphical measure of inequality,
typically used to visualise income inequality within countries, i.e., it shows the
proportion of wealth in a country owned by di�erent portions of society. In
order to generate a Lorenz curve all users are listed by contribution starting
from the lowest to the highest. Each contributor is divided by the total number

6For help with this part of the Analysis I am grate-
ful to TessaES from the OpenO�ce.org Community Forum
http://user.services.openo�ce.org/en/forum/viewtopic.php?f=9&t=30690&start=0
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of contributors and each number is added to the last to give the cumulative
percentage of the population. Each user's contributions are divided by the total
number of contributions, and cumulated to give the cumulative percentage of
contributions. In this way, at any point it can shown what proportion of the
population has created the corresponding proportion of contributions. A line of
equality is created by plotting a sample based on the cumulative percentage of
a perfectly equal rate of participation. This line of equality then serves as basis
of comparison, the closer the Lorenz Curve is to the line of equality, the more
equal the distribution of contributions is in that sample.

Pareto Principle Participation patterns will also be compared to the Pareto
principle. This principle was originally developed by an Italian economist who
used it to describe the distribution of wealth in a country, observing that 20% of
the population typically owned 80% of the wealth. Recently, the principle has
also been applied to explaining participation patterns in online activities. In our
examples, I will use it to see how much of the contributions are created by 20%
of the population in each case. Comparing the two will show how dependent
each site are on a minority of �elite� contributors and will test Shirky's assertion
that unequal participation is inevitable within online projects.

Lotka's Law Lotka's Law is a concept originally developed to describe pro-
ductivity patterns within academia. It states that the number of researchers
who publish n papers is 1/n2 of the number of researchers who publish only 1
paper. So if 100 authors write 1 paper, then 1/22(100) = 0.25(100) = 25 will
publish 2 papers, 1/32(100) = 0.11(100) = 11 will publish 3 papers etc. I am
interested in seeing whether this law of scholarly productivity can be applied to
productivity of participants in online collaboration.

Zipf's Law Zipf's Law is based on content analyses of texts. Zipf found a
numerical relationship between the frequency at which words are used, such
that the nth most frequently used word will be used 1/n times the number of
times the most frequently word is used. Interestingly, Zipf argued that his law
could be applied to any �eld of human endeavour. For this reason, I will test
whether it can be applied to contribution rates in online collaboration by using
the number of contributions made by the highest level contributor as the basis
for prediction.

3.6 Participation patterns internal to projects

� Q3: How does user contribution correlate with other features of user partic-
ipation within these systems? Does feedback have an e�ect on contribution
rate? How can quality be assessed in relation to contribution rate?

This part of the analysis focuses on how user participation correlates with other
features of use. Since this section concerns information that is not available
within both systems, these analyses will necessarily be internal, comparing dif-
ferent groups of users against each other. The variables it will focus on are:
quality of uploads and the role of feedback mechanisms, both in The Pirate
Bay.
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3.6.1 Statistical model of correlation

The analysis for this subsection is based on correlation between variables. It
will investigate whether there are correlations between contribution rates and
other variables such as quality of uploads, feedback from other users and user
lifetime. Correlation between quantitative variables is typically represented as
a linear relationship whereby the explanatory variable (i.e. the variable that
is used to explain changes in the other variable) is represented on the x axis
and the response variable (i.e. the variable that changes on the basis of the
explanatory variable) is represented on the y axis. The slope of the graph
created thus represents a relationship between the response variable and the
explanatory variable of a sample.

This relationship is expressed by the formula y = α+βx, where β represents
slope and α corresponds to the y-intercept, i.e. the point on y where x = 0.

In Fig. 3.4, the upwards sloping line indicate a positive correlation between
variables, whereby an increase in the value of x leads to an increase in the
value of y. The angle of slope represents the strength of the correlation. Note
though, that the slope of the graph is a�ected by the scale of the units of
measurement, thus making comparison between di�erent sample sizes based on
slope impossible.

When applying this model to real data it is common to construct a scat-
terplot diagram in order to visualise the level of correlation. By observing the
scatterplot, it is possible to judge whether or not the relationship between vari-
ables seems linear. A scatterplot with a U shaped distribution for example, will
indicate that a linear relationship is not present. If it is decided that the rela-
tionship seems linear, the equation ŷ = a+bx is used to predict the relationship.
In that case, a represents an estimate of α and b represents an estimate of β.

This prediction equation will create a linear estimate of the relationship
between x and y. Of course, it is unlikely that distributions will follow a strictly
linear pattern, so it is also necessary to represent the degree of derivation from
the prediction line. This is done through the sum of squares equation:
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SSE =
∑

(y − ŷ)2

In this equation, y− ŷ represents the di�erence between any point y and the
predicted value for that point according to the prediction equation.

None of the equations explained thus far can represent the strength of corre-
lation between variables in a standard way. The slope of a prediction equation
b can show whether a correlation is positive or negative, but its size is a�ected
by the scale of the units of measurement. In order to compare correlations in
a standard way, it is �rst necessary to derive the marginal sample standard
deviations for both x and y. This is returned through the equations:

sx =

√
(x− x̄)2

n− 1

sy =

√
(y − ȳ)2

n− 1

Once these values have been returned, the formula r =
(

sx
sy

)
b denotes the

degree of correlation between variables x and y. Since −1 ≤ r ≥ 1 this formula
allows correlation to be tested in a standard way.

3.6.2 Role of feedback mechanisms in increasing partici-
pation

This sub-question looks at whether there is a correlation between feedback on
user contributions and their rate of overall participation. Since it is not possible
to comment directly on edits in OpenStreetMap, this question applies only to
The Pirate Bay. It looks at whether comments on torrent uploads have any
correlation with level of contribution.

To answer this question a script was used which calculated the average num-
ber of comments every user had received7. Then, the correlation between aver-
age number of comments and number of uploads was tested using R Comman-
der. If feedback mechanisms such as comments play a role in encouraging repeat
contributions, there should be a positive correlation between avg. number of
comments and number of uploads.

3.6.3 Quality analysis of torrents

This sub-question proposes a methodology for determining quality of torrent
uploads and applies it to investigate whether Pirate Bay users with more con-
tributions tend to make uploads of higher quality. The methodology for de-
termining quality of torrent contribution is a modi�cation of that proposed by
Hirsch for assessing researcher impact. That is:

�A scientist has index h if h of his/her Np papers have at least h
citations each, and the other (Np = h) papers have no more than h
citations each.�[23]

7My thanks to the users of http://www.programmingforums.org and particularly user "Pat-
sie" for their help with this script.
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Hirsch argued that this method is far more robust than other measures of re-
search quality because it takes into account both productivity (i.e. number of
papers published) and consistency of paper quality (i.e. it will not be skewed
by one highly cited paper).

To apply this formula to torrent uploads, I will reformulate this as follows:

�A pirate has index h if h of her/his Nt torrents have at least h
seeders each, and the other (Nt - h) torrents have no more than h
citations each.�

I use the number of seeders as representative of the number of users interested
enough in an upload to support it with their own bandwith. While leechers
could also be used to generate the "piracy h-index", leechers presumably do not
possess a full copy of the �le and are so unable to make any quality assessment
of it. Seeders on the other hand, have a full copy of the �le and give away some
of their bandwith to make it available to other users, thus implying that they
believe the �le is worth sharing. In this way, the index represents a "collective
assessment" on the part of Pirate Bay users of a speci�c user's uploads, in much
the same way as the h-index represents the assessment of a scientist's work
by their peers. Applying this to torrents allows us to judge the impact of any
contributor on the �le-sharing site. It will then be possible to ask what variables
correlate with high quality contributors, such as productivity, lifetime etc.

However, using this metholodogy to judge user quality is not without its
�aws. Foremost of these is the fact that the number of seeders for a torrent
changes over time. A new episode of a TV show might have 300 seeders in the
�rst week after coming out, 100 the following week and as few as 10 six months
later. Such patterns are presumably di�erent from category to category; uploads
of program �les will most likely retain seeders longer than uploads of TV shows
or movies. Thus a user's h-index will be a�ected both by the time the data is
collected and the category in which the user tends to operate.

It can also be argued that a h-index will underestimate the value of one o�
contributors, who can at most have an index of 1, for example, a one o� user
with a single upload attracting 200 seeders will have the same h index as a
similar user who only managed to attract a handful of seeders. It would also be
possible to use average seeders per torrent as a method for measuring impact,
but averages will tend to be a�ected too much by outliers. Moreover, the h-
index is purposely weighted to value user productivity. For these reasons, I will
use an unmodi�ed h-index in this research as a best available tool for judging
user impact.

In order to retrieve the H-Index, I used a series of formulas in OpenO�ce
Calc that counted the number of torrents each user had contributed and then
found the number of torrents for which the number of seeders was equal to or
greater to that number.

3.7 Analytic evaluation of persuasive features

� Q4: How can persuasive features of the above systems explain di�erences
in user participation?

This question sets out to connect the results generated by the quantitative study
with persuasive features of the systems themselves. Answering this question
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will involve a walk-through of the persuasive features involved in contributing to
these systems, based on a set of heuristics which I outline below. These heuristics
are based on the Fogg Behaviour Model and the key concepts developed in the
literature review.

With that in mind, I propose several heuristics for evaluation of online col-
laborative projects.

1. The values that underpin the site should be clearly visible to all users and
should be reinforced regularly.

2. Triggers to participate in the project should be visible to users of the
product.

3. Participation in the project should be as simple as possible and documen-
tation of technical aspects should be easily available.

4. The project should encourage users to identify themselves with the project
and feel as if their contributions are valued through rewards, feedback or
other mechanisms.

5. The interface should facilitate interaction with other users and coordina-
tion of collaborative e�orts.

These heuristics take into account the need to motivate users through values,
the need to ensure simplicity of participation, the need to trigger participation,
the need to enable self-organised coordination of e�orts and the need to develop
a community of users and leverage social in�uence. In this study I will walk-
through participation in our cases analysing them on the basis of these heuristics.

I can see that the above heuristics involve di�erent levels of engagement,
with each becoming more or less relevant as one progresses through the system.
For example, triggers to participate will be most relevant at the �rst level of
engagement, as will values, whereas technical documentation only becomes rel-
evant after one has �rst decided to participate. Social rewards and coordination
will then become important on a third layer when one is already an engaged
participant but lacks social reinforcement and encouragement.

I freely acknowledge the �ad hoc� nature of these heuristics. They are based
on a limited amount of experience of such systems combined with a broad
overview of related literature. Their relative lack of precision can be seen as an
inevitable result of trying to apply new perspectives to a new �eld. Their ap-
plication here should be taken as an opportunity for further re�nement through
experience.

It is also important to add that this analytic walk-through cannot be any-
thing but a shallow account of project features. Self-organised and decentralised
systems like the ones in question typically evolve highly complex structural and
social dynamics such that it would take many months of engagement within the
projects to fully appreciate all these processes. What I can do with this analysis
is give an overview that can perhaps go some of the way in explaining the results
generated in the other analyses.
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Chapter 4

Analysis

In this chapter I present the results of the analysis under six main sections.
These sections refer to the main �ndings derived from analysis. First, I present
a summary of the data retrieved and discuss problems with data accuracy.

4.1 Summary of data retrieved

4.1.1 Summary of The Pirate Bay data

Once the scripts were written the data retrieval process was set in motion.
The retrieval of data from The Pirate Bay was completed overnight on one
computer. 2000 urls were retrieved from Yahoo! Site Explorer, of which 112
were duplicates (i.e. two di�erent pages on the same account). After removing
these, 1,888 unique users remained. Downloading user histories for these users
returned information about 268,141 torrents produced by 1,495 users. The 393
users for which no torrents were returned likely indicates users who created
accounts but never uploaded any torrents. This was con�rmed by checking the
user pro�les for a small sample of the users for which no torrents were received.
However, it was decided not to take these 393 as representative of the number
of users who register an account but do not contribute.

4.1.1.1 Contribution rates

This gives an average contribution of 179.36 torrents per user. The median
for the sample was 10 torrents and the mode was 1. The standard deviation
was 1279.26, indicating a highly variable sample. The di�erence between the
median and the average moreover indicates a sample in which the vast majority
of contributors are below the average. This is further shown when I compare
the standard deviation to the mean; 98% of users fall between x̄− s and x̄+ s,
indicating the presence of a small percentage of outliers that heavily skew the
sample. Note also that the range of the sample is 29,999, with 1 being the
smallest number of observations and 30,000 being the highest. The �gure of
30,000 is signi�cant, because it is at this number of torrents that the retrieval
script was programmed to stop retrieving more data. This suggests that this
user had most likely contributed more than 30,000 torrents, but as this user
is the only one in the sample with 30,000 uploads, it seems that the download
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limit of 30,000 torrents per user for the script did not have a large e�ect on the
sample.

4.1.2 Summary of Open Street Map data

The data for OpenStreetMap was considerably more di�cult to retrieve due to
the slowness and unreliability of the OpenStreetMap server. It was necessary
to break up the retrieval process over two computers and replace the user list
with a separate text �le for each user. Using this methodology, the retrieval
process took approximately 5 days. The original list of urls from Yahoo! Site
Explorer contained 1000 urls, of which 999 were users, 994 of which were unique
users. Downloading user histories for these 994 users retrieved information
about 1,884,104 map edits, contributed by 762 users.

It is important to note that some of the users for whom no edits were re-
trieved actually have edit histories, indicating that the lack of results was at
least in some cases the e�ect of problems with the OSM server rather than evi-
dence of unproductive users. The problems with the data retrieval cast a shade
of uncertainty over much of the OSM analysis, it is undeniable that there is a
certain amount of �awed data, it is furthermore impossible to tell with certainty
which data is �awed and which is not. However, one can reasonably suppose
that the data retrieval process was considerably more likely to go awry for users
with many contributions, as there was a proportionally higher chance of the
server timing out while retrieving their history, rather than a user with only one
or two pages of history.

4.1.2.1 Contribution rates

The OpenStreetMap dataset consisted of 1,884,104 edits contributed by 762
users. This gives an average of 2472.58 edits per user, with a median of 299.5.
The range of the sample was 31,637, with the lowest number of edits being 1
and the highest number of edits being 31,638. The mode of the sample was
also 1. As with The Pirate Bay sample, this sample indicates a high level of
variability, with a standard deviation of 5552.09 and 87% of the sample falling
between x̄− s and x̄+ s.

The top �gure in the OSM distribution is quite notable for its relative small-
ness; the average number of contributions per user in the OSM sample is ca. 13.8
times greater than that of The Pirate Bay sample, while the top contribution in
the OSM sample is only 1.05 times that in The Pirate Bay sample (this second
�gure is also likely to be an underestimate). This suggests immediately that the
OSM project is less dependent on a few high performing individuals than The
Pirate Bay, but this conclusion awaits further con�rmation and is questionable
when one bears in mind the problems with data retrieval.

4.2 Drop out rate

The rate at which users drop out of a project after becoming involved can tell
us a lot about the persuasive success of the project in question. In this section,
I look at the number of users who only participate brie�y in both systems.

The most basic way to measure drop out rate is through a frequency dis-
tribution that compares the number of users in each system that have only a
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Number of contributions OpenStreetMap The Pirate Bay

1 1.31% (10) 17.24% (258)
2 1.31% (10) 8.35% (125)
3 0.13% (1) 6.41% (96)
4 0.52% (4) 5.08% (76)
5 0.26% (2) 3.00% (45)
≤5 3.54% (27) 40.10% (600)

Table 4.1: Proportion of users contributing between 1 and 5 times

Number of contributions OpenStreetMap The Pirate Bay

1-10 4.85% (37) 50.76% (760)
11-20 3.01% (23) 10.75% (161)
21-30 2.62% (20) 5.67% (85)
31-40 3.28% (25) 3.40% (51)
41-50 1.57% (12) 2.60% (39)
≤50 15.35% (117) 73.21% (1,096)

Table 4.2: Proportion of users contributing between 1 and 50 times (intervals
of 10)

small number of contributions. The results of two such frequency distributions
are presented in Tables 4.1 and 4.2. As I can see from these results, the rate
of drop out in The Pirate Bay is many times higher than that of Open Street
Map, with 50% of Pirate Bay users contributing between 1-10 times and 17%
contributing only once.

However, I must note that it is not unproblematic to compare gross contri-
butions to the systems in this way. Editing Open Street Map will most likely
involve adding many points at a single time, whereas there is no necessary con-
nection between adding one torrent to The Pirate Bay and adding another.

For this reason it is necessary to look out drop out rate through another
lens, that of user lifetime. Table 4.3 shows the proportion of users in both
samples whose lifetime is up to one week while Figure 4.1 on page 40 shows
the proportionate decrease in participation in both samples over a year, taking
100% participation as the starting point.

Days OpenStreetMap The Pirate Bay

1 9.06% (68) 21.67% (323)
2 1.86% (14) 2.48% (37)
3 0.26% (2) 0.87% (13)
4 0.26% (2) 0.67% (10)
5 0.26% (2) 0.93% (14)
6 0.26% (2) 0.6% (9)
7 0.93% (7) 0.33% (5)
≤7 12.93% (97) 27.58% (411)

Table 4.3: Percentage of users dropping out of activity during the �rst week of
lifetime
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Figure 4.1: Percentage of users remaining active over one year

This data con�rms the �nding that Pirate Bay users tend to drop out of
activity far sooner than their Open Street Map equivalents do. Furthermore,
the average rate of user drop out per 30 day interval over a year in TPB (-
5.54%) is signi�cantly higher than that of OSM (-3.07%), indicating that TPB
loses users at a faster rate than OSM.

4.3 Contributions over lifetime

In this analysis, I look at how user productivity develops over user lifetime. This
analysis is based on the productivity divisions speci�ed in 3.4.2. Participation
patterns for groups are compared based on their relation to other groups from
the same project and to the corresponding group from the other project, i.e. the
low level contributors from one project will be compared to the medium and
high level contributors from that project and also to the low level contributors
from the other project. All groups contributions are compared on a daily basis
over two weeks, on a weekly basis over six months and on a monthly basis
over two years. Tables from those analyses not presented here are located in
Appendix 3.

In the analysis, two general tendencies became clear. First, that the pattern
for all distributions was one of gradual decline, whereby the majority of contri-
butions were made during the early stages of lifetime and decreased over time.
Second, several of the distributions displayed a step-like pattern of decline, in
that contribution rates tended not to decrease smoothly, but to decrease to a
lower level and stay on that level for some time before decreasing again.

4.3.1 Lifetime analysis of Open Street Map editors

For the lifetime analysis of OSM editors I have only analysed low and mid-level
contributors. This is due to obvious �aws in the data retrieved for the highest
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Low-level contributors Medium level contributors

Day 1 1.62 (1,154) 1.39 (2,729)
Day 2 1.05 (749) 0.15 (298)
Day 3 0.80 (575) 0.09 (176)
Day 4 0.61 (440) 0.07 (152)
Day 5 0.68 (487) 0.05 (115)
Day 6 0.53 (382) 1.43 (2,790)
Day 7 0.56 (398) 4.67 (9,113)
Day 8 0.90 (644) 2.51 (4,907)
Day 9 0.56 (397) 4.03 (7,878)
Day 10 0.59 (419) 13.94 (27,209)
Day 11 0.59 (422) 4.19 (8,180)
Day 12 0.53 (377) 0.11 (224)
Day 13 0.50 (357) 0.07 (151)
Day 14 0.42 (302) 0.06 (118)∑

10 (7,102) 32.81 (64,040)

Table 4.4: % of contributions by low-level and mid-level users over the �rst two
weeks of their lifetimes

level contributors, whereby these contributors had improbably low lifetimes, for
example, some users with many thousands of uploads had lifetimes of only eleven
days. This suggests that the data retrieved was only a partial representation
of their total lifetime and as such lifetime based analysis of their contributions
was not thought to be representative.

4.3.1.1 Contributions within the �rst two weeks of user lifetimes

Table 4.4 on page 41 summarises the contribution rates of low-level and medium
level OSM contributors within the �rst two weeks of their lives.

What is interesting in these distributions is the striking di�erences between
the two distributions. Both groups contribute approximately the same number
of edits during the �rst day of their lifespans, the mid-level users contribute
proportionally less thereafter, until the sixth day, where they suddenly begin to
contribute far more, rising as high as nearly 14% of total edits on the tenth day
of activity. After the eleventh day, the mid-level distribution sinks below the
low-level distribution in both proportionate and absolute terms.

This �nding is rather surprising, one would expect that the low-level con-
tributors would have a higher percentage of contributions in the �rst few days
of their lifespans and thereafter to have a consistently lower rate of contribu-
tion than the mid-level contributors. Instead of a steadily decreasing rate of
participation in the project, the mid-level users contributions spike suddenly
almost a week after their �rst contributions. This spike does not correspond
with any similar increase on the part of the low level users. This might suggest
that users interest in the project surges after about a week, this surge marking
a user out as a highly committed participant in the project. On the other hand,
this anomaly could be the result of �aws in the data retrieved.

It is also interesting to note that mid-level users in total contribute over 30%
of their edits in the �rst two weeks of activity, while low-level users contribute
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Figure 4.2: Contribution rates over �rst two years of lifespan

only 10% during the same period. One would expect that the result would be
the reverse, but one can see that this high rate comes from the sudden spike
that comes after the �rst week.

4.3.1.2 OSM contribution rates over two years

Figure 4.2 on page 42 shows the lifetime contribution rates of low-level and
mid-level OSM users over the �rst two years of lifetime. This graph makes
clear the unusual nature of the OSM mid-level user activity, as they contribute
proportionally far more than low-level users in the early days of lifetime before
sinking below low-level users. It is only at 510 days I can begin to see the
proportion contributed by the mid-level users start to increase over that of the
low-level users.

It is interesting to note that while these distributions appear to be highly
one-sided, with the vast majority of user contributions occurring in the very
early periods of activity, one can see that after this extremely high early period,
the activity remains quite consistent, even increasing at some points, before
eventually falling again. This seems to suggest that although users are most
active at the start of their lifetimes, they fall into a rhythm of participation
after this initial period is over.

4.3.2 Lifetime analysis of participation in The Pirate Bay

In this section I will look at how participation patterns alter throughout the
lifetimes of the various samples of Pirate Bay users.
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Days Bin 1 Bin 2 Bin 3

1 32.05% (1,456) 3.86% (1,371) 1.04% (2,381)
2 6.09% (277) 1.93% (688) 0.63% (1,442)
3 2.17% (99) 1.00% (355) 0.66% (1,524)
4 1.65% (75) 0.86% (306) 0.16% (369)
5 1.80% (82) 0.72% (256) 0.59% (1,362)
6 1.18% (54) 0.68% (242) 0.16% (365)
7 0.92% (42) 0.73% (261) 0.18% (409)
8 0.92% (42) 0.67% (239) 0.19% (447)
9 0.74% (34) 0.61% (218) 0.57% (1,314)
10 0.55% (25) 0.54% (192) 0.18% (411)
11 0.70% (32) 0.48% (171) 4.52% (10,311)
12 0.35% (16) 0.55% (198) 0.17% (392)
13 0.68% (31) 0.51% (182) 0.60% (1,379)
14 0.48% (22) 0.44% (158) 0.57% (1,316)∑

50.34% (2,287) 13.62% (4,837) 10.26% (23,442)

Table 4.5: Percentage of contributions by all TPB user groups over the �rst two
weeks of lifetime

4.3.2.1 Participation patterns over the �rst two weeks of user life-
time

Table 4.5 on page 43 compares participation rates among the di�erent contrib-
utor groups in the �rst two weeks of their lifespans.

In these distributions one can see the huge proportion of contributions that
low-level users (Bin 1) contribute in the �rst days of their lifespans. 50% of all
their contributions are made within the �rst two weeks after their �rst contri-
bution. This pattern is not so distinct for the mid-level (Bin 2) and high-level
(Bin 3) contributors, although one can see that the mid-level users follow a sim-
ilar pattern, although far less extreme. The high level pattern is rather strange
for the sudden spike in contributions made 11 days into their lifespans. Upon
closer inspection of the data, it became clear that this spike is caused by one
extremely active user who has contributed a vast number of torrents on this one
day. Without this user's contributions, contributions on the 11th day would not
be statistically signi�cant. It is worth bearing in mind the large e�ect single
users can have on such a sample, where the sample size is relatively small and
individual users are so productive.

4.3.2.2 Participation patterns over two years

Table 4.6 on page 44 shows contribution rates at intervals of 30 over a two year
period. This table shows that all groups of users contribute the proportionally
highest number of contributions during the very early stages of their lifespans.
Although present in all distributions, this tendency is most pronounced for the
low-level editors and least pronounced for editors with the highest number of
contributions, with mid-level contributors falling in between.

It is also interesting to look at how the productivity rates of high-level and
mid-level users develops on a smaller scale. One can see from Table 4.6 on
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Days Bin 1 Bin 2 Bin 3

30 56.79% (2,580) 20.40% (7,242) 14.63% (33,388)
60 7.19% (327) 10.27% (3,646) 5.38% (12,285)
90 5.48% (249) 7.91% (2,808) 7.15% (16,328)
120 3.10% (141) 6.96% (2,472) 3.95% (9,015)
150 3.43% (156) 5.77% (2,049) 4.08% (9,323)
180 2.62% (119) 4.88% (1,733) 3.70% (8,451)
210 2.15% (98) 3.47% (1,232) 3.89% (8,890)
240 2.02% (92) 3.60% (1,278) 3.05% (6,974)
270 1.80% (82) 3.19% (1,135) 3.08% (7,031)
300 1.49% (68) 2.93% (1,043) 2.42% (5,533)
330 1.14% (52) 2.80% (995) 2.13% (4,878)
360 0.88% (40) 2.36% (838) 2.11% (4,820)
390 1.18% (54) 2.38% (845) 2.67% (6,100)
420 1.03% (47) 2.17% (773) 2.50% (5,712)
450 0.59% (27) 2.33% (830) 2.44% (5,568)
480 0.81% (37) 1.74% (618) 2.13% (4,867)
510 0.59% (27) 1.60% (570) 1.99% (4,559)
540 0.57% (21) 1.32% (471) 1.78% (4,068)
570 0.46% (26) 1.16% (412) 1.65% (3,765)
600 0.48% (22) 1.11% (395) 1.54% (3,534)
630 0.48% (22) 1.18% (419) 1.56% (3,567)
660 0.57% (26) 1.39% (496) 1.39% (3,175)
690 0.48% (22) 0.96% (341) 1.37% (3,147)
720 0.22% (10) 0.91% (324) 1.26% (2,883)∑

95.64% (4,345) 92.87% (2,528) 77.96% (177,861)

Table 4.6: % of contributions by low-level, mid-level and high-level TPB users
over the �rst two years of their lifetimes
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Figure 4.3: Contribution rates over �rst two years of lifespan, excluding the �rst
30 days of lifespan

page 44 that the percentage contributed by high-level users between 60 and 90
days increases nearly 2%, from 5.38% to 7.15%. What is interesting about this
increase is that it is occurring in a period when the productivity rates of the
other user groups are decreasing rapidly. If I look at Figure 4.3 on page 45, in
which the �rst 30 days of activity have been removed to make the changes more
visible, I can see that the contribution rate of the high-level users is subject to
many temporary increases in activity, despite a general pattern of decreasing
activity. This step like pattern can also be seen in the activity of the other two
user groups, but it is not as pronounced or as frequent. While it is hard to draw
conclusions from such a pattern, it seems to suggest periods of renewed interest
in the project, after the peak of activity within the �rst few weeks of lifetime.

4.3.3 Comparison of lifetime participation rates across sys-
tems

In this section I will compare the lifetime participation rates between systems.
Comparison will be based on the bin division speci�ed, with each user group
being compared to its counterpart from the other system. High-level users will
not be compared due to aforementioned uncertainties regarding data accuracy.

4.3.3.1 Comparison of low-level users

Time-based analysis of contribution rates of low-level users across systems show
a considerable amount of di�erence between the two projects. Low-level TPB
users contribute proportionally far more in the �rst days of their lifespans than
corresponding OSM users. This di�erence is particularly apparent in the �rst
two weeks of lifetime and the �rst day especially, where TPB users contribute
32.04% of their total uploads, while OSM users contribute only 1.62% of their
total edits.
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Figure 4.4: Contribution rates by low-level users over �rst two weeks of lifespan

It is only after about 14 weeks that OSM contribution rates start to be
signi�cantly higher than TPB rates, with OSM editors contributing 1.28% of
total lifetime edits while TPB users contribute 0.68%. This di�erence becomes
more pronounced as time goes on, as can be seen in 4.5. In the period between
330 days and 360 days after �rst activity, OSM editors contributed 3.69% of
total lifetime edits while TPB users contributed 0.88%. This comparison points
to a di�erent dynamic of participation which can also be seen in the di�erent
lifespans of users; the median lifetime of low-level TPB users is 19 days, while
the median lifetime of low-level OSM users is 432 days. 36% of low-level TPB
users contribute for only one day, while only 13% of low-level OSM users do
the same. These �gures suggest that OSM is far better at persuading users to
maintain their involvement in the project. The fact that the median lifespan of
low-level OSM editors is well over a year suggests a far more sustainable level
of involvement among OSM editors.

4.3.3.2 Comparison of mid-level users across systems

The lifespan analyses of mid-level users reveals some surprising results. As with
the analysis of low-level contributors, mid-level TPB users start their activity
periods by contributing more than their OSM counterparts, although the dif-
ference is not so great, 3.86% of total contributions in their �rst day vs 1.39%
of OSM mid-level contributions. What is surprising is the extremely large rise
in OSM contributions relative to those of TPB users after the sixth day. This
increase in contributions is re�ected in the two year timeline where the OSM
contributions are more concentrated in the early days of lifespan than those of
TPB users. This huge concentration of productivity in the second week of OSM
user activity leads to consistently lower productivity over the following months
of activity, until 390 days where the OSM users again begin to outperform their
TPB counterparts. The average lifespan of mid-level TPB users is 476.22 days,
while the median is 406.5, OSM mid-level users on the other hand have an av-
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Figure 4.5: Contribution rates by low-level users over �rst two years of lifespan

erage lifespan of 784.25 days and a median of 785 days. This indicates that
despite the �urry of activity in the �rst week, mid-level OSM users are both
longer-lasting and more consistent than their TPB counterparts.

4.4 Power Laws and Contribution Inequality

In this section I test whether the data from the samples matches the power laws
described in 2.3.4 and 2.3.5.

Figures 4.8 and 4.9 on page 49 show the Lorenz curve for each system,
graphed against a Line of Perfect Equality. These curves show the scale of in-
equality within each system. As I can see, although both curves resemble power
law distributions, it is clear that The Pirate Bay's distribution is considerably
more unequal; the slope of the curve begins rising rapidly far later than it does
in Open Street Map.

In order to test the Pareto Principle which states that 80% of the e�ects are
given by 20% of the causes, I analysed how percentage of the total contributions
were created by the top 20% of contributors. In The Pirate Bay, the top 20%
contributed 93.61% of uploads. In Open Street Map, the top 20% contributed
89.63% of uploads. Both distributions obey the Pareto Principle although The
Pirate Bay is slightly more dependent on its top contributors.

Lotka's Law states that every 100 researchers who publish 1 paper, 25 will
publish 2, 11 will publish 3 etc. Testing it against the two samples produced the
following comparisons where Actual shows the number of participants contribut-
ing each amount while Predicted shows the number predicted by the formula of
Lotka's Law based on the number contributing once:

These tables show that participation in these cases does not resemble that
predicted by Lotka's law, although participation in The Pirate Bay more closely
resembles the pattern.

Zipf's Law tests participation rates using the highest level contributor as the
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Figure 4.6: Contribution rates by mid-level users over �rst two weeks of lifespan
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Figure 4.7: Contribution rates by mid-level users over �rst two years of lifespan

No. of contributions No. of contributors Predicted

1 10 10

2 10 3

3 1 1

4 4 0

5 2 0

Table 4.7: Comparison of participation drop-o� in Open Street Map with
Lotka's Law
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Figure 4.8: Lorenz curve of participation in The Pirate Bay
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Figure 4.9: Lorenz curve of participation in Open Street Map

No. of contributions No. of contributors Predicted

1 258 258

2 125 65

3 96 29

4 76 16

5 45 10

Table 4.8: Comparison of participation drop-o� in The Pirate Bay with Lotka's
Law
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Contributor rank No. Contributions Predicted

1 31,638 31,638

2 20,039 15,819

3 20,037 9,491

4 20,034 7,910

5 20,033 6,328

Table 4.9: Comparison of top 5 contributors in Open Street Map with Zipf's
Law

Contributor rank No. of contributions Predicted

1 58,372 (estimate) 58,372

2 29,186 29,186

3 12,904 19,457

4 12,868 14,593

5 7,625 11,674

Table 4.10: Comparison of top 5 contributors in The Pirate Bay with Zipf's
Law

basis for prediction, stating that the nth contributor will contribute 1/n as often
as the most productive contributor. As stated, the history for the highest ranked
Pirate Bay contributor was most likely cut o� by the retrieval script. Therefore,
for the purposes of this analysis I have predicted his number of contributions
according to Zipf's Law, based on the number contributed by the second most
proli�c contributor. Thus, the match between the prediction and the reality in
the �rst two ranks of The Pirate Bay table are arti�cial.

As can be seen from Tables 4.9 and 4.10, neither of the samples match Zipf's
Law particularly well. However, the mismatch is for di�erent reasons. The 2nd
- 5th contributors in Open Street Map are all extremely close to each other and
do not match the pattern of decline found in the Zipf prediction. This unusual
pattern may well be the result of aforementioned problems with data retrieval
which led to several of the user histories not being fully downloaded. In contrast,
the decline in participation by Pirate Bay contributors is even more rapid than
that proposed by Zipf's law.

4.5 Heuristic Analysis

In this section, I conduct a heuristic evaluation of OSM and TPB. The heuristics
are as follows:

1. The values that underpin the site should be clearly visible to all users and
should be reinforced regularly.

2. Triggers to participate in the project should be visible to users of the
product.

3. Participation in the project should be as simple as possible and documen-
tation of technical aspects should be easily available.
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4. The project should encourage users to identify themselves with the project
and feel as if their contributions are valued through rewards, feedback or
other mechanisms.

5. The interface should facilitate interaction with other users and coordina-
tion of collaborative e�orts.

As stated, these heuristics are applied di�erently at di�erent levels of engage-
ment. In our analysis I will go through three separate levels of involvement, at
the �rst level is use of the site, there the challenge for the project is to motivate
users to engage and trigger this engagement. The second level is for registered
users who want to engage, how do they do this, is it easy or di�cult? The
third level is for users who have already participated, the challenge here for the
system is to retain their engagement and encourage them to participate more
and to engage with other users. Note that screenshots of the site walk-throughs
together with more detailed analysis are provided in Appendix 1.

4.5.1 Analytic Evaluation of Open Street Map

4.5.1.1 Step One: Surface level use

The front page of OSM largely consists of a map and a sidebar. In the sidebar
there are links to Help documentation, Copyright and License information, News
blog, Shop and Map Key. There is a box for entering search queries, a short
text in a small sized font explaining the project and a link for making donations.
Above the map there are buttons for "View", "Edit", "History", "Export",
"GPS Traces" and "User Diaries". In the right hand corner there are links for
"log in" and "sign up". The "Edit" button brings one to a screen requesting
login information or suggesting that the user can create an account. According
to my schema, the most important factors at this stage are motivation and
triggers. Triggers are highly visible on the screen; the "Edit" button and the
"sign up" links are both triggers for participation. However, the values of the
site are not so visible, the text explaining the values of the site is quite small and
removed from the main attraction of the page, the map window. The meaning
of the logo, which consists of a magnifying glass held over a map, is not at all
obvious.

Registering for the site involves entering a small number of details (one
screen) and accepting a licensing agreement (another screen). The licensing
agreement states that all user contributions are in the public domain.

4.5.1.2 Step Two: New participant

Upon registering as a new user one receives a mail from Open Street Map
thanking one for joining and providing links to various project resources. This
email is a �nely crafted example of persuasion, it is written in a friendly, informal
manner and provides links to a Beginner's Guide, a videocast series, two blogs
and encourages the new user to make contact with other users in their area.
In sum, it makes the user feel welcome, increases their ability to participate
and attempts to embed them in social networks. One of the blogs pointed to
appears to be a good source of motivation for OSM participants: it is updated
regularly with content with regular weekly projects for mappers to take part in,
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selected images showing what can be achieved with OSM data and discussions
about the OSM project. The blog thus helps users to feel their contributions
are valuable, reinforces identi�cation with the project and encourages them to
participate more. It is also worth noting that many of the projects mentioned are
humanitarian in nature, which presumably increases user loyalty to the project.

4.5.1.3 Step Three: Participation and Co-ordination

Once a user has registered and explored the project infrastructure the next
challenge is to participate in the project. In the Beginner's Guide OSM provide
detailed information about how users can participate, with the preferred method
being through taking GPS traces. Since the cheapest GPS units available cost
around ¿40, this represents a very high barrier to participation. It is also
possible to add points through tracing over satellite imagery, or local knowledge,
but GPS mapping is presented as the de facto standard. The wiki provides
detailed information about GPS units to help people make a purchase. I would
expect that this barrier would prevent a lot of people who register for OSM
from participating actively in the project.

It is interesting that there is no integration between the automatic email
sent upon registration and the location of the user (speci�ed after registration)
given the highly local nature of most OSM collaboration. There exists a high
level of co-ordination within many countries including discussion forums and
task lists, but the new user has to go through several levels in order to �nd
these. It could be more e�ective for the system to ask users to specify their
location upon registration (or derive this based on user IP) and then include in
the introduction email links to discussion fora and project pages based on this.

4.5.2 Analytic Evaluation of The Pirate Bay1

4.5.2.1 Step One: Surface level use

The front page of The Pirate Bay is primarily a search engine and the links to
other parts of the site including the blog, the forum and the sign up form are
not very prominent. The logo is a very e�ective piece of branding, expressing
the site's values in a single image. There are statistics about the number of
people using TPB which may help to give new users a feeling of community.
There is a also a prominent link entitled �How do I download?� which gives
users instructions for downloading. There are no obvious triggers for users to
contribute content.

4.5.2.2 Step Two: New participant

The Pirate Bay does not send out con�rmation emails for newly registered users.
When a user logs in they can see information about the number of torrents they
have contributed and their IP address and they can alter some settings. The
forum is not linked to more prominently from this page. The forum requires
another login. There is plentiful documentation for new users as well as the
ability to ask for more help. The site blog is not updated very frequently and

1Note that at the time of evaluation (August 2010), it was impossible to register as a
new user for The Pirate Bay. Therefore, I used a friend's account to investigate the internal
system.
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some of the content is very juvenile, much like the �Legal Threats� section 2.
There is little attempt to connect the site's activities to a broader social context
or movement.

4.5.2.3 Step Three: Participation and Co-ordination

Detailed instructions for uploading torrents are provided on the user forum.
Uploading a torrent does not require anything other than a Pirate Bay account,
a BitTorrent client and a copy of the �le in question. The forum also allows
users to request others to upload content and to promote their own content. The
comment option on torrents also serves as a form of co-ordination, with users
providing links to related content, requesting seeders and discussing torrent
quality. Once a user has registered, there is no obvious sub-group for them to
be active in, as is the case in OSM where users are expected to organise by
locality and by project. It seems likely however, that users elect to be part of
a sub-forum that matches their own interests, such as Film, TV or Music. A
more developed mechanism for users to make connections and collaborate on
uploading and seeding or on other related activities might be useful for such
sites as it would add a more strongly social dimension to participation.

4.5.3 Summary of heuristic analysis

� 1. The values that underpin the site should be clearly visible to all users
and should be reinforced regularly.

� OSM - values are not very visible to surface level users but they are
present in a regularly updated blog, and are often embodied in the
various Projects of the Week.

� TPB - prominent logo neatly captures many of values. However,
there seems to be little readily accessible content discussing the broader
context of �le-sharing and copyright laws.

� 2. Triggers to participate in the project should be visible to users of the
product.

� OSM - �Sign Up� and �Edit� triggers are visible from front page. The
Project of the Week acts as a recurring trigger for participants.

� TPB - �Register� button visible from front page but not immediately
obvious. No obvious encouragement to upload torrents present.

� 3. Participation in the project should be as simple as possible and docu-
mentation of technical aspects should be easily available.

� OSM - plentiful documentation for new beginners linked to in registry
email, including a beginner's guide and screencast videos.

� TPB - a large selection of tutorials are provided in the forum, as well
as the ability to ask further questions on the forum.

� 4. The project should make users feel as if their contributions are valued.

2http://thepiratebay.org/legal

53

http://thepiratebay.org/legal


� OSM - Symbolic rewards are given to users based on the number of
points they have uploaded, however these are on user pages and are
not particularly obvious.

� TPB - Users can achieve Trusted and VIP status based on their
contributions to the site. In the forums users are given ratings based
on how helpful their posts are.

� 5. The interface should facilitate interaction with other users and coordi-
nation of collaborative e�orts.

� OSM - Project encourages co-ordination via OSM Wiki. However,
users must search for the appropriate forum or mailing list. There is
a strong focus on making connections with other OSM users in one's
area.

� TPB - There is a single forum which is easy to �nd and has a large
amount of material. The forum also makes it possible for users to
request torrents. The comment feature on torrents enables users to
request seeders, provide links to subtitles, and rate torrent quality,
among other things.

4.6 Miscellaneous Analyses

This part of the analysis focuses on characteristics of participation that cannot
be compared across the systems. These analyses tests for correlations between
these variables and other features of participation in the systems.

4.6.1 Measuring quality of contributions to The Pirate
Bay

As discussed, I will use a h-index based on seeders on torrents in order to judge
the quality of a speci�c user's uploads. I tested for correlation on the basis of
the three productivity bins outlined above and also on the basis of the sample
as a whole. The results of these tests are summarised in �gures 4.10, 4.11, 4.12
and 4.13.

In these �gures, the dotted line represents the line predicted by ŷ = a+ bx,
that is the line for which SSE is at a minimum. The correlation values for the
four di�erent samples are as follows; for the sample overall, the correlation value
is 0.35, for the core users the correlation value is 0.21, for the mid-level users
the correlation is 0.38 and for the low-level users the correlation is 0.68. It is
worth comparing these with the median H-indexes for the three samples, for the
overall sample, the H-Index is 3, for the core users the median H-Index is 25,
for the mid-level users the median H-Index is 8, while for the low-level users the
median H-Index is 1.

It is not surprising that the correlation between uploads and H-Index is
strongest for low level users; as already explained, users with low levels of pro-
ductivity simply cannot earn a high H-Index. As these users begin submitting
more torrents it is possible for them to earn a higher H-Index with a relatively
low level of seeders per torrent. The next strongest correlation is for mid-level
users, which suggests that these users also bene�t from this e�ect, but to a much
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Figure 4.10: Quality Analysis of overall TPB sample
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Figure 4.11: Quality Analysis of low level TPB users
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Figure 4.12: Quality analysis of mid level TPB users
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Figure 4.13: Quality analysis of TPB high-level users
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Figure 4.14: Quality analysis of TPB sample overall with several outliers re-
moved

lesser extent. The correlation for the overall sample is similar to that of mid-
level users, but with the di�erence that there are a far greater number of outliers
present in this sample (indicated by the circles in the box plots on the graph
margins). Outliers have a signi�cant e�ect in skewing the correlation value and
it is interesting to see the e�ect on the correlation if these are removed.

Figure 4.14 shows the scatterchart for the overall sample when six outliers
(the top three outliers from both axes) are removed from the sample. This
distribution appears to be more linear in nature and the correlation value is
increased considerably, from 0.35 to 0.59.

The sample of core users has the lowest level of correlation and is also char-
acterised by a relatively large number of outliers. It is interesting to note that
the two highest uploaders in the sample have H-indexes below ŷ while the user
with the highest H-index is the seventh largest uploader, submitting less than
1
4of the amount that the highest user has.

Overall, the evidence suggests that while there is reasonably strong corre-
lation between uploads and user impact/quality, this correlation becomes less
pronounced the more torrents one submits. While users with higher uploads
tend to have higher H-indexes, the users with the highest H-indexes are not
those with the most uploads.

4.6.2 E�ect of feedback on participation rates in The Pi-
rate Bay

In this analysis I test the correlation between the average number of comments
a user receives on their torrents and both the total number of contributions they
have made and their number of days they are active in the project. If there is a
causal link between a user receiving comments on their torrents and that user
participating more, I would expect there to be a positive correlation between
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Figure 4.15: Correlation between number of uploads and average number of
comments

the user's average comments per upload and their number of contributions and
lifetime in the project. This connection was not visible in the evidence.

First I tested the correlation between average number of comments and the
total number of contributions a user had made. There was found an overall
correlation for the sample of -0.01. This pattern remained true when the corre-
lation was tested for all groups of users; although the negative correlation was
strongest for the core contributors and weakest for the low-level contributors.

Following this, I tested the correlation between a user's average number of
comments and their lifetime in the project. Here too, I found a correlation of
-0.01 for the entire sample.

Taken together, there appears to be little evidence in the sample for a con-
nection between feedback on torrents (in the form of comments) and a user's
number of contributions to the project or their longevity. Interestingly, in both
samples there is one outlier who has a large impact on the sample. This user
has contributed 1 torrent (and thus has a lifetime of 1 day) which received 1,204
comments.
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Figure 4.16: Correlation between user lifetime and average number of comments
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Chapter 5

Results and Conclusions

This study set out to shed light on the role of Persuasive Design in maximising
user participation in collaborative online projects. In this chapter I will discuss
the results of the quantitative analysis presented in Chapter 4 in relation to the
research questions set out and the literature reviewed presented in Chapters 1
& 2.

5.1 Summary of results in relation to research

questions

� Q1: How do user contribution patterns resemble and di�er from each other
in Open Street Map and The Pirate Bay? In particular, what is the di�er-
ence between drop-out rate of new participants and lifetime contribution
patterns in the two systems?

The data analysis showed some important di�erences between contribution pat-
terns in the two projects. On the most basic level, users in Open Street Map
tended to contribute many more times than users of The Pirate Bay. This was
not unexpected given the di�erent forms of contribution in the systems.

User drop-out A common trend in both samples was a high number of con-
tributors who dropped out of the project after only contributing a small number
of times. As shown in the Analysis very large proportion of TPB users drop
out after a very small number of uploads (between 1 and 5) while a very small
proportion of OSM users do the same. This high rate of user drop-out cannot
be fully explained by di�erences in contribution forms: Nearly 22% of TPB
users drop out of activity after only one day of activity, while 9% of OSM users
do the same. This suggests that OSM is better at persuading �rst-time users
to remain with the system than TPB is. However, it is also possible that the
relatively high barrier to entry for participating in OSM, created by the cost of
GPS, also has the e�ect of deterring less committed users, leading to a higher
level of commitment among users in general.

Contributions over lifespan The lifespan based analysis shows a common
pattern of users contributing proportionally large amounts in the early days
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of their lifespans and their contributions gradually dwindling away after this.
The prime di�erence between OSM and TPB is in the rate of this decrease. In
general, OSM users are active for longer than TPB users and their contributions
decrease at a slower rate. This suggests that OSM is better at maintaining user
motivation than TPB.

Of interest in the distributions was a step shaped rather than a smooth
decrease in productivity. This pattern was evident in both the OSM and TPB
samples at all levels. It is hard to know what it indicates, I would suggest
that it shows phases of re-engagement with the project after a decreased level
of involvement; users are not just gradually fading out, they are going through
spurts of enthusiasm for the project as they gradually contribute less over time.
It seems to show that despite decreasing activity, many users maintain loyalty
to the projects.

One unusual result in the analysis was the tendency of mid-level OSM users
to contribute a proportionally high amount during the second week of user
lifetime. I can not o�er any likely explanation for this anomalous result and
would suggest that it results from �awed data.

� Q2: Does participation in these projects follow standard rules (e.g. power
laws) or is it di�erent from case to case?

The Analysis also tested the application of several laws of bibliometrics and
social sciences to the samples. It found that the productivity of participants
resembled a �power-law� distribution in that a majority of contributions were
created by a minority of participants. Both samples were even more biased
towards �the productive few� than suggested by the �80-20 Law� or the Pareto
Principle. The Lorenz curves for both projects showed that while both samples
followed the classic power law distribution, the Open Street Map distribution
was somewhat less unequal. How this result is a�ected by faulty data however,
is hard to predict.

However, the distribution of productivity in the samples did not match that
which would be predicted by either Zipf's Law or Lotka's Law, although it seems
plausible that participation rates within The Pirate Bay may follow some mod-
i�cation of Lotka's Law. Looking at Lotka's Law, the analysis makes clear the
role of e�ort in contributing to the systems. Lotka's Law is based on the rate at
which academics submit research papers and its various permutations recognise
the di�erent productivity rates and submission cultures within di�erent disci-
plines. Lotka's Law seems somewhat appropriate to analysing The Pirate Bay,
because uploading a torrent, like submitting a research paper, is a discrete event
not necessarily connected to uploading another. Editing Open Street Map on
the other hand, will most likely involve making many edits at the same time,
thus Lotka's Law is inapplicable.

� Q4: How can persuasive features of the above systems explain di�erences
in user participation?

The clear di�erences between participation patterns in the projects seems to
support Nielsen's point of view regarding participation inequality; while some
patterns are inevitable, site designers can have an e�ect on them nonetheless.
Meanwhile, the analytic evaluation of the projects pointed to several key di�er-
ences between the persuasive design of the systems.
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There are two key di�erences discussed in the quantitative analysis, one, that
TPB has a far higher drop out rate than OSM, and two, that OSM users stay
active in the project for longer and contribute at a more even rate throughout
their lifetimes. These di�erences require us to think on two di�erent levels, on
the level of one o� users and on the level of repeat contributors. In both cases,
the problem is likely to be one of either motivation or triggers, as �rst time
contributors have already participated, so their ability is presumably high.

In terms of motivation, the analytic evaluation drew attention to OSM's so-
phisticated mechanisms for motivating users. OSM uses its �rst contact with
newly registered users to welcome them to the community, point out help re-
sources and encourage them to connect with other mappers in their area. The
OpenGeoData Blog1 connects users' contributions to broader themes of open
information and humanitarian assistance. The "Project of the Week" tool con-
stantly sets new goals and targets for mapping, thus acting as a recurring trigger
for participation. All the while, the social nature of the OSM community em-
beds mappers in a network of their peers, where social approval derives from
project contribution. The mapping parties and local gatherings of such local
groups likely provides another form of recurrent triggering for participation.

The Pirate Bay, on the other hand does not send out a similar welcome
message. Educational resources are provided and are easy to �nd, but the user
must look for them. The Pirate Bay's blog fails to make meaningful connections
with the larger movements around issues of copyright, censorship and open in-
formation instead allowing its tone to be dominated by antagonism with media
corporations. This represents a signi�cant lost opportunity to motivate users
and mobilise supporters. Moreover, the social aspect of The Pirate Bay (repre-
sented primarily in its user forum) does not appear to be as developed as that
of Open Street Map. The project does not promote autonomous user organisa-
tion (unsurprising given the semi-illegal nature of project participation), thus
limiting the strength of the social ties that can be developed. Recurring trig-
gers are present in the forum via requests for material, however these triggers
are by nature limited to those users who possess or can get that material, thus
diminishing their usefulness.

� Q3: How does user contribution correlate with other features of user partic-
ipation within these systems? Does feedback have an e�ect on contribution
rate? How can quality be assessed in relation to contribution rate?

Torrent Quality and User Participation The H-Index analysis found a
correlation between number of uploads and increased torrent quality, this corre-
lation was strongest at the lowest level and weakest at the highest. As discussed,
using the H-Index is not unproblematic for analysing Pirate Bay contributions
due to the fact that the number of seeders on a torrent changes over time.
Despite this, I suggest that a modi�ed form of the H-Index could still be ap-
propriate for measuring pirate impact. Modi�cations could base the formula on
the highest number of seeders a torrent has received (requires constant access
to torrent databases) making it more reliable. Such a formula could be used by
designers of peer-to-peer sites for assigning quality rankings to contributors, for
example.

1http://www.opengeodata.org
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The e�ect of feedback on participation Based on the review of social
psychological literature as well as previous studies on "common pool informa-
tion resources", I proposed to analyse the e�ect of feedback on participation
rates, where feedback was measured by number of comments on torrents. It
was hypothesised that users whose torrents had on average a larger number of
comments would participate in the project for a longer time and make more
contributions. This result was not backed up by the evidence. Analysis found a
very low negative correlation between average number of comments per torrent
and user lifetime and between average number of comments per torrent and
number of uploads by that user. This suggests that comments on a user's tor-
rents do not have any impact on that user's level of participation in the project.
This �nding reinforces Cheshire and Antin's conclusion that feedback was not
strongly related to repeat contributions in users who participated in a project
directly, i.e. users who already had high levels of motivation [9].

I should note however, that comments on torrents do not represent the only
way of providing feedback to users in The Pirate Bay. Feedback also occurs
via participation in the user forum, where users request speci�c torrents and
comment on each others' levels of participation. The connection between these
interactions and a user's participation in the project were not included in this
study.

5.2 The value of persuasion

This paper is based on the underlying assertion that the theoretical framework of
Persuasive Design is of value to the study of online collaboration. At this point
it is worth considering whether this assertion has been reinforced or discredited
by the reality of the study. Persuasive Design has in�uenced this study in
several ways: �rst, the assertion that participation rates are not inevitable but
vary between di�erent systems, second, the assumption that these variations
are caused by persuasive features of the systems, and third, the methodological
basis for investigating these persuasive features, i.e., heuristic analysis.

The �rst point has been convincingly proven by this study. Participation
rates have been shown to be signi�cantly di�erent between the two systems.
This has been true in respect to both gross contribution amount, user longevity
and participation rates over user lifetime.

The second and third point are more di�cult. In order to develop the
heuristics used to evaluate site design, this study combined the Fogg Behaviour
Method with insights from literature related to collaboration in general. In ap-
plying these heuristics it was found that unlike The Pirate Bay, Open Street
Map has a strong focus on social connections between mappers and uses recur-
ring weekly projects to motivate contributors. These factors could very well
be responsible for the longer lifetimes of OSM users and their generally more
consistent contribution rates. However, there is no clear way to prove this con-
nection. This seems to be a problem more generally with combining heuristics
and quantitative analyses - while interesting connections can be made, it is
empirically very di�cult to prove these.

In sum, although the use of Persuasive Design has thrown up some im-
portant methodological problems, there are substantial bene�ts to using this
theoretical framework. One, its framework focuses on di�erences between sites,
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thus allowing site designers and project leaders to consider interventions that
will increase project participation. Two, it provides a useful starting point for
heuristic evaluation and a set of concepts that site designers can incorporate
into their projects.

5.3 Relevance of this study to future research

This study has both methodological and theoretical relevance to future studies.
On a theoretical level, the study argues for the importance of considering per-
suasion in analysis of online collaboration and provides a prototypical example
of such analysis. It is hoped that the arguments presented here can encourage
further analysis of persuasion in online communities and thus assist the devel-
opment and expansion of �open movement� projects. The use of the �H-Index�,
while not a methodological novelty, represents a novel approach to considering
on line �le-sharing and in particular, user impact. This study has also con-
tributed to the understanding of the role of feedback in online collaboration,
reinforcing the rather surprising conclusion that feedback plays little role in
increasing participant contributions.

Methodologically this study has shown how user histories can be used to
carry-out system wide analyses of participation in online collaboration projects.
It has presented �drop-out rates� and lifetime participation rates as useful con-
cepts for analysing persuasive success in collaborative systems and shown how
these can be measured. It has reinforced the assertion that participation rates
in collaborative projects are not set in stone but vary to a certain degree from
project to project. Perhaps most interestingly, it has developed and applied
heuristics for analysing persuasion in online collaborative environments. These
heuristics can be used by researchers as a starting for further analytic evaluation
of persuasion in online communities.
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Appendix 1 - Screengrabs from

Heuristic Walkthrough

OSM Walkthrough

Stage One - Signing Up

Figure 1: Prominent 'Edit' button and 'Sign Up' button take user to following page. Note
though, small size of motivational material. Motivational material is also indirect, no direct
encouragement to become involved.
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Figure 2: Create a user account screen

Figure 3: Terms and conditions
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Stage Two - Getting involved

Figure 4: Once a prospective user has registered an account, they receive the above email.
It is written in a light-hearted, conversational tone. It gives links to educational resources,
documentation, blog, Twitter account, another blog and encourages users to sign up to the wiki
based on where they live - thus making it easier for them to connect with other users in their
area.

Figure 5: This is the �rst in a series of videos produced by an OSM community member which
walks new users through the basics of editing Open Street Map.
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Figure 6: The Wiki is the main documentation center for the OSM project. It includes an
extensive User Guide and serves as a platform for co-ordination between users.

Figure 7: Collecting data by GPS is presented as the de facto standard. The cost of these devices
likely acts as a large barrier to participation.
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Stage Three - The Participant Community

Figure 8: The OpenGeoData Blog is a frequently updated blog connected to the OSM community.
Its posts are aimed towards community members and consistently re-state value based norms for
participation as well as encouraging users to take part in speci�c 'Projects of the Week'. The
blog frequently connects OSM mapping activity to humanitarian causes (see the example above)
which helps to encourage users to feel that there contributions are valuable.
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Figure 9: The 'Users In' category acts to connect OSM users with each other, see the link to the
'Talk:London' discussion page. It also gives an opportunity to visit the pro�les of other OSM
users. These pro�les are distinct to the 'User Histories' on the main web page and are generated
by the user themself.

Figure 10: The user interface suggests that users contact other OSM users living nearby, based
on the location given in the registration process. However, this list of users is populated based
on those closest to the user and includes inactive users. There is no direct link at this stage to
the discussion lists used by Danish users which would be of more use in connecting new users to
active participants.
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Figure 11: This pages gives information about local Open Street Map groups and links to the
main co-ordination pages.

Figure 12: Users get di�erent types of stars based on number of contributions. However, this is
on the User page and is not otherwise visible to other users, limiting its ability to in�uence their
behaviour.
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TPB Walkthrough

Stage One - Signing Up

Figure 13: This is the main page. Its primary function is as a search engine. There is also a
prominent link to instructions for downloading. The 'login' and 'register' links are all quite far
down on the page, as are the Forum and the Blog. The Image can be seen as a tool to boost
identity with the site, while the 'We love free software' text identi�es TPB with free software
initiatives. The 'How do I download?' link is meant to increase the ability of users to download,
while the statistics on participants makes the user feel less isolated and encourages them to
participate.

Figure 14: This is the registration page.
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Stage Two - Getting Involved

Figure 15: This con�rmation email makes no attempt to encourage users to participate nor does
it encourage them to join the forums or read the blog.

Figure 16: This is the screen that comes up when one clicks on the con�rmation link in the
window.
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Figure 17: This is the user preference panel.

Figure 18: This is the Tutorial Forum
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Figure 19: How to upload a torrent.

Stage Three - The Participant Community

Figure 20: The TPB blog is not frequently updated. Its tone is also quite varied, ranging from
well considered and re�ective to juvenile. Its content is usually articles about the site but includes
some references to digital liberty and anti-censorship activism.
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Figure 21: The infamous 'Legal Threats' page contains correspondence between Pirate Bay
administrators and lawyers for content providers requesting that content be taken down. The
Pirate Bay administrators refuse these requests and insult the sender. One can argue that
this section serves a motivational purpose in developing the enmity between pirates and media
corporations. It reassures would-be pirates that The Pirate Bay has no intention of complying
with media corporations.

Figure 22: This is the main view of the user forum. The user forum is connected to the site. There
is only one main forum rather than the many di�erent ones in OSM. Tutorials and Help forums
are very prominent, these act to increase user ability to upload torrents and pirate content.
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Figure 23: Tone on the forums is generally quite good; users help each other with technical
problems related to torrenting, but also discuss computer games, movies, music and literature.

Figure 24: The forum has a rating system, whereby other users rate a user based on their posts
on the forum. This is a form of social control which may help to make good forum behaviour
more attractive.
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Appendix 2 - Scripts used in

data retrieval and analysis

This appendix contains all the scripts used for retrieving and processing data

in this study. The script for retrieving and processing data from The Pirate

Bay was written by Dr. Toine Bogers. I wrote the script that processed

the Open Street Map HTML pages which was used in conjunction with Dr.

Bogers' retrieval script. The script used to calculate average comments per

user was designed by user �Patsie� after a request for help was posted on

http://programmingforums.org.

The Pirate Bay

#!/usr/bin/python

# Import necessary libraries.

import sys, os, random, time, datetime, urllib2, unicodedata

from BeautifulSoup import BeautifulSoup

def getURL(user, page_no):

return url_prefix + user + "/" + str(page_no) + url_suffix

def normalizeString(unicode_string):

return unicodedata.normalize('NFKD', unicode_string).encode('ascii','ignore')

def formatDate(raw_date_string):

# If there is an actual date and not "X minutes ago".

if raw_date_string.find("ago") == -1:

date_array = raw_date_string.split("&nbsp;")

month_day = date_array[0]

# If the second element is a timestamp, then we're talking about

the

current year; add that instead.

if date_array[1].find(":") == -1:

year = date_array[1]

else:

year = time.strftime("%Y")

# If the string contains "Today", just print today's date.

if month_day == "Today":

date_string = time.strftime("%d-%m-%Y")

# If the string contains "Yesterday", just print yesterday's date.

elif month_day == "Y-day":
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today_object = datetime.datetime(int(time.strftime("%Y")),

int(time.strftime("%m")),

int(time.strftime("%d")),

0, 0, 0)

day_difference_object = datetime.timedelta(days = 1)

yesterday_object = today_object - day_difference_object

date_string = "%02d-%02d-%s" % (yesterday_object.day,

yesterday_object.month,

yesterday_object.year)

# Else convert the date to the same format.

else:

date_string = month_day.split("-")[1] + "-" + month_day.split("-")[0]

+ "-" + year

# If the string contains "X minutes ago", just print today's date.

else:

date_string = time.strftime("%d-%m-%Y")

return date_string

# Initialize variables.

url_prefix = "http://thepiratebay.org/user/"

url_suffix = "/3"

user_list, user_urls = {}, {}

max_pages = 1000

max_short_pause, max_long_pause = 2.0, 10.0

# max_short_pause, max_long_pause = 5.0, 150.0

micro_break_count, max_micro_breaks = 0, 30

# Quick and dirty parse of the command line options.

dataset, pair_list = None, None

no_of_arguments = len(sys.argv) - 1

if no_of_arguments == 1:

user_list_file = sys.argv[1]

else:

print "USAGE: ./traverse-user-pages.py <LIST OF USER NAMES>"

print ""

print "Note that this script only collects URLs associated with

one or more user names;"

print "it does not extract any other information or download the

pages."

print ""

print " <LIST OF USER NAMES> File containing a list of user names

for which we want"

print " to collect all associated URLs."

print ""

sys.exit()

# Open the user list file and store it in memory.

f = open(user_list_file, "r")

for line in f:

if line[0:1] != "#":

user = line.strip()

if user not in user_list:

user_list[user] = 0
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user_urls[user] = []

f.close()

# Print the header.

print "%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s" % ("USER",

"TOP_CATEGORY_ID", "TOP_CATEGORY_NAME", "SUB_CATEGORY_ID", "SUB_CATEGORY_NAME",

"TORRENT_ID", "TORRENT_NAME", "COMMMENTS", "TRUSTED", "DATE", "SIZE",

"SEEDERS", "LEECHERS")

# Loop through the users. For each user, traverse all of his pages

and subpages and store the URLs.

f_crawl = open(user_list_file + ".crawl", 'w')

f_urls = open(user_list_file + ".urls", 'w')

for user in user_list:

status = user_list[user]

if status == 0:

# As long as the page contains search results, keep looking for

the next page

# as well.

no_results_flag = False

page_no = 0

while no_results_flag == False and page_no < max_pages:

# Take a random pause to prevent IP blocking by the server.

if micro_break_count == max_micro_breaks:

# Take a longer, random pause

time.sleep(random.uniform(0.0, max_long_pause))

micro_break_count = 0

else:

# Take a short, random pause

time.sleep(random.uniform(0.0, max_short_pause))

micro_break_count += 1

# Download the current page.

# print "Looking at page", page_no, "for user", user

url = getURL(user, page_no)

html_page = urllib2.urlopen(url)

soup = BeautifulSoup(html_page)

# Check whether the current page contains any search results.

for hit in soup.findAll(attrs={'class':'info'}):

if hit.text == "Your search did not match any torrents.":

no_results_flag = True

break

# If the page does contain search results, process it.

if no_results_flag == False:

# Store the URL in our list.

user_urls[user].append(url)

print user + "\t" + url

f_urls.write(user + "\t" + url + "\n")

# Update the page counter.

page_no += 1

# Extract the required information from the current page.

for hit in soup.findAll('tr', {'class':None}):

td_elements = hit.findAllNext('td', limit = 4)

3



if len(td_elements) >= 4:

# Extract the category information.

category_element = td_elements[0]

center_element = category_element.find('center')

a_elements = center_element.findAll('a')

top_category_id = a_elements[0]['href'].replace("/browse/", "")

top_category_name = a_elements[0].text

sub_category_id = a_elements[1]['href'].replace("/browse/", "")

sub_category_name = a_elements[1].text

# Extract the torrent metadata, top line.

metadata_element = td_elements[1]

torrent_element = metadata_element.find('div', {'class':'detName'})

raw_torrent_id = torrent_element.find('a')['href']

raw_torrent_id = raw_torrent_id.replace("/torrent/", "")

torrent_id = raw_torrent_id[0:raw_torrent_id.find("/")]

torrent_name = normalizeString(torrent_element.text)

# Extract the torrent metadata, bottom line.

trusted = "No"

comments = "0"

for img_element in metadata_element.findAll('img'):

if img_element['src'] != "http://static.thepiratebay.org/img/11x11p.png":

# Trusted torrent?

if img_element['alt'] == "Trusted":

trusted = "Yes"

# Comments?

if img_element['alt'].find("comment") != -1:

raw_comments = img_element['alt']

raw_comments = raw_comments.replace("This torrent has ", "")

comments = raw_comments.replace("comments.", "").strip()

# Size and data information.

font_element = metadata_element.find('font', {'class':'detDesc'})

words = font_element.text.split(' ')

if words[0].find("ago") != -1:

date = formatDate(words[0])

else:

date = formatDate(words[1])

size = words[3].replace("&nbsp;", " ")

# print metadata_element.prettify()

# Extract seeder/leecher information.

seeders = td_elements[2].text

leechers = td_elements[3].text

# Print the information for this torrent.

torrent_info = "%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s\t%s"

% (user, top_category_id, top_category_name, sub_category_id, sub_category_name,

torrent_id, torrent_name, comments, trusted, date, size, seeders, leechers)

print torrent_info

f_crawl.write(torrent_info + "\n")

# Close the files.

f_urls.close()
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f_crawl.close()

Processing average comments per user

#!/bin/sh

awk -F, '{

actions[$1]++;

comments[$1] += $3;

} END {

for (name in actions)

printf("%s,%d,%.02f\n", name, actions[name], comments[name]/actions[name]);

}'

Open Street Map

Retrieval Script

#!/usr/bin/python

# Import necessary libraries.

import sys, os, random, time, urllib2, unicodedata from BeautifulSoup

import BeautifulSoup

def getURL(user, page_no): return url_prefix + user + url_infix

+ str(page_no) def normalizeString(unicode_string): return unicodedata.normalize('NFKD',

unicode_string).encode('ascii','ignore')

# Initialize variables.

url_prefix = "http://www.openstreetmap.org/user/" url_infix = "/edits?page="

user_list, user_urls = {}, {} max_pages = 1000 max_short_pause, max_long_pause

= 2.0, 10.0 # max_short_pause, max_long_pause = 5.0, 150.0 micro_break_count,

max_micro_breaks = 0, 30

# Quick and dirty parse of the command line options.

dataset, pair_list = None, None no_of_arguments = len(sys.argv)

- 1 if no_of_arguments == 1: user_list_file = sys.argv[1] else: print

"USAGE: ./traverse-user-pages.py <LIST OF USER NAMES>" print "" print

"Note that this script only collects URLs associated with one or more

user names;" print "it does not extract any other information or download

the pages." print "" print " <LIST OF USER NAMES> File containing a

list of user names for which we want" print " to collect all associated

URLs." print "" sys.exit()

# Open the user list file and store it in memory.

f = open(user_list_file, "r") for line in f: if line[0:1] != "#":

user = line.strip() if user not in user_list: user_list[user] = 0

user_urls[user] = [] f.close()

# Loop through the users. For each user, traverse all of his pages

and subpages and store the URLs.

f_urls = open(user_list_file + ".urls", 'w') for user in user_list:

status = user_list[user] if status == 0:

# As long as the page contains search results, keep looking for

the next page

# as well .
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no_results_flag = False page_no = 1 while no_results_flag == False

and page_no < max_pages:

# Take a random pause to prevent IP blocking by the server .

if micro_break_count == max_micro_breaks:

# Take a longer, random pause time .

sleep(random.uniform(0.0, max_long_pause)) micro_break_count = 0

else:

# Take a short, random pause time .

sleep(random.uniform(0.0, max_short_pause)) micro_break_count +=

1

# Download the current page .

# print "Looking at page", page_no, "for user", user

url = getURL(urllib2.quote(user), page_no) html_page = urllib2.urlopen(url)

soup = BeautifulSoup(html_page)

# Check whether the current page contains any search results .

table_element = soup.find('table', {'id':'changeset_list'}) if len(table_element.findAll('td'))

== 0: no_results_flag = True

# If the page does contain search results, process it .

if no_results_flag == False:

# Store the URL in our list.

user_urls[user].append(url) print user, "\t", url f_urls.write(user

+ "\t" + url + "\n")

# Update the page counter .

page_no += 1

# Close the URL file . f_urls.close()

HTML converter

#!/bin/sh

#Get change ID

cat $1 | grep "View changeset details" -A 2 | awk 'BEGIN{FS=">"}{print

$2}' |

sed 's/<\/a//g' | grep "." > temp1.txt

#Get Date

cat $1 | grep -A 1 "table[01] date" | sed 's/<td class="table[01]

date">//g'

| sed 's/--//g' | sed 's/ (still editing)/May 1, 2010 12:00/g' |

grep ":" |

sed 's/January/1/g' | sed 's/February/2/g' | sed 's/March/3/g' |

sed 's/April/4/g'

| sed 's/May/5/g' | sed 's/June/6/g' | sed 's/July/7/g' | sed 's/August/8/g'

|

sed 's/September/9/g' | sed 's/October/10/g' | sed 's/November/11/g'

|

sed 's/December/12/g' | sed 's/,//g' | awk 'BEGIN{FS=" "}{print

$2 "-" $1 "-" $3}'

> temp2.txt

#Get Comment
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cat $1 | sed 's/#/hash1hash2/g' | grep -A 2 "table[01] comment"

| tr "\n" " " | sed 's/--/#/g' | tr "#" "\n" | sed 's/.*comment"> *//g'

| sed 's/hash1hash2/#/g' > temp3.txt

#Get Area Box

cat $1 | grep -A 3 "show area box" | sed 's/.*box//g' |sed 's/<!--.*-->//g'

| sed 's/<\/a>//g' | sed 's/--//g' | tr "\n " "&" | sed 's/&&&&&&&&&&&&&&&&&&&&&/%/g'

| tr "'>" "\n" | tr "%&&" " " | grep "." > temp4.txt

paste temp1.txt temp2.txt temp3.txt temp4.txt > osm-data-full.txt

rm temp*.txt

7



Appendix 3 - Additional

Tables and Graphs

Tables

Low-level OSM Mid-level OSM High-level OSM

Avg. no of contributions 155.85 1840.68 18,130

Median contributions 124 1002 19,859

% of total contributions 3.83% 22.75% 73.40%

Table 1: Summary of OSM productivity bin details

Low-level TPB Mid-level TPB High-level TPB

Avg. no of contributions 1.73 79.40 1,520.88

Median contributions 3 58 517

% of total contributions 1.67% 13.23% 85.08%

Table 2: Summary of TPB productivity bin details

Drop o� rates

Number of contributions OpenStreetMap The Pirate Bay

1-10 4.84% 50.76%

11-20 3.01% 10.75%

21-30 2.62% 5.67%

31-40 3.27% 3.40%

41-50 1.57% 2.60%

≤50 15.33% 73.21%

Table 3: % of users contributing between 1 and 50 times (intervals of 10)
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Lifetime participation rates - OSM

Low-level contributors Medium level contributors

Day 1 1.62 1.39

Day 2 1.05 0.15

Day 3 0.80 0.09

Day 4 0.61 0.07

Day 5 0.68 0.05

Day 6 0.53 1.43

Day 7 0.56 4.67

Day 8 0.90 2.51

Day 9 0.56 4.03

Day 10 0.59 13.94

Day 11 0.59 4.19

Day 12 0.53 0.11

Day 13 0.50 0.07

Day 14 0.42 0.06∑
10 32.81

Table 4: % of contributions by low-level and mid-level users over the �rst two
weeks of their lifetimes

Low-level contributors Medium level contributors

Week 1 5.89 7.87

Week 2 4.10 24.93

Week 3 3.20 0.53

Week 4 2.81 0.39

Week 5 2.25 0.41

Week 6 2.08 0.61

Week 7 1.97 0.59

Week 8 1.72 0.67

Week 9 1.45 0.65

Week 10 1.48 0.58

Week 11 1.18 0.48

Week 12 1.36 0.33∑
29.53 38.08

Table 5: % of contributions by low-level and mid-level users over the �rst three
months of their lifetimes
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Days Low-level contributors Medium level contributors

30 16.69 33.85

60 8.14 2.56

90 5.71 2.02

120 5.25 3.09

150 4.63 2.75

180 4.57 2.14

210 3.74 1.87

240 4.00 1.58

270 3.53 1.91

300 3.15 1.89

330 2.84 2.02

360 3.69 2.20

390 3.51 2.65

420 3.42 2.49

450 3.44 2.24

480 2.93 2.89

510 2.65 2.78

540 2.12 2.69

570 1.67 2.16

600 1.42 2.47

630 1.64 2.47

660 0.90 2.27

690 1.24 1.84

720 1.53 1.49∑
92.53 86.46

Table 6: % of contributions by low-level and mid-level OSM users over the �rst
two years of their lifetimes
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Lifetime participation rates - TPB

Days Low-level contributors Medium level contributors High level contributors

1 32.05 3.86 1.04

2 6.09 1.93 0.63

3 2.17 1.00 0.66

4 1.65 0.86 0.16

5 1.80 0.72 0.59

6 1.18 0.68 0.16

7 0.92 0.73 0.18

8 0.92 0.67 0.19

9 0.74 0.61 0.57

10 0.55 0.54 0.18

11 0.70 0.48 4.52

12 0.35 0.55 0.17

13 0.68 0.51 0.60

14 0.48 0.44 0.57∑
50.34 13.62 10.26

Table 7: % of contributions by low-level and mid-level users over the �rst two
weeks of their lifetimes
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Days Low-level contributors Medium level contributors High level contributors

30 56.79 20.40 14.63

60 7.19 10.27 5.38

90 5.48 7.91 7.15

120 3.10 6.96 3.95

150 3.43 5.77 4.08

180 2.62 4.88 3.70

210 2.15 3.47 3.89

240 2.02 3.60 3.05

270 1.80 3.19 3.08

300 1.49 2.93 2.42

330 1.14 2.80 2.13

360 0.88 2.36 2.11

390 1.18 2.38 2.67

420 1.03 2.17 2.50

450 0.59 2.33 2.44

480 0.81 1.74 2.13

510 0.59 1.60 1.99

540 0.57 1.32 1.78

570 0.46 1.16 1.65

600 0.48 1.11 1.54

630 0.48 1.18 1.56

660 0.57 1.39 1.39

690 0.48 0.96 1.37

720 0.22 0.91 1.26∑
95.64 92.87 77.96

Table 8: % of contributions by low-level, mid-level and high-level TPB users
over the �rst two years of their lifetimes
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Graphs

Contribution levels - OSM vs TPB
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Lifetime contribution rates - TPB
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Figure 13: Contribution rates by low-level users over �rst six months of lifespan
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Appendix 4 - Creative

Commons License

Attribution-Share Alike

License
THEWORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS

OF THIS CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR "LI-
CENSE"). THEWORK IS PROTECTED BY COPYRIGHT AND/OROTHER
APPLICABLE LAW. ANY USE OF THEWORKOTHER THAN AS AUTHO-
RIZED UNDER THIS LICENSE OR COPYRIGHT LAW IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE,
YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS
LICENSE. TO THE EXTENT THIS LICENSE MAY BE CONSIDERED TO
BE A CONTRACT, THE LICENSOR GRANTS YOU THE RIGHTS CON-
TAINED HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF SUCH
TERMS AND CONDITIONS.

1. De�nitions

(a) "Adaptation" means a work based upon the Work, or upon the
Work and other pre-existing works, such as a translation, adapta-
tion, derivative work, arrangement of music or other alterations of a
literary or artistic work, or phonogram or performance and includes
cinematographic adaptations or any other form in which the Work
may be recast, transformed, or adapted including in any form recog-
nizably derived from the original, except that a work that constitutes
a Collection will not be considered an Adaptation for the purpose of
this License. For the avoidance of doubt, where the Work is a musical
work, performance or phonogram, the synchronization of the Work in
timed-relation with a moving image ("synching") will be considered
an Adaptation for the purpose of this License.

(b) "Collection" means a collection of literary or artistic works, such
as encyclopedias and anthologies, or performances, phonograms or
broadcasts, or other works or subject matter other than works listed
in Section 1(f) below, which, by reason of the selection and arrange-
ment of their contents, constitute intellectual creations, in which the
Work is included in its entirety in unmodi�ed form along with one or
more other contributions, each constituting separate and independent
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works in themselves, which together are assembled into a collective
whole. A work that constitutes a Collection will not be considered
an Adaptation (as de�ned below) for the purposes of this License.

(c) "Creative Commons Compatible License" means a license that is
listed at http://creativecommons.org/compatiblelicenses that has been
approved by Creative Commons as being essentially equivalent to this
License, including, at a minimum, because that license: (i) contains
terms that have the same purpose, meaning and e�ect as the License
Elements of this License; and, (ii) explicitly permits the relicensing
of adaptations of works made available under that license under this
License or a Creative Commons jurisdiction license with the same
License Elements as this License.

(d) "Distribute" means to make available to the public the original and
copies of the Work or Adaptation, as appropriate, through sale or
other transfer of ownership.

(e) "License Elements" means the following high-level license attributes
as selected by Licensor and indicated in the title of this License:
Attribution, ShareAlike.

(f) "Licensor" means the individual, individuals, entity or entities that
o�er(s) the Work under the terms of this License.

(g) "Original Author" means, in the case of a literary or artistic work,
the individual, individuals, entity or entities who created the Work or
if no individual or entity can be identi�ed, the publisher; and in ad-
dition (i) in the case of a performance the actors, singers, musicians,
dancers, and other persons who act, sing, deliver, declaim, play in,
interpret or otherwise perform literary or artistic works or expres-
sions of folklore; (ii) in the case of a phonogram the producer being
the person or legal entity who �rst �xes the sounds of a performance
or other sounds; and, (iii) in the case of broadcasts, the organization
that transmits the broadcast.

(h) "Work" means the literary and/or artistic work o�ered under the
terms of this License including without limitation any production
in the literary, scienti�c and artistic domain, whatever may be the
mode or form of its expression including digital form, such as a book,
pamphlet and other writing; a lecture, address, sermon or other work
of the same nature; a dramatic or dramatico-musical work; a choreo-
graphic work or entertainment in dumb show; a musical composition
with or without words; a cinematographic work to which are assim-
ilated works expressed by a process analogous to cinematography;
a work of drawing, painting, architecture, sculpture, engraving or
lithography; a photographic work to which are assimilated works ex-
pressed by a process analogous to photography; a work of applied art;
an illustration, map, plan, sketch or three-dimensional work relative
to geography, topography, architecture or science; a performance; a
broadcast; a phonogram; a compilation of data to the extent it is
protected as a copyrightable work; or a work performed by a vari-
ety or circus performer to the extent it is not otherwise considered a
literary or artistic work.
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(i) "You" means an individual or entity exercising rights under this Li-
cense who has not previously violated the terms of this License with
respect to the Work, or who has received express permission from
the Licensor to exercise rights under this License despite a previous
violation.

(j) "Publicly Perform" means to perform public recitations of the Work
and to communicate to the public those public recitations, by any
means or process, including by wire or wireless means or public digital
performances; to make available to the public Works in such a way
that members of the public may access these Works from a place
and at a place individually chosen by them; to perform the Work to
the public by any means or process and the communication to the
public of the performances of the Work, including by public digital
performance; to broadcast and rebroadcast the Work by any means
including signs, sounds or images.

(k) "Reproduce" means to make copies of the Work by any means in-
cluding without limitation by sound or visual recordings and the right
of �xation and reproducing �xations of the Work, including storage
of a pro.tected performance or phonogram in digital form or other
electronic medium.

2. Fair Dealing Rights. Nothing in this License is intended to reduce, limit,
or restrict any uses free from copyright or rights arising from limitations
or exceptions that are provided for in connection with the copyright pro-
tection under copyright law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licen-
sor hereby grants You a worldwide, royalty-free, non-exclusive, perpetual
(for the duration of the applicable copyright) license to exercise the rights
in the Work as stated below:

(a) to Reproduce the Work, to incorporate the Work into one or more
Collections, and to Reproduce the Work as incorporated in the Col-
lections;

(b) to create and Reproduce Adaptations provided that any such Adap-
tation, including any translation in any medium, takes reasonable
steps to clearly label, demarcate or otherwise identify that changes
were made to the original Work. For example, a translation could
be marked "The original work was translated from English to Span-
ish," or a modi�cation could indicate "The original work has been
modi�ed.";

(c) to Distribute and Publicly Perform the Work including as incorpo-
rated in Collections; and,

(d) to Distribute and Publicly Perform Adaptations.

(e) For the avoidance of doubt:

i. Non-waivable Compulsory License Schemes. In those jurisdic-
tions in which the right to collect royalties through any statutory
or compulsory licensing scheme cannot be waived, the Licensor
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reserves the exclusive right to collect such royalties for any exer-
cise by You of the rights granted under this License;

ii. Waivable Compulsory License Schemes. In those jurisdictions
in which the right to collect royalties through any statutory or
compulsory licensing scheme can be waived, the Licensor waives
the exclusive right to collect such royalties for any exercise by
You of the rights granted under this License; and,

iii. Voluntary License Schemes. The Licensor waives the right to
collect royalties, whether individually or, in the event that the
Licensor is a member of a collecting society that administers
voluntary licensing schemes, via that society, from any exercise
by You of the rights granted under this License.

The above rights may be exercised in all media and formats whether now
known or hereafter devised. The above rights include the right to make
such modi�cations as are technically necessary to exercise the rights in
other media and formats. Subject to Section 8(f), all rights not expressly
granted by Licensor are hereby reserved.

4. Restrictions. The license granted in Section 3 above is expressly made
subject to and limited by the following restrictions:

(a) You may Distribute or Publicly Perform the Work only under the
terms of this License. You must include a copy of, or the Uniform
Resource Identi�er (URI) for, this License with every copy of the
Work You Distribute or Publicly Perform. You may not o�er or im-
pose any terms on the Work that restrict the terms of this License or
the ability of the recipient of the Work to exercise the rights granted
to that recipient under the terms of the License. You may not sub-
license the Work. You must keep intact all notices that refer to this
License and to the disclaimer of warranties with every copy of the
Work You Distribute or Publicly Perform. When You Distribute or
Publicly Perform the Work, You may not impose any e�ective tech-
nological measures on the Work that restrict the ability of a recipient
of the Work from You to exercise the rights granted to that recip-
ient under the terms of the License. This Section 4(a) applies to
the Work as incorporated in a Collection, but this does not require
the Collection apart from the Work itself to be made subject to the
terms of this License. If You create a Collection, upon notice from
any Licensor You must, to the extent practicable, remove from the
Collection any credit as required by Section 4(c), as requested. If
You create an Adaptation, upon notice from any Licensor You must,
to the extent practicable, remove from the Adaptation any credit as
required by Section 4(c), as requested.

(b) You may Distribute or Publicly Perform an Adaptation only under
the terms of: (i) this License; (ii) a later version of this License with
the same License Elements as this License; (iii) a Creative Com-
mons jurisdiction license (either this or a later license version) that
contains the same License Elements as this License (e.g., Attribution-
ShareAlike 3.0 US)); (iv) a Creative Commons Compatible License.

4



If you license the Adaptation under one of the licenses mentioned in
(iv), you must comply with the terms of that license. If you license
the Adaptation under the terms of any of the licenses mentioned in
(i), (ii) or (iii) (the "Applicable License"), you must comply with the
terms of the Applicable License generally and the following provi-
sions: (I) You must include a copy of, or the URI for, the Applicable
License with every copy of each Adaptation You Distribute or Pub-
licly Perform; (II) You may not o�er or impose any terms on the
Adaptation that restrict the terms of the Applicable License or the
ability of the recipient of the Adaptation to exercise the rights granted
to that recipient under the terms of the Applicable License; (III) You
must keep intact all notices that refer to the Applicable License and
to the disclaimer of warranties with every copy of the Work as in-
cluded in the Adaptation You Distribute or Publicly Perform; (IV)
when You Distribute or Publicly Perform the Adaptation, You may
not impose any e�ective technological measures on the Adaptation
that restrict the ability of a recipient of the Adaptation from You to
exercise the rights granted to that recipient under the terms of the
Applicable License. This Section 4(b) applies to the Adaptation as
incorporated in a Collection, but this does not require the Collection
apart from the Adaptation itself to be made subject to the terms of
the Applicable License.

(c) If You Distribute, or Publicly Perform the Work or any Adaptations
or Collections, You must, unless a request has been made pursuant
to Section 4(a), keep intact all copyright notices for the Work and
provide, reasonable to the medium or means You are utilizing: (i)
the name of the Original Author (or pseudonym, if applicable) if
supplied, and/or if the Original Author and/or Licensor designate
another party or parties (e.g., a sponsor institute, publishing entity,
journal) for attribution ("Attribution Parties") in Licensor's copy-
right notice, terms of service or by other reasonable means, the name
of such party or parties; (ii) the title of the Work if supplied; (iii)
to the extent reasonably practicable, the URI, if any, that Licensor
speci�es to be associated with the Work, unless such URI does not
refer to the copyright notice or licensing information for the Work;
and (iv) , consistent with Ssection 3(b), in the case of an Adapta-
tion, a credit identifying the use of the Work in the Adaptation (e.g.,
"French translation of the Work by Original Author," or "Screenplay
based on original Work by Original Author"). The credit required
by this Section 4(c) may be implemented in any reasonable manner;
provided, however, that in the case of a Adaptation or Collection,
at a minimum such credit will appear, if a credit for all contribut-
ing authors of the Adaptation or Collection appears, then as part of
these credits and in a manner at least as prominent as the credits for
the other contributing authors. For the avoidance of doubt, You may
only use the credit required by this Section for the purpose of attri-
bution in the manner set out above and, by exercising Your rights
under this License, You may not implicitly or explicitly assert or im-
ply any connection with, sponsorship or endorsement by the Original
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Author, Licensor and/or Attribution Parties, as appropriate, of You
or Your use of the Work, without the separate, express prior writ-
ten permission of the Original Author, Licensor and/or Attribution
Parties.

(d) Except as otherwise agreed in writing by the Licensor or as may be
otherwise permitted by applicable law, if You Reproduce, Distribute
or Publicly Perform the Work either by itself or as part of any Adap-
tations or Collections, You must not distort, mutilate, modify or take
other derogatory action in relation to the Work which would be prej-
udicial to the Original Author's honor or reputation. Licensor agrees
that in those jurisdictions (e.g. Japan), in which any exercise of the
right granted in Section 3(b) of this License (the right to make Adap-
tations) would be deemed to be a distortion, mutilation, modi�cation
or other derogatory action prejudicial to the Original Author's honor
and reputation, the Licensor will waive or not assert, as appropriate,
this Section, to the fullest extent permitted by the applicable national
law, to enable You to reasonably exercise Your right under Section
3(b) of this License (right to make Adaptations) but not otherwise.

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES
IN WRITING, LICENSOR OFFERS THE WORK AS-IS AND MAKES
NO REPRESENTATIONS OR WARRANTIES OF ANY KIND CON-
CERNING THEWORK, EXPRESS, IMPLIED, STATUTORYOROTH-
ERWISE, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF
TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR PUR-
POSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR
OTHER DEFECTS, ACCURACY, OR THE PRESENCE OF ABSENCE
OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME JURIS-
DICTIONS DO NOT ALLOW THE EXCLUSION OF IMPLIED WAR-
RANTIES, SO SUCH EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY
APPLICABLE LAW, IN NO EVENTWILL LICENSOR BE LIABLE TO
YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL,
CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES ARIS-
ING OUT OF THIS LICENSE OR THE USE OF THEWORK, EVEN IF
LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

7. Termination

(a) This License and the rights granted hereunder will terminate au-
tomatically upon any breach by You of the terms of this License.
Individuals or entities who have received Adaptations or Collections
from You under this License, however, will not have their licenses
terminated provided such individuals or entities remain in full com-
pliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will survive
any termination of this License.
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(b) Subject to the above terms and conditions, the license granted here is
perpetual (for the duration of the applicable copyright in the Work).
Notwithstanding the above, Licensor reserves the right to release the
Work under di�erent license terms or to stop distributing the Work
at any time; provided, however that any such election will not serve
to withdraw this License (or any other license that has been, or is
required to be, granted under the terms of this License), and this
License will continue in full force and e�ect unless terminated as
stated above.

8. Miscellaneous

(a) Each time You Distribute or Publicly Perform the Work or a Collec-
tion, the Licensor o�ers to the recipient a license to the Work on the
same terms and conditions as the license granted to You under this
License.

(b) Each time You Distribute or Publicly Perform an Adaptation, Li-
censor o�ers to the recipient a license to the original Work on the
same terms and conditions as the license granted to You under this
License.

(c) If any provision of this License is invalid or unenforceable under ap-
plicable law, it shall not a�ect the validity or enforceability of the
remainder of the terms of this License, and without further action
by the parties to this agreement, such provision shall be reformed
to the minimum extent necessary to make such provision valid and
enforceable.

(d) No term or provision of this License shall be deemed waived and no
breach consented to unless such waiver or consent shall be in writing
and signed by the party to be charged with such waiver or consent.

(e) This License constitutes the entire agreement between the parties
with respect to the Work licensed here. There are no understandings,
agreements or representations with respect to the Work not speci�ed
here. Licensor shall not be bound by any additional provisions that
may appear in any communication from You. This License may not
be modi�ed without the mutual written agreement of the Licensor
and You.

(f) The rights granted under, and the subject matter referenced, in this
License were drafted utilizing the terminology of the Berne Conven-
tion for the Protection of Literary and Artistic Works (as amended
on September 28, 1979), the Rome Convention of 1961, the WIPO
Copyright Treaty of 1996, the WIPO Performances and Phonograms
Treaty of 1996 and the Universal Copyright Convention (as revised
on July 24, 1971). These rights and subject matter take e�ect in
the relevant jurisdiction in which the License terms are sought to be
enforced according to the corresponding provisions of the implemen-
tation of those treaty provisions in the applicable national law. If
the standard suite of rights granted under applicable copyright law
includes additional rights not granted under this License, such addi-
tional rights are deemed to be included in the License; this License
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is not intended to restrict the license of any rights under applicable
law.
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