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Part I
Introduction



Mass Collaboration as an Emerging
Paradigm for Education? Theories, Cases,
and Research Methods

Ulrike Cress, Heisawn Jeong, and Johannes Moskaliuk

Mass Collaboration as Topic of Computer-Supported
Collaborative Learning

The Internet has tremendously advanced the opportunities for collaboration and
education; particularly the number of people that can be involved in learning and
knowledge building processes has increased to unprecedented levels. Web 2.0
developments during the last 10 years have enabled mass collaboration in a literal
sense. Thousands of users make contributions to Wikipedia. There is a growing
number of massive open online courses (MOOCs) being created and offered. They
make it possible to offer online courses that exceed traditional classroom sizes many
times over. Hundreds of thousands of people from around the world can participate
in online courses offered by well-known universities. Moreover, contributions of
thousands of amateur scientists have been instrumental when it comes to collecting
and/or analyzing large sets of data. As citizen scientists, they participate in scientific
research—be it for counting birds or analyzing data from NASA Mars missions.
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Through their involvement, they not only contribute to novel scientific discoveries
but also become more knowledgeable themselves and develop an identity as citizen
scientists. Last but not least, educational platforms have been established that enable
students to become members of a worldwide learning community, as they create and
share digital products that can be reused and further refined by others. One of the
most prominent platforms is Scratch, a platform that was established by MIT in
2007 and has now grown into a community with more than nine million projects and
about three million user profiles.

In order to understand these fascinating phenomena of mass collaboration, we
need new theoretical frameworks and methodological approaches that can deal with
these mass phenomena and their specific dynamics. Existing findings and approaches
from individual and small group research are a first basis to understand learning and
collaborative processes in these new environments, but they are not adequate to deal
with the unique processes occurring at the mass level. In recent years, numerous
studies have been published on mass collaboration environments such as Wikipedia
(cf. Halatchliyski, Moskaliuk, Kimmerle, & Cress, 2014; Kimmerle, Moskaliuk,
Harrer, & Cress, 2010), Scratch (cf. Kafai, Roque, Fields, & Monroy-Hernandez,
2011), and the blogosphere (cf. Cakir, 2013) or MOOC:s (cf. Diver & Martinez,
2015; Mufoz-Merino, Ruipérez-Valiente, Alario-Hoyos, Pérez-Sanagustin, &
Delgado Kloos, 2015). These studies focus mostly on specific environments. We
need to understand how these individual environments develop and function, but we
also need a more general understanding of the principles which drive masses of
people to work together and achieve things that were previously unimaginable.
When does mass collaboration nudge a learner to actively participate, and when
does it lead to a feeling of being part of a community of learners? Where exactly in
mass collaboration does learning happen? Is it the system that learns and influences
its participants, or is it the other way around? What are the conditions that ensure
that the involved individuals acquire knowledge and participate in knowledge pro-
duction? What are the unique characteristics that set mass collaboration apart from
other kinds of collaboration? What makes mass collaboration effective?

With their theoretical grounding in learning and in theories of social processes
and enculturation, and with their specific consideration of the socio-technical design
of learning environments, the learning sciences and explicitly CSCL (computer-
supported collaborative learning) may be the right research community to deal with
these questions adequately. This book (Cress et al., 2016) is part of a continuing
effort to establish a research agenda on large-scale learning and knowledge con-
struction within these communities. The effort began at the Tenth International
Conference on Computer-Supported Collaborative Learning (CSCL) in Madison,
Wisconsin (USA), where we organized a symposium about “Mass collaboration—
an emerging field for CSCL” (Cress et al., 2013). The symposium brought together
different topics like long-tail learning, Scratch, citizen science, cultures of participa-
tion, and theoretical models of mass collaboration. We continued and widened the
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discussion by seeking out contributions from further researchers who work on this
topic worldwide. We held a workshop at the Leibniz-Institut fiir Wissensmedien
(Knowledge Media Research Center) in Tuebingen, Germany, in May 2014.! Here
researchers from different disciplines and research traditions presented their work
and discussed a potential research agenda. During the workshop, the idea was born
to edit a book that provides an overview of these approaches and points out the
increasing relevance of mass collaboration for education and learning. We later
issued an open call and asked for additional contributions from researchers who
have done related work on the topic. In the end, we invited more than 30 authors to
submit their work on mass collaboration and education.

The goal of this book? is to provide a broad overview of the research about mass
collaboration and education that is currently being done in different disciplines,
labs, and research groups. The book includes perspectives from psychology, peda-
gogy, computer science, computational linguistics, network science, and econom-
ics. Contributions are from around the world, mostly from Europe and the USA. The
book introduces relevant theoretical approaches and methodological issues from
different disciplines and research traditions, as well as various cutting-edge cases of
mass collaboration. In doing so, the goal is to identify where the current research
stands and what has been achieved so far.

In the 2014 workshop in Tuebingen, it was clear that participants had quite dif-
ferent conceptualizations of mass collaboration. Some use cognitive frameworks to
understand the processes, while others rely on sociocultural or systemic frame-
works. Some focus on how to stimulate masses of people in order to enable learning
processes, while others state that masses of people are by definition self-regulated
entities that cannot be guided externally. We also collected different definitions of
mass collaboration in the process of soliciting and reviewing the chapters for the
book. In an attempt to develop a shared understanding of mass collaboration, we
documented and compared different conceptualizations of mass collaboration. In
the following section, we first provide several definitions of mass collaboration that
have emerged during our collaboration with the authors. In the main part of this
introductory chapter, we summarize the contributions and provide a short overview
of each chapter. In the last part, we discuss open questions and research challenges
that need to be answered in future research.

'The workshop was financed by a grant provided by the Deutsche Forschungsgemeinschaft to
Ulrike Cress (CR 110/10-1).

2We cordially thank Petra Hohls and Carolin Burmeister for their great help and their patience
during the editing process. Without their great effort and passion, we would have not been able to
align the chapters, proof the references, and do all the formatting that was needed.
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What Is Mass Collaboration and How Does It Contribute
to Education?: Definitions and Key Aspects of Mass
Collaboration in Education

Mass collaboration is characterized by the large number of people being (mass)
involved in it, the digital tools they use (Web 2.0), and the digital products they cre-
ate. In the following, we summarize these aspects as formal aspects of mass col-
laboration. How users interact with digital tools and what kind of products they
create are key parts of the interaction process going on in mass collaboration. As we
will show, this process of interaction comprises elements that range from participa-
tion, coordination, and cooperation to collaboration. These elements describe an
increasing amount of interrelatedness among the users involved. The more inter-
related users become, the more mass collaboration unfolds its specific dynamics.
Successful cases of mass collaboration in education show that masses of users can
exhibit a special spirit that activates the users and leads to emergent processes. We
describe this spirit as a defining feature of mass collaboration. Last, but not least,
when it comes to education, we have to ask where the learning takes place. In mass
collaboration settings, we can differentiate between learning that happens on the
group level (knowledge creation) and learning that happens on the individual level,
where an individual acquires knowledge. Of course both may happen and promote
each other mutually.

Formal Aspects of Mass Collaboration: Number of People,
Used Tools, and Creation of Artifacts

The most prominent feature of mass collaboration is possibly the large number of
people involved. For example, Fischer (2016) describes mass collaboration with
regard to education as follows: “Mass collaboration occurs when large numbers of
people learn or work together.” The number of people involved in collaboration is
indeed a prominent feature of mass collaboration. Wikipedia has more than 25 million
registered editors,’> who have collectively created more than four million articles,
and Scratch has 6.8 million registered users,* to name perhaps the largest mass
collaboration environments. Note, however, that even within a mass collaboration
environment with a large number of users, the extent of participation can vary
depending on the levels of the collaboration. Wikipedia itself is the result of mass
collaboration by millions of users, but a specific article in Wikipedia may only have
a handful of authors. In Scratch, a game programmed by users may be a remix of
just two or three participants’ work. Not all activities happen on a large scale.

3http://en.wikipedia.org/wiki/Special:Statistics
“https://scratch.mit.edu/statistics/
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Mass collaboration in the broad sense of Fischer’s definition may have taken
place before the digital age (Collins, 2016). But it is the Internet, especially the
emergence of social software, that has made it much more commonplace and prom-
inent. The Web provides numerous tools and communication channels that people
can use with ease. They allow people to observe others, share their resources, coor-
dinate their work, and/or even jointly create artifacts. Large numbers of people can
easily collaborate with each other, because they can all access a shared product or
workspace that each of them can change or modify. Joint writing of a text, for
example, may have been possible before Web 2.0, but it was much harder. Nowadays,
through wikis and other similar tools, people can do that much more easily. People
have access to what was written by others without any time delay from their own
device and can make modifications that are immediately visible to all other users.
So a further critical feature of mass collaboration is the use of digital tools. They
make possible communication and collaboration that are independent from time and
geographic location. They also enable participants to collect and store large amounts
of data and information, to interact with this data, and to coordinate their work
around it. In this sense, Web 2.0 technology may even be a precondition for the
development of large networks of people who collaborate to write, conduct research,
and/or learn.

However, mass collaboration does not have to be necessarily or exclusively
digital. An example for a mass movement that starts in the “real” world and pro-
vides “local” space is the makerspace movement. Makerspaces provide “real”
rooms where people design and engineer tangible products. In chapter “Toward
Participatory Discovery Networks: A Critique of Current Mass Collaboration
Environments and a Possible Learning-Rich Future,” Shapiro (2016) shows exam-
ples where people craft projects ranging from art installations to gigantic rideable
robots. They share tools (real, non-digital) and make use of their neighbors’ knowl-
edge. Makerspaces start out as primarily local face-to-face collaboration projects,
but are then later connected to broad networks of participants through crowd fund-
ing and resource sharing. According to Shapiro, the makerspace movement demon-
strates a new model for how mass collaboration and mass learning can be distributed
across online and in-person participation.

In mass collaboration, participants produce together both physical and virtual
artifacts, supporting each other’s learning by drawing upon the knowledge, tools,
and monetary resources of physical and virtual communities. This feature is so cen-
tral to mass collaboration that some authors make it the focus of mass collaboration:
If a mass of users “explicitly collaborates to build a long-lasting artifact that is
beneficial to the whole community” (Doan, Ramakrishnan, & Halevy, 2010, p. 1),
this could be called mass collaboration. Elliott (2016) defines mass collaboration as
digital stigmergic collaboration (collective creation of shared representations in
digital media). By using Wikipedia, people can not only share links or other
resources but also engage in joint writing of texts that, despite their many authors,
are homogeneous and fluent. By using tagging systems such as delicious.com, peo-
ple can share digital resources, tag them, and build a folksonomy that presents the
conceptual knowledge of the community of taggers. Other forms of mass collaboration
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make use of platforms or portals, where learners have access to content, share infor-
mation, and rely on the work of others. On the platform Scratch.org, for example,
people can use a programming language and they can share self-made programs. In
galaxyzoo.org, people classify galaxies by deciding if they are spiral shaped or not.
On the platform Foldit, people manipulate representations of molecular biology in
order to solve protein-folding puzzles that cannot be done by machines, but is easy
for humans. MOOC platform like edx.org provides access to open courses and
structure the learning process and possible collaboration. In sum, mass collabora-
tion tools not only enable participants to use and share information and digital arti-
facts but also to engage in joint production of community resources and artifacts.
Joint production of artifacts and resources is not restricted to tangible goods, how-
ever. In a project like Project Hexapod, people collaborate not only on the product
of the project itself (in this case, a gigantic, rideable, six-legged machine named
Stompy) but also on the establishment of norms, ideologies, tools, and communities
for learning and production. In that sense, mass collaboration tools not only enable
participants to use and share information and digital artifacts but also to engage in
joint production of artifacts and tangible and intangible community resources.

Interactional Aspects of Mass Collaboration: Participation,
Coordination, Cooperation, and Collaboration

The large number of people involved in mass collaboration is perhaps its most
prominent defining aspect. The second defining aspect of mass collaboration is the
process of interactive collaboration itself. There are different modes of collabora-
tive actions in mass collaboration. On this point, many authors refer to the distinc-
tion between collaboration and cooperation in Dillenbourg (1999). Collaboration
means that people have a common goal and engage in joint problem solving or
learning. They have a shared understanding of the task and share the process of
solving problems and/or learning. In contrast, cooperation refers to group work in
which people divide the work into subtasks. Each person does one’s own subtask,
and individual contributions are later integrated into a whole. When cooperating,
people do not necessarily share the processes of learning. They might not even have
a shared understanding of the task. In a mass collaboration context, both collabora-
tion and cooperation occur. Participants might divide the tasks and/or work on their
own programs or articles, in some cases independently from other users. In other
cases, they work on the same artifacts with a shared goal of improving the article or
finding an answer to a puzzle.

In fact, there are a number of different ways to participate in mass collaboration.
In addition to collaboration and cooperation, people may sometimes just coordinate
their efforts and contributions. In the case of coordination, people might even have
different goals. Coordination just means that people align their activities with those
of others so that they could work together toward mutual benefit without disturbing
each other. Coordination might happen through embedded roles or privileges, as
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those that administrators in Wikipedia have, for instance, rather than through
explicit negotiation and discussion, as is often the case in cooperation. Participation
can be considered to be a lower level of interaction than cooperation and even coor-
dination. Participation just means that people get involved in some form of interper-
sonal process. They may simply read Wikipedia articles written by other users or
submit a comment on another’s contributions (e.g., press the “like” button in
Facebook or Scratch) without having any intention of taking on some further task.
So interrelatedness of people’s activities might span a scale from pure participation,
to coordination or cooperation, to collaboration.

Whatever the level of interrelatedness, the important thing is that all interre-
lated activities play a role in mass processes. People might not necessarily work
on a shared artifact, but individuals’ contributions might still advance individual
and collective goals. In Scratch, for example, pupils work on individual pro-
grams, but once shared, other participants can use the provided code. They remix
the codes from others and/or build on them, thereby making their code a “collec-
tive” artifact. Participants might not jointly work on the same program code.
They might not collaborate (e.g., by working on a program for the same piece of
software), or even cooperate (by distributing the programming task among the
people), or coordinate (e.g., by deciding about rights and duties). However, their
contributions are combined and transformed through participation so that the
resulting products can reflect the emergent processes of knowledge development
and creation.

Aspects regarding the Specific Spirit Exhibited in Mass
Collaboration

The emergent process brings us to another aspect of mass collaboration: That of the
special spirit that can be exhibited in mass collaboration. Many contributions in
this book (the chapters of Cress, Feinkohl, Jirschitzka, & Kimmerle, 2016; Fischer,
2016; Roque, Rusk, & Resnick, 2016; Shapiro, 2016) describe participants’ transi-
tion from a content-specific focus to a focus on the community itself. It is a shift
from “participation for satisfaction of personal desires to participation for the ben-
efit of a community” (Chapter “Toward Participatory Discovery Networks: A
Critique of Current Mass Collaboration Environments and a Possible Learning-
Rich Future” by Shapiro, 2016). In the collaboration process, an individual is trans-
formed to have a new identity, such as a Wikipedian, a citizen scientist, or a
Scratcher. The individual is not just an individual learner any more. He or she starts
to feel like a member of the community and forms a social identity, acting as a
member of the group (Tajfel, 2010; Turner, 1999). People do not just share and
contribute information or revise or remix others’ work and contributions. They also
take on roles and act in the spirit of collective action (Olson, 2009). Users as indi-
viduals are no longer the main drivers of such a collective effort. Instead, the mass
of people as an agent itself drives the effort.



10 U. Cress et al.

To focus on this special spirit of mass collaboration is the key feature of the
systemic or stigmergic perspective (see the chapters of Cress, Feinkohl et al.,
2016; Elliott, 2016; Oeberst, Kimmerle, & Cress, 2016). These frameworks view
mass collaboration not just as a process formed by activities of individual learners
but more as an autopoietic process. They see “the mass” as the driving actor. The
mass of course consists of individuals. But they may come and go over time. In
contrast, the collective remains stable. For example, Wikipedia continues to exist
even when all authors who are active at a certain time have changed as a new
generation of authors continues their work in the spirit of Wikipedia. The artifacts
that the community has created and the social norms that they have developed will
ensure this process, and the community will continue to exist in more or less the
same spirit established by the initial Wikipedia users. The community itself takes
an active role determining what individual members do in the future. We may
even state that when the mass itself exerts such a special dynamics and spirit,
participation of different individuals is not a problem anymore. If people act too
much like individuals, the mass environment may suffer from low participation
and low identification with the group (see the low success rates and rates of active
participation of learners in MOOCSs presented in chapter “Altogether Now! Mass
and Small Group Collaboration in (Open) Online Courses: A Case Study” by
Eimler, Neubaum, Mannsfeld, & Kramer, 2016). In such cases, mass collabora-
tion may not be very likely.

Learning-Related Aspects Regarding Where Learning Happens

When we talk about mass collaboration in the area of education, we should consider
what is learned and who learns. Shapiro (2016) raises the issue that effective knowl-
edge creation may happen in mass collaboration environments, but not for the indi-
viduals who did the work but for a third party who set up the system (e.g., scientists).
He describes, for example, that the crowdsourcing platform galaxyzoo.org enabled
scientists to author many scientific papers, but the majority of the platform users
who classified the galaxies unfortunately might not have learned anything. This
might be due to the fact that this platform coordinates people’s work, but it does not
aim to promote learning or collaboration among participants.

If we examine mass collaboration in the context of learning, we need to consider
different levels of learning (Kimmerle, Moskaliuk, Oeberst, & Cress, 2015)—the
individual level and the collective level. Both processes are different and one does
not necessarily lead to the other. Some forms of mass collaboration explicitly intend
that individuals learn (e.g., see chapter “Altogether Now! Mass and Small Group
Collaboration in (Open) Online Courses: A Case Study” by Eimler et al., 2016 for
MOOCs or chapter “Coding by Choice: A Transitional Analysis of Social
Participation Patterns and Programming Contributions in the Online Scratch
Community” by Fields, Kafai, & Giang, 2016 for Scratch). In other cases, learning
may happen as a side effect of the collaboration (see chapter “Mass Collaboration
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as Coevolution of Cognitive and Social Systems” by Cress, Feinkohl et al., 2016).
In still others, knowledge creation is explicitly intended on the collective level (see
chapter “Socio-Technical Procedures of Facilitated Mass Collaboration for Creative
E-Participation” by Herrmann (2016) for e-participation or chapter “Citizen
Science: Connecting to Nature Through Networks” by Barron, Martin, Mertl, and
Yassine (2016) for citizen science). Some mass collaboration settings explicitly aim
learning at both levels. For example, chapter “From Distributed Cognition to
Collective Intelligence: Supporting Cognitive Search to Facilitate Online Massive
Collaboration” by Fu (2016) and chapter “Patterns of Meaning in a Cognitive
Ecosystem: Modeling Stabilization and Enculturation in Social Tagging Systems”
by Ley, Seitlinger, and Pata (2016) show how social tagging creates knowledge on
the community level (folksonomies) and how this in turn influences people’s infor-
mation search and induces learning processes.

Overview on the Chapters of This Book

Because mass collaboration is a new topic in educational research, there are
many open questions and issues that must be examined. We see a need for
research with regard to at least three topics: (1) theoretical considerations about
mass collaboration in education, (2) description of individual cases of mass col-
laboration, and (3) identification and development of research methods that are
suitable for this topic.

The phenomenon of mass collaboration calls for novel theoretical
conceptualizations that can explain the workings of different mass collaboration
scenarios. How do individuals behave in the mass of users? Is the mass more than
the sum of individuals? How does the mass shape individual’s behavior? What role
do artifacts play in these mass collaboration processes? Do individuals in masses
cooperate or collaborate? How do masses organize themselves? How can we
shape and influence mass collaboration so as to foster intentional learning and
education?

While these questions have been addressed in several disciplines in the past, the
implication for learning and education has never been systematically considered. What
we need are theoretical considerations of knowledge processes, such as knowledge
acquisition, knowledge exchange, and knowledge creation, as they occur in masses.

In addition to developing theoretical framework for mass collaboration, we need
empirical studies of mass collaboration. By observing education-relevant pro-
cesses that take place in scenarios dealing with masses of users, we can understand
how individual processes and mass processes are intertwined. To accomplish this,
we can analyze processes in platforms such as Wikipedia, social tagging environ-
ments, MOOC:s, e-participation, Scratch, or citizen science projects. We can also
analyze whether there are any differences between mass collaboration that emerge
in a self-organized way, like in Wikipedia, and settings like Scratch, which research-
ers and educators have intentionally developed for educational purposes.
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The large-scale data that mass collaboration produces require innovative methods
of analysis. How can we deal with both the individual and the group levels of analy-
sis? How can we describe with individual data both individual behavior in masses
and the mass behavior? Can we even study mass collaboration in the lab, where we
fake the mass and just observe single and independent individuals? How can we
identify causality in mass-related settings?

This book addressed these issues in three parts: The first part consists of six
chapters that present theoretical approaches to mass collaboration. They include
general views on the development of mass collaboration and how they have changed
in the digital age, but also include more specific approaches based on cognitive
psychology, biology (with the concept of stigmergy) or system theory. The first part
also asks how our understanding of knowledge has changed through digital media.
The second part presents empirical studies conducted in different scenarios of mass
collaboration: They include Wikipedia, MOOC:sS, citizen sciences, social tagging,
e-participation, and the platform Scratch. The third part deals with methods for
analyzing processes of mass collaboration. Here social networks are considered, as
well as computational semantics that are able to classify the semantics in large data
automatically. With regard to research designs, it is examined how causality can be
analyzed with the data collected from mass collaboration platforms like Wikipedia.
A short overview of the chapters of the book follows, so that readers can see what
research currently is being done with regard to mass collaboration and education.

Theoretical Approaches to Mass Collaboration

The first part of the book presents theoretical approaches to mass collaboration. In
chapter “A Brief History of Mass Collaboration: How Innovations Over Time Have
Enabled People to Work Together More Effectively” Allan Collins (2016) pro-
vides a background history on mass collaboration. It dates the beginning of
mass collaboration back to the origin of our species, Homo sapiens, as it was the
first species to trade goods. According to Collins, trading leads to specialization
and division of labor. The chapter then describes major events and milestones in
the history of mass collaboration, beginning from the development of cities, the
invention of writing and printing, the development of the scientific community, to
the invention of the Internet and Web. The development of cities was critical for
human innovation, as it allowed people to come into contact with a greater variety
of ideas. A burst of creativity occurred when people came to work together, as in
the city of Cremona, Italy, for violin making, and Silicon Valley, USA, for the IT
industry. Writing allowed people to share ideas with people who were geographi-
cally and/or temporally distanced. This also led to the development of world scien-
tific communities, in which scientists collectively work toward the shared goal of
advancing science. The chapter notes that scientific communities have a variety of
norms and structures to support scientific practices, such as peer reviews and jour-
nal publications. More recently, the Internet and Web have made it even much



Mass Collaboration as an Emerging Paradigm for Education... 13

easier to access and share information, thereby prompting the emergence of a host
of examples of mass collaboration. The chapter discusses how mass collaboration
can lead to a society in which adults and children can be in charge of their own
learning as a community.

In chapter “Exploring, Understanding, and Designing Innovative Socio-Technical
Environments for Fostering and Supporting Mass Collaboration” Gerhard Fischer
(2016) provides an overview of theoretical frameworks developed in the last decade
to describe knowledge creation and accumulation and sharing. The chapter asks
what the innovative socio-technical environments that foster and support mass
collaboration are. Users become part of a culture of participation that use media
and technological tools to think, work, learn, and collaborate. They are meta-
designers who create socio-technical collaborative environments that enable the
burst of creativity described in the chapter by Collins. In his chapter, Fischer intro-
duces models of knowledge creation, accumulation, and sharing. The model-
authoritative depends on a large number of passive consumers (e.g., readers,
learners) and a small number of experts (e.g., journalists, teachers) who act as strong
input filters and reject unreliable and untrustworthy information. The model-
democratic, in contrast, uses weak input filters, that is, the role of the experts is
substantially diminished or nonexistent. It allows individuals not only to access but
also to participate and to contribute to the process of knowledge creation. Fischer
describes different roles that can be found in rich ecologies of participation and col-
laboration. He argues that for mass collaboration to work, there needs to be a critical
number of active participants. Identifying different motivations of individuals helps
to encourage and support the users to take on more demanding roles over time. The
chapter concludes with an overview of research challenges and open questions such
as how to ensure the quality of the artifacts generated via mass collaboration and
how to explore the long-tail theory in the context of mass collaboration.

One puzzling aspect of mass collaboration is that teamwork is widely distributed
and decentralized. In some cases, individual agents seem to be engaged in isolated
activities. In spite of this, highly organized activities and outcomes emerge with
seemingly little or no central control. How is this possible when so many people are
involved? In chapter “Stigmergic Collaboration: A Framework for Understanding
and Designing Mass Collaboration” Mark Elliott (2016) uses the concept of stig-
mergy to answer this question. This concept was originally developed to explain the
behavior of social insects such as ants and termites. These insects behave in very
organized fashion and in strong relation to each other. Such behavior is made pos-
sible by the use of physical signs in the environment (e.g., pheromones in ant colo-
nies). These signs serve as messages to other agents. Individual agents communicate
with other agents by changing the environment, that is, physical signs in the envi-
ronment. The change in the environment in turn alters the behavior of other indi-
viduals. Applying this perspective to mass collaboration brings several surprising
insights: Wikipedia, Scratch, MakerSpace, or communities of citizen scientists pro-
vide a kind of anthill that structures what people can do, where they work, how they
interact, and what they contribute. It is a great notion that communities with their
digital tools, their social norms, and ways of interacting and communicating leave



14 U. Cress et al.

their traces in artifacts, and these serve as external structures for further communi-
cation and activities. Like an anthill or mound, the artifacts provide a stable (with
regard to time and space) structure for interaction, collaboration, and further creation
of artifacts. So Elliott’s chapter not only points to analogies between users in the
social Web and social insects but also points to the relevance of the tools and arti-
facts created by the users in the mass collaboration environment. They not only
result from cooperation but also determine future cooperation.

In chapter “Mass Collaboration as Coevolution of Cognitive and Social Systems”,
Ulrike Cress, Insa Feinkohl, Jens Jirschitzka, and Joachim Kimmerle (2016)
describe mass collaboration with the paradigm of self-organization. They state
that masses of people are a self-organized autopoietic social system. Whereas Elliott
(2016) in chapter “Stigmergic Collaboration: A Framework for Understanding and
Designing Mass Collaboration” stresses the relevance of artifacts, the authors of
chapter “Mass Collaboration as Coevolution of Cognitive and Social Systems”
point to the relevance of communication and its closed character: Ongoing com-
munication is closed, that is, it always bases on previous communication, and on the
norms, this communication has established. Thus, like in the concept of stigmergy
described in the preceding chapter, the systemic approach points to the fact that it is
the mass that influences and determines how individuals act and contribute to the
system. However, the coevolution model of Cress and her colleagues takes not only
the social system but also individuals into consideration. Individuals are cognitive
systems. They are also closed systems, because their thinking and understanding are
based on their knowledge and previous thoughts. The coevolution model states that
each system influences the other’s development. Each system, the social system as
well as the cognitive one, can irritate the other and provide an external stimulus for
the other system. The irritation induces a cognitive conflict. On the side of the indi-
vidual, this may lead to individual learning, and on the side of the social system, this
may lead to knowledge construction. So, both systems coevolve and mutually stim-
ulate each other. With concrete examples of knowledge processes in Wikipedia and
in a nutrition forum (Urkostforum), the authors show how their research empirically
builds on this model and which research methods fit their systemic approach.

The age of mass collaboration and information technology provides a new
opportunity to reexamine an old philosophical issue about what knowledge is and
who creates and possesses it. Chapter “What Is Knowledge? Who Creates It? Who
Possesses It? The Need for Novel Answers to Old Questions”, written by Aileen
Oeberst, Joachim Kimmerle, and Ulrike Cress (2016), provides an overview of
different approaches to these questions. The authors first review the traditional per-
spectives in philosophy and psychology. Philosophy has conceptualized knowledge
as justified true belief, whereas psychology tends to view it mainly in terms of
semantic memory, but both traditions have regarded knowledge as being located
within people’s minds. This individual perspective reaches its limits when consider-
ing how knowledge advances collaboratively in science. In situations such as scien-
tific collaboration, scientists are epistemically dependent on each other, as no one
person possesses the full scope of knowledge or the competency to justify it.
Knowledge claims become probabilistic rather than definitive. An alternative
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“social view” of knowledge emphasizes the collective nature of justifying knowl-
edge claims. This is also the view put forth by the systemic perspectives of chapter
“Mass Collaboration as Coevolution of Cognitive and Social Systems”.

These key considerations on the nature and relativity of knowledge from chapter
“What Is Knowledge? Who Creates It? Who Possesses 1t? The Need for Novel
Answers to Old Questions” are especially relevant when it comes to education. If
knowledge is socially constructed in a closed communication system, then we have
to ask, what validity the knowledge has that users create in mass scenarios? If we
use mass collaboration scenarios for education purposes, and if there not experts but
novices provide content, how can we then prevent users and masses from construct-
ing content without much validity? If it is not an expert or teacher who presents
what has to be learned, how can we make sure that those pupils’ collaborative pro-
cess leads to valid knowledge? Chapters “Stigmergic Collaboration: A Framework
for Understanding and Designing Mass Collaboration,” “Mass Collaboration as
Coevolution of Cognitive and Social Systems” and “What Is Knowledge? Who
Creates It? Who Possesses It? The Need for Novel Answers to Old Questions” may
not provide final answers but make us alert to these questions.

Chapter “From Distributed Cognition to Collective Intelligence: Supporting
Cognitive Search to Facilitate Online Massive Collaboration,” authored by Wai-Tat
Fu (2016), deals with the very basic question as to what collective intelligence is.
Coming from the cognitive tradition of describing humans as problem solvers
(Newell & Simon, 1972), he considers humans to be cognitive computational sys-
tems which process symbols in order to achieve goals. He posits that humans not
only process local information they have at hand but also retrieve distal symbol
structures by making use of external resources, like the information in the Web.
According to Fu, humans are intelligent if they achieve their goals by finding and
processing relevant information without much effort. Their “search control knowl-
edge” allows them to effectively process their internal symbol structures in order to
infer where the distal knowledge is. Efficient representations of their environments
furthermore make distal knowledge more accessible for individuals. Analogously to
his description of individuals as cognitive computational systems, Fu describes the
mass of users as a collective computational system. As a system, they collectively
develop search control knowledge and efficient representations to make their search
more efficient. Fu illustrates these processes with the example of social tagging
systems. Social tagging systems provide distal knowledge structures that allow the
users to extract knowledge. Tag reception and tag production shape the mental con-
cepts of users and provide search control knowledge. Over time, the mass develops
its own intelligence as it collectively develops and processes distal symbol struc-
tures such as tags. These tags are powerful representations of the information envi-
ronment. They shape the user’s internal knowledge and allow efficient search
processes and efficient problem solving. Fu’s chapter points us to the fact that col-
lective activities are not a means to themselves. They should lead to collective intel-
ligence, not just to collectively created artifacts. Fu proposes that collective
intelligence can be measured through the efficacy of search processes and through
people’s ability to find and exploit relevant resources. So, different from the more
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systemic approaches clarified in chapter “Stigmergic Collaboration: A Framework
for Understanding and Designing Mass Collaboration™ by Elliott (2016), chapter
“Mass Collaboration as Coevolution of Cognitive and Social Systems” by Cress
et al. (2016), and chapter “What Is Knowledge? Who Creates It? Who Possesses It?
The Need for Novel Answers to Old Questions” by Oeberst, Kimmerle, and Cress
(2016), Fu (2016) in chapter “From Distributed Cognition to Collective Intelligence:
Supporting Cognitive Search to Facilitate Online Massive Collaboration” sets up a
normative approach and suggests efficacy as a relevant criterion for mass
collaboration.

Cases of Mass Collaboration

The second part of the book contains chapters about concrete mass collaboration
environments and shows processes of learning and knowledge construction in these
environments.

In chapter “Patterns of Meaning in a Cognitive Ecosystem: Modeling Stabilization
and Enculturation in Social Tagging Systems,” Tobias Ley, Paul Seitlinger, and
Kai Pata (2016) deal with patterns of meaning in a cognitive ecosystem. They
show how users’ understanding and activities are shaped through their environment
and under what conditions users internalize meaning provided by their environ-
ments. Social tagging systems link external resources to internal categories. By
social tagging, users not only apply their own internal categories to describe
resources but also get to know the categories used by other users. The authors pres-
ent three studies. In the first, they observe the tagging behavior of learner groups
over 10 weeks. Their results show how over time the groups develop a shared
vocabulary and show a more specific level of categorization, which can be described
as knowledge acquisition. In a second study, the authors present a system that
observes a learner’s tagging and navigation behavior and identifies a user’s internal
categories. This predicts the users’ tag choices very well. The third study is a simu-
lation study. It provides evidence that the users’ tags converge over time. With the
three studies taken together, the authors show how individuals form meaning pat-
terns in interaction with their environment, how these patterns are amplified, and
how interaction with other people enhances taking on a cultural pattern. The three
studies not only provide interesting results, they also present a methodologically
high-level description of the interrelation between individual and collective pro-
cesses or between enculturation and development of cultural pattern in the language
of the authors.

Chapter “Individual Versus Collaborative Information Processing: The Case of
Biases in Wikipedia” deals with biases in collaborative information processing.
Aileen Oeberst, Ulrike Cress, Mitja Back, and Steffen Nestler (2016) ask
whether biases that are known from individual information processing are also rel-
evant in the socially negotiated, collective representations of Wikipedia. Do indi-
vidual biases translate into collective biases or do they level out in the process of
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collaboration? This chapter addresses two biases: hindsight bias and in-group bias.
Hindsight bias refers to the tendency to overestimate one’s previous opinion of the
likelihood of an outcome after the outcome is known. It is a robust and widespread
bias, difficult for individuals to avoid. In order to find out whether hindsight bias
exists in Wikipedia articles, the authors selected Wikipedia articles about events
(e.g., Fukushima Daiichi Nuclear Power Plant) and compared how the perception of
the likelihood of the events changed before and after the event. The results indicated
that hindsight bias in fact also exists in Wikipedia.

The other bias chapter “Individual Versus Collaborative Information Processing:
The Case of Biases in Wikipedia™ addresses is the in-group bias. It refers to system-
atic distortions that result from group membership: People perceive and represent
the group they belong to more positively than other groups. In order to examine
whether in-group bias also exists in Wikipedia, the authors compared different lan-
guage versions of the same international conflicts. Using an automated tool to esti-
mate similarity among article versions, they found that different language versions
originating from two populations involved in the same event were less similar than
two versions, written by one involved and one uninvolved nation, or the two ver-
sions written by two uninvolved nations. In sum, their findings indicate that
Wikipedia is not free from biases. The many revisions that a Wikipedia article nor-
mally undergoes and the explicit rule that each article must provide a neutral point
of view can obviously not protect an article to be biased. This is similar to individu-
als, who also cannot easily suppress their biases. They occur unintentionally and
automatically —may it be individual thinking or in collective knowledge creation.

Over the past few years, participation in mass collaboration environments has
grown dramatically. They support a diverse array of activities and practices such as
scientific research, teaching and learning, or gaming, involving diverse participants
including scientists, commercial enterprises, hobbyists, and students. Chapter
“Toward Participatory Discovery Networks: A Critique of Current Mass
Collaboration Environments and a Possible Learning-Rich Future” by R. Ben
Shapiro (2016) examines the learning potentials of these emerging mass collabora-
tion environments. In order to address this question, he lays out key pedagogical
design principles from learning sciences research and uses them to analyze four
mass collaboration environments: massive open online courses (MOOCs, also
described in chapter “Altogether Now! Mass and Small Group Collaboration in
(Open) Online Courses: A Case Study” by Eimler et al., 2016), science crowdsourc-
ing systems (e.g., citizen sciences as described in chapter “Citizen Science:
Connecting to Nature Through Networks” by Barron, Martin, Mertl, and Yassine,
2016), massive multiplayer online (MMO) games, and maker communities. His
analysis shows that these environments have different strengths and weaknesses.
Crowdsourcing systems may sometimes illustrate how a mass public can participate
in scientific discovery, and yet their roles are so marginal, they are not likely to learn
anything deeply. In contrast, MMO games can support deep peer-supported appren-
ticeship for learning, though thus far this learning has been about the properties of
imaginary digital worlds. MOOCs show that there is a huge public interest in learn-
ing about academic topics, but that the lack of social context or peer support for
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learning and knowledge production can severely hamper participation. MakerSpace,
a rapidly emerging community that connects face-to-face collaboration around the
design and creation of tangible products, encourages people to creatively express
themselves through design, craft, and engineering. They demonstrate how primarily
local collaboration projects are connected to broad networks of participants through
crowd funding and resource sharing. In conclusion, Shapiro argues for recombining
design principles from learning sciences with some of the design characteristics of
these systems. He illustrates what might be possible when these environments are
informed by solid research in how people learn with the participatory discovery
network (PDNs).

Chapters “Coding by Choice: A Transitional Analysis of Social Participation
Patterns and Programming Contributions in the Online Scratch Community” and
“Supporting Diverse and Creative Collaboration in the Scratch Online Community”
both deal with Scratch, an online community developed from the MIT, where users
can use an easy-to-learn program language, program their own games, and make
them accessible for others. Users can comment on other work, but also use it as a
building block for their own work. Chapter “Coding by Choice: A Transitional
Analysis of Social Participation Patterns and Programming Contributions in the
Online Scratch Community” gives an overall impression of the participatory activi-
ties of users resulting from the observation of about 5000 users, whereas chapter
“Supporting Diverse and Creative Collaboration in the Scratch Online Community”
provides five use cases that show the emergent nature of this collaboration. What
follows below are more details about each of these chapters.

Chapter “Coding by Choice: A Transitional Analysis of Social Participation
Patterns and Programming Contributions in the Online Scratch Community” of
Deborah A. Fields, Yasmin B. Kafai, and Michael T. Giang (2016) examines
Scratch to understand its dynamics at a collective level. They observed a sample
population of about 5000 Scratch users over 3 months. Their analysis first showed
that only about half of these users created a project, while the rest did not engage in
any online activities other than loggings. Latent class analyses additionally revealed
that there are five classes of project creators on the Scratch site: Low Networkers,
Downloaders, Commenters, Networkers, and High Networkers. All five classes of
users were present in the first month of data collection, but gradually disappeared or
were on the way to disappearance, except for a large group of Low Networkers and
a small group of High Networkers. The increase in the Low Networker group was
most noticeable among newcomers to the site. The duration of the membership in
the Scratch site was related to user class type, so that the probability of being a High
Networker increased with the length of membership, although the pattern of the
relationships was not straightforward. Gender played a marginal role in terms of
how users participated in the community, an uncommon finding in programming
communities that are generally known to have a low representation of females. In
many online communities, the activity is driven by only a small number of users.
This evidently suggests that experience of the users is important in active participa-
tion, but more work is needed to be done to understand the kinds of experiences that
are likely to prompt users to stay active and to assist users in developing participa-
tory competencies in mass collaboration communities like Scratch.
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Whereas chapter “Coding by Choice: A Transitional Analysis of Social
Participation Patterns and Programming Contributions in the Online Scratch
Community” provides an overall view on participation in Scratch, chapter
“Supporting Diverse and Creative Collaboration in the Scratch Online Community”
gives more fine-grained insights into the synergic potential of mass collaboration.
Ricarose Roque, Natalie Rusk, and Mitchel Resnick (2016) present five cases of
emergent collaborative activities that vividly demonstrate the creative potential of
mass collaboration. They describe, for example, “MrBreakfast,” a middle school
student, who creates a contest: He asked other Scratch members to design some-
thing using a simple line drawing which looked like a caterpillar. But the partici-
pants were not allowed to draw a caterpillar. His contest inspired more than 200
remixes where users found highly creative solutions, remixed projects, and built on
each other’s work. Processes like this one show the dynamic and creative potential
of mass collaboration. In the most positive cases, people develop shared interests
and effectively use the community and crowdsource for ideas, projects, or elements
of a new project. They receive support from the community of other creators, and
they learn through peripheral as well as through proactive participation. This is
exactly where mass collaboration becomes especially relevant for education.

Chapter “Citizen Science: Connecting to Nature Through Networks,” written by
Brigid Barron, Caitlin K. Martin, Véronique Mertl, and Mohamed Yassine
(2016), deals with an important application of mass collaboration: citizen science.
It is an old idea from the early 1900s that citizens might be able to support science,
for example, by identifying and documenting species they encounter in their envi-
ronment. Digital technology has significantly enhanced the potential for citizen sci-
ence and made the possibility of mass collaboration more widespread and interactive.
Citizen science projects typically are interest based, and people participate in infor-
mal contexts. The chapter describes how citizen science can become part of learning
and teaching in formal education in a small group of classroom learners. It provides
an interesting and lively description of how citizen science is implemented in a
school curriculum and what challenges it holds for teachers. The chapter is mainly
focused on how teachers can implement citizen science, and how this improves
pupils’ competences, such as those described in the Next Generation Science
Standards in the USA (NGSS, 2013).

In chapter “Altogether Now! Mass and Small Group Collaboration in (Open)
Online Courses: A Case Study,” Sabrina C. Eimler, German Neubaum, Marc
Mannsfeld, and Nicole C. Krimer (2016) deal with the problem that mass col-
laboration is not always as effective or attractive as is often expected. They consider
the fact that many massive open online courses have a very high dropout rate and
very low participation. To overcome this participation problem, they developed a
course concept that combines small and large group interaction. Using a basis of
social psychology theories, they compared individual learning with small and large
group collaboration and identified barriers and motivators. In their chapter, the
authors describe their experiences with an online course where they mixed collabo-
ration of small groups in a forum with mass interactions in a wiki. Log file analysis,
questionnaire data, and in-depth interviews were used to evaluate the course. They
conclude that this mixture of small group and large group interaction led to
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promising results in terms of satisfaction, learning outcomes, and course comple-
tion rates. In the small group collaboration, participants were intensively engaged in
the group activities, felt responsible for the results, and wanted to avoid negative
evaluations by the other learners. In the large group interaction, they profited
from the diversity of the group and the opportunity to broadly discuss the course
topics. The authors conclude that the different interaction formats have specific
strengths that should be combined and that they are applicable to other contexts
and platforms.

Chapter “Socio-Technical Procedures of Facilitated Mass Collaboration for
Creative E-Participation” —the last chapter of this second part—deals with another
case of mass collaboration in the context of e-participation, where communication
tools are used to run a democratic dialog among citizens. Herrmann (2016)
describes a citizen dialog where more than 400 citizens took part in a round of meet-
ings to collect ideas on how to deal with societal problems. The mass of participants
was divided into groups of about ten members each, sitting around a table. The
chapter describes the processes of participation and sharing of ideas among and
across these groups. The results of each group table discussion were collected and
made manifest in notes that were then shared among all the groups. These notes
were the basis for the final report. Thomas Herrmann nicely shows that this process
was not at all smooth: Stimulating creativity, participation, transparency, and the use
of expert knowledge were all found to be lacking. For example, at each meeting,
there were one or two opportunities to present the highlights of the discussion from
a certain table to the other tables. This task was mostly taken over by the opinion
leaders, and the continuously growing body of notes that evolved at each table was
never made available to other tables. The citizens were not included in a real group
decision process that determined the final result. The result was represented by the
report, which was compiled by a separate editorial board, and again, the participat-
ing citizens had no influence. We may hope that the special case that is described
here is just a very negative example of how e-participation processes might take
place in our society. However, we may fear that this describes a rather prototypical
case. Thomas Herrmann’s contribution reveals where the idea of e-participation
failed in a concrete scenario, and he makes concrete suggestions how technology
could support and improve this kind of mass collaboration.

Methods to Analyze Processes of Mass Collaboration
Empirically

In the third part of the book, some contributions are collected that deal with the
need for new and innovative methodological approaches to handle data resulting
from mass collaboration.

Chapter “Theoretical and Empirical Analysis of Networked Knowledge” by
Iassen Halatchliyski (2016) provides a theoretical and analytical approach to
study networked knowledge being constructed in online mass collaboration
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communities. It describes a theoretical framework for analyzing the co-creation of
interlinked artifacts. It views online communities as complex systems in which net-
worked knowledge emerges from the specific interconnections among knowledge
artifacts. He proposes network analysis as a means of examining the development
of knowledge, and he shows how this can be done concretely in Wikipedia and
Wikiversity communities. He presents three empirical studies that demonstrate dif-
ferent approaches. With measures of centrality, he first identified pivotal articles
within the text corpora of these communities. A cross-sectional analysis revealed
the relation between these pivotal artifacts and the experience and centrality of their
authors. A further longitudinal analysis showed the role of pivotal artifacts in the
subsequent development of networked knowledge. His results show that pivotal
articles attracted new knowledge, a mechanism he discusses as “preferential attach-
ment.” Finally, he applies another network method: the main-path analysis. This
more fine-grained analysis observes the influence of pivotal contributions over time.
Altogether his contribution nicely shows the potentials of network analysis for ana-
lyzing mass collaboration. He shows how the structure of artifacts shapes its devel-
opment, providing an example of the stigmergy approach theoretically presented in
the contribution of Marc Elliott in chapter “Stigmergic Collaboration: A Framework
for Understanding and Designing Mass Collaboration” (Elliott, 2016). In the figura-
tive language of stigmergy, the anthill shapes the ants’ activities. In Halatchliyski’s
words, it is the structure that shapes the dynamics.

Chapter “Applying Network Models and Network Analysis Techniques to the
Study of Online Communities” by H. Ulrich Hoppe, Andreas Harrer, Tilman
Gohnert, and Tobias Hecking (2016) elaborates on three different methods of
social networking analysis (SNA) that could be used to research mass collabora-
tion. The authors provide an overview of network science to suggest a more general
paradigm for studying the structure and development of networks. They differenti-
ate among three relevant methods and provide examples from network collabora-
tion in learning contexts that are (or could be) analyzed using these methods. In the
first example, SNA could be used to identify central actors and roles within a net-
work. This allowed for analyzing the structure of a network (e.g., the network of
learners within a classroom wiki) and its development over time. In addition, these
results could be used to provide feedback to the actors and support them in their
reflections upon their collaboration, for example, with the goal of enabling the equal
participation of different members. In the second example, SNA was used to iden-
tify and track subcommunities within a network and capture their overlaps. In future
work such analyses could be used to detect brokers of information that mediate
among subgroups. In the third example, SNA provided techniques to characterize
the evolution of ideas in actor-artifact networks. This is relevant to identify knowl-
edge building within a community. This again allows for describing and analyzing
mass collaboration on the one hand and supporting the collaboration by providing
feedback about the ongoing process on the other hand.

Chapter “Mass Collaboration as Coevolution of Cognitive and Social Systems”
by Ivan Habernal, Johannes Daxenberger, and Iryna Gurevych (2016)
provides an overview of natural language processing as a method for analyzing
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mass collaboration in educational settings. Natural language processing allows
extracting and analyzing information from collaborative artifacts and other tex-
tual data. This method is suitable to handle the unstructured or semi-structured
content that typically results from online mass collaboration. Given the large
amount of data produced by the users in wikis, Web forums, or blogs, it is not
possible to analyze the process and results of mass collaboration manually. So
natural language processing is a highly useful tool for discovering knowledge
construction and argumentative structures in natural language texts. In their
chapter, the authors present a study where so-called edit-turn-pairs were ana-
lyzed. An edit is any modification of a Wikipedia article, e.g., a correction of
spelling errors or an addition to content, while a turn is the corresponding edit on
the discussion page of the same article. Based on a model that includes identifi-
ers such as the similarity between edits and turns, the user name, or the time
difference between the two edits, the authors developed a machine learning clas-
sifier which can automatically recognize corresponding edit-turn-pairs in
Wikipedia articles. In another study, they analyzed the persuasiveness and argu-
mentativeness of online documents. Their supervised machine learning system
can be used for automatic argument analysis, classification, and summarization.
Their results highlight the relevance of NLP for the analysis of mass collabora-
tion in the educational domain, that is, for the detailed analysis of collaborative
writing or computer-supported argumentation.

In chapter “Identification of Causal Effects in the Context of Mass
Collaboration,” Olga Slivko, Michael Kummer, and Marianne Saam (2016)
review econometric approaches that deal with the problems of identifying causal
relation within observational data. How can our research designs allow interpret-
ing that some factors causally affect others? The authors discuss the use of quasi-
experimental methods as a solution for these problems. These ‘“natural
experiments” follow an experimental design by comparing data with a base line,
but have a high external validity. In their chapter they give an overview of how
quasi-experimental methods can be used to analyze mass collaboration. They
introduce econometric methods and present examples focusing on the production
of knowledge in the Wikipedia. A natural experiment is possible if an environ-
ment (e.g., Wikipedia) experiences a large and unpredictable shock (e.g., the
blocked access to Chinese Wikipedia from mainland China; cf. Zhang and Zhu,
2011). Such a situation allows clear differentiation between an exogenous vari-
able (e.g., a natural disaster with sudden onset) and the resulting dependent vari-
able (the number of readers and updates; cf. Kummer, 2013). Because natural
experiments occur naturally within a specific time frame, the resulting observa-
tional data can be analyzed after the occurrence to identify causal relation. This
allows in turn for combining the benefits of real-world observational data and
experimental variation as preconditions for the interpretation of causality. If such
shocks are unpredictable and random, they are not influenced by the existing envi-
ronment (e.g., Wikipedia) or the measured dependent variables (e.g., the link
structure of the Wikipedia). In this way, such occurrences can be used to analyze
causality (e.g., how attention spills across links).
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Research Challenges and Future Directions

What have we learned about mass collaboration after having considered this variety
of theoretical approaches, case studies, and statistical analyses? What have we
already achieved, what is still open, and what are the challenges for future research?
We cannot provide an extensive review here, but we see four particularly relevant
open questions and associated challenges.

Integrating Multifaceted Concepts and Theories

We are still far from having a unified theory of mass collaboration. Different authors
have different understandings and provide different definitions of mass collabora-
tion. Some highlight the development of artifacts as a main aspect, while others
emphasize the interactive processes that range from participation, coordination,
cooperation, to collaboration. Some authors describe the special spirit of mass col-
laboration can engender or focus on the negative results when this spirit does not
unfold and people do not develop a shared identity. When reading through the dif-
ferent chapters, it becomes clear that perhaps there never can be one view on mass
collaboration. On the contrary, we may seek to profit from the manifold approaches
as they all shed light on different aspects of mass collaboration. We need to under-
stand how different perspectives can complement each other and form an integrative
view on mass collaboration. The cognitive view can show how knowledge is repre-
sented in individuals, how it is represented and structured in the digital environ-
ment, and how both kinds of knowledge interact. It can help us further to predict
what knowledge an individual is likely to acquire. Complementing this perspective,
the systemic view can be used to show the special dynamics of processes going on
in masses of people. It may help us to see the dynamic process of knowledge cre-
ation happening in the group. It might, for example, remind us, that masses of
minds—like individuals—develop systematic biases. The systemic view empha-
sizes the autopoietic character of mass collaboration and shows the relevance of
norms for its dynamic development. The stigmergic view can further help us to
understand the affordances of the environment. It shows how artifacts shape indi-
viduals’ behavior and implicitly coordinate the behaviors of masses of users.

All these examples show that the learning sciences can benefit a lot from consid-
ering concepts and theories that have been developed in other disciplines to describe
relevant aspects of mass collaboration. Mass collaboration is a complex phenome-
non. It may be applied to learning and education, but it is much more than that. This
is why research in the learning sciences and in CSCL needs to take into account
concepts that come from biology, psychology, economics, sociology, philosophy,
and other disciplines. Mass collaboration just started to become a relevant research
topic for CSCL and the learning sciences, but we need not to start from the scratch.
We can and should take into account and refer to the research about mass behavior
that has been already done in other disciplines.
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Elaborating the Notion of the Special Spirit of Mass
Collaboration and Its Relation to Learning

What makes mass collaboration so dynamic and special is the spirit that mass pro-
cesses can exhibit. The feeling of being part of a large mass of learners and the
identification with a highly active and lively community can serve as strong motiva-
tors for the participation of individuals. But how does the experience of belonging
to a mass of learners engender such a spirit? Is the main motivator for an individual
to be part of the mass of learners? Does a learner in fact need to collaborate, in order
to have a special benefit? For example, would a higher amount of collaboration with
others and a stronger feeling of being part of the community reduce the high drop-
out rate that we often find in MOOCs? Or would e-participation work better, if there
was more collaboration among the participants and they exhibit this special spirit?
Is it possible by any chance that this special spirit leads to more biased and polarized
discussions? Furthermore, are platforms like Scratch so successful because the
users can present their work to such a large audience, or is it because the community
develops a special sense of spirit in the process of remixing and referring to each
other’s work? In answering these questions, we can benefit from the research on
group identity (Tajfel, 2010; Turner & Reynolds, 2010). Groups and social identi-
ties can exhibit a very strong effect on motivation. If we want to promote learning,
however, we have to take into account the fact that such group-related processes can
induce biases in information processing. We should aim for creating situations and
environments where the group can make use of the heterogeneity of users and their
different expertise, but not situations where the group exhibits a biased information
processing.

Exploring Mass Collaboration as a Means to Overcome
the Digital Divide

The book we introduced here considers mass collaboration in the context of educa-
tion. Education is one of society’s central responsibilities. It is not enough to merely
describe processes of mass collaboration. We also have to ensure that the processes
we propose lead to high-level learning outcomes for as many people as possible.
Mass collaboration allows individuals to participate in the construction of knowl-
edge, in the sharing of ideas, in the development of products and services, and in the
processes of decision-making. It can lead to more equality and democratization of
the society. But it is well known that the growth of the Internet simultaneously also
strengthened the so-called digital divide, that is, the inequalities between people in
different socioeconomic or other demographic categories (Norris, 2001). Not hav-
ing access to information technology in general (e.g., a Web-enabled computer),
language barriers, or deficient media literacy can all prohibit participation. How can
we make sure that underprivileged people be supported in becoming active and
autonomous members of a community or society in mass collaboration? The main
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concern may be that mass collaboration may not provide enough structure and
incentives for people with low motivation and fewer abilities. It may be the case that
the highly self-organized form of mass collaboration overburdens them even more
than standard learning settings. This may be a risk, and we have to be aware that the
success of mass collaboration for education strongly depends upon whether the key
process of learning and collaboration is implemented in all groups of learners. We
may need additional structure or script processes of mass collaboration in order to
ensure that no learner is left behind. However, it is not clear how such an externally
given structure interacts with the dynamics that result from the self-organization of
the group. Self-organized bottom-up processes might compete with the instructions
that are provided top down. Answering these questions and developing mass col-
laboration environments that can ensure wide participation of learners may be per-
haps the most significant challenge for the future.

Developing and Applying Adequate Research Methods
to Deal with the Vast Amount of Data

With regard to methodology, it is evident that there is a big gap between the analytic
tools available to us and the kinds of questions we want to address with the data
generated in various mass collaboration environments. Analyzing mass collabora-
tion requires new research methods that can deal with big data that stem from highly
dynamic and circular and self-referential processes, where the community influ-
ences individuals and vice versa. This book described a few tools that are already in
use such as social network analysis and natural language processing. We also note
that relevant methodological discussions are being carried out in areas of learning
analytics, big data analysis, and visual computing. It is hoped that these methods
will allow us to analyze more efficiently how learning takes places in mass collabo-
ration settings. Additional methods need to be developed to complement qualitative
analyses of single users and traditional experimental studies so as to deal with the
highly dynamic processes going on in mass collaboration.

Conclusion

The goal of our book is to encourage scientific discussion about the fascinating
phenomena of mass collaboration. Existing theoretical frameworks and research
approaches have helped us to describe, understand, and design mass collaboration
and education. But current theories and methods are still insufficient and sometimes
even inadequate to deal with the unique processes occurring at the mass level. We
hope that this book bring us one step closer to a more elaborated understanding of
how masses of people can come and work together to develop new knowledge and
achieve things that were previously unimaginable.
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A Brief History of Mass Collaboration: How
Innovations Over Time Have Enabled People
to Work Together More Effectively

Allan Collins

Origins of Mass Collaboration

Mass collaboration involves people working either together or separately and sharing
ideas to advance society. Sometimes they are pursuing common goals and some-
times they are pursuing individual goals, but even in the latter case, their individual
efforts may lead to benefits for the whole society. For example, a few people work-
ing on Wikipedia are clearly focused on making it the most accurate and informa-
tive resource possible. But most others are pursuing their individual goals of
providing information about some topic they care about or making sure what is
written is grammatically correct. Wikipedia provides a platform where people with
different goals and interests can work separately, while contributing to the greater
good. In this way it enables mass collaboration to take place. But for mass collabo-
ration to occur, most participants must actively work to improve the information in
Wikipedia. Our goal in the paper is to show how different innovations over history
have provided new ways for societies to engage in mass collaboration. For a media-
centric view of this history, see Fig. 1 in chapter “Exploring, Understanding, and
Designing Innovative Socio-Technical Environments for Fostering and Supporting
Mass Collaboration” by Fischer (2016).

I date the beginning of mass collaboration to the evolution of our species, but
some might date it back even further to the development of cultural evolution.
Cultural evolution got started when sentient animals started passing on their ways
of knowing and doing to succeeding generations. Many writers have noted how
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cultural evolution goes much faster than genetic evolution. But our species has
figured out how to speed up cultural evolution. As Matt Ridley (2010) points out,
early humans (such as Neanderthals) were content to make the same stone tools to
hunt and cut their meat for over a million years. What he finds incredible is that the
stasis that characterized mankind and other species came to an end with Homo
sapiens. We are a species of mass collaborators.

The reason why I start with the evolution of our species is the surprising fact that
among the remains of our ancient ancestors you find goods, such as seashells, that
traveled hundreds of miles, whereas no such signs of barter are found among
Neanderthals. As Ridley argues, barter was the first great invention of mankind that
made innovation possible. The more people exchange goods, the more they special-
ize. And the more they specialize, the better they get at producing things. Other
species trade favors (you scratch my back and I'll scratch yours), but Ridley argues
that we are the only species on Earth that actually trades goods.

The division of labor made possible by exchange led to a quiet revolution in
learning—a speed up in cultural evolution. As people get better at producing par-
ticular goods, trading becomes more profitable and so more and more people begin
to specialize in what they can best produce. It creates a virtuous cycle of ever-
increasing trade, specialization, and learning.

The Development of Cities

The next invention of mankind leading to greater mass collaboration was the birth
of cities, where people aggregated to specialize in particular trades and profes-
sions. As Steven Johnson (2010) points out, when you measure creativity in terms
of patents, research and development budgets, inventors, and creative professions,
a city that is 10 times larger than another is 17 times as creative. The reason cities
are so creative is that people in cities come in contact with a greater variety of
ideas. By putting together old ideas, we create new ideas. So cities provide the
basic fodder for innovation and invention. Most people in cities outside of govern-
ment are pursuing their own goals, but they are sharing ideas that provide the
impetus for advances in society.

It has long been noted that some communities become centers of creative
energy and innovation in particular specializations. For example, in the small city
of Cremona, Italy, during the sixteenth to eighteenth centuries, there developed a
tradition of violin making that has never been equaled anywhere in the world.
Andrea Amati in 1564 is credited with developing the modern shape of the violin
and the characteristic amber-colored varnish of the Amati instruments. His two
sons followed him as string makers and his grandson Niccolo trained the founders
of the other great violin-making families of Cremona, Andrea Guarnieri and
Antonio Stradivari. The two sons of Andrea Guarnieri developed their own refine-
ments on the Amati design, and one is credited with moving the F-holes further
apart to improve the resonance. Antonio Stradivari, who is the most famous of the
violin makers of Cremona, devoted his life to perfecting the design of the violin.
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His improvements consist chiefly in lowering the height of the arch of the belly,
making the four corner blocks more massive, giving greater curvature to the
middle ribs, altering the setting of the sound holes, and making the scroll more
prominent. The flowering of creativity in Cremona is a story that has many par-
allels in history.

The most famous recent story of such a concentration of industry and creativity
took place in Silicon Valley, California. This story began when the vice president of
Stanford University decided to help William Hewlett and David Packard start their
own electronics firm, Hewlett-Packard, by providing capital and setting up a
research park on Stanford land. Other occupants soon followed. The Research Park
became the nucleus for the growth of Silicon Valley. It created a synergistic relation-
ship, where Stanford benefited from the proximity of the new high-technology firms
that were started by its staff and students, and the firms benefited from the rich
source of knowledge and personnel that Stanford drew to the area. Many of the new
startups in Silicon Valley were spun off from the early firms, so that it is possible to
construct a kind of genealogical chart of the growth of firms in the Valley. Clearly
ideas and techniques have spread easily from firm to firm, as, for example, the user-
interface approach developed at Xerox spread to Apple and then to Windows. The
strategies for supporting creativity in Silicon Valley are being widely copied in
many other places with greater or lesser success.

Paul Krugman (1991) describes how the early twentieth century economist
Alfred Marshall explained the concentration of industries, in such places as Cremona
and Silicon Valley. Marshall cited three basic reasons. First, Marshall cited the
pooled market: “Employers are apt to resort to any place where they are likely to
find a good choice of workers with the special skill which they require; while men
seeking employment naturally go to places where there are many employers who
need such skill as theirs and where therefore it is likely to find a good market”
(p- 37). Second, such a center provides specialized products and services, such as
hairdressers and film editors in Hollywood: “Subsidiary trades grow up in the
neighborhood, supplying it with implements and materials, organizing its traffic,
and in many ways conducive to the economy of the material” (p. 37). Third, infor-
mation flows more easily: “The mysteries of the trade become no mystery; but are
as it were in the air...Good work is rightly appreciated; invention and improvements
in machinery, in processes and the general organization of the business have their
merits promptly discussed: if one man starts a new idea, it is taken up by others and
combined with suggestions of their own; and thus it becomes the source of further
new ideas” (pp. 37-38).

Marshall argues that specialized communities develop many varieties of exper-
tise and that this knowledge flows through the community leading to new inventions
and innovations. A close-knit community fosters expertise and refinements of prod-
ucts and processes, whereas outside influences and demands foster creativity. In a
close-knit community, there are multiple exemplars of expert practice to learn from.
Hearing the latest developments and watching them unfold provides a powerful
learning environment. At the same time, it is necessary to understand what the out-
side world is thinking and to develop new ways to meet the demands and opportuni-
ties that the outside world offers.
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John Seely Brown and Paul Duguid (2000) in their book The Social Life of
Information elaborate on Marshall’s third point, by developing an ecological
metaphor to explain the success of Silicon Valley. They describe the Valley as made
up of a set of firms and a crosscutting set of “networks of practice,” which link the
different communities of practice (Wenger, 1998) within each firm to the wider
community within the Valley. For example, there are separate networks of computer
engineers and graphic designers. These networks of practice form the connections
through which ideas and techniques move through the Valley, since the members of
each network have many informal ties to each other. “Knowledge that sticks within
firms quickly finds ways to flow between them, as if seeking out the firm with the
most suitable complementarity. In such circumstances, as firms keep a constant
benchmarking eye on each other, the ecology develops as a whole. Both invention
and innovation develop rapidly and together...” (p. 165). Further, they argue that
failure of some firms may benefit the ecology as a whole. They cite the failure of the
firm Zilog as seeding the Valley with local-area-network entrepreneurs. Finally,
they argue that living in close proximity is essential to the success of the Valley. “In
the Valley, people live in and out of each other’s pockets, and this helps them see
what’s doing, what’s doable, and what’s not being done. This close proximity not
only shows how to attack a particular niche, it provides the ability to see a niche
before it is visible to most eyes” (p. 168).

The Invention of Writing and Printing

The next great invention of mankind to foster mass collaboration was writing.
Writing first developed in the Near East 5000 years ago. The first uses of writing
as far as we know were commercial, to keep records of trades that were made. The
records were carved into stone tablets. Early writing was in hieroglyphs or picture
writing, where the symbols used often resembled the objects depicted. As writing
evolved, the symbols became more abstract in an attempt to express a wider vari-
ety of ideas.

Writing had two kinds of effects on the exchange of ideas. It allowed people to
share ideas at great distances and to hand down ideas to later generations. So
Copernicus in Poland could write a book about his idea of a sun-centered solar
system, which Galileo in Italy some 50 years later read and promulgated widely
with his discovery of the moons rotating around Jupiter, like the planets rotate
around the sun.

Walter Ong (1982) has argued that “study” became possible only when there
were written records. Writing down ideas makes them easier to evaluate and chal-
lenge and thus to be modified and refined over time. This was critical to the develop-
ment of history, mathematics, and science. By writing things down, people found
they could work through ideas much more thoroughly and could go over them later
to reflect on and improve. Darwin’s journals clearly illustrate the power of writing
for thinking more deeply.
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It is inconceivable to envision sophisticated mathematics without the invention
of writing. Mathematics was transformed by the development in ancient India of
what we call Arabic numerals. The critical number zero was first recorded in India
in the ninth century BCE. It is very difficult to make computations such as multipli-
cation with the Roman numerals used in the Roman Empire. Nor did the Romans
have a way to represent zero. Hence, the introduction of Arabic numerals was criti-
cal to the evolution of mathematics and science.

The next great advance in the history of communication was the invention of the
printing press. Printing was first developed in China, first with woodblocks in 220
CE and later with moveable type in the ninth century. They produced printed works
on cloth and later on paper. Printing and paper came to Europe in the Middle Ages
and a revolution in book making came with Gutenberg’s printing press around 1450.
His Gutenberg Bible in 1455 proved the value of printing, and the invention spread
across Europe. Printing in turn led to widespread demand for literacy and a prolif-
eration of books. Elizabeth Eisenstein (1979) argues that the invention of the
Gutenberg printing press was the precipitating cause of the Protestant Reformation
and the rise of universal schooling.

Bruno Latour (1986) argues that it was the invention of “immutable mobiles,”
such as books and maps, that was critical to the development of science. His term,
immutable mobiles, emphasizes the permanence of the records and their widespread
distribution. Universal schooling was ultimately a product of printing, and hence
schooling is centered on the major products of literate thought, namely, reading,
writing, history, mathematics, and science.

The Development of the World Scientific Community

The printing press gave rise to a new phenomenon, the worldwide scientific com-
munity, which constitutes one of the major steps forward in mass collaboration.
The scientific community evolved a variety of norms and structures to support the
development of new ideas and new methods for making sense of the world. One
major structure was the formation of scientific journals in different fields, with
control exercised by peer review to ensure that published works demonstrated
sound reasoning, methodology, knowledge of prior literature, and presentation and
analysis of data. The other major structure that the scientific community created
included regular meetings where scientists present their findings to their peers and
face questions about their work and their methodology. This feedback helps them
to interpret their findings and provide better evidence and arguments to support
their conclusions.

In conjunction with these institutional structures, the scientific community also
developed a set of norms to ensure that steady progress in science would be made.
Perhaps the most important norm is objectivity, which is aimed at insuring that
scientists minimize their inherent biases, which can distort the data collected and
the conclusions drawn from the data. Another established norm is replication,
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which requires specification of all critical aspects of the methodology so that
other researchers can repeat the study to determine if they will find the same
results. A norm often ignored by senior researchers is equal standing, which
requires that all scientists are treated equally, and their arguments are judged not
on their personal authority but on the logic and evidence presented. Another norm
is sharing of raw data, so that other researchers can analyze the data in other ways
to assess the validity of the conclusions drawn from the data. This norm prohibits
withholding of data and has led further to sharing of materials used in experi-
ments to support replication.

The success of the scientific community in spawning valuable ideas and products
has led governments and corporations to fund ever more extensive research and
development. This funding has led to a proliferation of scientific laboratories and
ever-increasing numbers of practicing scientists. There has been a parallel explo-
sion of tools and methods for conducting experiments and analyzing data. Science
is a growth industry devoted to exchanging ideas and refining our understanding of
the world.

The Invention of the Internet and Web

The last great invention for spreading mass collaboration is the Internet and its digital
offshoots, such as smart phones and the web. These act in many new ways to foster
collaboration among people around the world. New forms of collaboration such as
flash mobs, Wikis, massive open online courses (MOOQOCs), collaboratories, crowd-
funding sites, and web communities reflect the different ways that people are orga-
nizing themselves using the Internet to communicate and impact the world. As Clay
Shirky (2008) argues, the Internet makes collaboration much easier, and so new
forms of collaboration are evolving to do things that were never possible before.

Web communities were perhaps the first new way that collaboration developed
on the Internet. Most specialized fields have formed web communities where they
share their latest insights and work. Web communities are also a powerful new way
for learners to develop expertise. Barron (2006) describes how a high school girl
found a website called xanga.com where digital artists talk about and share their
work. She learned much by studying the source code that the artists used to produce
the works she found most appealing. Web communities provide a new way to learn
and share work.

Black (2009) has been studying English language learners who participate in a
fan fiction site (fanfiction.net) where they write their own stories, taking off from
books they love, such as Harry Potter. To help learn English the girls she studied
wrote stories on the site, with help from readers on the site who would correct their
spelling and grammar. Black argues that participation fostered their literacy devel-
opment in three ways: (1) It provided a sense of belonging to a community, (2) it
provided confidence for attempting more complex endeavors, and (3) it enabled
them to develop identities as accomplished creators and users of English.
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As another example, Resnick et al. (2009) have developed a web community
around Scratch, a sophisticated computer-programming environment for children.
On the Scratch bulletin board, users can show off their work and receive feedback
and questions from other users. One young girl developed a tutorial for other kids
describing strategies for creating animé characters in Scratch. She received many
comments applauding her for providing such a useful guide, as well as suggestions
for additions to her tutorial.

Collaboratories have sprung up across the scientific world in recent years (Finholt
& Olson, 1997). They make it possible for the greatest scientists in a field to work
together on projects in a way that was never possible before the Internet. Scientists
in collaboratories share experimental designs, data, specialized tools, preliminary
results, and interpretations and publish their findings in a way that only colocated
researchers did in the past. Many of the collaboratories focus their work around the
use of expensive tools such as electron microscopes, telescopes, super computers,
and modeling tools used to study complex systems like the economy and climate.
Fields like biology, physics, and climatology have developed a pattern where large
teams of researchers at different locations work together to make advances in the
field. Collaboratories have become the norm in these fields.

Digital libraries have grown up in recent years to support the collaboratories
developing in the sciences. Digital libraries have capabilities beyond traditional
libraries. They can provide tools and data files of videos, animations, satellite data,
and model runs under different input conditions. The storage capacity of digital
libraries is many times greater than traditional libraries, and access to their resources
is available in researchers’ labs, offices, and homes. They multiply our access to
resources that support collaborative innovations.

The web’s support of many new forms of publication has been critical to the
growth of mass collaboration. Publication is critical to spreading ideas widely
through society. The web is the first medium that allows everyone including chil-
dren to get their message out. Through outlets like electronic journals, blogs, bul-
letin boards, YouTube, Flickr, Facebook, Twitter, Wikipedia, and Epinions, masses
of people are sharing their thoughts and ideas with the world.

Clay Shirky (2008, pp. 31-39) points out how Flickr has become a clearinghouse
for photographs showing events that media organizations cannot cover. For exam-
ple, when terrorists attacked the London transit system, the first photos went up on
Flickr documenting the destruction in the sites that were attacked. Similarly when
an earthquake in the Indian Ocean triggered a tsunami, photos of damage in differ-
ent places and some of the missing people appeared with the “Tsunami” tag on
Flickr. Shirky (2008, p. 36) tells the story of how one missing child’s body was
tracked down from a photo on Flickr. Similarly in Thailand, when the army pre-
vented the media from reporting on a coup, people started using Flickr and Wikipedia
to report on events that were happening in response to the coup. The web is becom-
ing the source for instant reporting and analysis of what is happening in the world.

There are now many stories about how Twitter, Facebook, and other new media
have been used to organize collective actions such as flash mobs and public pro-
tests. In Egypt, the Tahrir Square protests that brought down President Mubarak
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were largely organized through using these new media outlets. Shirky (2008,
pp. 144-148) argues that the new media were critical to organizing the Catholic
group Voice of the Faithful to protest the Church’s unwillingness to deal openly
with the clergy sex scandal that rocked the Church during the 2000s in America.
The new media are increasing the power of non-elites to organize and press for
reforms in institutions throughout society. This may well hasten the spread of
democracy to the rest of the world.

The power of the people is also showing up in crowdfunding to collect money
for new projects. Crowdfunding has been used to collect funds for disaster relief,
political campaigns, making movies and records, and funding startup companies.
A large number of websites have sprung up, such as ArtistShare and Kickstarter, to
support crowdfunding. Even scientists have started to go to crowdfunding to get
money to fund their research projects, often in the health sciences where there are
constituencies interested in finding cures for different diseases. More and more
people with a new idea are going to follow the model of public television and radio
to collect money from everyday people who have an interest in seeing innovative
projects happen.

Massive open online courses (MOOCSs) may or may not have a large effect on
education broadly speaking, but they are clearly bringing the best teachers in the
world to people in far-flung parts of the world. As one example, Harvard and MIT’s
edX offered a circuit course as a MOOC, which a class of high school students in
Mongolia took. One 15-year-old Mongolian student had a perfect score on the final
exam, and a few years later, he enrolled as a scholarship student at MIT. In the first
MOOC offered by Stanford computer science professor Sebastian Thrun on artifi-
cial intelligence, taken by thousands of students, the highest scores on the final
exam were racked up by people outside of Stanford. MOOCs appeal to the best
professors as a way to reach a large audience, and they appeal to poor people around
the world as a way to get ahead. They are adding to the world community of people
working in the mathematical and engineering sciences.

Even games may come to foster a new kind of mass collaboration to support
innovation. The story of Foldit (see http://en.wikipedia.org/wiki/Foldit), a protein
folding game developed at the University of Washington, holds promise as a way to
design games to expand our understanding in different fields. In the game problems
are presented for a given time, and individuals or teams try to find the best fold and
receive a score computed automatically. In 2011 players deciphered the crystal
structure of an AIDS-causing monkey virus that had eluded scientists for 15 years.
More recently gamers redesigned a protein that catalyzes reactions widely used in
synthetic chemistry, increasing the activity of the enzyme by 18 times. The game
shows the power of crowdsourcing for solving difficult problems.

Linux and Wikipedia are prototypes of how people can create enterprises to
accomplish large projects without the heavy managerial overhead of a corporation.
Linux got started with a modest note to a discussion group from a Finn, Linus
Torvalds, in 1993 about his plan to develop a free, open-source, operating system
and asking for suggestions about what features would be useful. He received
several responses from around the world offering to help him build the system.
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Others joined as the movement grew. According to Wikipedia (see http://en.wikipedia.
org/wiki/Linux), Linux runs 95% of the world’s supercomputers and is embedded
in many systems and devices, including the widespread Android-based systems.
Linux shows how the open-source movement can work together with minimal man-
agement to produce a complex product that only a corporation could have produced
prior to 1990.

As Shirky (2008, pp. 237-246) argues, the open-source movement mostly pro-
duces products that nobody ever uses. The few successes, like Linux, are the rare
exceptions. In his view, the strength of the movement is that failure is not very
costly, unlike for corporations. Innovative corporations spend a lot of money and
time trying to avoid failure, carefully weighing the likelihood of success of different
projects they might pursue. This leads them to weed out risky ideas, pursuing what
seems safe. But since failure is cheap for the open-source movement, people can
pursue whatever wacky ideas they come up with. And some of them pay off, like
Linux. This makes it possible to pursue unlikely ideas that may have huge payoffs.

Wikipedia, which several papers in this volume describe in detail, illustrates
another kind of large, complex product that only a corporation might have produced
prior to 1990. But no corporation could produce an encyclopedia that changes daily
as the world unfolds and that covers a wide variety of topics that few people would
be interested in reading about. As an added feature, the articles appear in multiple
languages. Wikipedia includes what Chris Anderson (2004) might call the long tail
of knowledge and makes it easy to find. Wikipedia represents collaboration on a
scale undreamed of in past centuries.

Implications

With the coming of the Internet, we see an explosion of collaboration that is world-
wide in scope. Never before have people been able to collaborate effectively with
people outside their local community. But we see with Linux, Wikipedia, MOOC:s,
Foldit, and web communities that people all over the world are working together to
learn and solve problems. This is a radical change in the way the world works.

The proliferation of new forms of collaboration means that weird and risky ideas
have a better chance to take hold and spread. The way society was organized in the
past, organizations only wanted to pursue ideas that were likely to succeed. Since
the Industrial Revolution, lone inventors often pursued their crazy ideas to produce
great new inventions. Some like Edison even gathered the resources to create labo-
ratories of people to work on their ideas. But in an age where new inventions are
becoming more and more complex, it will take collaborative geniuses, like Linus
Torvalds and Jimmy Wales (the progenitor of Wikipedia), to organize people around
the world to work together to pursue their crazy ideas.

To be good collaborators, people need to develop adaptive expertise (Hatano &
Inagaki, 1986). Adaptability depends on situation awareness and the strategies you
develop for exploiting opportunities and coping with challenges. To be effective at
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situation awareness, you need to recognize what people around you are thinking and
the goals they are pursuing, as well as any obstacles or opportunities that have
arisen. This involves continually monitoring the situation for any changes or new
insights you may have into what is happening around you. Because the world is
changing faster these days, it is more important than ever to be adaptive enough to
cope with new challenges and opportunities.

This rampant collaboration is slowly undermining the hierarchy of the elite.
When mass communication was in the hands of the few, the elites could corner the
market on what gets said and what gets done. Now many different kinds of people
are spewing out their ideas and joining in collaborative activities that have wide
impact. As Shirky (2008) makes clear, hierarchy was the way corporations orga-
nized work in order for managers to control what gets done. Now people are finding
a variety of ways to organize themselves to accomplish both small and large endeav-
ors. Society is becoming flatter, as Tom Friedman (2004) has noted, and power is
being distributed around the world to those whose crazy ideas pay off. We need to
understand better how all these new forms of collaboration are affecting society.

In his classic book Mindstorms, Seymour Papert (1980) describes the Samba
schools that come together in preparation for Mardi Gras in Rio de Janeiro as a
metaphor for what education should become. Whole communities, including adults
and children, work together for months to build floats and prepare elaborate enter-
tainments. The children help the adults in whatever tasks need doing. There is much
learning going on, both among children and adults, where the more expert teach the
less expert how to do various tasks. It is apprenticeship in its most benign form,
since they all have a common goal to please the viewers of their floats and to win in
the competitions. It is this vision of learning, but in a technology-rich environment,
that Papert would like to see realized in schools.

Similarly Ivan Illich (1970) in his book Deschooling Society envisioned a world
where adults and children were more in charge of their own learning. In a world
before the Internet, he suggested four kinds of resources that could help youths
define and achieve their own goals:

1. Reference services to educational objects—which facilitate access to things or
processes used for formal learning. Some of these things can be reserved for this
purpose, stored in libraries, rental agencies, laboratories, and showrooms like
museums and theaters; others can be in daily use in factories, airports, or on
farms, but made available to students as apprentices or on off-hours.

2. Skill exchanges—which permit persons to list their skills, the conditions under
which they are willing to serve as models for others who want to learn these
skills, and the addresses at which they can be reached.

3. Peer matching—a communications network which permits persons to describe
the learning activity in which they wish to engage, in the hope of finding a part-
ner for the inquiry.

4. Reference services to educators at large—who can be listed in a directory giving
the addresses and self-descriptions of professionals, paraprofessionals, and free-
lancers, along with conditions of access to their services (pp. 112-113).
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These are much more possible in to implement now that we have the web.
Researchers and innovators would be wise to explore how the visions of Papert and
Illich can be further developed and tested in the context of the web.

Education may be moving in the direction Papert and Illich envisioned, in that
children are pursuing activities that interest them and that can lead to future careers.
They are participating in web communities and online games. They are seeking
knowledge that they care about in the huge web of knowledge and activities that has
opened before them. Instead of schools that insist they learn a lot of stuff they don’t
care about, they are pursuing things they do care about (Collins & Halverson, 2009).
As the Mongolian 15-year-old illustrates, the Internet allows children to participate
as if they were adults. We need to study what kids are learning in the many different
web environments that they are participating in today.

Currently whenever people think about how to improve education, they ask how
to reform the schools. But as education moves out of the schools into other venues,
it behooves us as a society to ask questions such as: How can we give children the
tools to learn to communicate effectively using the new media? How can we create
exciting games that require increasingly sophisticated problem-solving and collabo-
ration skills? How can we support children to find web communities that reflect
their deep interests? How can we help children create a web identity that will appeal
to other children around their town or the world? These are all questions that could
profoundly affect learning, but they are questions very few people are asking now.
We need to radically rethink the ways we foster children’s development in a world
where collaboration is becoming pervasive.

Perhaps the most profound effect of all this collaboration will be the speedup of
innovation and invention. As ideas come more readily into contact, and more people
participate in this thinking community, knowledge creation is bound to take off. As
we see with all the new forms of collaboration that are occurring, this innovation
process may be an order of magnitude greater than any of the prior developments
recounted in this brief history of mass collaboration. If the world was changing too
fast for you before this, it will only get worse.
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Exploring, Understanding, and Designing
Innovative Socio-Technical Environments
for Fostering and Supporting Mass
Collaboration

Gerhard Fischer

Mass Collaboration

Mass collaboration occurs when large numbers of people work and learn together.
Specific components of mass collaboration (participation, coordination, coopera-
tion, collaboration, and social production) depend on the nature of the problems
being tackled. In general, it is better suited to problems with a nearly decomposable
structure (Simon, 1996) in which the modularity allows that participants (or group
of participants) can work on specific modules independently facilitating decentral-
ized innovation. Mass collaboration has social and technical components and is best
fostered and supported by socio-technical environments (Fischer & Herrmann,
2011). The focus of our research is on mass collaborations in which people volun-
tary participate and contribute because they want to and because they can. On the
social side, an interesting uniqueness of mass collaboration is that the collaborative
social practices and social production occurs not in tightly knit communities with
many social relations to reinforce the sense of common purpose and community but
in large groups of participants who are geographically, temporally, and conceptually
dispersed (see examples in Table 2). On the technical side, mass collaboration is
facilitated by new digitally networked environments (Tapscott & Williams, 2006).
Projects exploit the technological infrastructure provided by the Internet and employ
different social software and computer-supported collaboration tools.

Mass collaboration offers important and interesting possibilities to cope with
major problems our societies are facing today including (1) problems of a magni-
tude which individuals and even large teams cannot solve and (2) problems of a
systemic nature requiring the collaboration of many different minds from a variety
of backgrounds. For these kinds of problems, mass collaboration is a necessity
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rather than an optional approach. It represents not only a more democratic mode of
production (von Hippel, 2005), and it is not only important for new approaches in
learning and education (Fischer, 2009), but it represents an innovative approach in
a broad spectrum of human activities (see Table 1 for specific examples). Mass col-
laboration works best when at least the following conditions are present (Tapscott &
Williams, 2006): (1) the objects of production are digital facilitating sharing and
remixing; (2) the fasks can be modeled as nearly decomposable systems (Simon,
1996) and can therefore be chunked into “pieces” that individuals can contribute;
(3) the costs of integration and aggregation in an global, shared repository is
reasonable.

Table 1 Environments of mass collaborations with unique features

Site Objectives and unique aspects

Wikipedia Web-based collaborative multilingual encyclopedia with a single,
collaborative, and verifiable article; authority is distributed (http://www.
wikipedia.org/)

iTunes U Courses by faculty members from “certified institutions”; control via

input filters; material cannot be remixed and altered by consumers
(http://www.apple.com/education/itunes-u/)

YouTube Video sharing website with weak input filters and extensive support for
rating (http://www.youtube.com/)

Encyclopedia of life | Documentation of the 1.8 million known living species; development of
(EoL) an extensive curator network; partnership between the scientific
community and the general public (http://www.eol.org/)

PatientsLikeMe Collection of real-world experiences enabling patients who suffer from
life-changing diseases to connect and converse (http:/www.
patientslikeme.com/)

Instructables Socio-technical environment focused on user-created and shared
do-it-yourself projects involving others users as raters and critics
(http://www.instructables.com/)

Scratch Learning environment for creating, remixing, and sharing programs to
build creative communities in education (http://scratch.mit.edu)

Stepgreen Library of energy-saving actions, tips, and recommendations by citizen
contributors for saving money and being environmentally responsible
(http://www.stepgreen.org/)

SketchUp and 3D Repository of 3D models created by volunteers organized in collections

Warehouse by curators and used in Google Earth (http://sketchup.google.
com/3dwarehouse/)

InnoCentive Unleashing human creativity, passion, and diversity (http:/www.
innocentive.com/)

Open-source Software developed in a public, collaborative manner with its source

software code made available and licensed (Raymond & Young, 2001)

Creativel T Wiki to foster collaboration between all researchers interested in
“Creativity and IT” (http://13dswiki.cs.colorado.edu:3232/creativit)

SAP Community Used by software users, developers, consultants, mentors, and students to

Network get help, share ideas, learn, innovate, and collaborate (http://scn.sap.com/)

MOOCs Courses offered for free for everyone (http://www.mooc-list.com/)



http://www.wikipedia.org/
http://www.wikipedia.org/
http://www.apple.com/education/itunes-u/
http://www.youtube.com/
http://en.wikipedia.org/wiki/Species
http://www.eol.org/
http://www.patientslikeme.com/
http://www.patientslikeme.com/
http://www.instructables.com/
http://scratch.mit.edu/
http://www.stepgreen.org/
http://sketchup.google.com/3dwarehouse/
http://sketchup.google.com/3dwarehouse/
http://www.innocentive.com/
http://www.innocentive.com/
http://l3dswiki.cs.colorado.edu:3232/creativit
http://scn.sap.com/
http://www.mooc-list.com/

Exploring, Understanding, and Designing Innovative Socio-Technical Environments... 45
Transcending the Unaided, Individual Human Mind

Figure 1 provides a qualitative overview of the historical developments of new
media that had a major impact on mass collaboration (discussed in detail in chapter
“A Brief History of Mass Collaboration: How Innovations Over Time Have Enabled
People to Work Together More Effectively” by Collins, 2016).

There is no media-independent communication, interaction, and collaboration:
tools, materials, and social arrangements always mediate activity. The possibilities
and the practice of mass collaboration are functions of the media with which we
collaborate. Cognition is shared not only among minds but also among minds and
the structured media and artifacts within which minds interact (Bruner, 1996;
Resnick, Levine, & Teasley, 1991; Salomon, 1993). Chapter “Mass Collaboration
as Coevolution of Cognitive and Social Systems” by Cress, Feinkohl, Jirschitzka,
and Kimmerle (2016) explores related ideas.

The networked information society (Benkler, 2006) provides foundations and
supports new possibilities for individual action and decentralized shared creation of
artifacts (these items are discussed in more detail in the section “Examples” below):

* Citizens (not only professional film makers in Hollywood) can reach millions of
people with YouTube movies.

* Faculty members can teach ten thousands of students (and not only students in
their classrooms) with massive open online courses (MOOC:s).

* Developers and users of complex software systems can help each other.

* Niche communities (e.g., researchers being interested in creativity and IT) can
share information and artifacts.

In order to explain these developments, we have developed some theoretical
frameworks that are discussed below.

Differentiating Different Modes and Models
of Collaborative Actions

The concept of “mass collaboration™ is interpreted and used in different ways, and
the boundaries to the following related concepts are often not precisely defined
(Kvan, 2000)—and to do so maybe an important research challenge for the future
(Chapter “Exploring, Understanding, and Designing Innovative Socio-Technical
Environments for Fostering and Supporting Mass Collaboration” by Elliott, 2016,
also discusses these differentiations):

* Participation overlaps with many aspects of mass collaboration (how it is used
in our framework for cultures of participation) (see section below and Fischer,
2011).
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* Coordination is characterized by establishing structures, processes, context,
and relationships; for example, meta-designers (such as the designers of
Wikipedia) create contexts to which everyone can contribute content, and
curators organize individual contributions in collections (in the 3D Warehouse)
and increase the overall quality and quantity of content in the Encyclopedia of
Life (see Table 1).

* Cooperation is characterized by relationships in which subtasks are divided up,
done separately by different people, and then the results are brought together;
information is shared as needed and authority is retained by each contributor.

* Collaboration connotes more durable and pervasive relationships, everyone
works together on a shared task, and shared problem spaces are jointly created
(Stahl, 2006). Collaborations require a commitment to a common mission and
authority is determined by the collaborative structure. The distribution of the
individual contributions can be differentiated along the following dimensions:
(1) social distribution, making activities more fun and more motivating, by shar-
ing the burden of coping with large problems (“getting the job done effectively
and more quickly”) and (2) epistemological distribution by providing richer
learning opportunities and suggesting new ways of thinking about problems.

Mass Collaboration and Education

An interesting early vision of mass collaboration and education was provided by
Illich’s concept of “Learning Webs” (Illich, 1971, chapter “What Is Knowledge?
Who Creates It? Who Possesses It? The Need for Novel Answers to Old Questions™)
in which he outlines educational systems (25 years before the Internet was devel-
oped) that “provide all who want to learn with access to available resources at any
time in their lives; empower all who want to share what they know to find those who
want to learn it from them; and, finally furnish all who want to present an issue to
the public with the opportunity to make their challenge known.”

Instead of funneling all educational programs through teachers, Illich envisioned
educational environments focused on self-motivated learning supported by (1) links
to open educational resources, (2) skill exchange between learners being knowl-
edgeable in different domains, (3) peer-matching, and (4) reference services to edu-
cators at large as illustrated in Fig. 2.

Theoretical Frameworks

The four dimensions described in this section contributing to a theoretical frame-
work are based on our research activities over the last decade to understand, explore,
and support mass collaboration.
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Fig. 2 An illustration of Illich’s learning webs

Cultures of Participation

Mass collaboration represents a fundamental shift from consumer cultures (focused on
passive consumption of finished goods produced by others) to cultures of participation
(in which all people are provided with the means to participate actively in personally
meaningful activities) (Fischer, 2011; Gee, 2004; Jenkins, 2009; von Hippel, 2005).

Cultures are defined in part by their media and their tools for thinking, working,
learning, and collaborating (McLuhan, 1964). In the past, the design of most media
emphasized a clear distinction between producers and consumers (Tapscott &
Williams, 2006). Television is the medium that most obviously exhibits this orienta-
tion (Postman, 1985) and in the worst case contributes to the degeneration of
humans into “couch potatoes” (Fischer, 2002) for whom remote controls are the
most important instruments of their cognitive activities. In a similar manner, our
current educational institutions often treat learners as consumers, fostering a mind-
set in students of “consumerism” (Illich, 1971) rather than “ownership of problems”
for the rest of their lives (Bruner, 1996). As a result, learners, workers, and citizens
often feel left out of decisions by teachers, managers, and policymakers, denying
them opportunities to take active roles in personally meaningful and important
problems.
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Meta-design

Meta-design (Fischer & Giaccardi, 2006) is a methodology that characterizes
objectives, techniques, and processes for creating new media and environments that
allow all participants to act as designers and contribute to and benefit from the
creativity of the group. A fundamental objective of meta-design is to create
socio-technical environments that will help all learners and workers to be creative by
allowing them to go beyond the explicitly described functionality of any artifact, to
use it in new ways, to evolve it by creating new content, and to explore its potential
for new processes. Meta-design is instrumental for “the ability to reformulate
knowledge, to express oneself creatively and appropriately, and to produce and gener-
ate information rather than simply to comprehend it” (National Research Council,
1999). It appeals to diverse audiences to be engaged as active contributors rather than
just as passive consumers (1) by supporting them in designing and building their own
socio-technical environments, (2) by situating computation in new contexts, and (3)
by developing tools that democratize design, innovation, and knowledge creation.

The power and the coverage of systems supporting mass collaboration and of
information environments created by mass collaboration are based on the fact
that these systems can evolve not only by a small number of designers but by the
contribution of all participants. In order for these processes to take place, the
systems must be designed for evolution. In conventional design approaches,
designers create complete systems and make decisions for users for situational
contexts and for tasks that they can only anticipate. In meta-design approaches,
meta-designers “underdesign” systems (Brand, 1995; Brown & Duguid, 2000):
they create contexts in which participants can contribute content so that
unexpected uses of the artifact or missing information can be accommodated by
the participants. Underdesign is not less work and it is not less demanding, but it
is different: it does create solutions, but it creates environments in which “owners
of problems” in situated settings can create solutions themselves.

Meta-design is focused on the design of (1) the technical infrastructure provid-
ing mechanisms, such as end-user modifiability and end-user development, that
allow stakeholders to evolve the system at use time; (2) learning environments and
work organizations that allows stakeholders to migrate from passive consumers to
end-users, users, and power users; and (3) socio-technical environments in which
stakeholders are recognized and rewarded by their contribution and can accumulate
social capital.

The goal of making systems extensible by users does not imply transferring the
responsibility of good system design to the user. Normal users will in general not
build tools of the quality a professional designer would. In fact, they are not
concerned with the tool, per se, but in doing their work. However, if the tool does
not satisfy the needs or the tastes of the users (which they know best), then users
should be able to adapt the system without always requiring the assistance of
developers.
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Ecologies of Participation and Collaboration

Individuals (learners, workers, citizens) have different motivations for doing things,
and those motivations create different levels of participation. To understand, foster,
and support cultures of participation requires differentiating, analyzing, and
supporting distinct roles that can be found in cultures of participation (Preece &
Shneiderman, 2009).

For mass collaboration to become viable and be successful, it is critical that a
sufficient number of participants take on the more active and more demanding roles.
To encourage and support migration paths toward more demanding roles (giving
people more responsibility, more authority, and more decision-making power),
mechanisms are needed that lead to more involvement and motivation and that facil-
itate the acquisition of additional knowledge required by the more demanding and
involved roles. Grounded in a “low-threshold and high-ceiling” architecture that
allows new participants to contribute as early as possible and experienced partici-
pants to cope with complex tasks by offering broad functionality, mechanisms are
needed to address the following requirements: (1) scaffolding to support migration
paths, (2) special interaction features for different levels of participation, (3)
supporting different levels of granularity of participation to account for different
time and effort investments, and (4) rewards and incentives to reduce the funnel
effect from one level to the next (Porter, 2008). Figure 3 illustrates these different
roles and their relationships. In addition to migration toward more demanding roles,
more research is also needed to identify and analyze factors that cause people to
move in the other direction including not enough time, lack of challenges, and
fading interests (Preece & Shneiderman, 2009).

Role-0: Role-1: Role-2: Role-3: Role-4:
Unaware Consumers aware of  Collaborators Designers  Meta-designers
consumers possibilities

Transitions: Becoming aware Sharing information, Creating novel Extending the range
of possibilities learning from others artifacts of the environment

Fig. 3 Identification of different roles in rich ecologies of participation
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Transcending the dichotomy between consumers and producers, new, middle-
ground models for participation and collaboration have emerged such as:

e Prosumers (Tapscott & Williams, 2006), who are self-directed learners or techno-
sophisticated and comfortable with the technologies with which they grew up.
They do not wait for someone else to anticipate their needs, and they can decide
what is important for them. They participate and collaborate in learning and
discovery and engage in experimenting, exploring, building, tinkering, framing,
solving, and reflecting.

* Professional amateurs (Brown, 2005; Leadbeater & Miller, 2008), who are
innovative, committed, and networked amateurs working to professional standards.
They are a new social hybrid, and their activities are not adequately captured by
traditional frameworks that strictly separate work and leisure, professional and
amateur, consumption and production, and formal and informal learning.

Different Models for Knowledge Creation, Accumulation,
and Sharing

To exploit the full potential of mass collaboration (by promoting cultures of
participation and being supported by meta-design) will require breaking down the
barriers and distinctions between designers and users, teachers and learners (creat-
ing “communities of learners”’; Rogoff, Matsuov, & White, 1998), consumers and
producers (creating “prosumers”’; Tapscott & Williams, 2006), and professionals
and amateurs (creating “prom-ams”’; Leadbeater & Miller, 2008).

Achieving these objectives will allow and support participants (not all of them,
not at all times, and not in all contexts) to be and act as active contributors in per-
sonally meaningful activities (Fischer, 2002). This will lead to new processes of
knowledge creation, accumulation, and sharing. For the information society of
today, two basic models can be differentiated (Fischer, 2009):

Model-authoritative (“filter and publish”) (Fig. 4) is characterized by a small
number of experts (such as teachers) acting as contributors and a large number of
passive consumers (such as learners). In such cultures, strong input filters exist
based on:

e Substantial knowledge is necessary for contributions (e.g., the in-depth
understanding of established fields of inquiry or the need to learn specialized
high-functionality tools).

* Extensive quality control mechanisms exist (e.g., the certification of professionals
or low acceptance rates for conference and journal articles).

e Large organizations and high investments for production are required (e.g., film
studios such as Hollywood, newspaper production facilities).

The advantage of this model (this is at least the basic underlying assumption) is
the likelihood that the quality and trustworthiness of the accumulated information is
high because the strong input filters will reject unreliable and untrustworthy
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information. Based on the smaller size of the resulting information repositories,
relatively weak output filters are required. The disadvantage of this model is that it
greatly limits that “all voices can be heard.” Their intake is limited because with
only a small number of contributors, too many views are unexplored and underrep-
resented because the controlling mechanisms behind the input filters suppress broad
participation from different constituencies.

Model-democratic (“publish and filter”) (Fig. 5) can be characterized by weak
input filters allowing users not only to access information but to become active
contributors by engaging in participation and collaboration. The weak input filters
result in much larger information repositories (with information repositories such as
the World Wide Web being the prime example).
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Model-democratic on the technical side requires powerful support for creating
content (such as meta-design environments), for organizing content (such as
supporting collections by curators), and for distributing content (such as powerful
search capabilities and recommender systems). On the social side, it requires active
contributors (who master the design tools and who are motivated to contribute),
curators (who organize the large information repositories), and coaches (who assist
in helping learners to identify and locate relevant information).

Model-democratic provides the foundation for socio-technical environments in
which information, knowledge, and artifacts can be produced not only by many
more people but also by individuals and in subjects and styles that could not pass the
filters of model-authoritative.

Artifacts created by model-authoritative and model-democratic can complement
each other and they may fulfill different needs as articulated by Cory Doctorow
(Lanier, 2006): “Wikipedia isn’t great because it’s like the Britannica. The Britannica
is great at being authoritative, edited, expensive, and monolithic. Wikipedia is great
at being free, brawling, universal, and instantaneous.”

Examples of Socio-Technical Environments
Based on Mass Collaboration

The rise of large-scale collaborative efforts based on mass collaboration has created
a number of success cases in a variety of different domains, and a brief overview
will be provided in the first part of this section. The remaining parts will describe
our own efforts anchored in the theoretical frameworks described in the previous
section and illustrating it in specific domains: (1) the design of the Creativel T Wiki,
(2) an empirical study of the SAP Community Network (SCN), and (3) an analysis
of massive open online courses (MOOCs).

A Spectrum of Interesting Examples

Table 1 provides an overview of a sample of environments created by mass collabo-
ration with unique features. These systems (at least in principle) engage the talent
pool of the whole world to make contributions and thereby have potentially millions
of developers.

Our own research activities that have been focused on different aspects of the
three environments mentioned at the bottom of this table will be briefly described in
the following sections. Issues related to Wikipedia are discussed in chapter
“Individual Versus Collaborative Information Processing: The Case of Biases in
Wikipedia” by Oeberst, Cress, Back, and Nestler (2016).
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The CreativelT Wiki: Supporting Distributed
Scientific Commuenities

We have designed and seeded a wiki-based socio-technical environment to support
the (mass) collaboration between scientists, artists, and students in the application
area of “Creativity and Information Technology,” specifically in the context of the
NSF research program “Creativity and Information Technologies.”! The unique
challenges of supporting this specific community are that people working in inter-
disciplinary projects or in niches of their disciplines are often isolated in their local
environments unaware of relevant work in other disciplines.

The prototypes developed in this research project (Dick, Eden, & Fischer,
2009) (see Fig. 6 for an example screen image) had some success as a content
management system (marked by the creation of 290 pages 80 literature references
contributed by community members, workshop proceedings published as part of
the wiki, a gallery of project exemplars, and hosting over 100 registrants). It fell
short in creating and fostering an active community. Despite our best efforts to
seed the wiki and to provide support mechanisms, we were unable to engage
“masses of people” to participate and collaborate, and our prototype did not reach
the “tipping point” (Gladwell, 2000).
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As a result of our research with the CreativelT Wiki, we articulated a set of
requirements (based on a deeper understanding of how technical and social
environments can be changed through design interventions) that should be further
explored as design foundations for social production and mass collaboration,
including:

* Provide awareness mechanisms that will give participants better overviews over
ongoing activities and changes taking place in the wiki

* Integrate events (taking place insight the wiki or links to outside events) to
provide specific objectives for participants to collaborate

» Create social support tools that support participants to find and connect to other
participants, represent themselves to other researchers, and create networks of
interests can influence user activities

* Explore different design trade-offs for the social environment (e.g., making the
environment more permissive and unstructured versus more prescriptive and
structured) and their influence on participation and collaboration

* Assess whether rating systems will increase the trust and interest in existing
content

e Support paths for contributors to migrate toward increased involvement
(see Fig. 3)

SAP Community Network: Studying Mutual Learning
in Commupnities of Practice

We have studied the SAP Community Network (SCN) (http://scn.sap.com/)
(Gorman & Fischer, 2009) as an example of a successful socio-technical envi-
ronment consisting of more than one million registered users forming a highly
active online community of developers, consultants, integrators, and business
analysts building and sharing knowledge about SAP technologies via wikis,
expert blogs, discussion forums, code samples, training materials, and a
technical library. We have collected a comprehensive data set that includes all
of the posting activity of more than 120,000 users from June 2003 through
May 2008.

To get a better understanding of processes and dynamics in a culture of
participation such as SCN, we have developed an initial analytic framework to
measure a number of factors, including attributes such as (1) responsiveness (how
often and quickly members get responses to their requests), (2) engagement inten-
sity (how many helpers and responses are required to answer questions), and (3)
role distribution (the ratio of users who ask questions to those who answer questions).
Our analysis allowed us to find patterns in the data that hint toward an environment
that is supportive of mass collaboration. In addition to a quantitative analysis, we
have engaged in a limited qualitative analysis to understand the impact of incentive
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systems on participation. SCN uses a point system to reward users for their
participation, but these features can have negative effects. Points are highly valued,
and some users resorted to “gaming the system” to earn points.

Our analysis allowed us to identify patterns in the data relevant for a deeper
understanding of different aspects relevant for mass collaboration. SCN provides
good support and motivation for users to contribute (which we measured by the time
it took users to receive a response to their post which is significantly less than in
other environments we analyzed for comparison). In addition to such quantitative
analyses, we also did preliminary qualitative analysis to understand the impact of
incentive systems on participation. SCN uses a point system to reward users for
their participation, but these features can have negative effects. Points are highly
valued, and some users did resort to “gaming the system” to earn points. Data
sources like this will contribute to create better frameworks to understand and
design effective means to support intrinsic motivation with appropriate incentives
in mass collaboration.

Massive Open Online Courses: Enriching the Landscapes
for Learning and Education

MOOC:s are higher-ed courses with massive enrollments that promise “Education
for Everyone and For All Interests.” They have generated enthusiasm, excitement,
and hype worldwide and recently increasing skepticism (Fischer, 2014). They are
being broadly discussed in the major news media. Rapidly increasing numbers of
MOOC providers, MOOC courses, and articles, discussion groups, and blogs
discussing MOOC:s are indicators of the involvement of many stakeholders. Most
of these analyses and developments are based on economic perspectives (such as
scalability, productivity, being “free”) and technology perspectives (including
platforms supporting large number of students in online environments and enrich-
ment components such as forums, peer-to-peer learning support, and automatic
grading). Few contributions analyze MOOCs from a learning science perspective
and put them into a larger context with other approaches to learning and education.
Our research has been focused on conceptualizing MOOCSs as one component in a
rich landscape of learning. We are particularly interested to explore MOOCs as a
forcing function to identify to core competencies of residential, research-based
universities (Eisenberg & Fischer, 2014).

While MOOC:s attract masses of learners who sign up for them (see Fig. 7 for
the geographical distribution of learners in a specific MOOC), the meaning of
“participation” and “collaboration” needs to be better understood and analyzed in
the years to come. The nature of MOOCsSs, being instructionist and supporting
primarily a one-directional information flow from teacher to learners, enables the
scaling-up of participants to very large numbers leading to an extremely low
teacher/student ratio.
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Signing-up for MOOC:s is trivial (it requires often not more than providing a few
information items) and it is free. Many people are signing up without any intentions
to participate in the course as a whole (they may use MOOC:s as the textbooks of the
twenty-first century). This is a simple explanation why MOOCsSs have often extremely
low completion rates. Educationally important objectives leading to collaboration
including (1) feedback from instructors, tutors, and teaching assistants; (2) virtual
forums; (3) local meet-up groups; (4) peer-to-peer collaboration (such as mutual
criticism, feedback, and grading) are possible within the MOOC framework but up
till now play a minor role in almost all MOOC:s.

Research Challenges

Understanding and fostering mass collaboration requires paying attention to factors
from political, economical, and social domains (Benkler & Nissenbaum, 2006).
This section takes a brief look at a few of those factors.

Distances and Diversity in Mass Collaboration. By bringing together large
numbers of participants, distances (spatial, temporal, and technological dimensions)
and diversities (bringing stakeholders together from different cultures) are important
factors influencing and determining mass collaboration. Table 2 provides an over-
view of the major distances and diversities.

These distances and diversities are double-edged swords for mass collaboration:
if dealt with and exploited in the right way, they can provide interesting opportunities
that participants can learn from each other and their collaborations result in more
creative artifacts (Fischer, 2005).
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Table 2 Differentiating distances and diversity

Distances and

diversities Rationale

Spatial Participants are unable to
meet face to face; low local
density of people sharing the
same interests

Temporal Support long-term, indirect
communication and
meta-design

Conceptual within | Shared understanding

domains

Conceptual Make all voices heard

Addressed by

Computer-mediated
communication

Design rationale,
building on
previous work
Communities of
practice (CoPs)
Communities of

G. Fischer

Challenges

Achieve common
ground; involve
large communities

Motivate efforts to
document design
decisions for others

Avoid groupthink

Establish common

interest (Cols);
boundary objects

between domains ground; integration

of diversity

Motivation for Collaboration. Human beings are diversely motivated beings. We
act not only for material gain but for psychological well-being, for learning person-
ally meaningful information, for social integration and connectedness, for social
capital, for recognition, and for improving our standing in a reputation economy. In
most application areas, mass collaboration relies on intrinsic motivation for partici-
pation, and it has the potential to influence this by providing contributors with the
sense and experience of joint creativity, by giving them a sense of common purpose
and mutual support in achieving it, and in many situations by replacing common
background or geographic proximity with a sense of well-defined purpose, shared
concerns, and the successful common pursuit of these.

Control. Meta-design supports users as active contributors who can transcend the
functionality and content of existing systems. By facilitating these possibilities,
control is distributed among all stakeholders in the design process. The willingness
to share control is a fundamental challenge in mass collaboration. The promise of
sharing control is a gain in creativity and innovation: “Users that innovate can
develop exactly what they want, rather than relying on manufacturers to act as their
(often very imperfect) agents.” (von Hippel, 2005).

To increase social creativity requires (1) diversity (each participants should have
some unique information or perspective), (2) independence (participants’ opinions
are not determined by the opinions of those around them) (Surowiecki, 2005), (3)
decentralization (participants are able to specialize and draw on local knowledge)
(Anderson, 2006), and (4) aggregation (mechanisms exist for turning individual
contributions into collections and private judgments into collective decisions). In
addition, participants must be able to express themselves (requiring technical
knowledge how to contribute), must be willing to contribute (motivation), and must
be allowed to have their voices heard (control).

Quality of the Artifacts. Many teachers will tell their students that they will not accept
research findings and argumentation based on articles from Wikipedia. This exclusion
is usually based on considerations such as: “How are we to know that the content
produced by widely dispersed and qualified individuals is not of substandard quality?”’
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The online journal Nature (http://www.nature.com/) has compared the quality of
articles found in the Encyclopedia Britannica with Wikipedia and has come to the
conclusion that “Wikipedia comes close to Britannica in terms of the accuracy of its
science entries.” This study and the interpretation of its findings have generated a
controversy, and Tapscott and Williams (2006) have challenged the basic assump-
tion that a direct comparison between the two encyclopedias is a relevant issue:
“Wikipedia isn’t great because it’s like the Britannica. The Britannica is great at
being authoritative, edited, expensive, and monolithic. Wikipedia is great at being
free, brawling, universal, and instantaneous.”

There are many more open issues to be investigated about quality and trust
(Kittur, Suh, & Chi, 2008) in cultures of participation, including: (1) errors will
always exist, resulting in learners acquiring the important skill of always being criti-
cal of information rather than blindly believing in what others (specifically experts
or teachers) are saying; and (2) ownership as a critical dimension, the community at
large has a greater sense of ownership and thereby is more willing to put an effort
into fixing errors. This last issue has been explored in open-source communities and
has led to the observation that “if there are enough eyeballs, all bugs are shallow”
(Raymond & Young, 2001).

A Long-Tail Framework and Mass Collaboration. The long tail theory (Anderson,
2006) postulates that our culture and economy is increasingly shifting away from a
focus on a relatively small number of “hits” (mainstream products and markets) at
the head of the demand curve and toward a huge number of niches in the tail.
Information technologies have greatly enhanced the ability to take advantage of the
long tail by exploiting niche markets and connecting people with communities and
products of interest. We have been exploring the implications of the long tail theory
for learning and education (Collins, Fischer, Barron, Liu, & Spada, 2009) by focus-
ing on two of its transformational aspects: (1) learning about exotic topics outside
the mainstream education curriculum and (2) the opportunity to communicate with
people who share similar interests somewhere in the world on a regular basis. The
web (specifically the Web 2.0 supporting cultures of participation) gives children
and adults the ability to pursue topics they are particularly interested and feel pas-
sionate about. These are topics learners never encounter in school unless they pursue
them later in college.

Schools, however, have moved in the opposite direction. Even as computers become
more ubiquitous in schools, curriculum standards and mandated assessments (based on
frameworks such as cultural literacy (Hirsch, 1996)) have exercised a conservative
force against the proliferation of idiosyncratic interests and passion by emphasizing
that everyone should learn the same thing at the same time, as measured by the same
standards. Similarly, the education establishment has tried to control what people learn
by defining the curriculum in schools. The dramatically increasing amount of non-
mainstream knowledge indicates a gap between the world we live in and the formal
education, where the latter focuses mainly on limited amount of knowledge.

Measurements and Data. While some aspects determining cultures of participation
can be easily measured, for example, (1) how many learners have signed up for a
MOOC, (2) how many and how often people visited a particular site (see Table 1), and
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(2) how well does a site live up to certain usability and sociability factors (Preece &
Shneiderman, 2009), other aspects are much more difficult to assess and measure. Some
researchers have great hopes that data gained from learning analytics research (http://
www.solaresearch.org/events/lak/) will provide many new and interesting insights into
learning processes. Mass collaboration (as it is conducted mostly inside computational
environments in which activities can be tracked) provides rich data sets about interac-
tions, collaborations, and engagement that computational processes can exploit.

The following issues related to learning analytics should be pursued and
investigated:

e What are the fundamentally new aspects of learning analytics research in the con-
text of mass collaboration? The idea of collecting data about student behavior and
actions is not new: it has been pursued with dribble files in LOGO, user modeling
in intelligent tutoring systems, and artifact analysis in designing activities.

e How valuable will the insights be that learning analytics environments are able
to collect and analyze? How can we infer from low-level, quantifiable events
(such as material looked at, how long and how often, errors made, help requested)
the intentions, problems encountered, and objectives of the learner?

e While learning analytics may provide insights to understand the past and the
present (“how things are’), how much will it help to envision and design alterna-
tives to learning and education (“how things could/should be”)?

* Are the potential misuses and privacy violations of the data gained with learning
analytics? Some MOOC companies plan to sell data about their students to com-
panies as part of their business model to make money.

Identifying Drawbacks of Mass Collaboration. Mass collaboration opens up unique
new opportunities for education and learning in the twenty-first century, but as with all
major innovations, some potential drawbacks should not be overlooked. One such
drawback is that participants may be forced to cope with the burden of being active
contributors in personally irrelevant activities. This shift provides power, freedom,
and control to learners, but it also has forced them to act as contributors in contexts for
which they lack the experience that teachers and professionals have acquired.

More experience and assessment is required to determine the design trade-offs for
specific contexts and application domains in which the advantages of mass collaboration
(such as extensive coverage of information, creation of large numbers of artifacts,
creative chaos by making all voices heard, reduced authority of expert opinions, and
shared experience of social creativity) will outweigh the disadvantages (accumulation
of irrelevant information, wasting human resources in large information spaces, lack
of coherent voices, and participation overload). The following research questions need
to be explored:

e Under which conditions is a fragmented culture (with numerous idiosyncratic
voices representing what some might characterize as a modern version of the
“Tower of Babel” and others as refreshingly diverse insights) better or worse
than a uniform culture (which is restricted in its coverage of the uniqueness of
local identities and experience) (Lanier, 2006)?
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e If all people can contribute, how do we assess the quality and reliability of the
resulting artifacts (an interesting analysis comparing Wikipedia with Britannica
is documented in Giles (2005); a summary of criticism by different authors is
compiled at http://en.wikipedia.org/wiki/Wikipedia:Criticisms; and a specific
critique by Nicholas Carr can be found at http://www.roughtype.com/?p=110)?

* How can curator networks effectively increase the quality and reliability? The
mass collaboration taking place in the Encyclopedia of Life (see Table 1) has
developed an interesting and extensive framework to engage and support curators
to increase the overall quality and quantity of content on the EOL site (http://eol.
org/info/255).

*  What is the role of trust, empathy, altruism, and reciprocity between participants
and how will these factors affect mass collaboration (Benkler & Nissenbaum,
2006)?

Conclusions

Mass collaboration in the networked information economy (Benkler, 2006) provides
opportunities that masses of people can engage as active contributors and collaborate
with each other in numerous human activities, including: (1) participation is invited,
supported, encouraged, and valued rather than prohibited; (2) creative contributions
and innovations are decentralized and extended and artifacts are developed as open,
evolvable seeds rather than finished products (facilitated by meta-design and model-
democratic); (3) new relationships between the individual and social and new control
regimes between teachers and learners are established; and (4) the focus of education
is shifted from teaching to learning.

The theoretical frameworks described in this article address some important
aspects of mass collaboration and can be applied to different domains, contexts, and
tools (as illustrated in the example section). The briefly described research chal-
lenges outline a research agenda to gain a deeper understanding of the opportunities
and pitfalls associated with mass collaboration.

Mass collaboration in education (and beyond in numerous other human affairs)
represents a new paradigm. While new technologies play an important facilitating
role, the most important impact will be in fundamentally new opportunities for
thinking, learning, working, and creating artifacts.
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Stigmergic Collaboration: A Framework
for Understanding and Designing Mass
Collaboration

Mark Elliott

Mass Collaboration as Digital Stigmergic Collaboration

There are many opportunities for using mass collaboration in education (Cress
et al., 2013). However, as an area that is still emerging, there are also many gaps in
both understanding mass collaboration, as well as its effective design and delivery.
This makes it challenging to conduct effective research, establish and manage mass
collaboration in educational contexts or understand how they work in order to
effectively engage pre-existing communities. This article aims to help address this
challenge by outlining a framework for defining, understanding and, ultimately,
designing mass collaboration.!

In the context of this paper and the framework presented here, mass collabora-
tion is defined as digital stigmergic collaboration (collective creation of shared
representations in digital media) where the membership is near or greater than 25
participants (Elliott, 2007). This definition is based upon an underlying
understanding of collaboration as the process of a group collectively creating
emergent, shared representations of a process and or outcome that reflects the
input of the total body of contributors.

'The theory summarised here was developed and is described more fully in my doctoral thesis,
Stigmergic Collaboration: A theoretical framework for mass collaboration (2007). This paper also
draws on learning and insight gained from 7 years of industry experience following completion of
my PhD. This has involved applying this framework to the design and delivery of mass collabora-
tions focused on the creation of government policy, strategy and urban planning. While all these
instances have required considerable strategic community building components, the core logic that
stigmergic collaboration underpins scalable collaboration has held true and provided key design
insights.
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The framework presented here also draws upon a concept known as ‘stig-
mergy’. Stigmergy is a form of mediated communication where signs placed in
the environment by agents serve as stimuli to other agents to further transform
the environment, for example, the use of pheromones in ant colonies. Stigmergy
as a concept was developed in the context of the study of social insects and has
recently been expanded through application in fields such as artificial intelli-
gence (AI) and robotics. In the present context, stigmergy helps explain how
collaboration scales from small group settings to large online communities,
thereby shattering the ‘glass ceiling’ of face-to-face collaboration (Elliott, 2007).
Stigmergy is also a behavioural mechanism that equates to the externalisation of
collaborative interactions and creative contributions that take place in collabora-
tive learning situations. Therefore, linking stigmergy to the role of media in
collaboration provides a means for tracing an evolution from the manipulation
of materials for the augmentation of face-to-face collaborative processes to the
emergence of digital workspaces and mass collaboration.

In the context of education, through its inherently distributed process and
mechanisms, stigmergy enables a radically more distributed and decentralised mode
of interaction, production, teaching and learning. It puts participants more in control
over their choice of roles, contribution, learning activities and experience. As a
specific type of social system, stigmergy also shifts interactions from person to
person to a site-of-work focus. This lowers the barriers to participation by reducing
the need for social negotiation (Elliott, 2007) while allowing individuals to
self-select topics and activities of interests.

The ideas presented in this chapter are organised with the aim of illustrating how
collaboration is a specific type of collective activity that can only scale beyond
small face-to-face groups through stigmergy. After a brief introduction to the ideas,
the sections of this chapter are:

e Frameworks for understanding and designing collaboration—which pro-
vides the rationale and underlying assumptions made about collaboration in
general

» Stigmergy—scaling social interaction through indirect communication—a brief
introduction to the origins and key elements and aspects of stigmergy

o Stigmergic collaboration—how collaboration scales membership and
reach—which applies stigmergy directly to collaboration and shows how it
is extended as a result

* Defining and designing mass collaboration—reflects on several other design
considerations and implications of stigmergic collaborative systems

The chapter ends with suggestions for future research and how the connections
between the present work and CSCL might be further explored.
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Frameworks for Understanding and Designing Collaboration

An Etymological and Action Research Approach
to Defining Collaboration

Central to the approach for the framework for mass collaboration is a grounded
understanding and position regarding collaboration in any context and at any scale.
Therefore, the following section provides in brief the research rationale behind this
particular understanding of collaboration.

From an etymological perspective, collaboration as a term is relatively new to
the English language. First appearing in print in 1802, the term, collaborator, was
used throughout the nineteenth century to refer to scientific (co-authorship) and
artistic (playwright) co-creation. A key insight that etymological review reveals is
that most early mentions were in relation to the collective creation of literary con-
tent (Elliott, 2007). This is a form of collective activity which not only incorporates
the creative process but that of stigmergy. Expanded below, stigmergy is a mode of
communication where agents make changes to their environment and interpret
these changes as messages, which cue specific behaviours. In his Expert Assessment
of Human-Human Stigmergy, developed for the Canadian Government, Parunak
confirms, ‘Joint authorship has always been a stigmergic activity, mediated by the
emerging document itself. Each author is stimulated by what previous authors have
written to add main-line content or marginal comments’ (Parunak, 2005).

That stigmergy is integral to the etymological origins of collaboration provides a
critical insight into its material nature and process. Further, the involvement of creative
production represents a primary distinction between collaboration and cooperation,
where cooperation involves more transactional interactions often characterised by
maintained divisions of labour (Dillenbourg, Baker, Blaye, & O’Malley, 1996; Stahl,
Koschmann, & Suthers, 2006). That this more specific usage of the term ‘to collabo-
rate’—the involvement of media in collective creative production, e.g. co-authoring—
has been lost or subsumed within a larger, more generalised usage of the term (e.g. to
work in conjunction with another?) is interesting in its own right.

This general, more commonplace definition, means that definitions of
collaboration can and do occur in a wide range of research contexts. These
include fine art criticism (Green, 2001), IT, organisational theory (Black et al.,
2003), network theory (Newman, 2001), educational theory (Gifford & Enyedy,
1999) and artificial intelligence (Grosz & Sarit, 1999). When reviewing these
definitions, a key reflection is that the definition of collaboration tends to vary
depending upon the contexts, interests and applications of those who are
defining it. While this is to be expected, a goal of the present research has been
to develop a generalised understanding applicable across disciplinary contexts.

2Oxford English Dictionary, Second Edition, (1989). (Eds.) J. A. Simpson & E. S. C. Weiner.
Oxford: Oxford University Press
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Although some have expressed the need for a general theory or framework of
collaboration (Wood & Gray, 1991), no specific field of research has attempted such
a formulation that is designed for application in all contexts and at all scales. Any
such framework would need to account for the collective generation of ideas where
agents are in some way synchronised during the creative process. While the cogni-
tive sciences provide a body of knowledge to draw upon, approaches in this area
tend to view cognition as information processing within individual minds, often
excluding wider social and contextual factors (Hollan, Hutchins, & Kirsh, 2000).

However, a number of disciplines acknowledge and even emphasise the role that
the wider social, cultural and material context plays in the formation of cognition,
meaning, relevance and intelligence. These include activity theory (Engestrom,
1987; Gifford & Enyedy, 1999; Leont’ev, 1979, 1981; Vygotsky, 1978), situated
action (Suchman, 1987), distributed cognition (Hutchins, 2000; Susi & Ziemke,
2001) and actor-network theory (Latour, 2005; Law, 1992) and CSCL (Stahl et al.,
2006). This more holistic perspective provides a platform for understanding
collaborative production as a process that is simultaneously social, cultural and
material. It also provides a link to stigmergy and its role in coordinating the creative
contributions through the material environment—whether physical or virtual. In fact,
Susi and Ziemke concluded that stigmergy offers a minimal common ground between
activity theory and situated and distributed cognition (Susi & Ziemke, 2001).

Aligned with this lineage of thought, I developed the following definition,
specifically to inform the design of collaborative processes and technologies in any
context, at any scale.

Collaboration is the process of two or more people collectively creating emergent, shared
representations of a process and or outcome that reflects the input of the total body of
contributors.

Another version of this definition, one that preferences the process or mode of
co-creation, is:

Two or more people adding, editing or deleting a shared pool of content.

The shared representations or pool of content being created can comprise physical
or virtual media and materials or simply the ideas within each another’s minds.
Therefore, this definition can account for situations where collaboration is driven
primarily by language exchanges (i.e. a discussion where new ideas are formed). I
call this discursive collaboration. This definition also covers scenarios where the
goal is to externalise these shared representation or content into the environment
(e.g. coding a new software application or creating a public artwork sculpture). This
second form I call stigmergic collaboration (described in detail below). While
discursive and stigmergic collaboration can occur in their pure form individually, it
is more common to see them integrated with one another and taking place together.

While this definition also stipulates that the output of collaboration may be an
ongoing process (such as in the case of business partners) and or a final outcome
(such as a co-authored paper), it is also necessary to recognise that for all participants
whose activity is deemed collaborative, their input must be supported by the process
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and represented in the outcome. Having said this, a collaborator’s contribution may
not be visible, having been incorporated at earlier stages and thus undetectable, but
with its effects still affecting the overall process and outcome. Through the
specification of unique, yet universally applicable processes and concepts, this
definition aims to be applicable to collaboration in every field of human endeavour
at any scale.

Collaboration, Cooperation and Coordination: So What’s
the Difference?

While the above definition provides a grounding to build upon for understanding
mass collaboration, in order to develop a holistic and generalised understanding, it
must be considered within and in relation to other collective activities where indi-
viduals come together to generate value together. Three broad collective processes
are presented here, which are assigned to the commonplace terms, collaboration,
cooperation and coordination.> This approach aims to bring higher resolution to
these terms, while at the same time keeping their definitions simple enough to be
used in a wide range of research and industry settings.

¢ Collaboration: two or more people collectively creating emergent, shared repre-
sentations of a process and or outcome that reflects the input of the total body of
contributors.

— Examples: co-authorship of a single research article, jazz improvisation and
wiki page collaboration (e.g. Wikipedia article)

» Cooperation: Separate and distinct, individualistic contributions are made, where
the contributions are aggregated for overall gain, value or insight.

— Examples: surveys; comments made on a research article or blog post, as
opposed to editing it directly; and refuse recycling

e Coordination: Unrelated entities are drawn together or arranged within a space
designed to align features and highlight patterns.

— Examples: Web search returns, workplace environments and conferences and
common protocols

While these definitions can be used individually in the analysis of existing
situations, technologies and spaces, they can also be used to guide the design of new
ones. Further, the distinctions drawn here between collaboration and cooperation are
similar to those that have been made in other CSCL contexts (Dillenbourg et al.,
1996; Roschelle & Teasley, 1995), where cooperation is related to apportioning

3 Adapted from Stigmergic Collaboration: A theoretical framework for mass collaboration (Elliott,
2007)
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discrete pieces of work to individuals and creating divisions of labour, while
collaboration as linked to a coordinated effort of a group to problem solve together.
The present framework extends this thinking, providing a basis for understanding how
the two are supported by even deeper mechanisms and processes (e.g. coordination).

A Tool for Analysing and Designing Collaborative Process

While the above definition of collaboration and framework for collective activity
provides insight regarding what collaboration can be considered to be, they are not
focused directly on describing how collaboration gets done. And to reiterate, the
goal of the present research is to develop approaches applicable at any scale, whether
it is two people or two million. Therefore, the following statement is a theory of how
collaboration gets done, in any context, at any scale, that is premised upon the above
framework for collective activity:

Shared vision guides active contribution to a shared plan and outcome.

This statement is comprised of three components, with each component
generalising for specific approaches and techniques used in differing contexts. The
following figure shows the relationships of these different components (Fig. 1):

1. Shared vision

* Shared vision must be based upon a platform of shared understanding, also
referred to as ‘grounding’ (Dillenbourg, 1999).

* Many methods exist for supporting this part of the process, e.g. workshopping,
the MG Taylor method.*

* Shared vision also includes the need to cultivate shared purpose, inspiration,
motivation and alignment of goals and interests.

Shared
Plan
Shared ' Active
Mision. | duides Contribution ——© @ and
Shared
Outcome

Fig. 1 Analysis and design tool for collaboration

“http://www.mgtaylor.com/public/2001/pat_pend.html
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2. Active contribution

* Contribution must be actively made by all participants.

» For participants to make meaningful and substantial contributions, to ‘add,
edit or delete’, they must be granted or enabled access to the shared content.

* In order to cater to the interests, capabilities and capacities of participants,
efforts should be made to support multiple modes and means of contribution.

3. Shared plan and outcome

* Continued alignment of a group’s shared vision is premised upon a collective
understanding of what the group is doing now and in the future. Hence, a
shared plan is often a key enabler.

* A shared plan may exist as an explicit document or artefact or as an element
of shared understanding.

» If a collaborating group is to grow in membership, new participants must be
onboarded. A shared plan is key to alleviating onboarding bottlenecks, with
documentation of shared vision and journey to date often being included.

» The ability to share in contributing to the outcome is imperative, which neces-
sitates access to the outcome (whereas, in cooperative settings, outcomes may
be the sole property of those responsible for the aggregation of individual
contributions).

* The necessity for continuous negotiation of the shared plan and outcome
means that this overall process is cyclical, with active contribution to the plan
and outcome leading to an ongoing redefinition of shared vision.

Like the framework for collective activity, this tool can be applied in an analytical
capacity, as a health check, to determine if genuine collaboration (as defined above)
is taking place. Or, it can be used as a design tool, to determine the requirements for
a collaboration that is to take place.

Stigmergy: Scaling Social Interaction through Indirect
Communication

The concept of stigmergy was originally developed in study of social insects such
as ants and termites. While each individual agent in isolation appears to pursue their
own agenda, somehow, the colony as a whole exhibits high levels of organisation
(Theraulaz & Bonabeau, 1999). This became known at the time as the ‘cooperation
paradox’, with early scientific concepts and technology being unable to identify
how this organisation was coordinated. However, when pheromones were able to be
detected and their role as a sign within the environment was understood, the theory
of stigmergy could be substantively developed.

As a result, in 1959, Pierre-Paul Grassé coined the term stigmergy from the
Greek words stigma ‘sign’ and ergon ‘action’ (1959) in order to capture the notion
that signs left in the environment may produce action from agents. Not only do
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individuals provide stimuli for other individuals through cues such as pheromones
trails, but they can also provide cues by reorganising the environment in such a way
which produces structures that also serve as stimuli. This allows highly complex
structures to self-organise due to the collective input of large numbers of individuals
performing extraordinarily simple actions in response to configurations of and
encodings within their local environment. This total stigmergic system comprises
three key components: agents, environment and the interactions between the two.
Further, these interactions give rise to emergent, system-level dynamics.

Agents in the Stigmergic System

In order to make changes to their environment, agents must have the capacity to
sense and assess the environment’s state, as well as make changes to it in conjunction
with their assessment. The ability to sense, assess and change the environment
evolves over time in response to a given environment, giving rise to a set of dynamics
unique to each stigmergic system. For example, termites have evolved the ability to
sense punctures in their mounds, along with corresponding ability to assess repair the
damage (Grassé, 1984; Kennedy, Eberhart, & Shi, 2001). Ants create piles of dead
ants (cemeteries), by sensing existing piles and moving ants from smaller into larger
piles (Bonabeau, Theraulaz, Fourcassié, & Deneubourg, 1998).

The Role and Characteristics of a Stigmergic Environment

The environment in a stigmergic system can be broadly characterised by the three
components of topology, variables and processing dynamics.

Stigmergic systems may employ any form of topology, including graphs
(networks), indices (catalogues) and Cartesian coordinates (space) (Elliott,
2007). While the environment’s structure may vary, it is important that the agent’s
activities are situated within some form of spatial domain that provides for the
agent’s experience of localisation. This experience restricts their engagement and
senses and limits the demands placed upon their interactive capacities (Parunak,
2005). This enables the system to scale no matter how large the environment
grows since there is no centralised organisation or regulatory network needed to
span it. Instead, the coordinative and information processing rules and dynamics
are distributed throughout the environment and individual agents, forming emer-
gent patterns relevant to the interaction of the agents and environment.

An environment’s structure also lends itself to a certain set of state variables that
agents may change. For example, in ant systems, variables supporting pheromone
deposit include permeability of soil and vegetation, while in animal trail systems,
obstacles, ground cover and terrain mutability contribute to the possibility of
encoding trails. In human contexts (expanded below), online media lends itself to
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variables related to document collaboration, where text and numerical variables are
most broadly supported.

Finally, an environment’s processing dynamics govern the evolution of variables
through time, with the stigmergic system typically incorporating these dynamics to its
advantage. This provides the function of additional information processing capacity
to the agent-environment interactions. For example, the aggregation and evaporation
of pheromones in insect systems have the effect of ‘truth maintenance and discarding
obsolete information’ (Parunak, 2005). Similar effects can be observed in animal trail
systems where trodden earth, erosion and dying vegetation produce the trails, while
regrowth and continued erosion maximise fidelity through diminishing those which
are unused. In human systems, such as textual wiki collaboration, the system’s pro-
cessing capabilities might include notifications of new contributions to other partici-
pants, alerts indicating number of +/- characters changed in an edited wiki page (e.g.
Wikipedia’s “Related changes” feature), or spelling correction suggestions.

Types of Stigmergic Interactions

Interactions in stigmergic systems can be classified into four primary categories:

1. Sematectonic stigmergy: Agents interpret certain configurations of their actual
environmental or agent placements as signs.

2. Marker-based stigmergy: Agents interpret specialised markers deposited in the
environment as signs (similar to the notion of ‘metadata’; Parunak, 2005;
Brueckner, 2000).

3. Quantitative signs: These are scalar and of a single type, representing varying
intensities of cues.

4. Qualitative signs: These form a unique, discrete set of cues (Kramer, 2005;
Parunak, 2005; Theraulaz & Bonabeau, 1999).

Both sematectonic and mark-based interpretations may be comprised of quantitative
and or qualitative signs. These four types of interaction provide a means of discriminating
and classifying stigmergic activity in a wide range of contexts. For instance, the
stigmergic collaboration of co-authoring a Wikipedia article entails for the most part
sematectonic/qualitative interpretation of the current state of the article’s content
(Parunak, 2005). However, common wiki tools such as ‘recent changes’ provide
marker-based/quantitative feedback through positive and negative counts of characters
added or deleted during past revisions.

System-Level Dynamics That Emerge as a Result of Stigmergy

The stigmergic system functioning as a whole (all agents plus the environment and
its capabilities) produces emergent, system-level dynamics. These dynamics are a
distinguishing factor of stigmergy and appear on a level above that of the local
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interactions of agent and environment. For instance, regarding the above example
of Wikipedia article co-authoring, the emergent system-level behaviour is the
expression of a jointly held consciousness that leads to a uniform and holistic
conception of an encyclopaedia (Parunak, 2005). In termite mound building (the
placement of single, pheromone-impregnated mud balls upon one another), the
system-level behaviour is the construction of complex nests and architectures such
as arches and ventilation systems (Grass€, 1984; Kennedy et al., 2001; Theraulaz &
Bonabeau, 1999).

The emergent capacities of stigmergy also mean that such systems are evolvable,
adaptable and able to develop new behaviours (Kelly, 1994; Parunak, 2005). This is
an ideal feature for collaborative groups seeking multiple solutions in a continually
changing environment. It is also in many ways an excellent fit for learning commu-
nities who must constantly adapt to the integration of new knowledge, perspectives
and experiences. This ability to adapt and develop new behaviours as an overall
system is also closely linked to the notion of intelligence. In stigmergic systems,
intelligence is understood to reside ‘in the interactions among the agents and the
shared dynamical environment’ (Parunak, 2005). This raises interesting questions
in the context of education with regard to where to locate learning and the outcomes
it generates (Cress, 2013).

Human Applications and Adoption of Stigmergy

There are many examples of human-human stigmergy. These include trail and track
formation (Helbing, Keltsch, & Molndr, 1997; Helbing, Schweitzer, Keltsch, &
Molndr, 1997), graffiti and illegal garbage dumping, where an initial refuse pile
attracts more dumping at the same location.” On the larger scale, applications
comparable to nest building in social insects include the constraints and impositions
placed upon development in urban areas by previous building works. However,
many smaller-scale instances easily blend into our day to day without our notice,
such as how we might place our cutlery on our plate to signal to a waiter that we are
finished with our meal. All of these examples are of the sematectonic variety
(configurations of the environment) with trail formation, garbage dumping and
cutlery placement being quantitative (of a single scalar quantity), while graffiti and
building works being largely qualitative (unique, discrete cues).

However, types of stigmergic interaction in human activity tend to be nested,
reflecting the complexity of human culture and engagement. For instance, while
graffiti might on the outset appear qualitative to those who engage in the art (a good
work’s techniques and or subject matter inspiring a response in a common location)
from outside the graffiti community, it would seem to be an activity governed more

>Garbage dumping as stigmergy is mentioned by Dylan Shell on comment to Joe Gregorio’s
(2002) Stigmergy and the World Wide Web. Bitworking (web log): http://bitworking.org/news/
Stigmergy, retrieved 20 December 2005
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by quantitative means (the more works existing on one particular wall, regardless of
merit, the more likely it is that more will be attracted). Of course, both are correct.
Additionally, many applications of stigmergy mixes marker based with sematec-
tonic mechanisms. For instance, when a editing a Wikipedia article, it is a common
practice to make a revision note, explaining an edit made. Such notes place a marker
outside of the content of the focus activity (i.e. improving an article), the equivalent
of making a note in a document’s margins when co-authoring.

Whether sematectonic, marker based, physical or virtual, the large extent of
human-human stigmergy represents a significant area of further research in a wide
range of fields, not the least of which CSCL.

Stigmergic Collaboration: How Collaboration Scales
in Membership and Reach

While the examples provided above are of human-human stigmergy, they are not
necessarily stigmergic collaboration. Stigmergic collaboration arises when two or
more people utilise some form of material media for the encoding of their collective
creative endeavour. For example, and drawing upon the framework for collective
activity, graffiti ‘canyons’ (laneways and walls that attract graffiti) might be best
classed as stigmergic coordination, whereas signalling to waiters with your cutlery
would be considered stigmergic cooperation. However, drafting Wikipedia articles
with other Wikipedians is a classic example of stigmergic collaboration.

The theory of stigmergic collaboration helps understand the role that the
externalisation of shared representations plays in scaling and extending collaborative
activity. Specifically, it describes how and why this is important. It is important
because it extends participants’ collaborative capabilities across four primary lines,
space, time, mind and the process of emergence.

More Space for Collaboration

Stigmergic collaboration extends the space for collaboration beyond our minds, into
the physical and virtual world around us. As we encode aspects of our media envi-
ronment (e.g. a whiteboard), more surface area (conceptual, physical or virtual)
provides for increased access.

More Time for Collaboration

Similarly, material representations of the collaborative output provides an increased
level of permanence to contributions through time. This can expand the influence
and presence of contributions to those beyond the participants immediately present.
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This can be as immediate as emailing a picture of a whiteboard to those not able to
attend a meeting or as extended as spanning thousands of years as is the case with
cave paintings.

Increased Cognitive Ability for Collaboration

Stigmergic collaboration also allows us to better ‘see what we think’, providing an
enhanced capacity to remember, review, reflect upon and learn from contributions
(Cress, 2013; Flower & Hayes, 2008; Webb, 1982). By externalising our otherwise
internal representations, we enable the possibility for our consciousness to subject
these representations to the workings of components of the brain which are otherwise
less connected internally (Baars, 1997; Cress & Kimmerle, 2008). In collaborative con-
texts, not only does this augment our individual minds but also helps better distribute
cognitive load across the group by optimising for working capacities spread throughout
the group that would also be otherwise less connected. Externalising into our media
environment also opens up the possibility of taking advantage of any transformational
dynamics this environment may possess or make possible. For example, calculating,
correcting, reformatting, connecting, synthesising, visualising and distributing con-
tent—these all extend the mind’s capacities and cognition into the wider environment.

Accelerating the Emergence of Collaborative Outcomes

The combination of extended space, time and cognition through stigmergy also
extends one of the most important outcomes of collaboration, the process of emer-
gence—larger patterns arising as a result of lower-level, individual contributions. The
opportunity for more varied, detailed, persistent and meaningful contributions by more
participants means more emergent outcomes are possible. The experience of witnessing
this emergence can be both exciting and stimulating (as most with collaborative
experience would likely attest). This can have the effect of contributing positive
feedback back into the stigmergic system, catalysing even further emergent outcomes.
Ultimately, the emergence of outcomes generated by the group above and beyond
those generated by any one participating individual is the primary goal and value of
collaboration.

Extending Stigmergic Collaboration Through Digital Networks

Extensions of collaborative capability through stigmergy enable numerous forms of
collective creation which would otherwise be beyond the scope of our unassisted
mental capacities, such as co-authoring books, research articles, plays and films or
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the collective creation of sculptures, murals, dramatic performances and research
projects. However, even greater potential is unleashed when stigmergic collabora-
tion is amplified with networked digital media. Tools such as Google Docs are
providing synchronous collaborative editing opportunities that were previously
unavailable even several years ago. These types of tools (to take a simple example)
provide the opportunity to shift co-authoring from being reliant upon digital
stigmergic cooperation procedures (emailing a word processing document around
to collaborators, whose contributions must be carefully managed and integrated so
as to avoid revision conflicts) to much more genuinely collaborative processes
(participants seeing each others’ contributions being made in real time and thus
being able to manage the integration of their own input). In addition, as outlined in
the following section, when digital stigmergic collaboration has the requisite
features to support scalability, mass collaboration may also become possible.

Opportunities for Stigmergic Coordination and Cooperation

While this present work is focused on stigmergic collaboration, it is important
to note that stigmergy is present in applications of both coordination and coop-
eration as defined above. Much like collaboration, the encoding of media and
especially in digital contexts, stigmergy can act as a powerful extension of
cooperation and coordination. Whether it is in cases such as Google’s search
engine (digital stigmergic coordination), or eBay’s online marketplace (digital
stigmergic cooperation), the combination of stigmergy, coordination and coop-
eration, along with networked digital technologies, is transforming our society
in significant ways.

Defining and Designing Mass Collaboration

Mass collaboration is defined in the current context as digital stigmergic collaboration
(collective creation of shared representations in digital media) where the membership
is near or greater than 25 participants. Further, mass collaboration is typically
characterised by a number of features described below:

1. Social workspaces: a digital environment or platform that helps attract, coordinate
and govern participation

2. Content negotiation: where content creation is the primary mode of interaction,
as opposed to social negotiation in the case of face-to-face or smaller-scale
collaboration

3. Emergent teaming: where group formation is based more on interest and merito-
cratic capability than existing relationships or functional roles
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The Social Workspace: Where Stigmergic Collaboration
Gets Done

Through the process of stigmergic activity, digital artefacts and their corresponding
annotations tend to build up, forming a field of work or a social ‘workspace’ (Ricci,
Omicini, Viroli, Gardelli, & Oliva, 2006). These artefacts and their supporting
workspaces mediate interaction, providing the coordinative and cooperative func-
tions that support collaboration. Artefacts (e.g. a Wikipedia article) may be linked
to one another and/or shared across different workspaces. Workspaces themselves
may overlap, sharing both participants and artefacts, and can be nested recursively.

Mass collaborative workspaces also tend to reflect the attributes of a ‘boundary
object’ as identified by sociologist of science Leigh Star (1989). Boundary objects
serve the function of coordinating the perspectives of multiple constituencies for
some purpose or activity and traditionally may be conceptual or tangible artefacts,
simple or complex in their structure (Star, 1989; Star & Griesemer, 1989). Star iden-
tifies four main features of the boundary object:

1. Modularity: Each perspective can attend to one specific portion of the boundary
object.

2. Accommodation: The boundary object lends itself to various activities.

3. Abstraction: All perspectives are served at once by deletion of features that are
specific to each perspective.

4. Standardisation: The information contained in a boundary object is in a
pre-specified form so that each constituency knows how to deal with it locally
(Star, 1989 as summarised by Wenger, 1998).

The below table provides several examples of these characteristics as represented
in mass collaborative social workspaces (Table 1).

The specific technologies that underpin mass collaborative workspaces can vary
greatly (as is evident by the above examples). However, their core, high-level func-
tionality is the provision of a site of work accessible to a number of participants that
enables one to work as if alone via the ability to add, edit and delete a shared pool of
content. Another way of saying this is that the technology must provide for individual
contributions to a larger unified work consisting of dynamic content. It must be stressed
that this entails not just adding content but also editing and deleting pre-existing
material contributed by other participants. This is necessary in order to enable the
emergence of shared representations held by the total collaborative group.

How a Focus on Content over Social Relationships Supports
Scalable Collaboration

The coordination of individuals working as if alone, but in relation to one another,
has the effect of providing a site of collaborative work where activities do not have
to be mediated by turn-taking social negotiation. Instead, focus is shifted to the
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Table 1 Boundary object features associated with mass collaborative projects

Project Modularity Abstraction Accommodation Standardization
Wikipedia Any number of | Contributors can Encyclopaedias are | Community-
people can edit | attend separately | abstractions by defined standards
any number of | to issues of nature, attempting for content
articles at any content, layout, to represent a layout, drafting
given time technical ‘neutral point of procedures (no
infrastructure, view’, the ‘no copyright
community original research’ material), neutral
discussion etc. rule point of view
Minecraft Many people Many activities The environment’s | There is a single
may inhabit are open to underlying rules set of
and build participants: (its ‘laws of procedures,
objects in many | building objects physics’) provide a | software code
places and the uniform and and licensing

Open-source

Modular by

environment,
organising events,
exploring,
socialising

Various activities

common experience
by restricting all
other possibilities

The objectives of

rules regarding
the modification
and adaptation of
existing work
which is uniform
for all residents

Specific coding

repositories nature, sections | are open to the project (i.e. to languages and
(e.g. GitHub, | of code may be | participants: provide software programming
SourceForge) | developed by writing original with ‘x’ methods are
any number of | functionality, bug | functionality) unify | agreed upon or
different fixes, testing perspectives by are present as
participants restricting and existing code,
focusing thereby
possibilities standardising
ongoing
contributions®

*For example, see Apache HTTP Server style guide (online resource) <http://httpd.apache.org/dev/
styleguide.html> retrieved 11 December 2014

immediate engagement with a shared site of work through indirect communicative
exchanges. This streamlines the creative process, freeing up time and energy that
participants would otherwise use in negotiation, while not closing off the options for
social negotiation typically supported by workspaces’ wider features (e.g.
Wikipedia’s talk pages or a wiki’s related discussion forum or email list serve).

Significantly, this also enables the number of collaborative participants to scale
from several dozen (at best) in face-to-face contexts (Lipnack & Stamps, 2000)
towards tens and even hundreds of thousands. This is because the capacities of the
individual participants are not overwhelmed by the high demands of maintaining
social relations with numerous others across an ever-expanding domain and having
to negotiate their contributions with them. This lowers the ‘costs’ of contribution by
reducing the need to become acquainted with other participants and to maintain
relationships and negotiate contributions with them as they are made. This exploits
the potential inherent in digital stigmergic systems for the global coordination of
local input, while supporting potentially unlimited scaling.
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However, from a design and education perspective, it is important to remember
that while social negotiation may be reduced, cultural aspects such as working
methods, styles, language and various technological literacy still must be negotiated.
Similarly, it is also critical to understand that social negotiation still takes place in
mass collaborative contexts and may even be essential to growing and supporting the
collaborative community. Most, if not all, mass collaborations have discussions
associated with content creation. The key dynamic is here is that negotiation takes a
back seat in the creative process as compared to content creation—it is possible to
contribute to Wikipedia or Minecraft, for instance, without discussing what you are
creating. In the case of Wikipedia, this manifests as encyclopaedic articles; for
Minecraft it is the evolving digital landscape and constructions within it; and for
open-source software projects, it is the software application.

One key outcome of mass collaborative content creation is that the site of work
amounts to a ‘single source of truth’. A single source of truth provides coordination
effects for participants because everyone has access to the same information about
the state and focus of the collaboration (the shared plan) as well as its outcomes. A
single source of truth also drives a sense of equity in the creation, or shared owner-
ship, because it is the same object of creation that everyone is contributing to.
Therefore, in design contexts, consideration of these dynamics can be important
through ensuring that participants can maintain relevant ownership of their contri-
butions through licensing schemes such as Creative Commons.

Management-Free Teaming and Co-production

While a shift from social to content negotiation largely characterises the individual
experience of mass collaboration, the collective experience has a corresponding
change from interactions driven by more explicit social coordination to one of
distributed decision-making and action. Specifically, the formation of teams without
explicit member coordination or hierarchical management, what I call emergent team-
ing,is afeature of stigmergic activity. For example, signs in the workspace environment
such as prominently placed links to interesting sites of work can guide groups of
contributors to converge on locations of mutual interest. Like pheromones in ant
colonies guiding teams to a food source for collection, participants create stigmergic
cues in their workspace that rally and coordinate the contributions of subgroups.
This same dynamic of emergent teaming can be understood from the alternate
perspective of ‘group-forming networks’ (GFNs). These are networks that support
the formation of communicating groups within a larger network. These subgroups
create value that scales exponentially with network size. This scaling occurs at a
rate of 2 to the power of N where N is the number of nodes in the network (Reed,
1999). Value in this context is defined as ‘the value of potential connectivity for
transactions. That is, for any particular access point (user), what is the number of
different access points (users) that can be connected or reached for a transaction
when the need arises’. GFNs have therefore been identified in research as being one
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of the more powerful drivers of network value which may have contributed
significantly to the growth of giants such as eBay, the popularity of chat rooms and
even the Internet itself (Reed, 1999). This effect is now generally referred to as
‘Reed’s law’. Therefore, mass collaboration can also be seen as a GFN, with
emergent teaming as evidence of value being generated within a given network.

Conclusion

It is my belief that there is considerable scope for developing more nuanced and
specific definitions for collaboration that improve our ability to analyse and design it.
For example, collaboration is a form of collective production where a group has add,
edit and delete rights to a shared pool of content and provides specific requirements
for functionality that can be designed into software. The application of stigmergy
further expands the understanding and definition of collaboration by showing how
collective production can scale from small face-to-face teams to large, distributed
groups who are not managed by any central function.

With regard to educational and learning contexts, further research should be
undertaken to connect theories of stigmergy and collaboration presented in the
CSCL literature to that presented here and in other contexts (such as Al, robotics,
distributed cognition, etc.). There are likely many findings in CSCL that can be
reinterpreted from the perspective of stigmergic systems and their dynamics. For
example, stigmergic collaboration challenges notions of what synchronicity and its
requirements for collaboration (Dillenbourg, 1999; Stahl et al., 2006).

Another area for further exploration in CSCL contexts is how stigmergy drives
self-direction of engagement and interaction, requiring the participant to take more
responsibility for their actions and activity than in more traditional working con-
texts. This creates an environment that the agent is able to independently traverse,
exploring for own interests, while still enabling collective outputs and outcomes.
This represents both opportunities and challenges in educational settings, enabling
more ‘self-directed’ and ‘student-owned learning outcomes’, while at the same time
requiring educators develop more nuanced understandings of how learning can and
is already happening in mass collaboration contexts.

The effective application of mass collaboration to educational and learning
situations also must address a key challenge: Collaboration is a capability that is
shared between its participants and can only be cultivated through its application.
Therefore, learning the skills of mass collaboration follows the same pattern as
learning in CSCL contexts: The perspectives and practices are intersubjective and
reside between the participants as much as within individuals (Stahl et al., 2006;
Suthers, 2005). So in essence, to be able to build the skills needed to collaborate, as
well as understand mass collaboration, one must do mass collaboration. In order to
address this, I advocate an action research approach. This will allow researchers and
educators alike to cultivate a more full and genuine understanding of mass
collaboration, through engaging in the actual activity of mass collaboration.
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This echoes Stahl’s reflections on potential collaborative future for CSCL,
‘CSCL may in its next phase collaboratively construct new theories, methodologies
and technologies specific to the task of analyzing the social practices of intersubjec-
tive meaning making in order to support collaborative learning’ (Stahl et al., 2006).
In this context, the most logical and compelling idea may then be to establish a mass
collaboration on mass collaboration in education.
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Mass Collaboration as Coevolution
of Cognitive and Social Systems

Ulrike Cress, Insa Feinkohl, Jens Jirschitzka, and Joachim Kimmerle

Jointly Produced Artifacts as the Heart of Mass Collaboration

When people are in a small group and physically copresent in a given space, they
can communicate directly with one another. Even if communication is transient and
the content is bound to the communication partners, the group members are aware
that something was communicated and may then ask other members for its content.
This does not apply to masses of people. Here, the group is too large to be aware of
all the actions and communications going on between any two people. Such a large
group is not created by bonds or bidirectional contacts but by a shared goal or iden-
tity that is common to all group members. So, in the following, we define a mass of
people as any large group of individual members who share commonalities, such as
a goal, disposition, an activity, or interest. With regard to knowledge or interests,
such masses are often called “communities” (Rheingold, 2002). Their members are
more or less interchangeable and do not have to explicitly know each other in real
life, be physically connected, or even be aware of the existence of one another.
Communication among masses, as seen in the World Wide Web, for instance, takes
on a very different shape compared with smaller and physically copresent groups.
In masses, a shared platform is a prerequisite for reaching all members. Such a
platform builds the basis for awareness of others and for all kinds of coordination.
Group members can determine that an activity has taken place anywhere in the
communication space only if the communication has left some kind of a manifest
trace. Thus, mass collaboration requires artifacts that capture their members’ activi-
ties. This is why we characterize mass collaboration as an activity where masses of
individuals work collaboratively on common products that capture the current state
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of the group. The emergence of Web 2.0 sites represents a major step in the
development of mass collaboration. Technology no longer only provides people
with access to artifacts but additionally enables large groups of users to interact with
these artifacts and to actively manipulate them. These artifacts represent the center-
pieces of the community. In a wiki, for instance, a mass of authors collaborates to edit
a single text, and that text represents the activities of the group of authors as a whole.

A prime example of an artifact-centered community is the online encyclopedia
Wikipedia (Wikipedia.org). It is the largest online wiki today and prides itself on being
a provider of objective information and facts that are reported from a neutral point of
view. Volunteer authors have created a vast number of different language editions of
Wikipedia over the years, with the English-language version currently being the most
dominant. Any person with Internet access is able to contribute to an article and may
do so even without exposing their identity. The Wikipedia articles result from the col-
laboration of a multitude of individual contributions by numerous authors. During any
given time of observation, some text passages of an article may remain unchanged,
while others may be revised or deleted. Perhaps surprisingly, given the vast number of
authors who may work on a single article, it represents a coherent and homogeneous
text at almost any point in time. The fact that the articles are viewed as reliable and
consistent products of a joint effort by a mass of people is reflected in Wikipedia’s
popularity as a one-stop source of information to people around the world.

History flow diagrams are useful tools to illustrate the number of individual edits
as well as the evolution and dynamic changes that occur within a Wikipedia article
over time (Viegas, Wattenberg, & Dave, 2004). The history flow diagram in Fig. 1
shows the first 100 versions of the German-language Wikipedia article on the

Text length

Version number

Fig. 1 History flow diagram of the German-language Wikipedia article on the Fukushima Daiichi
Nuclear Power Plant spanning June 2007 to March 2011
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Fukushima Daiichi Nuclear Power Plant, created between June 2007 and March
2011. The different contributing authors are represented with various shadings of
gray; the x-axis of the diagram represents the chronology of the article’s develop-
ment. Each vertical line stands for a certain article version after an edit has been
performed. The sum of the lengths of all the text passages illustrates the relative
length of the entire text of a certain article version. On March 11, 2011, the Tohoku
earthquake and resulting tsunami damaged the power plant in Fukushima. The
history flow in Fig. 1 shows that prior to this, there was relatively little activity in
the article, but this changed rapidly that day. Suddenly, new facts were made public
at a very fast rate and were selectively incorporated into the article. This is evidence
showing that the mass of contributors was responsive to new facts as they occurred
in the world. The German-language Fukushima article thereby became a prime
example of online mass collaboration, as we expand upon in the sections to follow.

The Need for a Systemic Perspective

Every single sentence within a Wikipedia article may be the result of a multitude of
authors who contributed new content, deleted words or parts of sentences, and per-
formed revisions and modifications with regard to content, language, and style. The
article thereby becomes more than a shared repository into which people upload
individually produced content in order to make it accessible to the group (see Cress,
Barquero, Schwan, & Hesse, 2007, for a summary of knowledge exchange with
shared databases). When people work collaboratively on a shared artifact, such as a
Wikipedia article, the individual contributions become an integrated part of that
artifact, because the different text passages have to provide a coherent text. Different
sections become interlinked and interwoven over time. Furthermore, some contribu-
tions may be picked up by others to become central and influence succeeding con-
tributions over the long run, while others may remain distinct and ultimately
disappear over time or may even be rejected outright. The community may revise or
even remove content that is seen as disruptive, redundant, or in other ways
non-fitting. These processes show that the creation of the shared artifact is not
simply a one-way, botfom-up process, meaning that the behavior of individuals
forms the basis of the community. Rather, it also has a fop-down mechanism through
which the community determines what individuals do. An individual cannot simply
add text passages independently of what others wrote, what the current state of the
group product looks like, or what the current shared opinion on the subject matter
entails. Any text passage added by an individual author will only persist in the
article over a longer period of time if the contribution fits the text as it stands. The
edited passage must pursue thoughts and ideas that are central to the existing text
and that are relevant to the community.

When adding content to the article, individual authors therefore have to take a
range of aspects into consideration in order for their contribution to be successful.
These include the topic’s relevance, the expectations of others, and the writing style
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of the community. The contribution of an author who fails to consider these aspects
is typically deleted soon after the contribution has been made, and the chance of that
author’s influencing the article in the future diminishes. In a mass context, earlier
contributions by the mass of members thereby strongly determine the existing prod-
uct and also inevitably shape future contributions. These top-down processes dem-
onstrate complex self-cleaning, self-regulating, and self-developing dynamics of the
mass of participants that are akin to a kind of evolution. The mass of contributors
thereby inevitably exerts power over its members. This is not to say that online
masses are always homogenous; the extent to which hierarchies among users apply
varies between masses. On some online platforms, administrators or moderators
give the impression of dominating the mass of users, while other platforms appear to
be more egalitarian systems with equally distributed power.

From the description above, it becomes clear that when investigating the
processes underlying mass collaboration, we must consider the complex interplay
of individuals with a mass of people from a viewpoint that takes both bottom-up and
top-down processes into account. A systemic approach is able to include individual
processes and, at the same time, considers a mass of people as a single agent.

Applied to the context of knowledge-related processes, a systemic perspective
can examine a range of aspects: How individuals process incoming information and
build up knowledge in the form of /learning, how a mass of people processes that
type of information and engages in knowledge construction to establish a kind of
“collective knowledge,” and how these two processes are structurally coupled. By
the term “learning,” we mean changes within individuals’ cognitive systems,
whereas by the term “knowledge construction,” we refer to changes within social
systems. Both systems play a crucial role in our coevolution model, which we will
describe in detail in the sections to follow.

Mass Collaboration and Learning: The Coevolution Model

With the proposal of the “coevolution model of individual learning and collaborative
knowledge construction,” we attempted to approach the highly convoluted processes
of mass collaboration both from a cognitive and from a systemic perspective. We
first presented the model in 2007, subsequently developed it further (Cress &
Kimmerle, 2007, 2008; Kimmerle, Cress, & Held, 2010; Kimmerle, Moskaliuk,
Cress, & Thiel, 2011; Kimmerle, Moskaliuk, Oeberst, & Cress, 2015), and used it as
a theoretical basis for our empirical research in a range of online communities (e.g.,
Bokhorst, Moskaliuk, & Cress, 2014; Cress & Held, 2013; Kimmerle, Moskaliuk,
Harrer, & Cress, 2010; Oeberst, Halatchliyski, Kimmerle, & Cress, 2014). The
model borrows from Luhmann who was among the first to introduce systems theory
to sociology (Luhmann, 1995), from Piaget (1977) who presented a cognitive-con-
structivist perspective of systems theory, and from Vygotsky (1978) to add a socio-
cultural perspective. The model considers individuals’ cognitive systems and
communication in masses as dynamic, self-organized entities that are created
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through their own operations. It describes the interaction of individuals with a given
mass of people as an interplay between these entities that in themselves are distinct
autopoietic systems (Maturana & Varela, 1987).

Assume that we have deconstructed the complex processes of individual-mass
interactions and limited our view to a single individual who is a member of a single
mass of people. Of course, such a deconstruction does not occur as such in real life;
masses of people may overlap and each individual may interact with multiple facets
of the mass manifestations concurrently. However, in this case deconstructed for the
purpose of our analysis, the two systems involved would be (a) an individual’s cog-
nitive system and (b) the communication in a mass of people as a social system. The
cognitive system can be investigated using traditional psychological techniques that
try to look “inside” the head; the social system becomes apparent and analyzable
through its shared artifacts.

The coevolution model (an advanced version that is based on the 2007/2008
model) that is depicted in Fig. 2 distinguishes among three dynamical processes:
circular processes within the system, border-crossing processes between systems,
and system drifts.

Circular Processes Within Each System

Systems are autopoietic entities that exist through their own operations (Luhmann,
1995; Maturana & Varela, 1987). A cognitive system (individual level) exists
through the processes of cognition, and in this context, we consider acts of cognition
to include a range of operations comprising thinking, problem-solving, learning, and
evaluating information. Whenever a person thinks and tries to understand the world,
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Fig. 2 The dynamic processes as described by the coevolution model
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this is inevitably influenced by one’s own expectations and prior understanding. As a
consequence, the operations of a system are circular. Learning, however, takes place
when a cognitive system encounters a situation that is new or contradicts its expecta-
tions, that is, when a system encounters something exceeding its boundaries. This
irritates the system and induces a cognitive conflict that needs equilibration. The
cognitive system reduces the conflict by assimilation (adapting the new information
to its own cognitive schemas) or accommodation (changing cognitive schemas).
However, the perception of irritations is a constructive act of the cognitive system
itself. No cognitive system can process any information outside the boundaries of its
own cognitive operations. Consequently, all information processing and opinion for-
mation are based exclusively on the individual’s understanding of the world.

Analogous circular dynamics take place in social systems (social level). They
exist through communication. Communication requires common ground and mutual
understanding among individuals. Messages have to be “connectible” in order to
guarantee continuity. Thus, a social system, too, considers new information exclu-
sively on the basis of existing group norms and information that has already been
shared or exchanged. Like a cognitive system, a social system strives for meaning.
It continuously decides whether information is meaningful or not. Irritations, here
again, serve as triggers for the development of the system. They induce a conflict
that can be solved by assimilation or accommodation. This describes the collabora-
tive process of knowledge building.

Given that assimilation and accommodation occur in both types of systems, we
refer to the processes as internal and external assimilation or accommodation, respec-
tively. In terms of learning and knowledge construction, accommodative processes
may be more important than assimilation, because they involve deeper processing
and reveal an openness of the system toward allowing alterations to its own
schemas.

Border-Crossing Processes

A cognitive and a social system coevolve through structural coupling of those
systems: Through externalization, each system can irritate and stimulate the other
continuously by providing novel content. This may induce a conflict which one or
the other system can solve by assimilation or accommodation, making that system
develop and mature over time. But, as systems are autopoietic entities, externaliza-
tions of one system do not directly and automatically influence the other system. It
is the system itself that decides if it will react to any information or not. So, each
system self-selects which information is relevant and which is not. This selection is
determined by a community’s expectation about whether certain input is of relevance
to the community or not. Wikipedia, for example, is sensitive to facts. This means
that a piece of information that provides a new fact is relevant for Wikipedia but not
a piece of information which is speculative. For a person who wants to contribute,
this means that if a social system rejects an individual’s input at this stage, the
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person’s options are to either give up and leave the community or to adjust further
contributions to match the code. Once a contribution has successfully passed this
stage, further information is processed by a system.

One system will irritate the other system by externalization only, if some incongruity
exists between the externalized information and the current state of one of the other
systems. Any information that is externalized by one system and that is equivalent to the
information of another system is redundant and will therefore not contribute to the other
system’s development. Only if incongruity between the externalized product and the
individual or social system in terms of content is sufficient, it can serve as a trigger by
leading to a conflict and inducing equilibration processes. But incongruity is not always
such a trigger of mutual stimulation and coevolution: If the incongruity between the
externalized information and a system’s processes is too large, a system will not see the
novel information as relevant. It will not select it, and so the externalization will not
serve as trigger.

System Drifts

Assimilation and accommodation lead—in the long run—to a system’s drift. During
system drifting, the knowledge content that is processed in their respective circular
dynamics due to learning (cognitive system) and collaborative knowledge construc-
tion (social system) undergoes a development: Specifically, some content may be
added and become relevant to the current knowledge base, while other content may
be, either individually or collectively, “forgotten” over time. Such shifts not only
imply knowledge processes but also attitude changes. For instance, consider a per-
son who favors veganism. Such a person’s cognitive system would be stimulated by
external information about the influence of food on health. Mainly information
about the negative effect of eating meat would be selected, and this could lead to
assimilation processes that further confirm the existing attitudes about meat.
Incongruent information, for example, about the risks of veganism, may be seen as
irrelevant or may lead to accommodation processes only under specific conditions,
for instance, if the person knows how to handle these risks. Consequently, the cog-
nitive system would drift to an increasingly extreme position regarding veganism.
Confronted with and being part of a social system that shares the same ideas about
veganism, the person’s view would become further polarized. Conversely, if the
person were to be part of a social system that was more heterogeneous with regard
to the polarity of its views, a coevolution might take place that would lead at least to
slight changes of attitude in their cognitive system. Alternatively, the person might
choose to leave the community.

Relative to border-crossing processes, which become apparent in immediate
communication between systems and in short-term learning within a cognitive sys-
tem, system drift occurs and develops over longer periods of time. It is therefore
substantially more difficult to capture both in the laboratory and in the field than is
the case for border crossing.
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Coevolution: An Analogy

To summarize, the dynamic and systemic processes that are assumed to be at play
in the coevolution of individuals and masses of people are circular dynamics,
border-crossing processes, and system drifts. An analogy to the field of astronomy
may be useful to help illustrate these complexities to the reader: Two astronomical
objects or celestial bodies each spin along their respective axes (analogous to
circular dynamics within the two systems in the coevolution model). At the same
time, their respective gravity forces work on and influence each other (analogous to
border crossing in the coevolution model). Their own trajectories then drift as a
result of their own spinning and of the mutual impact of the gravity forces (analogous
to drifting dynamics) over time.

Empirical Evidence for Coevolution in Mass Collaboration

Leaving behind a complex and relatively abstract description of the coevolution
model, we will now describe findings from empirical studies from our own lab that
have systematically investigated its applicability to the field, with specific application
to online mass collaboration settings. We will first visit two online communities that
each has its own complex circular dynamics with associated rules and norms, before
providing empirical evidence of system drift in one of the communities. Finally, a set
of laboratory studies will identify selected factors that appear to facilitate and thereby
accelerate coevolution of individuals and masses of people.

Two Different Communities: Wikipedia and the Urkost Forum

Speaking in terms of the coevolution model, communication that occurs on any
social media platform yields a social system. Wikipedia, for instance, is self-
regulated and deals with input through external assimilation (integration of input
without changes of the basic meaning of a wiki article) or through external accom-
modation (integration of the input into the article through a more or less intensive
rearrangement of its original passages). For the purpose of regulation, Wikipedia
applies two core content policies: (a) neutral point of view and (b) verifiability. The
policy of neutrality states that “all Wikipedia articles and other encyclopedic content
must be written from a neutral point of view, representing significant views fairly,
proportionately and without bias.” The policy of verifiability implies that “material
challenged or likely to be challenged, and all quotations, must be attributed to a reli-
able, published source” and “that people reading and editing the encyclopedia can
check that information comes from a reliable source” (retrieved on November 20,
2014, from http://en.wikipedia.org/wiki/Wikipedia: Core_content_policies).


http://en.wikipedia.org/wiki/Wikipedia

Mass Collaboration as Coevolution of Cognitive and Social Systems 93

These core content policies may be seen as rules of the system that ensure the
application of the system’s norms. With the overall goal of producing artifacts that
are based on the “truth” according to Wikipedia’s own definition, the norms deter-
mine whether the social system of Wikipedia accepts incoming information through
assimilation and accommodation or simply rejects it by means of deletion.
Specifically, Wikipedia’s rules imply that there is no room for individual opinion
within an article. Any input that is introduced into the article and that does not fulfill
the criteria that Wikipedia has set itself is deemed incorrect and rejected outright.
Wikipedia is also characterized by a relatively lively discussion of its rules within the
community. Discussions among users are also possible on the respective talk pages
of the articles, which further highlight the collaborative and egalitarian nature of
knowledge construction in Wikipedia. Altercations between opposing camps on
Wikipedia talk pages are not a rare observation and illustrate the difficulties associ-
ated with the collaborative writing of an article (Morgan, Mason, & Nahon, 2012).

Other online platforms have developed very different norms. One example,
which appears to lie at the opposite end of the spectrum to Wikipedia in terms of
self-reflection and neutrality, is the German-language Web forum “Urkost forum”
(Kimmerle et al., 2013). Here, the subject of discussion is the Urkost approach to a
healthy way of living.! The Urkost approach was first suggested by Konz (1999) and
is an extreme form of a raw diet. According to the Urkost ideology, the human diet
should be similar to that allegedly consumed in prehistoric times. Only uncooked
raw food is to be eaten, along with items such as grass and, occasionally, soil.
Animal products are to be rejected. Besides nutrition, the forum addresses a range
of other topics that are discussed within the framework of a “right” way of living
(e.g., animal rights, vaccination, and other health-related issues). Like Wikipedia,
the Urkost forum as a social system also applies a code to determine whether input
fits into that system’s specific framework. Additionally, both platforms apply norms
that represent manifestations of each respective ideology. In this way, Wikipedia
and the Urkost forum both determine whether input that introduces irritation into
the system is allowed to be integrated into the community or whether it is rejected
outright. Crucially, however, the Urkost forum directly contrasts with Wikipedia in
that its norms are not based on scientific evidence and objectivity but mostly on the
views of a single administrator managing the forum. This administrator routinely
refers back to the original proposer of the Urkost diet and allows no critique of the
diet or of the proposer himself.

In the following, we present findings from analyses of circular dynamics and
system drift in Wikipedia and in the Urkost forum, before describing border-
crossing processes from laboratory studies. Studies from the well-controlled
environment of the laboratory supplement the analyses of Wikipedia and the
Urkost forum. They are aimed at identifying causal factors that trigger
coevolution.

1“Urkost” is a made-up German word and to be translated as “primordial food.”
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Circular Dynamics in These Communities
Wikipedia Article on Fukushima Daiichi Nuclear Power Plant

Let us return to the German-language Wikipedia article on the Japanese Fukushima
Daiichi Nuclear Power Plant and its development shortly after the Tohoku earth-
quake, which was mentioned at the beginning of this chapter and is illustrated in
Fig. 1. We used the article to study the circular dynamics of a social system as it
responds to irritations due to an unforeseen event. For that purpose, we selected the
period from March 11, 2011 to March 19, 2011 to observe the article (Oeberst et al.,
2014).> To summarize briefly, the article that had previously been very limited in
size saw a substantial increase in activity when the tsunami damaged the nuclear
power plant. Many volunteer authors, who apparently had no specific background
in the domain of nuclear power, integrated new information into the existing knowl-
edge artifact as the event unfolded. The question that follows is: Was Wikipedia
indeed successful in applying its norms while dealing with this “wave” of informa-
tion that was to hit Wikipedia?

During the 9-day observation period and particularly during the days shortly
after the catastrophe, we found that the pieces of information that were introduced
into the article in fact stemmed from a range of sources and were characterized by
substantial degrees of inconsistency, ambiguity, and ephemerality. Yet, by the end of
our observation period (March 19, 2011), ratings of the article by independent
experts, who could be seen as “leading scientists in the domain of nuclear power
from various independent research institutions” (Oeberst et al., 2014, p. 167),
revealed a change in article quality over time: Eventually, the article was of a high
level of quality and factual correctness. How was this possible given that the article
was so obviously flawed, at least according to the norms of Wikipedia, during the
first few days?

To answer this question, let us apply the coevolution model in light of the
Wikipedia-specific rules of (a) neutral point of view and (b) verifiability. As would
be expected on the basis of the model, we found that any biased edit and any
deviation from a neutral point of view were deleted from the article within only a
few minutes. Thus, only externalizations by users which conformed to the rule of
neutrality had a chance of survival within the circular system dynamics and of
becoming a part of the evolving artifact. For example, on March 12, 10:57 AM, the
statement “a nuclear catastrophe becomes apparent” was deleted by another user
within only two minutes (see Oeberst et al., 2014, p. 166). Regarding the Wikipedia
principle of verifiability, we found that most of the edits performed during the
observation period (168 of 213) referenced a source. For the remaining edits, the
following observations were made: (a) a reference already existed or was added
subsequently (26 edits), (b) an unreferenced edit remained without any reference
(13 edits), or (c) an unreferenced edit was deleted (six edits). As an example, we

2http://de.wikipedia.org/wiki/Kernkraftwerk_Fukushima-Daiichi
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looked at the development of the article’s content relating to the possibility of a
nuclear meltdown in Reactor 1 of the nuclear plant. On March 12, 2:00 PM, the
article contained the following statements: “According to the press release from
12:19 PM (CET) Japanese authorities assume that a nuclear meltdown occurred.
[Reference to press release] It has been confirmed that a nuclear meltdown occurred”
(see Oeberst et al., 2014, p. 159). In accordance with the rules of the system, the
quasi-factual statement “it has been confirmed that a nuclear meltdown occurred”
was deleted within only a few minutes. Yet, it was also the case that information
which was initially deleted due to missing references was later reintroduced, this
time with accompanying references, by another author, and therefore remained a
part of the article. These observations demonstrate that through the involvement of
its different authors, the article appeared to “clean itself”” of contributions that failed
to adhere to the system-specific norms.

Overall, the development of the Wikipedia article about the Fukushima Daiichi
Nuclear Power Plant is a fine example of how a system’s norms guide both the
individual externalizations and the knowledge construction processes in order to
produce an artifact of high quality, which satisfies and adheres to requirements
inherent to the system. Importantly, it was not the case that the resulting artifact was
attributable to a high level of domain-specific expertise or to the merit of only a few
highly active authors: A multitude of authors interacted to collaboratively create an
artifact that mirrored the events as they unfolded. Most of them had no formal
education in the respective domains, and the few who had were not very active. So
it was not the expertise or knowledge of some domain experts that made such a
high-level article possible. Instead, the social system with its norms led “normal”
laypeople to write an article of such extraordinary quality in a collaborative effort.

Urkost Forum

Knowledge development and “social constructions of reality” (Berger & Luckmann,
1966) can be guided by norms which come into operation through rules which are
very different from those we see in Wikipedia. These norms may reflect more
extreme ideologies and world views. For illustration purposes, we will present some
results obtained in our study of the Urkost forum as one example of a platform with
such norms and rules (Kimmerle et al., 2013). Although the forum’s main focus was
on the Urkost approach to nutrition, the forum’s content also extended to other topics
related to lifestyle and health (e.g., speculations about HIV/AIDS). In our analysis
of the forum, we included all posts that had been written by users from July 2008 to
March 2011.

We found that active participation within the forum was only allowed for regis-
tered users, and crucially, registration was performed not automatically but through
personal introduction to the administrator via email. In this way, the administrator
already had the means to sift out any potential dissidents who might not be followers
of the Urkost diet. Within the forum, active members typically answered questions
and pointed out what was correct and incorrect in the Urkost sense. The underlying
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premise was the unquestionable acceptance of the Urkost principles as the one and
only “correct” approach to nutrition and health. The distinctions between “correct”
and “incorrect” and between Urkost consistency and inconsistency seemed to be
essential for the communication dynamics within this Web forum. However, in
contrast to Wikipedia, it was not a large mass of users but only a few active contribu-
tors that were involved in a majority of the circular dynamics within the forum. This
was especially true for the administrator of the Web forum. She had taken on the role
of a guru within the community, made decisions about the admission of new forum
members, rebuked deviant users for their “incorrect” views, and often had the last
word in cases of doubt about consistency with Urkost principles. For example, one
user wrote to this moderator: “You were right, once again ... so far you have been
right in the end in all discussions” (March 26, 2010, 01:41 PM; see Kimmerle et al.,
2013, p. 1085).

A balanced debate about the Urkost principles was not the aim of the forum. Rather,
the goals seemed to be to differentiate between information that was consistent or
inconsistent with the Urkost principles. The purpose was to devalue inconsistent
information and bolster consistent views, to defend the Urkost lifestyle, to support one
another, and to attract and persuade new members. The Urkost forum thus appeared
also to be very important to the social identity of the Urkost followers. Specifically,
users differentiated between their positively valued ingroup and the negatively valued
outgroup of “Schlechtkost eaters,” which included any person who did not follow
Urkost.> Moreover, conventional medicine was only accepted with a kind of “funda-
mentalist eclecticism” (anecdotal knowledge was indiscriminately mixed with
scientific findings; see Kimmerle et al., 2013, p. 1086). Information consistent with
Urkost was accepted (e.g., particular medical diagnoses), but medical information in
contradiction with Urkost principles (e.g., medical treatment recommendations) was
ignored or marginalized. For example, one user wrote about conventional medicine:
“Whoever cures is right! And somebody has to prove to me that physicians have ever
cured anything with their conventional medicine!” (June 10, 2010, 05:11 PM; see
Kimmerle et al., 2013, p. 1085). Another one wrote: “The majority still believes in the
lies of science and does not make any effort to question them” (June 13, 2010,
08:13 AM; see Kimmerle et al., 2013, p. 1086).

At the same time, critical questions and skepticism were not accepted in the
forum. For example, one user wrote about a deviant member who had had a dispute
with the moderator: “She really hasn’t understood anything. Moreover, she lets
herself be influenced by propaganda against the Urkost forum and against you [the
moderator], instead of thinking for herself” (June 16,2010, 10:54 AM; see Kimmerle
et al., 2013, p. 1084). This pressure for conformity, the overarching aim of defend-
ing the Urkost principles, the refusal of critical discussions, the high value of
personal experiences, and the social construction of perceived reality seemed to
prevent knowledge construction processes akin to those that we had observed in
Wikipedia. During our period of observation, the Urkost forum cleaned itself of any
information inconsistent with Urkost, devalued such information, and simultaneously

3“Schlechtkost™ is also a made-up German word and can be translated as “bad food.”
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allowed border crossing only of information that was in line with the Urkost
principles through selection. The social system protected itself from irritations and
incongruities by rejecting and depreciating such input or by reinterpreting such
information. From a scientific point of view, the results of such processes can be seen
as extremely problematic, as is shown in a post in the forum that was in accordance
with some views of Konz (1999): “[...] AIDS is not a disease caused by a ‘virus’, and
it is curable at any time” (July 17,2010, 12:31 PM; see Kimmerle et al., 2013, p. 1086).

Both social systems, the Wikipedia community and the Urkost forum, are there-
fore fundamentally different with regard to their norms and the way in which they
operate. But both represent systems of self-organization that perform circular pro-
cesses: They both select which information is relevant and which is irrelevant, they
both have their own ways to deal with incoming information, and they both develop
new knowledge through accommodation and assimilation. The fact that we, as
scientists, value the one community more highly than the other is merely due to our
external views causing us to set our own individual standards. But from a systemic
view, both are social systems that process information according to rules they set
themselves.

Both examples illustrate that the circular dynamics determine how information is
processed within a social system. In the long run, these circular processes will affect
system-specific developments, which we call system drifts. It may be plausible to
assume that in the long term, artifacts in Wikipedia become more and more objec-
tive and scientific, whereas the direction of developments of social systems like that
of the Urkost forum will become increasingly one sided and ideological. Future
longitudinal investigations are needed to determine whether there is any truth in
these assumptions.

Identifying Coevolution and System Drifts in Wikipedia

In an attempt to identify system drifting processes in the field, we once again chose
Wikipedia as the key source of a real-life wiki. Specifically, we identified the German-
language article on schizophrenia and its “neighboring” articles (articles that are
linked to the article on schizophrenia) as an example in which knowledge construc-
tion and system drifts could potentially be demonstrated. Schizophrenia is a complex
mental disorder, and there has been an ongoing scientific debate about its causes.
Three originally distinct positions have been identified, which state that disease
genesis is due to (a) genetic or biological factors, (b) a person’s social environment
and associated psychosocial factors, or (c) an expression of interplay between an
inherent vulnerability to the condition and environmental stress. The third integrates
the first two and is called the diathesis-stress model. Finally, there is also a (d)
psychoanalytical approach to the cause of schizophrenia, which, however, is not
strongly linked to the other three positions.
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In contrast to the content analyses described for the Fukushima article and the
Urkost forum, in this case, we took advantage of cluster analysis in order to investigate
retrospectively any changes in the link structure of the Wikipedia articles relating to
schizophrenia over time. In this way, we were able to treat drifting processes as a
quantitative measure to provide empirical support for the model. Six different ver-
sions of the cluster structure of articles were extracted over the period between 2003
and 2008 (Kimmerle, Moskaliuk et al., 2010). Specifically, one cluster analysis was
performed for each year of analysis. Our analyses focused both on the content of the
articles and on the contributing authors. On the basis of the coevolution model, we
expected to make the following observations: (a) Over time, the articles would
become more complex and would also arrange in clusters according to viewpoints
as to the causes of schizophrenia (biological/psychosocial/diathesis-stress/psycho-
analytic), and (b) author participation would undergo a change that would parallel
the change in the article content. Using social network analysis (SNA), we initially
identified three distinct clusters representing the biological, psychosocial, and
psychoanalytic approaches. These three points of view were indeed relatively
distinct at the outset: Only a few connections existed among articles corresponding
to the respective camps, meaning that the respective articles were linked by very
few cross-references. Over time, this picture underwent a change: The articles
corresponding to biological and psychosocial approaches appeared to converge and
finally merged into a single common cluster, providing an integrated approach as
posited by the diathesis-stress model. Contextual connections among previously
distinct articles, many of which had often been empty pages (so called red links) at
the start of our observation, appeared to develop concurrently even within the
relatively brief follow-up period of 5 years. The psychoanalytical cluster was the
only one to remain separate throughout the entire observation period.

We additionally tracked the authors’ activities in other Wikipedia articles
during our period of observation and categorized their articles according to
whether they were concerned with topics purely of biology, psychology, or
psychoanalysis or whether they were concerned with the integration of biology
and psychology (like the diatheses stress model). We observed that contributors
who were initially active in the biologically or psychologically “pure” camps
tended to shift toward activity in articles which integrated both topics, whereas
those who were active in psychoanalytic articles continued to focus their activity
on that sole subject even 5 years later. Importantly, author shifting appeared to
be largely unidirectional: Once authors had shifted toward the integrative view,
they tended not to contribute any longer to any of the more polarized articles.
Thus, people’s work in the articles linked to schizophrenia shaped their further
activities and led them either to a perspective integrating biology and psychology
or reinforced them in their psychoanalytical beliefs. Assuming that an integrative
view represents an example of a “more successful” knowledge construction than
polarized views, our analysis therefore offered a demonstration of successful
coevolution of users and artifacts as it occurs through mutual stimulation and
structural coupling in the real world.
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Incongruity as Trigger of Border Crossing: Evidence
Jfrom Laboratory Studies in a Simulated Mass Collaboration
Scenario

The aforementioned analyses of Wikipedia and the Urkost forum provided useful
insights into the processes involved in knowledge construction on the basis of the
resulting artifacts alone. However, with their focus on the artifacts, they did not allow
systematic investigation of circular dynamics, border crossing, and system drifting
particularly of the cognitive systems of users. For this reason, we supplemented our
research with experimental investigations of coevolution in the laboratory to study
these processes and cognitive changes within individuals.

In two complementary studies, we used bogus wiki texts designed to mirror the
real platform of Wikipedia as artifacts with which to study coevolution processes in
the laboratory. These wikis once again dealt with the topic of schizophrenia. The
topic is generally perceived by student participants to be interesting, while at the
same time, prior knowledge tends to be relatively low in this sample group. We used
the debate on the causes of schizophrenia to systematically create situations in
which cognitive systems, that is, the individual participants, had knowledge that
was incongruent to the social system, that is, the content of the wiki. In Study 1, we
manipulated the content included in a w